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ABSTRACT

This report describes the computer program WMIN which can be used
to manipulate static and dynamic models of crystals or isolated molecules
and to calculate their energies from interatomic potential functions. It
is applicable to a wide variety of substances ranging from ionic crystals
to large organic molecules.

The report includes a description of the program, instructions for
data input, a program listing, and the output from test problems. The
program is available from the author on request.






1. INTRODUCTION

This report describes the computer program WMIN which is capable of
manipulating static and dynamic models of crystals or isolated molecuies
and calculating their energies from interatomic potential functions.

The program may be used for a wide variety of substances ranging from
ionic crystals to Targe organic molecules.

The models under consideration may be built up of rigid molecules
which may rotate or translate, molecules composed of rigid segments but
with internal rotation about certain bonds, or individual atoms with
positions which can change independently. These units may be used to
describe either crystals or isolated molecules, and the model may be
constrained to conform to any desired crystal or molecular symmetry.

The parameters which describe the structure include the crystal lattice
parameters and the translations and orientations of the rigid units.

The energy calculated for the model may include the following
contributions: (1) Coulomb energy, (2) van der Waals attraction,

(3) interatomic repulsion, (4) a quadratic potential associated with a
covalent bond, (5) a guadratic potential associated with an intra-
molecular bond angle, (6) an energy associated with torsional strain
about a covalent bond, and (7) any additional energy terms specified by
user subroutines.

One application of the program is to minimize the energy by
adjusting the structural parameters, and three different techniques are
available for this purpose. These are Newton's method which requires
second derivatives of the energy with respect to the parameters, the
method of steepest descents which requires first derivatives, and a
search technique which requires no derivatives.

The program can also calculate the vibrational frequencies and
normal coordinates for any structure at an energy minimum. In this way
it is possible to study the internal modes of an isolated molecule, the
lattice modes of rigid molecules in a crystal, or the interaction of
lattice modes and internal modes of flexible molecules in a crystal.

Another scheme of operation may be used to adjust parameters of the
potential functions using the method of least squares. Observations for



this calculation may include known structural parameters and experimental
lattice energies, and it is possible to use information from several
substances to adjust potential parameters common to them. These obser-
vations may be appropriately weighted.

In all of these calculations where first and second derivatives are
needed, they are obtained numerically. This greatly simplifies the
application of constraints and increases the Tlexibility of the program.

This report includes a preliminary description of the program,
detailed descriptions of various procedures, instructions for data input,
a program listing, and the output from test problems. Some information
on WMIN was presented earlier (Busing, 1972), and examples of published
research using the program are listed in Section 11.2. The program is
available from the author on request.



2. OVERALL DESCRIPTION

2.1 General

This section is intended as a brief overall description of the
program. Later sections will deal with various aspects in more detail.
We will begin by describing some of the program variables making use of
their symbolic names where applicable. A glossary of these symbols is
included in the 1isting of the program, Section 9.2.

0f central importance is the energy W of the molecule or crystal and
this is always calculated by the function subprogram WCALC. This
energy W is a function of parameters which can be divided into two cate-
gories: the energy parameters, which are coefficients in the expressions
for the potential energy of the model, and the structural parameters,
which define the geometrical positions of the atoms in the molecule or
crystal. The principal purpose of the program WMIN is to manipulate
either the energy parameters or the structural parameters for one or
more substances in a way which depends on the MODE of the calculation.
Any parameters to be adjusted in this way must appear in the overall
parameter 1ist P. This array is made up of the common parameters PC,
which are usually the energy parameters of the model; the lattice param-
eters A for each substance; rotations SXR, SYR, and SZR and translations
TR for each rigid group (or individual atom) in each substance; and
extra parameters PX for each substance.

For mode O (i.e., MODE = 0) the program WMIN performs a least-squares
adjustment of certain parameters {usually the energy parameters) using
certain other parameters (usually the structural parameters) as obser-
vations. The matrix equation solved is

e k]

wBaAag = -

P oo

" d )

where d1 = aw/api, the first derivative of the enerqgy with respect to a
structural parameter Pss and Bij = azw/apiaqj, the second derivative of
the energy with respect to a structural parameter Ps and an energy param-
eter qj. The equation is solved for qu, the changes 1in the energy
parameters which will tend to minimize the values of the first derivatives

di’ using an appropriate weight matrix w.



Praogram WMIN computes all of the required first and second
derivatives numerically by modifying one or two parameters in the overall
1ist P and entering subprogram WCALC to calculate the modified energy.
This procedure will be discussed in detail in Section 6.5.

Both the observations P and the variables qj are represented in
the overall parameter 1ist P. In one to one correspondence with this
array are twg integer arrays KP and KQ, tnhe observation selection inte-
gers and the variable selection integers, respactively. These arrays
are set up from the input data to the program, and non-zero values of
KP ar KQ specify abservations or variabies, respectively.

For modes 1, 2, 3, or 4 the program minimizes the energy by
adjusting only the structural parameters. For this purpose the program
ignores the input values of KQ and substitutes those of KP so that the
structural parameters specified by KP serve as both observations and
variables.

For mode 1 the energy is minimized by Newton's method solving the
matrix equation

B ap = -d (2)

where d and B are made up of the first and second derivatives as before.
In this mode: however, B is a symmetric matrix because the structural
parameters which define~the observations are also the parameters to be
varied.

For mode 2 the program minimizes the energy by the method of steepest
descents which requires only the first derivatives to be calculated, and
in mode 3 the program uses a search technique which requires no deriva-
tives. For mode 4 tne program minimizes the energy as for wode 1 and
then solves the dynamical eigenvalue problem for the vibrational fre-
quencies and normal coordinates. In mode -1 the program steps through
values of any three specified parameters in the array P, enters WCALC,
and prints the resulting energy for each combination of parameter values.

Although parameter 1ist P is the only array which can be varied

directly by WMIN, several other arrays are important to the energy



calculation. Array XY7 contains the fractional ccordinates of the NA
atoms in the basic asymmetric unit of a crystal or isclated molecule.
These coordinates which are read as input are not in general used as
variables of the program. Instead, the variables are the rotations SXR,
SYR, and S/ZR or translations TR of the rigid bodies away from these basic
positions. The coordinates of the NA atoms after rotation and transia-
tion are stored in XYZR. A Tist of the NAC atoms in a unit cell is
gengrated from the coordinates of NA atoms and the NS svimetry transfor-
mations giving the proper weight to atoms in crystallographic special
positions. The coordinates of these NAC atoms are generated from the
basic asymmetric unit on each entry to WCALC and stored in arrays XC,

YC, and ZC. It is these coordinate arrays, which include the effects of
rigid body rotation and translation, that are used directly in the energy
calculation.

Other arrays of importance are those which describe the properties
of NKA chemical kinds of atoms. These include the atomic masses AMASS
and the following energy parameters: (, the Coulomb charges con the atoms;
PL, the van der Waals coefficients; AR, the repulsion radii; and BR, the
softness parameters for repulsion. The roles of these parameters in the
potential energy expression will be discussed in detail in another
section. Although the parameters Q, PL, AR, and BR cannot be varied
divectly by program WMIN, it is the purpose of the common parameter arvay
PC to permit the indirect adjustment of these and various other param-
eters. The 1ink between these energy parameters and the array PC is
subroutine CNSTRN prepared by the user. This routine may set the values
of 7, PL, AR, and BR in terms of the values of the common parameters PC,
and in this way CNSTRN serves to define the meaning of the parameters PC.
In general the common parameters PC have no effect on the energy calcu~
lation except as defined by subroutine CNSTRN and two gther routines to
be mentioned below. Parameters PC are called common because one set of
values may apply to more than one substance in a single calculation.

The extra pavameters PX play this same role as parameters defined by
the user except that a separate array PX is associated with each sub-
stance. Subroutine CNSTRN can also be used to specify any desired
relationship between atomic coordinates or rigid body translations and
rotations.




2.2 MAIN Program

Execution begins in a MAIN program (in the Fortran sense of the
word MAIN). This routine, which does not appear in the flowcharts of
Figs. 2.1 to 2.5, has the principal purpose of assigning space to 133
arrays at run time. Storage is allocated on the basis of 16 input
integers, LIM, which set upper 1imits on various dimensions. MAIN
passes these arrays to the rest of the program as subroutine arguments.
this procedure is described in detail in Section 7.17.

2.3 Basic Subroutine WMIN
We will describe briefly the flow of the program for a typical
calculation referring to the flow charts of Figs. 2.1 to 2.5. Numbers

of the boxes in these charts correspond to statement numbers in the
sgurce program.

There are two main paths which the calculation takes depending on
whether several substances are to be treated together or separately. If
common parameters PC are to be varied by the program (NVC # 0; this can
only occur in mode U) then information about each substance is written
on auxiliary storage (disk or tape). This information is then read back
and tne contribution of each substance is added to the least-squares
matrix of normal equations. If no common parameters are to be varied
(NVC = 0; this must be the case except in mode 0) then each substance is
treated separately and no auxiliary storage is used.

The basic subroutine WMIN (Fig. 2.1) begins in Box 500 by reading
control information, including the MODE and common parameters PC. NVC,
the number of variable common parameters, is determined and used through-
out WMIN to control whether calculations for various substances are to
be combined or not. We will first trace the flow for NVC = 0 so that
substances are treated separately and no auxiliary storage is used.

The substance identifier ISB is read in Box 595 and a zero value
signals the program (Box 597) that no further substances will be
included. When NVC = 0 this terminates the job. Subroutine WPRE is
called from Box 620 to read input and make preliminary calculations for
the one substance. This subroutine (Fig. 2.2) stores parameters in the

overall list P and sets the observation and variable selection integers



KP and KQ. Subroutines SETA and CNSTRN are also called from WPRE. Upon
return from WPRE the MODE is tested (Box 630) and for mode -1 the mapping
procedure (Box 1710) is initiated. Otherwise the program prints the
overall parameter list P (Box 635) and initializes a cycle of parameter
adjustment (Box 745).

In Box 800 the program makes the first energy calculation of the
cycle by entering function subprogram WCALC. Because this energy calcu-
lation is a major part of the program we will discuss it in some detail
in Section 2.4. At this point we will merely note that on this first
entry WCALC prints various contributions to the energy and lists the
shortest interatomic distances. If intramolecular energy is to be
calculated for flexible molecules then WCALC calls GCWX which computes
and prints bond distances, bond angles, and conformation angles and their
contributions to the energy. Finally WCALC prints WC, WV, WR, WX, and
WT the Coulomb, van der Waals, repulsion, and intramolecular energy
contributions, and the total energy, respectively. Upon return from
WCALC the total energy is also stored as the variable Y.

In Box 815 the program tests the MODE and branches to the minimum
energy search (Box 2035) for mode 3. Otherwise WMIN enters a series of
Toops in Box 820 to generate numerically the first and second derivatives
of the energy with respect to parameters specified by the observation
and variable selection integers KP and KQ. For each derivative one or
two parameters P are modified and WCALC is entered to calculate the
modified energy. On these entries, however, WCALC follows a much faster
procedure than on the first entry and produces no printed output. Again
this will be described in more detail in Section 2.4.

If the experimental energy WOBS is to serve as an observation in a
least-squares adjustment of parameters, then its contributions to the
least-squares matrix AN and vector VN are computed in Box 1010. This
can only occur in mode 0.

In Box 1030 the MODE is again tested and in mode 2 the program
branches to minimize the energy by the method of steepest descents (Box
1850). For mode 0, 1, or 4 the program proceeds to Box 1085 where the
derivatives are printed. The vector DYC is the negative of DW, the first
derivatives of the energy with respect to structural parameters (i.e.,



the vector d of t£gs. 1 and 2), and it is these first derivatives which
the programww111 attempt Lo reduce to zero. The matrix RTR (é of tgs. 1
and 2) contains the second derivatives so that BTR and DYC toéether
define the observational equations. These arrays are used to set up the
matrix AN and the vector VN eitner for Newton's method or for the method
of least squares. In the latter case the weight matrix WMAT may or may
not be inciuded depending on the control input.

In Box 1200 these linear eguations are solved for the changes in
the variable parameters. For this purpose the matrix AN is inverted
using the metnod of principal component analysis. That is, the eigen-
values EVAL and eigenvectors EVEC of AN are determined and used to
generate its inverse. FEigenvalues which are smaller than ARE times the
largest one correspond to poorly determined linear combinations of
variables, and these are omitted from this calculation. The overall
result is to avoid the problem of singuiar or ill-conditioned matrices
and to reveal to the user the sets of redundant parameters which cause
them. Finally the revised parameters are calculated and printed, and
the program returns to Boxes 745, 800, and 820 for another cycle of
refinement.

On the final cycle (cycle number NC + 1) the program does not make
any parameter adjustment. Instead it branches at Box 1007 to Box 1505
where only the first derivatives of the energy are printed. In mode 4
the program calls subroutine WDYN (Box 1540) to calculate vibrational
frequencies and normal coordinates. This routine will be described in
detail in Sections 2.5 and 6.10. Finally in Box 1550 the program gen-
erates revised atom coordinates and punches cards for any parameters
which have been varied. These cards may be used for input to further
calculations.

In Box 1605 twe copies of a summary of the calculation are printed.
One of these is diverted to a separate output stream so that it may be
readily saved as an abstract of the calculation. The program then
returns to Box 595 to read input for another substance or terminate the
job.

When NVC # O indicating that parameters PC which may be common to
more than one substance are to be varied (and this can only occur in



mode 0) then WMIN follows a somewhat different path as indicated in

Fig. 2.1. Initial input to the job is read in Box 500 as before, and
auxiliary disk or tape storage is initialized or rewound in Box 590.

The substance name STITLE and a non~-zero identifying integer ISB are
read in Box 595 and WPRE is called from Box 620 to read input and
initialize the calculation for one substance. In Box 625 all the neces-
sary information for one substance is written as a record on the auxil-
iary storage and the program returns to Box 595 to read input for the
next substance.

When the input for all substances has been read and stored a zero
value of ISB terminates this loop, and in Box 610 an end-of-file is
written on the auxiliary storage. In Box 63% the program prints the
overall parameter list P which includes the common parameters PC and the
parameters A, SXR, SYR, SZR, TR, and PX for each substance. A cycle of
refinement is initialized in Box 745, the auxiliary storage is rewound
(Box 775) and information for the first substance is read from this
storage in Box 780. The program now proceeds through Boxes 800, 820,
1010, and 1085 as before adding the contributions of one substance to
the least-squares matrix and vector AN and VN.

Information for the next substance is read (Box 780) and the process
is repeated until the end-of-file is encountered on the auxiliary
storage. At this point the AN and VN include contributions from all the
substances and the program proceeds in Box 1200 to obtain the revised
parameters as before.

Further cycles are performed in the same way until the final cycle
when any revised parameters for each substance are punched on cards (Box
1550). When the end-of-file is encountered on this final cycle the
revised common parameters are punched (Box 1600), one pair of summaries
are printed for the calculation, and the job is terminated.

2.4 Function WCALC
The function subprogram WCALC which calculates the energy for a

substance is shown schematically in Fig. 2.3. On the first entry to
this routine (from Box 800 of the main program) the calculation in WCALC
follows a path which is considerably different from that taken on
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subsequent entries. This division of flow is controlled by a switch ISHW
which is set to one before the first entry and to zero thereafter. The
principal purpose of this division is to increase the speed of execution
of the later calculations which make use of information stored on the
first entry. Because WCALC is entered repeatedly in the course of cal-
culating numerical first and second derivatives, this procedure often
saves a factor of ten or more in computing time.

Another important purpose of this division is to insure that the
energy calculated on subsequent entries includes contributions from
exactly the same terms as that from the first entry. This is necessary
for the accurate calculation of numerical derivatives. WCALC also prints
certain output on the first entry but not on subsequent passes.

Several other indicators including the argument IBY and the switch
IBK may cause certain sections of the program to be bypassed in subse-
quent entries to WCALC, but on this first entry both of these indicators
are zero so that no by-passing occurs.

In Boxes 500-555 WCALC picks up parameters from the overall list P,
calls subroutine SETA to establish symmetry constraints on the lattice
parameters, and calculates quantities based on these parameters. Then
after calling the user routine CNSTRN (Box 560) the program uses the
rigid body rotations and translations to establish the basic atom coor-
dinates XYZR and those of all atoms in the cell, XC, YC, and ZC (Boxes
605-665).

The Ewald constant CK controls whether reciprocal lattice sums for
the Coulomb or van der Waals enerqgy terms are to be calculated in Boxes
686, 700-775, and 800-870. If CK = O these summations are bypassed.
Otherwise these sums are made over NQ shells in reciprocal space with
radii specified by QLIM so that their values accumulated to each 1imit
can be examined for convergence. Each set of indices HX, HY, HZ of a
reciprocal lattice point is tested in Box 750 against the limits of the
shell and then checked by the user's subroutine REJECT which can be
programmed to eliminate space group absences thus speeding up the calcu-
lation. The indices of acceptable lattice points are saved in arrays
HXT, HYT, and HZT (Box 775) for use in subsequent entries to WCALC.

In Box 800 the structure factors are computed and terms are added
to Coulomb and van der Waals sums with modification factors based on the
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Ewald constant CK to increase the rate of convergence. Sums over the
unit cell are also computed in Box 895 as a part of the reciprocal
lattice calculation.

Next in Boxes 940-1305 subroutine WCALC computes various sums over
the interatomic vectors of the direct lattice. This summation is made
in two parts. First, if a reciprocal lattice summation has been made
(CK # 0) it is necessary to subtract out the effects of all vectors (with
no limitation on their lengths) between bonded atoms or atoms in the
same rigid body (Box 955). These contributions are not wanted in the
total energy, but there is no simple way to omit them from the reciprocal
lattice sums.

Next, the contributions of vectors not between bonded atoms or atoms
in the same rigid body are computed including the appropriate modification
factors if the Ewald constant CK is not zero. These vectors are divided
into NR shells depending upon their lengths and the specified 1imits
RLIM so that the results accumulated to each 1imit can be examined for
converdgence. The specifications for each vector used in either part of
the direct lattice sum are stored (Boxes 955 and 1215) during this first
entry to WCALC for use on subsequent entries. After completing these
loops a specified number of the shortest interatomic distances and their
contributions to the energy are printed (Box 1305).

Next, in Box 1365 subroutine CWX is entered to compute any extra
energy WX such as the internal energy of polarization which has been
programmed by the user. Then the general extra energy subroutine GCHX
is entered to add contributions which depend on bond distances, bond
angles, and conformation angles in a way specified by the NCT input
cards which set up the connection tables IACT, ICT, IDZ, IAZ, and ITBR.
This subroutine which is diagrammed in the flow chart of Fig. 2.4 also
has two paths of flow controlled by the switch ISW. On the first entry
subroutine GCWX generates all distances, angles, and conformation angles,
and calculates the contribution of each to WX. This information is
printed and stored for use by the subroutine on subsequent entries.

Upon return from GCWX function subroutine WCALC prints WC, WV, WR,
WX, and WT, the Coulomb, van der Waals, repulsion, and internal energies,
and the total energy, respectively. The value of the function WCALC is
set to WT and the subprogram returns to WMIN.
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Later entries to WCALC from Box 820 (Fig. 2.1) for the calculation
of numerical derivatives, from Box 1710 for energy mapping, from Box
1850 for the method of steepest descents, or from Box 2035 for the mini-
mum energy search are made with the switch ISW = 0 so that the subprogram
makes use of quantities stored on the first entry. After making initial
calculations and setting up the atomic coordinates (Boxes 500-665, Fig.
2.3) the subroutine makes a rapid reciprocal lattice summation (Boxes
780-885) using the indices of the reciprocal lattice points which were
stored on the first entry. The unit cell sums are made (Box 895) and
the direct lattice sums are accumulated (Box 1390) for the 1ist of
vectors stored earlier.

Subroutines CWX and GCWX are called (Box 1500) to calculate extra
energy WX. The latter routine (Fig. 2.4) loops over distances, angles,
and conformation angles which were stored on the first entry. Finally
WCALC returns to WMIN with the total energy as WT and also as the value
of the function WCALC.

Several indicators are used by WCALC to speed up the calculation of
the energy on all entries after the first one of each cycle, that is for
switch ISW = 0. These will be mentioned briefly nere and described in
more detail in Section 7.2.

The indicator IBY which serves as an argument of WCALC has a value
of 0 to 7 established by function subroutine IBYPAS. This indicator
operates to bypass the entire reciprocal lattice summation, direct
lattice summation, or extra energy calculation when the results of these
will be unchanged from the previous entry. IBY causes this bypassing
only in mode 0 and if derivatives with respect to common parameters PC
are being calculated.

WCALC also sets another indicator [CCAX to zerc if there has been
no change in common parameters PC, lattice parameters A, or extra param-
eters PX since the previous entry. The array ICC serves as a set of
similar indicators for the coordinates of each atom in the cell. If
ICCAX = 0 and the indicators ICC are zero for all the atoms involved in
a particular direct lattice vector in WCALC or in a bond, angle, or
conformation angle in GCWX, then the corresponding energy term will be
the same as it was on the previous entry and it is simply picked up from
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storage and added to the sum. Otherwise the program vecalculates the
term for the sum and also saves it for use on the next entry.

2.5 Subroutine WDYN ‘
In mode 4 the program proceeds to minimize the energy by Newton's
method just as it does for mode 1. On the final cycle of refinement,

however, the matrix of second derivatives BTR is saved and in Box 1540
(Fig. 2.1) the main program calls subroutine WDYN to calculate and print
the vibrational frequencies and normal coordinates for the potential
energy model of the substance. The flow diagram for this subprogram is
shown schematically in Fig. 2.5.

In Box 500 WDYN obtains DXQ, DYQ, and DZQ, the derivatives of
Cartesian coordinates of the atoms with respect to the rigid-body rota-
tions and translations which serve as the NVD dynamic variables. These
derivatives are obtained numerically by incrementing one variable param-
eter P(I) at a time and entering WCALC to obtain the corresponding set
of Cartesian atomic coordinates. For this purpose a switch IBK is set
non-zero to indicate that WCALC need only compute the atom coordinates
and can then return without calculating the energy (Box 662, Fig. 2.3).

In Box 535 (Fig. 2.5) WDYN uses these derivatives and the atomic
masses AMASS to set up the matrix AKE with elements which are the second
derivatives of the kinetic energy with respect to the velocities
expressed in terms of the dynamic variables.

If Tattice parameters served as variables in the energy minimization
procedure, then the corresponding rows and columns are removed from
matrix BTR (Box %55) since these parameters cannot serve as dynamic
variables. Matrices BTR and AKE are then printed.

In Box 605 subroutines are called which solve the general matrix
eigenvalue problenm

wel

U=KUA& (3)

11

where B and K are matrices BTR and AKE, respectively, which correspond
to the F and G-! matrices in the usual spectroscopic notation. The sub-
routines solve for A, the diagonal eigenvalue matrix which is stored as
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the vector EVAL, and U, the eigenvectors which are stored in array BTR.
The frequencies in wa;e numbers are stored in FREQ (Box 645), and the
eigenvalues and eigenvectors are printed (Box 655).

Next WDYN starts a Toop over the NVD normal modes of vibration.

For each such mode (Box 667) it uses EVEC and DXQ, DYQ, and DZQ to gen-
erate the displacements XYZD of each atom referred to a Cartesian system.
(This system is taken as that defined by the input data for the first
rigid body.) The frequency and atomic displacements for one normal mode
are then printed.

In Box 676 the program performs a series of Toops to generate for
each symmetry operation a quantity CHAR which is the group-theoretical
character of a non-degenerate mode and which is related to that character
for a degenerate one. These quantities are printed and the program
repeats the calculation for the next normal mode. When all NVD modes
have been analyzed subroutine WDYN returns to WMIN.
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Figure 2.1. Basic subroutine WMIN, which adjusts selected parameters
by various procedures depending on the mode specified.
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Figure 2.2. Subroutine WPRE, which reads the input and makes
preliminary calculations for one substance.
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Function subroutine WCALC, which calculates the energy
substance from a given set of structural and energy parameters.
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RETURN

Subroutine GCWX, which makes a general calculation of
the internal energy of a molecule.
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3. THE STRUCTURAL MODEL

3.1 Introduction

The structural model which is manipulated by WMIN may consist of
rigid molecules which rotate or translate, molecules made up of rigid
segments, or individual atoms with positions which can vary independently.
These units are used to describe either crystals or isolated molecules,
and the model may be constrained to any desired crystal or molecular
symmetry. In tnis section we will describe how the program sets up these
models. Examples of some of the possibilities available to the user are
presented in Section 5.

A1l structures are set up initially by subroutine WPRE in terms of

the crystallographic unit cell parameters, fractional atom ccordinates,
and symmetry operations. The six unit cell or lattice parameters, a, b,
¢, COS a, COS B. and cos v, are input to the array A, and these define
the axes to which the atom coordinates are referred. Fractional coor-
dinates for each of NA atoms in the basic asymmetric unit are read to
array XYZ, and NS symmetry cards defining operations which will generate
all the atoms of the unit cell are input to array SYM. The symmetry
cards must include the identity operation x,y,z, usually as the first
entry. Some other restrictions on the sequence of the symmetry cards
will be mentioned below; these are especially important if the structure
is described as centrosymmetric witn ICENT = 1.

Fach of the NA input atoms is defined as a chemical kind by
specifying an integer stored in array IKA. This input may include some
extra pseudo-atoms or points which do not contribute to the energy, but
which are used as described below to define rigid-body coordinate
systems. For these extra atoms IKA is set to zero. Each atom in the
asymmetric unit is assigned to one of NRB rigid bodies by specifying an
integer stored in array IRB. This will be discussed in more detail
below.

An isolated molecule may be described in a Cartesian ﬂngstrom
coordinate system by setting the lattice parameters A at 1,1,1,0,0,0,
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using only one symmetry card for x,y,z, and reading the atom coordinates
expressed in fngstrom units.

Subroutine WPRE uses the NA input atoms and the NS symmetry cards
to generate NAC atoms in the unit cell. Information about each such
atom is stored in several arrays which are printed for the user's
inspection. In this cutput the arrays JAC and ISC consist respectively
of the sequence number of the atom in the input 1ist and the number of
the symmetry card used to genevate atom I in the cell. The arrays XC,
YC, and ZC contain the fractional coordinates of the generated atoms.
Later these coordinates will define the atom positions from which the
energy is computed, and XC, YC, and ZC will be recomputed each time the
model is adjusted by moving a rigid body or an individual atom. In
WPRE, however, these generated coordinates are stored only so that newly
generated coordinates can be compared with them (modulo 1.0) to avoid
placing two atoms in the same position. (This comparison is only made
for two atoms with the same IKA. Occasicnally the user may wish to put
an extra atom at the same position as another atom, and this is permitted.
A core-shell model for an atom could also be generated with the two com-
ponents at the same location provided that they have different values of
IKA.) The comparison enables the program to recognize atoms on special
crystallographic positions such as inversion centers, rotation axes, ovr
mirror planes. The array SMC stores a count of the number of times each
position is generated. This information is used later to establish the
expression for the formula unit and the multiplicity of each atom's
contribution to the energy.

A multiplier used in the structure factor calculation is stored in
FMC. This is different from 1.0 only for certain atoms in special
positions and only when the structure is treated as centrosymmetric.

In this initial calculation subroutine WPRE also stores an integer
in IRBC which assigns each atom of the unit c¢ell to one of the NRB*NS
rigid bodies in the cell.

3.3 Relaxing Symmetry Constraints

Subroutine WPRE includes a feature which permits the user to expand
the asymmetric unit to include atoms generated by the first several
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symmetry cards. This procedure is invoked by setting control integer
IRSC to the number of symmetry operations to be used for this expansion.
When IRSC is greater than one the program generates a new list of atoms
from the beginning of the unit cell arrays described above. The value

of NA is increased, and this 1ist is used as though it was the input

1ist to regenerate the atoms in the unit cell. This time, however, the
second symmetry card (and perhaps others) generates atoms which duplicate
those from the first. Thus some of the symmetry cards are ignored, and
the atoms generated are in the same or equivalent positions as those
previously found.

There are two reasons that the user may wish to call on this
procedure. The first is related to the fact that WMIN reaguires that any
collection of atoms which is treated as a rigid body must be contained
entirely in one asymmetric unit. A problem arises for crystalline benzene
(CgHg ), for example, where there are three unique C atoms and three
unique H atoms each related to another atom of the molecule by a center
of inversion. If all twelve atoms are to be included in the same rigid
body then they must all be in the atom list. This can be accomplished
(as illustrated in Example 5.2.1 and Test Problems 2A and 2B) by making
the second symmetry card correspond to the center of inversion -x, -y,
-z and setting IRSC at 2. Since this symmetry card is thereafter effec-
tively bypassed, it is necessary to treat the structure as noncentro-
symmetric with ICENT = 2.

The second reason for using this feature is that ordinarily WMIN
constrains the structure to maintain the symmetry specified by the sym-
metry cards. This applies not only to the energy minimization in modes
1, 2, or 3, but also to the vibrations caiculated in mode 4. If it is
desired that these symmetry constraints be relaxed then the size of the
asymmetric unit must be increased and the specified symmetry operations
bypassed. This is illustrated for the isolated ethane molecule, C,Hg,
in Example 5.3.3 and Test Problem 3B. Six symmetry cards are needed to
generate the eight atoms of the molecule from the two input atoms. By
setting IRSC = 6 the asymmetric unit is expanded to eignt atoms and only
the first symmetry card is effective, so there are no constraints on the

vibrations allowed in mode 4. (This example and the test problem also
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illustrate that it is permissible to add redundant symmetry cards which
facilitate the identification of the characters of the vibrations in
mode 4.)

3.4 Rigid Bodies as Structural Variables

Each atom of the basic asymmetric unit (as read or as generated) is
assigned to one of NRB rigid bodies by specifying an integer stored in
array IRB. It is the rotations and translations of these rigid bodies
which are used as the structural variables in WMIN, not the atomic
coordinates themselves. For each rigid body the user specifies an atom
{or extra atom) which is to serve as its origin. The user also estab-
lishes a Cartesian coordinate system for each rigid body which is defined
gither in terms of the crystal axes or in terms of three atoms (or extra
atoms) of the structure.

[f defined in terms of the crystal axes, the right-handed system
has its x-axis parallel to the a-axis and its y-axis in the a,b plane.
Thus if the crystal axes are orthogonal, the Cartesian axes parallel
them. When defined in terms of three atoms u, v, and w, the x-axis
parallels the direction u to v, and the y-axis lies in the three-atom
plane on the side of w.

The translation of a rigid body is defined by the vector TR which
specifies the displacements of the origin measured in Angstron units
along the three directions of its Cartesian axes. The rotation of a
rigid body is defined by SXR, SYR, and SZR, rotations measured in radians
about each of its three Cartesian axes. The way in which the program
performs these variations will now be described.

When subroutine WCALC is entered values of TR, SXR, SYR, and SZR,
which define the rigid body translations and rotations, have been set.
The program uses this information to convert the input coordinates XYZ
of the asymmetric unit to adjusted coordinates XYZR in a way which is
described by the foliowing pseudo-Fortran matrix equation:

XYZR(-,1) = XYZR(-,1ZJ) + CA * {TR(-,J)
+ RM * ACZ(-,J) * [XYZ(-,I) - XYZ(-,1ZJ3)]} .

XYZ(-,12J) is the vector of input coordinates for the origin atom of
rigid body J. This is subtracted from XYZ(-,I), the input coordinates
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of atom I. Matrix ACZ(-,J) converts the coordinates to the Cartesian
system of rigid body J. RM is an orthogonal rotation matrix derived
from SXR(J), SYR(J), and SZR(J), the rotations for rigid body J. After
these Cartesian coordinates are rotated, the specified translation
TR(-,Jd) is added. Then the Cartesian coordinates are converted back to
the crystal system by matrix CA which is specific for rigid body J.
Finally the coordinates of the origin atom, XYZR(-,I1ZJ), are added to
produce the transformed atom coordinates XYZR{-,I).

In order to keep the geometry of a rigid body unchanged even though
the lattice parameters are adjusted, subroutine WPRE sets up the matrices
ACZ(-,J) for each rigid body on a basis of the input unit cell parameters.
The matrix CA, on the other hand, is based on the current values of these
parameters.

Before beginning this transformation the program copies array XYZ
to array XYZR. Then it steps through the rigid bodies 1,2,...NRB in
sequence transforming all the atoms of one before starting on the atoms
of the next. Note the effect which this sequence has on the origin-
defining atoms. XYZ(-,IZJ) is an atom in its input position, but
XYZR(-,1ZJ) may either be in its input position or it may have been
generated by a previous rigid body transformation. Similarly matrices
ACZ are defined for Cartesian axes based on input atom positions, but
matrix CA is for axes based on atoms which may belong to a previously
transformed rigid body. Thus when the origin and axes of rigid body 2
are defined in terms of atoms of rigid body 1, then rigid body 2 "rides"
on rigid body 1 and undergoes the translations and rotations of both.
These considerations make it easy to set up models for segmented or
flexible molecules. Some exampies of these will be given in Section b.

Note also that atoms assigned an IRB of zerc do not belong to any
rigid body. They may contribute to the energy, but they remain in
positions defined by their fixed fractional coordinates.

After subroutine WCALC has finished storing the transformed
coordinates XYZR for the asymmetric unit, it loops through the NAC atoms
of the unit cell and recalculates XC, YC. and ZC from XYZR and SYM using
the atom and symmetry operation specified by JAC and ISC. Thus even

after a rigid body rotation or translation the overall structure maintains
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the desired symmetry. It is the coordinates AC, YC, and ZC which are
used for the energy calculation.

At the beginning of a calculation the transiations and rctations,
TR, SXR, SYR, and SZR, are usually read as zero. In this case the
inttial values of XYZR are the same as XYZ. During the course of a job
which minimizes the energy the translations and rotations may become
non-zero and the lattice parameters may also change. At the end of each
Jjob the program punches the revised lattice parameters. It also punches
atom coordinate cards, but these transmit coerdinates XYZR rather than
XYZ, and, together with the new lattice parameters, describe the revised
structure. If further adjustments are to be made these cards can be
used as input, and TR, SXR, SYR, and SZR can again be assumed to start
at zero.
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4. CALCULATION OF THE ENERGY

4.1 Introduction

The terms in the energy calculated by subroutine WCALC can be
divided into non-bonded interactions and interactions between bonded
atoms. Non-bonded interactions include the Coulomb energy, van der Waals
attraction, and repulsion terms. These may arise from intermolecular
interactions in crystals and intramolecular terms for flexible groups
either in crystals or in isolated molecules.

Bonded interactions include terms for bond stretching, bond angle
deformation, and changes in conformation angles. These contributions
apply to flexible molecules, either isolated or in a crystal, but they
would not generally be included in a model of a crystal composed of rigid
molecules.

The program permits considerable flexibility in the form of the
potential by allowing the user to prepare subroutines which define the
repulsion terms, the conformation energy, and any other desired contribu-
tion to the total energy. This flexibility is permitted primarily
because any derivatives of the energy which are required are obtained
numerically. For the same reason it should not be difficult for a
programmer to make drastic changes in the way the energy is calculated
if these appear desirable.

We will begin by discussing the mathematical methods used to
calculate the Coulomb and van der Waals energies for crystal lattices.
Then we will describe how these methods are implemented by the program.
Finally the calculation of the bonded interactions will be described in
detail.

4.2 lattice Sums for Coulomb and van der Waals Energy

We consider a crystal to be an infinite periodic array of atoms and
define its lattice energy as the negative of the work required to sepa-
rate these atoms infinitely far apart. The Coulomb energy per formula
unit is then
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one all
cell cells

= ZZ Z 993" 5 (1)

i J#

where q5 and qj are point charges, rij is the distance between them, and
Z is the number of formula units per cell. The factor 1/2 is needed
because, considering a sum over the entire crystal, each distance is
included twice.

The van der Waals energy per formula unit is given by a similar
expression

one all
cell cells
_ -1
WZ”ZZ pru (2)
i J#i

where P; and pj are suitable coefficients for atoms i and j.

4.2.1 The Ewald-Bertaut-Williams Method
It is well known that the summation of equation (1) for the Coulomb

energy of a crystal converges very slowly unless special procedures are
adopted. The method which is used in this program was pioneered by Ewald
(1921) and amplified by Bertaut (1952). Recently Williams (1971) has
shown that similar methods can be applied to the calculation of the
van der Waals energy, Eq. (2), in order to improve its convergence. A
paper by Nijboer and Dekette (1957) also contains much useful background
information on these methods.

For calculations involving isolated molecules the method reduces
to the usual straightforward summation over the interatomic distances,
and the reader who is not interested in crystals may omit this section.
Section 4.2.2 on avoiding duplicate terms in the direct lattice sum may
be important, however.

Williams shows that expressions (1) and (2) can be rewritten as
follows:
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The first summations in expressions (3) and {4) will be called the
direct lattice sums and these are simply sums over the interatomic
vectors. Convergence of these direct Tattice sums is accelerated by
multiplying each term by a modification function in brackets [ ] which
has a value decreasing from unity to zero as the distance rij (and thus
the argument a) increases. The function erfc(a) in Eq. (3) is the error
function complement.

The amount that is lost from each direct lattice sum because of the
modification function is compensated for exactly by the reciprocal
lattice sum which makes up the remaining part of Egs. (3) and (4). This
summation is made over reciprocal lattice points analogous to reflections
with indices h = {h,k,2} in x-ray diffraction experiments. The quan-
tities |Fc(b)T and ]Fv(b)l are analogous to the structure factor magni-
tudes for reflection P but with the charge q; or the coefficient P,
replacing the atomic scattering factor in the usual x-ray expressions.
Thus

one
cell

0= 5% wntery

i

-
—
=
~—
]

one
cell

j{: piexp(Zwih-xi) (8)
.i

Fy ()

where X; is a vector of coordinates for atom i. The quantity Q(?) = |?]
is the length of the reciprocal lattice vector and V is the volume of a
unit cell. Convergence of these reciprocal lattice sums is accelerated
by multiplying each term by the modification function (in brackets) which
decreases from unity to zero as Q(h) (and therefore the argument b)
increases. i

Also included in expressions (3) and (4) are summations of qiz, piz’
and p, over one unit cell. These sums are in effect the contributions

of the h = 0 terms to the reciprocal Tattice sums.
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The value of wc or wv obtained from expressions (3) or (4) is
independent of the quantity K which is known as the Ewald constant.
This constant K does determine what parts of the results will be obtained
from the direct and reciprocal lattice sums, because it enters into a
and b, the arguments for the modification functions. For K = 0 only the
direct lattice sum contributes, because its modification function is
unity and that of the reciprocal lattice sum is identically zero. For
larger values of K the reciprocal lattice sum becomes increasingly
important.

4,2.2 Avoiding the Duplication of Terms

In computing the Coulomb and van der Waals energies, NC and Nv’ it
is desirable to avoid recalculation of terms which are identical because
of symmetry. We will now show that expressions (3) and (4) can be
reduced to the following equations from which duplicate terms have been
largely eliminated:

asym all
unit cells

= E : -1
W :E:: 94311959374 5 [erfc(a)]

i J#i
k(3)zi

1,2,0r 4
octants

fulr D e IR () |20 [exp(-b?)]

- K Z niqiz , (9)

asym all
unit cells

- wE E 67 2 y )
WV gijnipipjrij ({1 + a2 + a"/2)exp(~a2)]
i J#i
k(j)zi
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1,2,0r 4
octants
o C 2Q(h)3[v= erfc(b
T3V 2{: L(?),Fv(b)l Q(P) [/ erfc(b)
h#0
asym
unit

1 7 3k6 "
(s = Dot 5 30 e
i
2
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MR Z nips | (10)

For the direct lattice terms the summation over i for one cell has been
replaced by a summation over one of the asymmetric units in the cell.
This change is compensated for by multiplying each term by nys the
number of times atom i appears in the formula unit. The reason for this
is that n, = smi/Z where s is the number of asymmetric units in the cell.
The atom multiplier m would be unity unless atom i is shared by more
than one asymmetric unit in which case it would be the appropriate
fraction.

These considerations have also been applied to the unit cell sums
to obtain the final terms in Egs. (9) and (10).

The number of terms in the direct lattice sum has been still further
reduced by modifying the range of the sum over j. The index i numbers
the atoms in the basic asymmetric unit, and each atom j is symmetrically
equivalent to some atom i. Let k(j) be the value of i for that equiva-
lent atom so that k{j) defines the crystallographic kind of atom j. For
every interatomic vector rij there is another symmetry related vector
ri'j' with i' = k{j) which would duplicate the contribution of rij to
the sum provided that i # k(j). We have therefore included in the sum
over j only those terms for which k(j) > i and doubled the final value
of the result. If i = k(j) then the vector vy is identical to the
vector rij so that no duplication would have occurred. This is
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compensated for by the multiplicity factor gij which is one if k(j) > i,
and one half for k(j) = i.

The reciprocal lattice sums nead not be made over the entire lattice.
Because Q(h) = Q(-h) and [F(h)| = !F(-n)| (Friedel's Law) it is never
necessary to sum over more than one heﬁisphere of reciprocal space. The
multiplicity factor c(h) then has the value of two for all lattice points
except those shared bywthe two hemispheres; for these its value is one.

The range of the reciprocal lattice sum can often be further reduced
depending on the Laue group of the crystal. for monoclinic crystals, for
example, only one quadrant of reciprocal space is needed, and for ortho-
rhombic or cubic systems one octant of space suffices. In tnese cases
the quantity c(h) takes on values of 2, 4, or 8 depending on how the
point h is situated with respect to the boundaries of the volume included.

The usual crystailographic procedures are applied to the calculation
of the structure factor magnitudes lFC(b)l and IFV(?)I. For non-
centrosymmetric crystals

i V12 = 2 2
[Feh]® = A% + B, (1)

where

one
cell

AC = j{: q1c052n(hxi + kyi t2zy) (12)
i

one
cell

A .
B = ? qiSTHZW(hXi + kyi + izi) . (13)
i

Here Xis Yio and z; are the fractional coordinates of the atoms referred
to the crystallographic axes, and h, k, and 2 are the Miller indices
which define the vector h. For crystals with a symmetry center at the
origin the calculation can be simplifed to

[F (h)]? = (2A,)? (14)
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where

nalf
cell

AC = :E:: qimiCOSZw(hxi + kyi + in) . (15)
.i

Here the summation is made only over one atom of each centrosymmetrically
related pair, The multiplier i is one except for atoms in special
positions (such as the origin) which participate in both centrosymmetri-
cally related halves of the cell. For these atoms m. is one half. In
WMIN it is sometimes necessary fto treat a centrosymmetric crystal as
non-centrosymmetric. This increases the calculation time but produces
the correct result.

]FV(?)]2 is calculated in an analogous way by substituting p. for
4 in Eqs. (11) to (15).

4.2.3 Elimination of Certain Non-bonded Terms

It is usually desirable for non-bonded Coulomb, van der Waals, and
repulsion terms to be omitted for atom pairs within the same rigid body
or for certain atom pairs in a flexible molecule. When only the direct
lattice sum is being made, as is the case for an isolated molecule or
for the calculation of the repulsion, the particular terms can simply be
left out of the summation. This is not the case, however, for Coulomb
or van der Waals terms when the Ewald-Bertaut-Williams method is being
used because there i3 no simple way of omitting specific interactions
from the reciprocal lattice sum. Instead it is necessary to compute
these terms and subtract them from the final result. The direct lattice
terms for such a pair in Egs. (9) and (10) then become

t (r..) -1lerfc(a) - 1] (16)

Mgl T 9iM%957;
and

-6 2 4 -32) -
PP 5 [(Y + a2 + a%/2)exp(-a?) - 1] (17)

tv(rij) =Y
Note, however, that although the direct lattice sums in Egs. (9) and (10)
often need not be made out to more than a few ﬁngstrom units, all terms

to be eliminated must be computed regardless of the length of vector rij'
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Occasionally it will be desirable to use a model in which two atoms
are located in the same position. This situation may occur in a core-
shell model of a polarizable atom, for example. The Coulomb or
van der Waals term for such a pair of coincident atoms would be unde-
fined, so that we are only interested in the case when the interaction
term is to be eliminated. The quantities needed are the values of
tc(rij) and tv(rij)’ expressions (16) and (17), for i = 0, and these
are given by

tC(O) = - 2K91j”1Q1Qj
and

t,(0)

i

gijnipipj(W3K6/6) . (]9)

4.2.4 Implementation of the lLattice Sum Calculations
Equations (9) to (19) are used to calculate the Coulomb and
van der Waals contributions to the energy of non-bonded interaction for

the structural model. Table 4.1 relates the mathematical symbols of the
previous section to the Fortran symbols in the program and 1ists the
statement numbers after which each quantity is evaluated. These state-
ment numbers correspond approximately to the box numbers in the flow
charts of Figs. 2.2 and 2.3. A description of the program sequence has
been given in Section 2.4.

Table 4.1. Symbols used in implementing the calculation
of Coulomb and van der Waals energy.

Program ! Evaluated in WPRE
symbol Algebraic symbol Fquation lat statement number:
CK K 5,6 495

FMC(J) m. 15 ' 570,580

MC yA 9,10 680

ZAM(T) n, . 9,10,16,17,18,19 680

FM 1 or 2 : 11 or 14 735

SQTPIK | V@ K § 5 735

SQTPDK | Vu/K 6 740
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Table 4.1. (Continued)

Program Evaluated in WPRE
symbol Algebraic symbol Equation at statement number:
PIDKSQ | m/K2 6 740
RTPIZ | 1/2+Z (kcal/mole)** 9 745
PINHZ | -w%/2/37 10 745
PICKZ | -n3K3Z/6 10 745
PICK m3K8/12 10 745
CKKCAL | -K (kcal/mole) 9 745

| Evaluated in WCALC

| at statement number:
VA v ‘ 9,10 555
RTPIZV | 1/2wVZ (kcal/mole) 9 555
PINHZV | -w%/2/3VZ 10 555
PICKZV | -w3K3Z/6V 10 555
HX h ' 9,10,11,12,13, 735,795,845
HY h=1 k 14,15 740,795,840
HZ i g 745,795,835
QQ Q(h)? 9,10 750,795
HM c(h) § 9,10 765,795
ARG szhx1 +ky, +o2zy) 12,13,15 802
QUA a; 12,13,15 802
PLJA P 12%,13%,15% 802
AF A, 11,12,15 802
AFV A, 11%,12%,15% 802
BF B, 11,13 805
BFV B, 11%,13* 805
YYM b2 9,10 810
EXPYYM | exp(-b?) 2,10 810
FSQ |F (h) |2 9,11,14 815
SF 5> 9 815

h#0

FSQV [F (h)]? 10,11%,14* 825
QH Q 10 825
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Table 4.1. (Continued)
Prograr ! Evaluated in WCALC
symbol Algebraic symbol Faquation “at statement number:
| B R R o
M }b 10 825
SFV > 10 825
h#0
CSF (1/20v2) S (kcal/mole) 9 850,885
h#0 !
VSF ~(x9/2/3V) ¥ | 10 850,885
h#0
2 - f 5
5Q PILILE 3 9 897
L
- | .
SPp Sn.p? | 10 897
i | !
| | )
SPL 3 nsp; | 10 897
i j
SQK wK§:qu% (kcal/mole) 9 905
4 3kb6 2 i
SPPK (n3K /12)}2 n.p | 10 915
|
SPLK (13K3/6V)( z:n P, | 10 915
|
i i . 16,17,18,19 955
; 9,10 1150,1395
IA i . 16,17,18,19 955
9,10 1150,1415
GMI n 16,17,18,19 957
9,10 1152
J j 16,17,18,19 958
9,10 1152,1395
JA j 16,17,18,19 953
k(3) 9,10 1152,1415
GM 9314 16,17,18,19 960,565
9,10 1155,1160,1415%
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Table 4.1. (Continued)
Program 1 Evaluated in WCALC
symbol Algebraic symbol Equation at statement number:
R rij 16,17 995
9,10 1175,1415
VTH tv(U) 19 997,1462
tv(rij) 17 1005,1470
. ’ -6, a2 c 280145
95 5MiPiP5 45 , [(1+a 10 1240,1450,1470
- +at/2)exp(-a?)]
SVDW - 10 997,1005,1240,1410,
i 15‘:%;] 1450,1462,1470
CTM tC(O) 18 999,1464
‘tc(rij) 16 1015,1480
-1 - t -0y
ggijniqiqujj[erfc(a)} 9 | 1250,1458,1480
SG 3 . 9 ' 999,1015,1250,14190,
? %:éé? 1458,1464,1480
Gk 1 503 (keal/mole) 9 1290,1490
i j#i
XM a 16 1000,17465
9 1175
XAM a” 17 1005,1470
10 1240,1470
N - _6 -
VDW pipjrij 17 1005,1470
E 10 1240,1470
-1 4
CMB ‘qiquij 16 1015,1480
9 i 1250,1480
We W, 9 ! 1365,1490
Wv wv 10 1365,1490
!

*An asterisk on the equation numver means that the quantity is
used for the analogous calculation of the van der Waals energy.

**Quantities labeled (kcal/mole) have been multiplied by 332.17 to

convert from e?

R-1.
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4.3 Non-bonded Repulsion Terms

The repulsion energy WR is accumulated in the same loops as the
direct-lattice sums SG and SVDW described above. Each term is given the
same weighting factor GMI as the corresponding Coulomb or van der Waals
term. Just as in the above sums, terms are omitted for interatomic
contacts within the same rigid body or for bonded contacts defined by
the molecular connection table. If IGEM = 1 then terms are also omitted
for contacts between two atoms bonded to the same atom.

Because WR is accumulated only as a direct-lattice sum, it is
important to set the summation Timit RLIM large enough to achieve the
desired convergence. Convergence can be verified by examining WR calcu-
lated for two or more shells in direct space.

Repulsion (or attraction) terms from three sources may be included
or omitted, depending on the control integer IREP. Built into the
program is a standard repulsion term of the form suggested by Gilbert
(1968):

where the as is a radius and bi is a softness parameter corresponding to
AR(I) and BR(I) in the potential parameter input. The units are
kcal/mole and Kngstroms.

Additional terms for each non-bonded contact may be computed by
user's function subprograms REPL and GPOT. REPL permits the calculation
of a term which is any desired function of the distance R. Such an
expression could also include special forms of attractive terms if they
are needed. The potential parameters AR and BR may be redefined for use
by this routine, or common parameters PC or extra parameters PX may be
used to specify the potential. The use of REPL is illustrated in Test
Problems 2A and 2B, Sections 9.4 and 10.2.

GPOT serves a similar purpose, but more arguments are available to
it, so that more complicated functions can be programmed. For example,
GPOT permits the introduction of a potential which depends on the angles
subtended by atoms adjacent to the non-bonded contact.
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4.4 Molecular Conformation Energy

For structural models which include flexible or segmented molecules
it is usually necessary to include an extra energy WX which depends on
the bond distances, bond angles, and torsion angles defining the molec-
ular conformation. A general calculation of WX is performed by sub-
routine GCWX which generates all of these distances, angles, and
conformation angles from a connection table provided as input. Section 5
and also Test Problems 2A, 3A, and 3B give illustrative examples.

NCT cards are included in this connection table, one for each
backbone atom, that is one for each atom which is bonded to more than
one other atom. (Thus for a hydrocarbon molecule the carbon atoms are
the backbone atoms.) On card J is IACT(J), the atom number of a backbone
atom; and ICT(1,Jd), ICT(2,J), ICT(3,J), ICT(4,J), the numbers of up to
four atoms bonded to it. If fewer than four atoms are bonded to that
backbone atom, then the last values of ICT are left blank.

The atom numbers used are the sequence numbers of the atoms in the
arrays XC, YC, and ZC which describe the complete unit cell. (See
Section 3.2.) Often these are just the input atom numbers, but if a
molecule has crystallographic symmetry then it may be important to
include more than the asymmetric unit in the connection table. Example
5.2.5 illustrates this situation.

For each backbone atom up to four bond distances can be generated,
but the program examines the connection table to avoid duplicating bonds.
The program also generates up to six angles with each backbone atom as
the vertex. Finally, for each bond to another backbone atom the program
generates up to nine conformation angles. In general these calculated
distances and angles are printed as output, and it may be useful to
include a connection table for a molecule even if no conformation energy
is to be calculated. The connection table should not be used to obtain
distances or angles between non-bonded atoms, however, as such use would
cause the corresponding non-bonded energy terms to be omitted.

If the structural model constrains bond distances and angles to be
fixed then it is not necessary to include terms which depend on these
distances and angles in the energy calculation. But any distance, angle,
or torsion angle which is allowed to vary probably requires a corresponding
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term in WX. Subroutine GCWX computes such terms using coefficients
stored as common parameters PC and selected by the input integer arrays
IDZ, IAZ, and ITBR associated with the connection table.

The energy of a bond distance d is calculated as
W(d) = % kd(d -d )? (21)

where kd is a force constant and d0 is an equilibrium distance. The
parameters d0 and kd are taken as common parameters PC(IDZJI) and
PC(IDZJI + 1), respectively, where IDZJI is specified for each bond 1in
array IDZ. The units of dO are ﬂngstroms and those of kd are kcal mole!
B-2.  The input in PC(IDZJI + 1) is made smaller by a factor of 0.01 to
keep it in a reasonable range.

The energy of a bond angle a is calculated similarly as
Wa) = % k (a - o) (22)

where ku is a force constant and o, is an equilibrium angle. Again the
parameters o and ka are taken as PC(IAZNJ) and PC{IAZNJ + 1), respec-
tively, where IAZNJ is specified for each angle in array IAZ. The units
of o, are degrees and those of ka are kcal mole”! degree~2.

A contribution to the conformation energy WX may be made for each
of up to nine torsion angles about a bond between twc backbone atoms.
One integer ITKJ stored in arvay ITBR controls the calculation of the
energy terms for all nine of these angles. If ITKJ is set at a negative
value the program calls the user's subroutine WCNF which may be pro-
grammed to calculate the energy contribution, WCF = W(¢), in any desired
way. An example of a subroutine which calculates

W(g) = %2 B (1 + cos 3¢) (23)

is used in Test Problems 3A and 3B for the molecules ethane and propane.
In this case the programmer elected to store the barrier height E¢ as
one of the common parameters PC. In setting this barrier height the
user must take into account the fact that a contribution WCF (in
kcal/mole) will be made for each of the nine torsion angles about a bond.
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An alternative form for the energy associated with a torsion angle
is built into the program. This form is the wrap-around Gaussian

(=23

W(s) = a :E:: expl- (4 - 2m)2/2b2] . (24)

ey

Here a and b are height and width parameters of a Gaussian function of
the torsion angle ¢. To avoid discontinuities, ¢ is considered to cover
many revolutions and the contribution from each is summed. This function
hias a maximum at ¢ = 0 and a minimum at ¢ = n. For large values of b it
approaches the form of the function cos ¢. Subroutine GCWX implements
this function by taking parameters a and b from PC{ITKJ) and PC{ITKJ + 1),
respectively. A term is calculated for each of the torsion angles about
a bond.

4.5 Additional Energy Terms

Any other terms which may be desired can be included in the extra
energy WX by means of subroutine CWX programmed by the user. OUne example
of such a term might be the internal energy of an induced dipole

W_i = p?/2a (25)

where p is the dipole moment and « is the polarizability. The dipole
moment can also be expressed as the product of a charge g and a separa-
tion ¢ so that

W, = 2%9%/20 . (26)

In a core-shell model of an atom one might assume fixed charges with a
variable geometry. Subroutine DST could be used to obtain the separation
9, and WX would be calculated according to Eq. (26).

Alternatively, in a polarizable molecule it might be reasonable to
hold the geometry fixed and 1etkthe charges vary. These charges could
be defined by one or more extra parameters PX which would be used by
subroutine CNSTRN to set Q for the various kinds of atoms. Subroutine
CWX would calculate WX either from the PX values or from the Q's.
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Another use of CWX would be to simulate the effect of applying a
high hydrostatic pressure to the crystal by adding a negative term pro-
portional to paV. In this case WX would be proportional to the (negative)
change in unit cell volume:

WX = CONST * PRES * (VA - VAZ)/ZMC . (27)

Here VA is the unit cell volume in A3 (from COMMON/AB/), VAZ 1is the cell
volume at zero pressure, ZMC is the number of formula units per cell
(from COMMON/DUBL/), PRES is the pressure in kilobars, and CONST =
1.43929 x 102 to convert WX to kcal/mole.

Other examples of extra energy terms would include any forms of
conformational energy not calculated by GCWX. A term for the out-of-
plane bend of a bond to a benzene ring could be computed for example.

In programming subroutine CWX the user may call on any of the
available subroutines such as DST, ANG, or CONF for computing a distance,
angle, or torsion angle, respectively. Also available are subroutines
VEC, NORM, and AVV for manipulating vectors defined by atom positions.
Other 3-by-3 matrix and vector routines include DIFV, SUMV, MM, MV, and
VMV. The operation of these subroutines is described in the program
lTisting.

4.6 Size of the Formula Unit
The Coulomb, van der Waals, and repulsion energy terms, calculated

as described above, are expressed in kcal/mole for one formula unit.
For some purposes the size of thnis formula unit is unimportant since it
merely establishes the scale of the calculated non-bonded interaction
energy. However, when molecular conformation energy or other extra
energy terms are to be included it is necessary to choose the formula
unit in a consistent way.

Subroutine WPRE (Box 655) establishes the size of this formula unit
in one of two ways depending on the input integer IZAM. If IZAM =0
then the program examines the 1ist of atoms generated for the unit cell
and chooses the formula unit as the smallest fraction of this cell which
contains an integral number of each crystallographic kind of atom.
Alternatively the user may control the size of the formula unit by setting
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IZAM at the number of times the first input atom is to be included. In

either case the program prints ZMC, the number of formula units in the

cell, and ZAM(I), the number of atoms of each kind I in this formula.
Example 5.2.5 describes the situation for solid binaphthyl which

has a crystallographic twofold axis relating the two naphthyl groups.

With IZAM = 0 the program would generate the formula C;oH;, but by setting

[ZAM = 2 the user can cause the program to generate the correct formula

CooHyy- Conformational energy terms would be included for each of the

two naphthyl groups, but a term based on the bond distance in the naphthy-

naphthyl link, for example, would be included only once.
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5. ILLUSTRATIVE EXAMPLES

5.1 Introduction

In this section we tabulate in schematic form some of the input

required for several specific problems. The substances used as examples
include both molecular and ionic crystals as well as isolated molecules.
The structural models represent rigid, segmented, and flexible mole-
cules. Some of these examples correspond directly with the Test Problems
included in Sections 9 and 10.

The information listed for these examples pertains mostiy to the
establishment of the structural models and the selection of the internal
energy terms. It is important to realize that the program allows con-
siderable flexibility in the way the models are set up. We have tried
to include notes explaining which choices are mandatory and which are
optional.

For matters pertaining to crystal symmetry the user will find it
useful to refer to the International Tables for X-ray Crystallography
(1952).

5.2 Molecular Crystals

Example 5.2.1

Substance: Benzene, CgHg
Treatment: Rigid molecule
Phase: Crystal

Reference to structure: Bacon, Curry, and Wilson (1964).

See also: Test Problems 2A and 2B
Unit cell: Orthorhombic, variables: a, b, ¢

Symmetry: Pbca (No. 61), NS = 8

Sequence of cards: X y z
-X -y -7

1§+X %my -7

X sty z

-X 1/24"_‘)/ 1/2"‘7_

X -y Ltz

- -y 2tz

X y Loz

The molecule with 12 atoms has a center of inversion at the origin, and

it is generated from six input atoims by the first two symmetry cards.
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Because of this sequence the structure must be treated as
noncentrosymmetric in the reciprocal lattice sums.

Reciprocal lattice symmetry: ICENT = 2, HXNEG = O, HYNEG = 0, HZNEG = 0,
REJECT terms with HX = 0 and HY # 2n or HY = 0 and HZ # 2n or HZ = 0 and
HX # 2n, because they will be zero. See subroutine REJECT included in

the Test Problems.

4
Atom numbers: NA = 7, IRSC = 2, l
generates NA = 13 h
13 5
‘\\40,,/’/’ \\‘\\\2,/’
(7)
9 ,3\\\
1277 \8/ 6
11

Extra atom 7 is used as the origin about which the molecule can rotate.
Formula unit: CgHg, IZAM = 0
Rigid bodies: NRB = 1, IRBA =0

Variables
Rigid Atoms Origin Axes Rotations Translations
body included 17 IU IV IW X |y z X |y 2z
1 1 -13 7 0 T 1 1 0o 0 0

The Cartesian axes parallel the crystal axes. Because the molecule is
located at a center of symmetry no translation is permitted.
Connection table: NCT =6

IACT IcT

1 2 4 10 0
2 1 3 50
3 2 6 8 0
8 3.9 11 0
9 8 10 12 0
10 1 2 13 0

This table is optional but may be included to calculate distances and
angles. See Test Problem 2A.



46

Substance: Benzene, CgHg

Treatment: Flexible molecule

Phase: Crystal
Reference: Bacon, Curry and Wilson (1964).

Unit cell: Orthorhombic, variables: a, b, c

Symmetry: Pbca (No. 61), NS = 8

Sequence of cards: X y z
L+x R "z

-X 1/2+y lﬁ“ Z

B X -y X

-X -y -z

=X sty z

X N o

Lty y -2

This sequence allows the structure to be treated as centrosymmetric in
the reciprocal lattice sums.
Reciprocal lattice symmetry: Same as Example 5.2.1 except that ICENT = 1.

Atom numbers: NA = 6

4

|
(]
30\27/ \2 Pr

26 3
29”" \\2’5 // 6
I

28

Since the molecule is not treated as one rigid body it does not have to
fall entirely in one asymmetric unit.
Formula unit: CgHg, IZAM = 2
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Rigid bodies: NRB = 6, IRBA =]

_ Variables
Rigid Atoms Origin Axes Translations
body included 17 I IV 1w X y z
1 1 1 0 1 1 1
2 2 1 0 1 1 1
3 3 2 0 1 1 1
4 4 1 0 1 1 1
5 5 2 0 ] 1 1
6 6 3 0 1 1 1

The choice of origin atom may not be particularly important, but we have
elected to make each successive atom ride on its previously introduced
neighbor. This may affect the rate of energy minimization, but will
have no effect on the final structure or vibrational frequencies. The
several Cartesian axis systems parallel the crystal axes.

Connection table: NCT = 6. Must generate all bond distances, angles,

and torsion angles for full molecule.

IACT ICT 1DZ IAZ ITBR
1 27 2 4 0 a a b 0 c d 0 d 0 0O e e 0 0
2 1 3 50 a a b 0 c d 0 d 0 O e e 0 0
3 2 25 © 0 a a b 0 c 4 0 d 0 O e e 0 O
25 3 26 28 0 a a b o0 c d 04 0 0 e ¢ 0 0
26 25 27 29 0O a a b 0 c d 0d 0 O e e 0 0
27 26 1 30 0 a a b 0 c d 04 0 O e e 0 O

Specification of conformation energy terms:
(a) C-C bond stretch term

(b) C-H bond stretch term
(¢c) C~-C-C bond angle bend
(d) C-C-H bond angle bend
(e) X-C-C-X torsion angles (four of them about each bond)

Some of the entries in IDZ and ITBR are irrelevant, because the program
does not use both distances 1-2 and 2-1, for example.

Example 5.2.3

Substance: o-Terphenyl, CygH,,
Treatment: Three~-segment molecule with only ring-ring torsion permitted

Phase: Crystal
Reference to structure: Brown and Levy (1979).

Unit cell: Orthorhombic, variables: a, b, ¢
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Symmetry: Pz;2,2; (No. 19), NS = 4

Sequence of cards: X
—x -
-X

X5

.}.

<k <<

Nt

Reciprocal lattice symmetry: ICENT = 2, HXNEG = 0, HYNEG = 0, HZNEG = 0.
REJECT terms with HY = HZ = 0 and HX # 2n or HX = HZ = 0 and HY # 2n or
HX = HY = 0 and HZ # 2n, because they are zero. There are so few of

these terms that it may not be worthwhile to program subroutine REJECT.
Atom numbers: NA = 34

25 26
\ /
10 1
24— 2 42— 27
8 e 7
28 / \ 23
\ /
14 —=1{3 1 3]
/(34) \
19 7,
29 —15 18 o2 (33) S w22
16 17 3 a
/ \ / \
30 34 20 21

Extra atoms 33 and 34, which coincide with atoms 2 and 14, will be used
to define the segmented body coordinate systems.

Formula unit: CygHyy, I1ZAM = 0

Rigid bodies: NRB = 3, IRBA = 0

B Variables o
Rigid Includes Grigin Axes  Rotations Translations
body atoms 17 IU IV IW x vy 2z X Yy 2
1 1, 7-13, 7 0 T 1 1 1T 1 7
24-27,33,34
2 2-6, 19-23 1 /7 1 33 1 0 0 6 0 O
3 14-18, 28-32 13 8 13 34 1 0 O 0 0 0
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The choice of origin for rigid body 1 is not important. See Section 3.4
for the definition of the coordinate systems of rigid bodies 2 and 3.
They could have been defined without using extra atoms, but these are
desirable for the more complicated five-segment model of Example 5.2.4.
Connection table: NCT = 18

IACT ICT 107 1AZ ITRB
1 2 6 7 0 0O a 0 a 0 0 b b ¢ 0
2 1 319 0 L 0 0 0O
3 2 4 20 0
4 35 21 0
5 4 6 22 0
& 5 1 23 0 0 b 0 0
7 12 8 1 0 0 a 0 a 0 0 b b ¢ 0O
8 7 9 13 0 0 a 0 a 0 0 b b ¢ O
9 3 10 24 0 b 0 0 0
10 9 11 25 0
1 10 12 26 0
12 11 7 27 0
13 186 14 8 0 0 a 0 a 0 O b b ¢ O
14 13 15 28 0 b 0 0 0
15 i4a 16 29 0
16 15 17 30 0
17 16 18 31 0
18 17 13 32 0 0 b 0 0O

Specification of conformation energy terms:
(a) Ring-Tink in-plane angle term. Needed only for five-segment
model of Example 5.2.4.
(b) Ring-link out-of-plane torsion angles. Needed only for five-
segment model of Example 5.2.4.
(¢} Ring~ring torsion angle term.

Some of the entries in ITBR are irrelevant because the program does not
generate conformation angles about both 1-7 and 7-1, for example.

Example 5.2.4
Substance: o-Terphenyl, CigHy,

Treatment: Five-segment model permitting both in-plane and out-of-plane
ring-1ink bends as well as ring-ring torsion
Phase: Crystal

Reference: Brown and Levy (1979).

Unit cell, Symmetry, Reciprocal lattice symmetry, Atom numbers, and
Formula unit: See Example 5.2.3
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Rigid bodies: NRB = 5, IRBA = O

Variables
Rigid Includes Origin Axes Rotations  Translations
body ___atoms Iz W v W x y z Xy oz
1 7-8, 24-27 7 0 T 1 1 T 1 1
2 1, 33 7 10 7 8 0 1 1 0 0 O
3 2-6, 19-23 1 71T 33 1 1 1 o 0 0
4 13, 34 8 m 8 9 ¢ 1 1 0o 0 0
5 14-18, 28-32 13 8 13 34 1 1 1 o 0 O

See Section 3.4 for the definition of the Cartesian axes. Note that
with these definitions the ring-ring torsions are x-rotations, the out-
of-plane ring-link bends are y-rotations, and the in-plane ring-link
bends are z-rotations.

Connection table: See Example 5.2.3.

Example 5.2.5

Substance: 1,1'-Binaphthyl, C,oH;,

Treatment: Segmented molecule with only ring-ring torsion permitted
Phase: Crystal

Reference to structure: Kerr and Robertson (1969).

Unit cell: Monoclinic, variables: a, b, ¢, cosp

Symmetry: C2/c (No. 15), NS = 8

Sequence of cards: X y b4
~X y 52z

Ltx sty z

=X #ty -2

-X -y -z

X -y Ltz

=X 3y -Z

X by 5tz

For convenience the second card has been selected as the twofold axis
which generates the second half of the molecule from the input atoms.

(This would be required if the molecule was to be treated as one rigid
body with IRSC = 2.)

Reciprocal lattice symmetry: ICENT = 1, HXNEG = 1, HYNEG = 0, HZNEG = Q.

REJECT terms with HX + HY # 2n or with HY = 0 and HZ # 2n. These terms
are zero.
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Atom numbers: NA = 19

14 13

|
5 4
45\\~6//,/’ \\\\\40,,/’ ‘\\\\3//12

7 9 (49,
1677 N 8‘//// \\\\\‘ "

| |
17 (418) 36

|
L b
30
\24/ \28/ \26/

| |

22 29 25_
" \23/ \24 -
| |

32 33

The molecule is located on a twofold axis at x = 0, z = 1/4. Atom 18 is
an extra atom situated on this axis and used as a segment origin.

Atom 19 is an extra atom which coincides with atom 2. It is used to
define a segment coordinate system.

Formula unit: CogHyy, IZAM = 2

Rigid bodies: NRB = 2, IRBA = 0

Variables
Rigid Includes  Origin Axes Rotations  Translations
body atoms 17 IW IV IW x y z X |y z
1 1, 18, 19 18 0 0 1 o0 0 1 0
2 2-17 1 18 1 19 1 0 O 0 0 0

hote that rigid body 1 is constrained to rotate about the twofold or
translate along it. Rigid body 2 rides on rigid body 1 and rotates about
the 1-20 direction which is also the 1-20 bond direction. The second
half of the molecule is generated by symmetry from these segments.



Connection table: NCT = 20

IACT et 107 17 IR
1 2 9 20 O 0 0 a 0
2 1 3 11 G
3 2 4 12 0
4 3 10 13 0
5 10 6 14 0
6 5 7 15 O
7 6 8 16 0O
3 7 9 17 0
9 1 8 10 0

10 4 5 9 0
20 21 28 1 0 0 0 a 0
21 20 22 30 O
27 21 23 31 O
23 22 29 32 O
24 29 26 33 O
25 24 26 34 O
726 25 27 3% O
27 26 28 36 O
28 20 27 29 0
29 23 24 28 0

Specification of conformation energy tevins:

(a) Ring-ring torsion angles (four of them)
Because no distances or angies are varied in this model, the only
internal energy terms needed are for the torsion angies. In fact, only

those two cards for backbone atoms 1 and 20 need be included; the rest
are optional.

5.3 Isolated Molecules

Example 5.3.1

Substance: Propane, Cslig

Treatment: Flexible molecule constrained to C2v symmetry
Phase: Isolated molecule

Reference to structure: Gayles and King (1965).

See also: Test Problem 3A

Unit cell: Cartesian ﬁngstrom system, a = b = ¢ =1, cosa = c0SB =

cosy = 0, all cell parameters fixed.
Syminetry: C, ., analogous to Pmm2 (No. 25). NS = 4



Sequence of cards: X y z
X -y z
-X y z
-X -y z

Reciprocal lattice symmetry: Trrelevant. No reciprecal Tattice sums

are made for an isolated molecule.

Atom input: NA =5

No.. Name . S Y S S
1 C1 0 0 0
2 c2 1.26808 0 -0.84391
3 H1 0 0.87538 0.65883
4 HZ1 2.16177 0 ~-0.22315
5 H22 1.31300 0.88090 ~-1.49101

For this symmetry the origin of z is arbitrary. It has been taken at Cl.

Atom numbers:

3 6

A
~, >,
A \

!
100 5 7

These atoms are generated by the symmetry cards.
Formula unit: CgHg, IZAM = 0
Rigid bodies: NRB = 5, IRBA =1

Variables

Rigid Atoms Origin Axes Translations

body included 17 I IV IW X y z
1 1 1 0 0 0 1
2 2 2 0 1 0 1
3 3 3 0 0 1 1
4 4 4 0 1 0 1
5 5 5 0 1 1 1

In minimizing the energy it would be permissible to hold the z of atom 1
fixed since it forms a redundant linear combination with the z coordi-
nates of the other atoms. It is also satisfactory to vary it because
the principal component analysis (see Section 6.2) will generate a zero
eigenvalue and omit the corresponding eigenvector.
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For a dynamic calculation all the z coordinates must be varijed. Fixing
z for atom 1 would be equivalent to assigning it infinite mass.
Connection table: NCT = 3

IACT ICcT 10z IAZ ~ITBR

] 28 3 6 aabb c¢cdddde f f00
2 14 5 7 abbb dddeee f000
8 1 91011 abbb dddeee f 000

Specification of conformation energy terms:
(a) C-C bond stretch term
(b) C-H bond stretch term
(c) C-C-C bond angle bend
(d) C-C-H bond angle bend
(e) H-C~H bond angle bend
(f) X-C-C~-X torsion angles
Some of the entries in IDZ and ITBR are irrelevant, because the program

does not use both distances 1-2 and 2-1, for example.

Example 5.3.2
Substance: Ethane, CyHg

Treatment: Flexible staggered molecule constrained to D3d

Phase: 1Isolated molecule

symmetry

Reference to structure: Shaw, Lepard and Welsh (1965).

See also: Test Problem 3A
Unit cell: Hexagonal Angstrom system, a = b =¢ =1, cosa = cosg = O,
cosy = ~-0.5, all cell parameters fixed.

Symmetry: Dg,, analogous to special positions 6k of P31m (No. 162).

NS = 6

Sequence of cards: X 0 z
0 X z
-X -X z
-X 0 -Z
0 -X -Z
X X ~Z

Reciprocal lattice symmetry: Irrelevant. [0 reciprocal lattice sums

are made for an isolated molecule.
Atom input: NA = 2



No. Name X Y —
1 C 0 0 0.76700
2 H 1.02162 0 1.16110
Atom numbers:
2 8
/7
\ 1/
{ ——rou5
7
//l{ \\\
3
4 6
These atoms are generated by the symmetry cards.
Formula unit: C,Hg, IZAM = 2
Rigid bodies: NRB = 2, IRBA = 1
Variables
Rigid Atoms Origin Axes Translations
body included 1Z IU IV IW X y z
1 1 1 0 0 0 1
2 2 2 0 1 0 1

Since symmetry is constrained to D3d there are only three variables.
These variable coordinates determine the three internal parameters:
C-C distance, C-H distance, and C-C-H bond angle.

Connection table: NCT = 2

IACT ICT 1D7Z IAZ ITBR
1 5 2 3 4 a b b b c c c d d d e 0 0O
5 1 6 7 8 a b b b c ¢ c d d d e 0 0 O

Specification of conformation energy terms:
(a) C-C bond stretch term
b) C-H bond stretch term
c) C-C-H bond angle bend
d) H-C-H bond angle bend
e) H-C-C-H torsion angles. This term is irrelevant for this example
but is required for Example 5.3.3.

Example 5.3.3
Substance: Ethane, CyHg

Treatment: Flexible staggered molecule with initial symmetry D, , but

3d
with the symmetry constraints relaxed for dynamical calculations



Reference to structure: Shaw, Lepard and Welsh (1965).

See also: Test Problem 3B

Unit cell: See Example 5.3.2.

Symmetry: 0., analogous to general positions of P31m (No. 162).
NS = 12

Sequence of cards: X y b4
-y X-y z
y-x X £
‘y.vx y -Z
_y -X -7
X X-y -7
~X -y A
Y y-X ~Z
X-y X -z
X-y -y z
y X z
-X y-X z

Note that only the first six cards are needed to generate all the atoms
of the molecule. The remaining six are optionally included to aid in
identifying the characters of the vibrations.

Atom input: Same as Example 5.3.2 except that NA = 2, IRSC = 6 which
generates NA = 8.

Atom numbers and formula unit: See Example 5.3.2

Rigid bodies: NRB = 8, IRBA =

Variables
Rigid Includes Origin _ Axes Translations
body ~ atoms ~ IZ U_ 1V IW Xy z

1 1 1 0 1 1 1

2 2 2 0 1 1 1

3 3 3 0 1 1 1

4 4 4 0 1 1 1

5 5 5 0 1 1 1

6 6 6 0 1 1 1

7 7 7 0 1 1 1

8 8 8 0 1 1 1

Note that we permit three degrees of freedom for each of the eight atoms.
This means that six of the 24 vibrational modes will have zero frequency.
It is not permissible to hold one atom fixed as that would be equivalent
to assigning infinite mass to that atom.

Connection table: See Example 5.3.2.
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5.4 Ionic Crystals

Example 5.4.1

Substance: Sgdium chloride, KaCl

Treatment: Monatomic ions

Phase: Crystal

Reference to structure: See, for example, Wyckoff (1963).
See also: Test Problems 1A and 1B.

Unit cell: Cubic, variable: a, ISETA = 2

Symmetry: Fm3m (No. 225), NS = 4,

Sequence of cards: X y z
X Bty L4z

.1/2'_‘{‘}( Y lé-{fz

L+x Lty b

The program only requires those symmetry operations needed to generate
all atoms in one unit cell. These cards require ICENT = 2.

Reciprocal Tattice symmetry: ICENT = 2, HXNEG = 0, HYNEG = 0, HINEG = O.
REJECT terms with dX + HY # 2n or HY + HZ # 2n since they are zero. See
subroutine REJECT included in Test Problems.

Atom input: NA =2

No. Name X Y Z
1 Na 0 0 0
2 1 b 5 5
Formula unit: NaCl, IZAM = 0
Rigid bodies: NRB = 2, IRBA =1
Jariables
Rigid Includes Origin Axes Transiations
body atoms 17 Uy IV TId X ¥ z
1 1 1 0 0 0 0
2 2 2 0 0 0 0

Because the ions are located in special symmetry positions no translations
are permitted.

Example 5.4.2

Substance: Potassium sulfate, K,S0,

Treatment: K" fons and rigid $0,% ion

Phase: Crystal
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Reference to structure: See, for example, Wyckoff (1963).

Unit cell: Orthorhombic, variables: a, b, c

Symmetry: Pnma (No. 62), NS =8

Sequence of cards: X y z
X Iy z

b5tX y -2

1/2+x lé-y L-7

-X -y -7

-X Lty -7

X ny 5tz

- X Lty Lty

Note that cards have been grouped in pairs related by the mirror plane
at y = 0.25. This is so that the entire SOq: jon will fall in the basic
asymmetric unit when symmetry constraints are relaxed.

Reciprocal lattice symmetry: ICENT = 1, HXNEG = O, HYNEG = 0, HZNEG = O.
REJECT terms with HX = 0 and HY + HZ # Z2n or HZ = 0 and HX # Zn since
they would be zero.

Atom input: NA = 6, IRSC = 2, generates NA = 7

No. Name X y .
1 K1 0.6768 0.25 0.4182
2 K2 ~-0.0115 0.25 -0.2954
3 S 0.2358 0.25 0.4155
4 01 0.0315 0.25 0.4032
5 02 0.2970 0.25 0.5579
6 03 0.2997 0.0410 0.3484

Note that Kl and K2 are two crystallographic kinds of potassium atoms.
These and S, (1, and G2 are in the mirror plane at y = 0.25. Because
03 is off this plane it occurs twice as often as the others, thus
completing the SOq: ion.

Formula unit: K,S0,, IZAM = 0

Rigid bodies: NRB = 3, IRBA = 0

Variables B

Rigid Includes Origin Axes Rotations Translations
body atoms 17 U IV IW X |y z X y z
1 1 1 0 0o 0 O T 0 1
2 2 2 0 0 0 © T 0 1
3 3-7 3 0 o 1 0 T 0 1
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Because each rigid body is on the mirror plane at y = 0.25 only x and z
translations are permitted, and the S0, ion can rotate only about the
y axis.
Connection table: NCT =]

IACT ICT

3 4 5 o 7

This table is optional but may be included to calculate bond distances
and angles in the S0,% ion.
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6. MATHEMATICAL METHODS

6.1 Introduction

In Section 2.1 we described the operation of WMIN in the various
modes which adjust either the energy parameters or the structural param-
eters of the model. In this chapter we will go intc more detail on the
mathematical methods which are used. It is hoped that an understanding
of these methods will enable the user to obtain satisfactory results
with fewer failures and false starts. lle begin with a general presen-
tation of the method of least squares as it is used in WMIN and then
proceed to describe the particulars of modes 0, 1, 2, 3, and 4.

6.2 Method of Least Squares and Principal Component Analysis

For convenience we will first define a number of symbols to be used
in the following discussion:
,(0)

are aw/api, the derivatives of energy with respect to the structural

, & vector of m observed auantities. In WMIN these guantities

parameters for the known structure. They are "observed" to be zerc
since the structure is stable.

5(]), a vector of n trial parameters to be varied. For mode O
these are usually the energy parameters ;3 for mode 1 they are struc-
tural parameters.

y(]), a vector of m quantities calculated from the trial parameters
x(]). These are the values of aw/api calculated from the pi‘s and qi's

of the model.

5(2), a vector of n improved parameters to be obtained.
B, an m*n matrix of derivatives witn Bij = ayi(])/axj(]). In WMIN
= 52 : = 52y : -
we have Bij 3 Wapisqj for mode O or Bij 3 U/ap1?83 for MODE = 1.

W, an m*m weight matrix. IT the observations y are independent
then w is diagonal and Wi = 1/cz(y1(0)). For equal weighnting we can
set w.. = 1. For careful work in mode 0 we must have w = V! where V

i
. . . . 0
is the m*m variance-covariance matrix of y( ).

Its calculation will be
discussed below.

s, an n*n diagonal scaling matrix chosen so that the diagonal
elements of s Bw B s are unity. This is accomplished by making Sii ®

WEY B . 1

ii’
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equations.

A, the n*n diagonal matrix with elements s which are the
eigenvalues of A,

U, the n*n orthogonal matrix of eigenvectors of A. Each column
represents one eigenvector which is normalized to unity. We have A =
U g Uand A1 = U p710.

L 5"1(5(2) - 5(1)), the vector of principal components.
s gw (y(0 - ()
; ;s”de;e1op tﬁe method of Teast squares to obtain the

(2).

, the transformed vector of observations.

[(Ca)
1

Now le

improved parameters x The observaticnal equations are

and weighting we have

w56 ) <y

0) (1)) (2)

In wmIn y(0)

carry it along for generality.

= 0 and could be omitted from the equations, but we will

If n# m then we must use the method of least squares:

RGN R PPN (3)

~ -~ v~ ~

For some purposes it is desirable to scale the parameters using s as

defined above:

CMUTI IHC U )

s BwBs s-!

Using the symbol A for the least squares matrix we have:

p s (x(2) 0y g g0 L )y (5)

v

- X
Often these equations are solved by inverting A so that

§m1(§(2) - §(1)) - 6~1 s B ?(¥(O) _ g(])) , (6)
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but if A is singular or ill-conditioned this procedure fails. We will
use instead the method of principal component analysis. Determine the

eigenvalues and eigenvectors of A and substitute U A Q for A:

Uau s"l(x(z) - x(])) =5 é w(y(o) - y(1)) (7)
or, since U-! = g,
U S'l(X(2) - x(])) =2 s B w(y(o) - y(])) . (8)

Using our earlier definitions we may write

c = a7l g . (9)

Now since A is diagonal with elements A its inverse A”! is also diagonal
with elements Ai‘l, and we have n independent equations

= -1
TN Y

(2) (1),

Each Cs is a linear combination of the parameter changes (5 - X

and, since it depends on only one element of 9, and the corresponding

ki*l, it is known as a principal component of the parameter changes.

A well determined matrix A will have all of its eigenvalues of
comparable size. A singular matrix, on the other hand, will have at
least one eigenvalue equal to zero, and a poorly determined matrix will
have one or more eigenvalues which are small compared to the others. If
Ai is small or zero this means that the linear combination of parameters
represented by Cs is poorly determined. A small Xi means a large xj“l
50 C, will be large and will cause the large parameter changes typical
of a problem that is failing to converge. The availability of the eigen-
values and eigenvectors in principal component analysis permits several
possible remedies for this situation.

First, the eigenvectors associated with small eigenvalues can be
examined to learn which Tinear combinations of X; are poorly determined.
The problem can then be repeated holding saome of the offending parameters
constant.

Second, an automatic procedure is possible in which the principal

components oy associated with small eigenvalues are omitted. This is
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done most simply by replacing A -1 with zero if A is small or zero.
Let A 1 be the diagonal matrix w1th A -1 50 mod1f1ed Then the parameter
changps are

(x - 5(])) s U 3 U's B W(y(o) - y(])) . (1)

When this method is used it is important to remember that the ill-
conditioned problem has been made to appear well-behaved by applying
constraints. In general these constraints will not be obvious from the
parameter changes which result.

Third, following a procedure suggested by Margquardt (1963), a small
constant may be added to each diagonal element of matrix A. This has
the effect of adding that constant to each eigenvalue A1.~ Small eigen-
values are thus increased proportionally more than large ones and the
large parameter changes that they would cause are effectively damped.

We will now consider two special cases which are relevant to the
subsequent discussion. Consider first the well-behaved problem for
which no principal components are omitted. In this case A -l = AT 1 and

R P A N L (12)
Then Equation (11) becomes

Gy e s @ s B -y
o

By = (5 we) B w0 -y (1)

~ ~ ~ A -~ ~

so that when no principal components are omitted scaling has no effect

on the parameter changes. Nevertheless, WMIN scales the matrix before

determining the principal components unless the user specifies otherwise
(by setting SLIM at a negative value).

Next we consider the case when n = m, that is the number of
variables is equal to the number of observations. Then since B is square
it may have an inverse, and i

(BwB)™l=pg"1wlpgl. (15)



Then from Equation (14) we have

(20 () 31wl %,1 B u(yl® -y (y (16)

or

(0) () a7)

so that weighting makes no difference to the result when the number o7

variables equals the number of observations. Furthermore, in this case,

solving the observational equations directly. In general for the mini-

mization of energy with modes 1 or 4 we have n = m, because the variables
are the structural parameters and the observations are the derivatives
with respect to these parameters. Therefgre, in these modes no weight
matrix is needed and the observational equations may be solved directly,
a procedure known as Newton's method. For mode O, on the other hand,

the number of variable energy parameters will usually be less than the
number of observations. In this case the method of least squares must

be used and the results will depend on the weignting scheme.

Inclusion of a weight matrix w will in general affect the parameter

changes in mode 0. We know that w = V-1 where V is the variance-

covariance matrix associated with the observations y(o). These obser-
vations are the derivatives of the energy with respect to the structural
parameters, that is yi(o) = aW/api, and they are assumed to be zero.

Errors in the observed structural parameters, however, would imply errors
in these derivatives.

New in general, if f is a vector of quantities derived from
parameters p, the variance-covariance matrix associated with f is given
by i

Ve =

e K]

Iy 2 ()

where Vp is the variance-covariance matrix of p and D is a matrix with

_ e e L) y - 42
Dij afj/api. Now if we identify y with f we have Dij = 3 W/apiapj,
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and we may take yp as the diagenal matrix with elements Vpﬁ = oz(pi).
Our weight matrix is tnen
w= (DY D)l (19)

~ p

In WMIN we calculate the elements Dij from a model for W which may not
be very good in the initial stages of parameter adjustment. Use of the
weight matrix may therefore cause difficuities unless it is postponed
to the final stages of refinement.

6.4 Inclusion of the Experimental Energy as an Observation

The experimental energy, if it is available, may be used as an
observation in the least-squares adjustment of energy parameters for
mode 0. It can be especially effective in establishing an energy scale
for an atom-atom potential. On the other hand, there is no appropriate
way to use the experimental energy in other modes of WMIN where the
energy of the model 13 being minimized.

In the least-squares problem we can let the experimental energy
W(O) = yl(o) and the calculated enerqgy w(]) = yl(]). Then B is a one-
row matrix with B1j = aw<])/aqj, the derivatives of the calculated energy
with respect to the variable energy parameters. We may use a scalar
weight w = 1/U?(w(0)). Then the contribution of this one observation to
the Teast-squares equation is

oo
z
—
=
—
<
—
1
=2
—
)
~—

B w ? (x(z) - x(])) =

~ ~

(20)

As B is a one-row matrix we see that inclusion of the observation causes
a single term to be added to each element of the matrix and vector of the
least-squares normal equations.

6.5 Calculation of the Derivatives

A1l derivatives of the energy W with respect to the parameters P;
{or qi) are made numerically using the following expressions:

aW/ap, = [W(p; + apy) - Wp; - apy)l/2ap; (21)

a2W/ap? = [Mps + apy) + W(py - apy) - 2W(p,)1/a%p, . (22)
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and

azw/apjapj = [W(p,

i + L\p-ia pJ + ‘NDJ) + w(p-‘a D')

N
- Wipy + 8pys py) - Wlpgs Py *apy)l/apgap; (23)
Here the parameter increments ap, are quantities small enough to give a
good approximation to the derivative but Targe enough to produce an
energy change AW with a reasonable number of significant figures. The
increments for the standard structural parameters are built into the
program, but the increments for the common parameters PC or extra param-
eters PX must be provided by the user as input data. A rule of thumb

is that ap, can be about 1073 or 107" times p; or, alternatively, Ap;

can be about 10-! times O(pi)’ an estimated standard error for P

The above expression for the first derivatives would be exact if
the energy were a linear function of the parameters. Similarly, the
expressions for the second derivatives would be exact if the energy were
a quadratic function of the parameters.

One important advantage of using numerical derivatives is the ease
with which constraints can be applied. After a parameter is incremented,
two subroutines, SETA and CNSTRN, are entered before the energy is
recalculated. SETA establishes the constraints between unit cell param-
eters for crystals of high symmetry. For a cubic crystal, for example,
it sets b = a and ¢ = a so that when the program increments cell param-~
eter a it automatically increments b and ¢ also. The quantity sW/zsa
thus calculated represents the derivative subject to the constraint that
a cubic cell is maintained. Subroutine CNSTRN is a user's routine which
allows almost any other desired constraints to be established in a
similar way.

The use of numerical derivatives also permits great flexibility in
the form of the potential energy functions. User routines REPL and GPOT
permit the introduction of atom-atom potentials of almost any desired
form. The routines need calculate only the energy of the interaction,
and the numerical derivatives are obtained automatically.

6.6 Adjustment of Energy Parameters Using Mode 0O

Mode 0 uses all of the mathematical methods described above to

minimize the first derivatives of the energy by adjusting the energy
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parameters of the model. We will describe how the procedures are
implemented, and we will discuss the program output at the various
stages. Test Problem 3A, Section 10.3, illustrates the ocutput from
mode 0 when observations from two substances are combined.

Five input parameters which will be mentioned below appear on the
overall control card. These are the weight indicator IWGT, the parameter
1imit indicator IPLM, the acceptable ratio of eigenvalues ARE, the
scaling 1imit SLIM, and the Marquardt compromise constant CMPR.

After reading the input and making preliminary calculations for
each substance involved, the program prints a list of all NP parameters
with their names NAMP, values P, and increments DP. The substance
number associated with each parameter is given by ISBP where zero
designates the common parameters. Non-zero values for KP and KQ indicate
observations and variables, respectively, and DKT is the fractional
shift to be applied if this kind of damping is specified (see Section
8.1). SP is the standard error which may be assigned to each parameter
and used to generate the weight matrix if IWGT # 0. PMN and PMX are
lower and upper 1imits on the allowed ranges of the variable parameters.
These are set and used only if IPLM # 0.

The program proceeds to treat one substance at a time entering WCALC
to obtain the energy W and then using the numerical procedures of
Equations (21) to (23) to obtain the first derivatives DW and the second
derivatives DDWIJ. DW is negated and stored in tie vector DYC which
represents (y(o) - y(])). DDWIJ is stored in the appropriate element of
BTR, the mat;ix é o% Section 6.2. If a weight matrix is to be calculated
DDWIJ is also stBred in UMAT, a matrix which represents D of Section 6.3.
In obtaining these derivatives care has been taken to avoid the dupli-
cation of any energy calculations. Other time saving features will be
described in Chapter 7.

If the experimental energy is to be used as an observation the
program prints WOWC and the vector DWDQ which represent (W(O) - w(]))
and aw/aqj, respectively, as described in Section 6.4. These quantities
are then used to compute AM and VM, the contributions which are added
to AN and VN, the matrix and vector of the least squares normal equations.

If IWGT # O the program computes and prints the weight matrix WMAT
according to Equation (19). Next the first and second derivatives of
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the energy are printed. The column DYC lists the derivatives —aW/api,
the guantities which the program will try to reduce to zero. The second
aerivatives from matrix BTR are labelled appropriately.

Also printed are the discrepancy factors SDWS and RDWS which are
the weighted or unweighted sum of squares of derivatives DYC for one
substance and its squave root, respectively. The program then uses DYC,
BTR, and WMAT {if included} to compute AM and VM, the contributions of
tnis substance which are added to AN and VN, the matrix and the vector
of the least squares normal equations, Equation (3) above.

After making these calculations for each substance, the program
prints the overall discrepancy factors. SDWST is the weighted or
unweighted sum of squares of the derivatives DYC and the energy differ-
ences WOWC. RDWST is SQRT(SDWST), and SIGMA is SQRT(SDWST/DGF) where
DGF 7s NO~NV, the number of degrees of freedom.

The program then prepares to solve the normal equations by the
method of principal component analysis described in Section 6.2. The
scaling matrix SAN, the s of Faquation (4), is computed from the diagonal
elements of matrix AN and printed. A diagonal element less than the
input scaling limit SLIM causes the corresponding element of SAN to be
set to zere. (The scaling matrix will be omitted, i.e., set to unity,
if SLIM is read as a negative number.)

The matrix AN and vector VN are then scaled and CMPR is added to
each diagonal element to implement Marquardt's compromise. We then
compute the eigenvalues, EVAL and eigenvectors EVEC of matrix AN. These
are the matrices o and U of Equation (7). These are printed in a way
which makes it eagy to examine each principal component to determine the
contribution of each variable. Referring to the output of Test Problem
3A, Section 10.3, we see that the eigenvalues range from 2.01 to 0.264,
a relatively narrow span, so the problem is well determined. The
largest EVAL corresponds to a component which includes mostiy the vari-
ables DCC and AHCH, and, since their coefficients have the same sign,
we can say that this component is mostly the sum of these variables.

The smallest EVAL, on the other hand, includes thnese same variables but
with coefficients of opposite sign. We conclude, therefore, that it is

the difference of these variables which is less well determined.
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Two other outputs may be of less interest. Thesa are the scaled
eigenvectors and the matrix Us B w of Equation (8) which shows how
each principal component depén&smoﬁ the observations. Examining the
output of Test Problem 3A we see that the column for principal component
4 has Targe values corresponding to observations 29 and 43. Presumably,
it is these observations which have the largest effect in determining
this principal component.

The parameter changes are now caloulated according to Equation (11).
Using the acceptable ratio of eigenvalues ARE to set the eigenvalue
Timit FLIM, the matrix U X"l U is generated and stoved in AN, If fewer
than NV principal campoﬁeﬁts ére used the number NVU is printed out.
Parameter changes are computed and scaled, and a standard error is
calculated from the diagonal element of the inverse matrix. These quan-
tities are printed together with the old and new values of the parameters.

If the parameter 1imit indicator IPLM is not zero, then each new
parameter is tested against the lower and upper Timits, PMN and PMX.

If any parameter has moved outside this range, then the number of prin-
cipal components used is reduced by one and the entire calculation of
parameter changes is repeated.

This complete procedure is repeated for a total of NC cycles of
refinement. Then one more cycle is made to calculate the energy W, its
first derivatives DYC, and the discrepancy factors for the final param-
eters. A summary of the parameters after each cycle is printed at the

end of the run.

6.7 Energy Minimization by Newton's Method, Mode 1

For energy minimization by Newton's method the variables are the
structural parameters and the observations are the derivatives with
respect to these parameters. We have shown in Section 6.2 that, under
these circumstances, the observational equations (1) may be solved
directly and that weighting has no effect on the result. In mede 1,
therefore, WMIN does not normally calculate a weight matrix or use the
maethod of least squares. The user may override this decision, however,
by setting the least squares indicator ILSQ non-zero, but this would

only be done for test purposes.
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In mode 1 the common parameters are fixed so each substance is
treated separately. Test Problem 2A of Section 10.2 shows typical output
in this mode. The program calculates the energy W and its first and
second derivatives, DQ and DDWIJ, as before. The experimental energy
WORS may be printed, but it is not used in the calculation. The output
column DYC again lists the negatives of the first derivatives, and the
second derivatives are appropriately labelled.

Because the observational equations are to be solved directly, the
matrix BTR (which is symmetric in this case) and vector DYC are simply
copied into Tocations AN and VN. Then the method of principal component
analysis is used just as in mode O for determining the parameter changes.

In this mode the printed eigenvalues EVAL give information about
the stability of the model. If all eigenvalues are positive the struc-
ture is near an energy minimum. One or more negative eigenvalues would
indicate that the model is near a maximum or a saddle point. One or
more zero eigenvalues would indicate that redundant parameters have been
included as variables. In this case the principal components might
represent the rotations or translations of an isolated molecule or
coordinates along a polar crystal axis. Principal components with
negative or zero eigenvalues will usually be omitted automatically,
depending on the value of input parameter ARE, the acceptable range of
eigenvalues.

Parameter changes and errors are calculated and printed as in
mode 0. For a stable model which is behaving correctly the derivatives
DYC and the discrepancy factor RDWS should become very small after
several cycles. Oscillating models can sometimes be brought to conver-
gence by damping with fractional shifts. This is done by selecting the
input values of KP, as described in Section 8.1. Models which are far
from equilibrium may not converge at all with mode 1, and preliminary
adjustment with modes 2 or 3 is recommended in those cases.

6.8 Method of Steepest Descents, Mode 2

The energy minimization procedure using Newton's method, mode 1,

works very well when the model is already close to a local minimum. In

other situations it may not work at all. Because Newton's method
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attempts to minimize the first derivatives of the energy, it may well
locate a local maximum or a saddle point in the energy. If the starting
parameters happen to represent a saddle point, Newton's method cannot
move off of this point toward a wminimum. For this reason two other
methods of minimizing the energy have been included in WMIN. Section
6.9 describes mode 3, a modified Rosenbrock search technique which works
very well. For traditional reasons the program also includes a method
of steepest descents procedure, mode 2, which is described in this
section. In practice this mode may not be needed, because the energy of
any model can be minimized by the combined use of modes 1 and 3. For
this reason no example of mode 2 is included in the test problems.

For the method of steepest descents WMIN calculates the energy W
and its first derivatives DW. These first derivatives define a gradient
vector in parameter space, the direction in which the energy decreases
most rapidly. The program makes a step search along this vector, recal-
culating the energy for each parameter set. The results of each trial
may be printed (depending on IPRT, see Section 7.3) so that the user may
follow the search procedure. Stepping continues as long as the new
energy WXN is less than the previous Towest value WXL. Then a limited
binary search for a minimum is made in which the step size is halved
four times. The old and new parameters are printed with their changes
and the program goes back to recalculate W and DW on the next cycle.

The initial step size for the search is determined by input
parameter XDRD from the overall control card. A trial value of 0.01 is
recommended, but some experimentation with this parameter may be needed.
Too small a step size will increase the search time unduly. Too large
a step may move the model completely out of the starting region to a
different local minimum.

6.9 Modified Rosenbrock Search, Mode 3

In mode 3 the program minimizes the energy using a very simple
search technique based on the ideas of Rosenbrock (1960). No derivatives
are used; only the energy W is calculated for various trial values of
the parameters. The procedure takes longer to reach a final minimum
than does Newton's method, but it will always move toward a lower
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energy, even from a saddle point. In practice it will often be desirable
to start an energy minimization using mode 3, and then to switch to
mode 1 for a final parawmeter adjustmernt.

In mode 3 the NC cycles of adjustment are each divided into NSTG
stages where NC and NSTG are iaput integers on the overail control card.
Another input constant EPSC, which is also read from this card, will be
mentioned below.

At the start of a cycle the energy W is calculated and various
outputs are printed just as in other modes. It then begins the first
stage of the search. Fach stage is divided into an exploratory search
and a vector search. The exploratory searcnh adjusts one parameter at 2
time starting with the first variable and working down the parameter
list. For variable parameter P{I) a change is made of EPS(I) = EPSC *
DP(I). EPSC is an input parameter of perhaps 10.0 so that the initial
parameter change is larger than the DP(I) used for derivative calcula-
tions in the other modes. Using the modified parameter the program
calculates WIR, a trial value of the energy. If WIR is less than or
equal to the current energy WCUR the trial is called a success, and WCUR
is set to WTR. If, on the other hand, WTR is greater than WCUR the trial
is called a failure, and parameter P(I) is reset to its previous value.

If the first trial for parameter P(I) is a success then the program
increases the increment EPS(I) by a factor of 3.0, changes the paramater
again, and calculates a new energy WIR. This is again compared with
WCUR to determine the success or failure of the new trial, and tne
process is repeated until a failure occurs. Note that a failure must
occur eventually as we pass the energy minimum.

Alternatively, if the first trial for parameter P(I) is a failure
then the program halves the increment EPS(I) and changes its sign so
that the next step will move P(I) in the opposite direction. A new
trial is made and the process is repeated until a success is obtained.
Such a success must eventually occur even if a minimum energy has
already been reached, because for a small enough parameter shift the
energy change will become either negative or zere.

The exploratory search for each parameter continues only until at
least one success and at least one failure have been achieved. Then
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the pregram moves on to the next variable parameter and repeats the
procedure.

When all the variable parameters have been adjusted in the
exploratory search the program proceeds to make a vector search in which
all variables are adjusted simultaneously. The divection taken is that
of the vector VBLST made up of the netl parameter changes from the
exploratory seavrch. [ach parameter is changed by an amount EPSL *
VBEST(I) where EPSL is initially set at 0.25. The procedure is exactly
analogous to that used for the exploratory search. A success causes
EPSL to be increased by a factor of 2.0; a failure causes it to be
nalved and negated. One failure and one success ends the vector search
and terminates the stage. Exploratory searches foliowed by a vector
search are repeated NSTG times in each cycle.

An dimportant feature of this search procedure is that the values of
EPS{I), the increments for each parameter, are automatically adjusted to
optimum size and direction. This adjustment continues throughout the
energy minimization with the current values of EPS(1) being carried over
from stage to stage and from cycle to cycle, As the minimum is
approached the values of EPS(I) get smailer and so do the parameter
changes, which are the elements of VBEST. When the sum of the squares
of these changes, VBSQ, becomes almost zero the search is terminated
with a printed message.

Test Problem 2B, Section 10.2, illustrates the output from a mode 3
energy minimization. The initial calculation of the energy produces the
same output as the other modes. The results of each trial calculation
may also be printed (depending on IPRT, see Section 7.3). These include
the parameter number I, the increment EPS(I), the parameter value P(I),
and the trial energy WTR. This ocutput wiil enable the user to follow
the course of the search, if necessary. At the end of each cycle the

old and new parameters are printed together with their changes.

6.10 Calculation of Vibrational Freguencies and Normal Modes, Mode 4

The operation of mode 4 was described briefly in Section 2.5. Most
of these calculations are made in subroutine WDYN which is shown schemat-

ically in Figure 2.5. We will now describe the computational methods in
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more detail. Output from a mode 4 calculation is shown in Test Problem
3B, Section 10.3.
The matrix equation to be solved is

BU=KUA® (24)

LN

where B is the potential energy matrix with elements Bij = BZW/apiapj

and K is the kinetic energy matrix with elements Kij = 92T/8biabj’ the
derivatives of the kinetic energy T with respect to the generalized
velocities bj. B and K are both symmetric and correspond to the matrices
F and G-! often used in spectroscopic calculations (Eyring, Walter and
Kimball, 1944; Wilson, Decius and Cross, 1955). Solving Equation (24)
produces the eigenvalue and eigenvector matrices A and U. Matrix A is
diagonal with elements A related to the vibrational freguencies so that

vy = QT/&T i (25)

Each column of the eigenvector matrix U describes one normal mode of
vibration in terms of the dynamic variables P;-

We will choose as these dynamic variables the rigid-body rotations
and translations which are the structural parameters P; of Sections 6.0
and 6.7. The crystal lattice parameters, however, are not used as vari-
ables since they would correspond to low frequency elastic vibrations of
the crystal. With this Timitation, the matrix B is just the matrix BTR
which is computed numerically as in mode 1.

The kinetic energy of the system is

3

= l, v?2

T = 5 E iy X7 (26)
k 2=1

where k numbers the atoms in the formula unit, m, is the mass of each

k
atom, and iﬁk’ ¢ =1,2,3, is a Cartesian component of velocity for
atom k. Noting that aigk/abi = axik/api, we can express the required

kinetic energy derivatives as
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3
kaz 3X k/ap (axgk/apj) . (27)
2=1

The coordinate derivatives are obtained numerically according to the
expression

axlk/Spi = [Xlk(pi + Api) - Xlk(pi - Api)J/ZApi . (28)

When mode 4 is specified WMIN performs NC cycles of energy
minimization, just as in mode 1, and then enters subroutine WDYN.
Derivatives of the Cartesian coordinates with respect to each dynamical
variable are calculated according to Equation (28) and stored in arrays
DXQ, DYQ, and DZD. For this purpose each dynamic variable P is incre-
mented or decremented in turn and WCAL is entered with break indicator
IBK set nonzero. This causes WCAL to obtain Cartesian coordinates XYZC
for each atom and to exit at that point, omitting the energy calculation.
To simplify the interpretation of the output, each atom is referred to
the same Cartesian system, namely that defined for the first rigid body
in the list. The values of DXQ, DYQ, and DZQ are printed as output in
a way which allows users to visualize the dynamic variables which they
have defined. In Test Problem 3B we have set IPRT to omit this output
which would be particularly simple in this case because each atom is
treated as a separate rigid body and referred to the same axes.

The derivatives DXQ, DYQ, and 0ZQ are then used, together with the
atomic masses AMASS, to calculate the matrix AKE, which is the kinetic
energy matrix K, according to Equation (27). Any lattice parameters
which were varied in the first cycles are removed from matrix BTR, and
these two symmetric matrices are printed. The program then solves
Equation (24) storing the eigenvalues A in EVAL and the eigenvectors U
in the Tocation of BTR, and these quantities are also printed.

Each eigenvalue and eigenvector represent one normal mode of
vibration. The program takes each of these modes in sequence, beginning
with the largest eigenvalue, and presents the results in the following
way. The frequency FREQ in Kaisers (cm~!) 1is calculated from Equation
(25). The relative Cartesian displacements XYZD of each atom are computed
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from the eigenvector and the derivatives DXQ, DYQ, and DZQ, and these
displacements are printed. Again they are all referred Lo the same
Cartesian system, tnat defined for the first rigid body.

The symmetry of the vibration can be determined by examining the
atomic displacements involved, but this is not always a trivial task.
The program therefore proceeds to compute for each symmetry operation a
quantity called CHAR which is related to the group thecretical character
of that vibration. This is done by first computing UU, the sum of the
squares of all atomic displacements. Then it applies the symmetry
operation to both the atomic coordinates and to the displacements. For
eacn atom, after locating the symmetry related one, the transformed
displacements are compared with the original ones. This is done by
accumulating for all tne atoms the inner product US of the transformed
displacements with the original ones. CHAR is then set to US/UU. Thus
a vibration which is symmetric with respect to a symmetry operation will
produce a CHAR of +1, and an antisymmetric vibration generates a CHAR
of -1. Degenerate modes may produce intermediate values, the signifi-
cance of which will be described below. (If a symmetry equivalent atom
cannot be found because of an error in the problem set up, the program
sets CHAR to a large number which serves as in error indicator.)

The interpretation of the ocutput of CHAR is best explained by
reference to the output of Test Problem 3B, Section 10.3, which refers
to the isolated molecule of ethane, C,Hg, as described in Section 5.3.3.

Ethane has point symmetry D (3m), and, although only six symmetry

cards are needed to generatgdthe molecule, the test problem includes
cards for all twelve symmetry operations of the point group so that the
corresponding values of CHAR can be computed. Table 6.1 lists the
character table for D3d' (See, for example, Wilson, Decius, and Cross
(1955) or Eyring, Walter, and Kimball (1944).)

Examining the test output we see that for FREQ(1) the value of
CHAR(7) corresponding to inversion i, is -1. This identifies the mode
as a u-type vibration. Values of +1 and -1 corresponding to the C; and
C, symmetry operations, respectively, establish the symmetry of the mode
as A2u’ and the remaining values of CHAR corrobovate this. For FREQ(2),
on the other hand, we find that all values of CHAR are +1, so this

represents a totally symmetric A]g vibration.
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Table 6.1. Characters of Group D

3d
Rotations and
E 204 3C, i 2S¢ 3gd translations

A19 1 1 1 1 | 1
éZg 1 1 - 1 ] ~1 RZ
tg 2 -1 0 2 -1 0 (RX, Ry)
A]u 1 I 1 -1 -1 -1
A2u 1 1 - -1 -1 1 Tz
i : 5 o
£y 2 1 0 - ] o Uty

We note that the values of FREQ(3) and FREQ(4) are very nearly the
same, so we identify these as a degenerate pair. Presumably their fre-
quencies would be identical if it were not for round-off errors in our
numerical procedures. In order to compare the results with Table 6.1
it is necessary to add corresponding values of CHAR under FREQ(3) and
FREQ(4). Thus for the identity operation E we have a character of 1 +
1 =2, for C; we obtain -0.5 - 0.5 = -1, for C, we have 0.537 - 0.537
= 0, and for i we get -1 ~ 1 = -2. UWe can then identify the pair of
vibrations as belonging to symmetry species Eu. The remaining normal
modes in the output can be identitied in a similar way.

In order to generate the desired vibrational modes for a system it
is usually necessary to relax the symmetfry constraints as described in
Section 3.3. This is because any distortion of our model is always
required to conform to the symmetry imposed. Compariscn of the treat-
ment of ethane in Test Problems 3A and 3B shows that relaxing the symmetry
constraints increases the number of atoms NA and also increases the
number of independent variables. The number of normal modes calculated
is, of course, equal to the number of these variables.

In the case of an isolated molecule, the inclusion of three variables
for each atom means that six redundant parameters have been introduced
corresponding to the molecular rotations and transiations. These will
appear as zevo frequencies in the resulting normal modes. Examining the
output of Test Problem 3B we find that the final six modes, FREQ(19) to
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FREQ(24), have small values for the frequencies. Examining the atomic
displacements and the values of CHAR we can identify FREQ(19) as the A?g
rotation about z and FREQ(20) and FREQ(?21) as the degenerate pair of Eg

rotations about x and y. FREQ(23) is the A, translation in the z

direction, and FREQ(2?2) and FREQ(24) are thgudegenerate Eu translations
in the x and y directions.

Failure of the program to produce exactly zero frequencies for
these redundant modes is a measure of the precision of the numerical
derivatives used in setting up the matrix B. Probably the situation 1is
aggravated in this test problem because our Cartesian variables do not
have the three-fold symmetry of the ethane molecule. In any case, the
largest redundant freguency is of the order of one percent of the highest
frequency calculated. Presumably we can expect a similar percentage
accuracy in the calculation of the Tow freyuency external modes involving
large rigid bodies.

It might be assumed that one could omit the redundant translations
from the problem by holding one atom fixed. Such a procedure would
indeed reduce the number of dynamic variables and eliminate the three
translations, but the calculated frequencies and normal modes would be
incorrect since cone atom would be fixed. The procedure would be equiva-
lent to assigning infinite mass to that atom.

On the other hand, it is permissible to apply symmetry constraints
to the model if only certain vibrational modes are desired. Thus if the
frequencies of ethane are calculated without relaxing the symmetry con-
straints of Test Probiem 3A, then there are only three dynamic variables
and only the three totally symmetric A]g vibrational modes will be cal-
culated. Care must be taken with this procedure, however. The prapane
molecule, Cs3Hg, as described in Section 5.3.1 has 10 structural param-
eters, but one z-coordinate is redundant. In minimizing the energy of
propane only 9 variabies need be used, but to calculate the totally
symmetric vibrations in wmode 4 all 10 dynamic variables must be included.
Fixing one atom would again be equivalent to assigning it infinite mass
and would produce incorrect results.

Similar considerations apply to the caiculation of the vibrational

modes in crystals. IT we relax all constraints so that the only symmetry
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imposed on the model is that of the unit cell translations, then we will
calculate all of the optical modes of the crystal. These are the modes
in which every unit cell is vibrating in phase, sometimes known as the
modes with k = 0. These optical modes include three zero-fregquency
crystal translations bult no crystal votations. WMIN can be used for
caleculating modes with other k values only by doubling or multiplying
the size of the unit cell. This procedure may be practical for some

purposes, but it will increase the required computing time considerably.
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7. SPECIAL PROGRAM FEATURES

7.7 Dynamic Dimensioning of Arrays

WMIN uses 133 arrays with dimensions which depend on the particular
problem under study. The broad range of such problems makes it incon-
venient or wasteful to use fixed dimension statements. A dynamic
dimensioning system nas therefore been provided in program MAIN which
sets up the storage at run time based on 16 input integers LIM.

Storage for each of the 133 arrays is allocated in one master
array S using the pointer 1ist K so that the arrays start at S(K(1)),
S(K(2)), and so on to S(K(133)). These Tocations are passed to eleven
major subroutines of the program as subroutine arguments. Inside these
subroutines the arrays are renamed with the mnemonic symbols used
throughout this report. MAIN calls each of these routines only once,
and for this initializing entry the subroutine names have the suffix I
added to become WDYNI, WPREI, WCALCI, etc. Each of these routines also
has an entry point WDYN, WPRE, WCALC, etc. used for all later calls.
Some sucn calls reguire no additional arguments; others require a few.

A directory to the arrays as allocated is printed at the start of
each problem, and the test problem output, Section 10, provides some
examples which may be illustrative. The overall storage array S is
taken as NST 8-byte words. Its size is established by subrautine MASTER,
and it may be enlarged at run time by recompiling only that small
routine. The pointer array K, which contains the starting location of
each of the 133 arrays, is caiculated from the 16 input integers, LIM.
For this purpose two preset arrays, L1 and L2, specify the two quantities
LIM(L1(I)) and LIM(L2(I)} which are multipiied to compute the dimension
of array I. Thus the array BTR is dimensioned NVMAX*NOSMAX. The array
LIM also contains preset integers from 0 to 12 in locations LIM(20) to
LIM(32), and these are needed for computing the sizes of arrays such as
ACZ dimensioned 9*NRBMAX or AMASS dimensioned T*NKAMAX. In computing K
the program uses a third preset array, [TYPE, which specifies whether
each array consists of 8-byte or 4-byte words.

The printed directory lists the array name, the names of the limits
wnich determine its dimensions. its size in words, the word size in
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bytes, and the hexadecimal address of each avray in the overall storage
array S. The latter is useful if it is necessary to locate an arrvay in
a program dump.

This dynamic dimensioning procedure is probably the one feature of
WMIN wnich is most likely to cause difficulties when different computers
or different operating systems ave used. The author is interested in
discussing with users any probliems which may arise and any modifications

which prove useful on particular machines.

7.2 Bypassing Duplicate Calculations
LYpP g

Most of the computer time used by WMIN involves the repeated
calculation of the energy in subroutines WCALC and GCWX. Often these
calculations are made following a change in only one or two parameters
so that many of the energy terms would remain unchanged. Two mechanisms
included in WMIN to avoid the repeated calculation of such unchanged
terms will be described below. This description may be of no interest
to the casual user of the program, but any programmer making modifica-
tions to WCALC or GCWX should be aware of these features. They are
included in the flowcharts, Figures 2.3 and 2.4.

The first time-saving procedure involves bypassing the calculation
of direct lattice enerqgy terms which are predicted to be unchanged from
their previous values. Each such term depends on certain constants and
on possible variables which are the common parameters PC, the lattice
parameters A, the extra parameters PX, and the coordinates, XC, YC, and
ZC, of the atoms in the cell. On each entry to WCALC the values of these
variables are saved in arrays PCSY, ASY, PXSV, XCSV, YCSV, and ZCSV,
vespectively. On each entry after the first their current values are
compared with the saved values and indicators are set to zero if no
change has occurred. If the lattice parameters are unchanged then ICA
is set to zero and the initial unit cell calculations are bypassed.
Indicator ICCAX is set to zero if PC, A, and PX are all unchanged, and
the array element ICC{K) is zero if atom K has not been displaced. The
calculation of the unit cell sums SQK, SPLK, and SPPK are bypassed if
ICCAX is zero. In the fast direct lattice sum the computation of the
terms between atoms I and J is bypassed if ICC(I), ICC(J), and ICCAX are
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all zero. In this case the previously saved terms RSV, VSV, and CSV are
added to WR, SVDW, and SG, respectively. This bypass does not occur if
user routine GPOT is being used, because the energy terms could depend
on the positions of atoms other than I and J in that case.

Similarly, in subroutine GCWX, if ICCAX is zero and if the atoms
involved in a distance, bond angle, or torsion angle have not nmoved,
then the calculation is bypassed and the saved term WSV is added to LX.

The second time-saving feature comes into play only in mode 0 when
derivatives with respect to the common parameters PC are being
calculated. This involves bypassing the entire reciprocal lattice sum,
the direct lattice sum, or the calculation of extra energy in CWX or
GCWX, depending on the nature of the common parameter which nas been
modified.

For each common parameter PC the user provides an indicator KPC,
the kind of common parameter. A KPC of 1 indicates that the parameter
affects Coulomb or van der Waals energy and thus the values of both the
reciprocal and direct lattice sums. A KPC of 2 describes a parameter
such as a repulsion which affects only the direct lattice sum. A
parameter used only by CWX, GCWX, or WCNF for the calculation of inter-
nal energy is designated with KPC = 3. Any other type of common paranm-
eter must have KPC = 0, a value which prevents any bypassing.

During the calculation of numerical derivatives the program makes
repeated entries to WCALC after having incremented either one or two
parameters, P(I) and P(J). The function subroutine IBYPAS uses arguments
I and J together with the array KPC to generate a bypass indicator IBY
which is an argument for subroutine WCALC. IBY 1is assigned values from
0 to 7, and the three bits of its binary representation specify which
parts of the energy calculation are to be bypassed, as is shown in Table
7.1. The program also uses the indicator IBYP which is IBY + 1. Note
that no bypassing occurs if zerc is used for the argument IDY.

As WMIN loops through the parameters calculating numerical
derjvatives, the indices I and J specify the parameters which have been
incremented. I is the index of the inner loop and changes most rapidly;
J is the index of the outer loop and changes more slowly. Subroutine
IBYPAS uses arguments I and J together with indicators KPC to set IBY
according to the following rules:
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Table 7.1 Definition of bypass indicators IBY and IBYP

Reciprocal Direct Intra-

IBY IBY IBYP lattice lattice molecular
decimal binary decimal sum Suif enerqy

0 000 1 Compute Compute Compute

1 001 ? Compute Compute Bypass

2 010 3 Compute Bypass Compute

3 011 4 Compute Bypass Bypass

4 100 5 Bypass Compute Compute

5 101 6 Bypass Compute Bypass

6 110 7 Bypass Bypass Compute

7 11 3 Bypass Bypass Bypass

1) No bypassing occurs unless J is the same as its previous value
JP.  (If only one parameter P(I) has been changed the argument J is
fixed at zero so this condition is satisfied.)

2) No bypassing occurs unless I < NPC so that P(I) is a common
parameter.

3) No section of the calculation is bypassed unless it is permitted
by KPC(I) which describes parameter P(1).

4} No section of the calculation is bypassed if rule (3) forced its
calculation on the preceding entry. This is determined from KPC(IP)
where IP is the preceding value of I.

The net effect of these rules is that a section of WCALC is bypassed
only if it is certain that its result will be the same as that calculated
on the previous entry. The improved efficiency applies only to mode 0
as that is the only situation in which the common parameters are varied.
It is also clear that the maximum improvement occurs if energy parameters
of the same kind are grouped together in the common parameter Tlist.

7.3 Control of Printed Output
Program WMIN can provide copious output including almost all the

intermediate quantities and matrices used in the calculation. This out-
put may be valuable in the initial stages of a problem or when unforeseen
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Table 7.7. tffect of print indicator IPRi
in controlling amount of output.

Output item

Dynamic dimensions of arrays
A1T dnput mirrored as output

List of atoms in cell, forimula unit, bonded
contacts

Initial parameter 1ist

Count of observations and variables

Direct and reciprocal terms in energy

List of interatomic distances

Intramolecular bond distances and angles
Individual terms in the energy

Energy mapping, mode -1

Derivatives of the energy

Weight matrix

Agreement factors

Computing time analysis and recommendations
Scalefactors for modes 0 and 1

Eigenvalues and eigenvectors, modes 0 and 1
Scaled eigenvectors and other matrices
Individual steps in steepest descent, mode 2
Individual steps in Rosenbrock search, mode 3
Parameter changes, modes 0, 1, 2, 3, or &
Dynamic variables, mode 4

Matrices, engenvalues, and engenvectors, mode 4

Normal mode frequencies, displacements, and
characters

Revised atom coordinates, modes 1, 2, 3, or 4
Summary on standard output
Summary on auxiliary output
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9 © O
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difficulties are encountered. On the other hand, it may be wasteful or
inconvenient for routine work. A print indicator IPRT has therefore

been provided which is set by the user to a value from 0 to 5. An IPRT
of 0 causes all gutput to be printed, a value of 3 for IPRT may be
suitable for normal problems, and an IPRT of 5 severely limits the output.
Table 7.2 Vists the items which will be printed for various values of
this indicator.

7.4 Timing Measurements and Optimization

Most of the machine time for these computations is used by the
energy calculating subroutine WCALC, and it is desirable to know how
this time is divided between the variocus parts of the calculation. MWe
have therefore defined nine sections of program in WCALC and established
arrays of nine counters NI and nine timers LT. At the end of each pass
through a section its counter NT is incremented and the elapsed time for
that section is added to its timer LT. These times are determined by
the system subroutine ICLOCK which returns central processor time in
units of 0.01 seconds. On each cvcle, after all entries to WCALC have
been made, the program enters subroutine TIMOUT which prints for each
of the nine sections the number of passes, the elapsed time for all
passes, and the average time per pass.

For the calculation of Coulomb or van der Waals energy using direct
and reciprocal Tattice sums, subroutine TIMOUT also computes and prints
optimum values of the summation Timits, the Ewald constant, and the
predicted computing time for six different levels of precision. This
is done in the following way:

We can assume that the computing time t is given by

t=C03, +Cr? (1)

f*Tim g lim

where Q]im and Piim 2re the summation limits in reciprocal and direct
space, respectively. TIMOUT determines the constants Cf and C_ from the
elapsed times measured for the sums. In general these will depend on
the particular problem under study and on the computer being used.

As we have seen in Section 4.2.1, the limits required for a given

precision depend on the value of the Ewald constant K. Increasing K



makes it necessary to include more terms in the reciprocal lattice sum
and fewer in the direct lattice sum. The total time t can be optimized
by choosing K correctly and setting the limits accordingly.

It is clear that the direct and reciprocal lattice sums should be
computed to the same precision, since the poorest one determines the
error of tneir sum. We will assume that the precision of each sum is
proportional to the modification functions erfc(a) and exp(-b-),
respectively, of Equation (2), Section 4, when a and b have their

maximuw values. Defining

K (2)

o T .
"Tim

and

B - Q].Im/K (3)
we see that we should choose « and 3 so that
erfc(va o) = exp(-wg2) = & (4)

where 2 is a small number which measures the desired precision. In
TIMOUT values of o and g are stored in preset arrays AL and BT for six
values of &, each a factor of ten smaller than the preceding one.
Although these tabulated constants are based on the modification
functions for the Coulomb energy, they seem to work fairly well for
optimizing calculations including van der Waals terms.

Given o and 2 and the measured constants C,. and Cg we can rewrite

]E
Equation (1) as

t = Cf(BK)3 + Cg(u/K)3 ) (5)

Minimizing t with respect to K yields

3

O

=V v 2
K Cg/Cf CYI N (6)
6
= V 9
i = G/ AE S (7)
and
M -/cf/cg Vag . (8)



87

The predicted time, wnich is divided equally between the two sums, is
given by

t = Z/Cng (ap)3/2 . (9)

TIMOUT prints these four quantities as PRK, PR}, PRR, and PRT,
respectively, for each of six values of A.

After a preliminary run for a new calculation it will usually
inprove the efficiency to reset the limits QLIM and RLIM, perhaps using
two values for each, together with the corresponding Ewald constant CK.
On subsequent runs the times for each sum should be comparable and the
total time should be close to that predicted. It should be noted,
nowever, that the optimum conditions may change if symmetry constraints

are relaxed or if different modes are used.
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8. INSTRUCTIONS FOR PROBLEM SETUP

SUBRQUT INE INSTRU INST 5
BEAEEEFREEEE A AR bR R R EE R R EFREEEFE TS SRS REETXEF SR FEE IR b bR kg RkG g rErr INST i0
INST 15

8.1 DAYA INPUY ¥OR %WMIN INST 20
INST 25

ALY INPUT FORMATS ARE IW DR F¥W.0 UM_ESS OTHERWISE NITEDa INST 30
INST 3%

RECENT MODIFICATIUNS ARE MARKED WITH AN ASTERISK (%}, INST 40
INST a5

IN MAKING UP THE DATA FOR A PRUBLEM IT MAY BY DESIRABLE TO INST SO0
COGNSTIDER FIRST INPUTS (11) TO (35), THEN INPUTS (22) TO {10). INZT 55
AND FINALLY INPUT (1). INST 60
INST b5

1) DYNAMIC DIMENSIOMNS USED TO SET UP ARRAY STURAGE. IF IBPCEGQ.l INST 70
THESE DIME NSIONS MUST BE THE SAME AS FOR THE PREVIGUS JO3. INST 75
INST 80

CARD 1 IINIMUM INST 85
coLs UPPER LIMIT ON - VAL UE INST 90

1—- 9 NPLMAX ~ THE NUMBER OF COMMON PARAMETERS Q INST 95
10-18 NAMAX -~ ATOMSE IN THE ASYMMETRIC UNIY i INST i00
19-27 NKAMAX - KINDS OF ATOMS 1 INST 105
28—-36 NSMAX — SYMMETRY CARDS 1 INSY ii0
3745 NRBMAX ~ RIGID BODRIES IN ASYMMETRIC ONIT 1 INST 115
46—-5S4 NPXMAX — EXTRA PARAMETERS FOR UNE SUBSTANCE < INST 120
55-63 NCTMAX ~ CARDS IN MODLECULAR CONNEUTION TABLE 1 INSTY 125
62472 NBCMAX -~ DBONDED CONTACTS GENERATED FROM 1 INST 130
MOLECULAR COMMECTION TabBlLt INST i35

CARD 2 INST 140
COL.S INST 145

1~ 9 MMAX -~ DISTANMCESs ANGLES. COMFORMATION ANGLES O INST 150
GENERATED FRUOM TONNECTION TABLE AND INST 155

CONTRIBUTING TG THE ENERGY INST 160

1C—18 NFSMAX — NUMBER GF RECIPROCAIL. LATTICE PUOINTS. (¢} INST 1565
ZERO IF CKeaZQe® OR IMOLeEGe1 INST 170

19-27 NGSMAX — NUMBER OF INTERATOMIC VECTORS. (o} INST 175
ZERO FOR SINGLE EIMERGY CALCULATION INST i80

28-36 NPSMAX — PARAMETERS FOR ONE SUBSTANCE. INST i85

FOR IRBA,EQeU GHOHFNRBENPX INST 190
FOR IRBA«EQal 64+3%NRBENPX INST 195

3745 NPMAX =~ TOTAL PARAMITERS. FOR MODE O MNP+ SUMINPSY INST 200
FOR OTHER MODES NPT HNPSHAX INST 205

4654 NOSMAX — OBSERVATIONS FOR UONE SUBSTAMNCE 1 INST 210
55-63 NOMAX -~ TOTAL OBSERVATIUONS. FOR MQDE D SUM(NOS) INST 2iS
FOR QYHER MODES NOSMA X INST 220

6472 NVMAX — NUMBER OF VARIABLES. 1 INST 225
FOR MODE O USE TOTAL VARIABLES, INST 230

FOR OTHER MODES USE MAX FOR ONE SUBSTANCE. INST 235

INSY 240

2) OVERALL TITLE CARD INSY 245
COL.S INST 250
1-72 TITLE. ANY 72 HOLLERIVH CHARACYERS INST 255
INST 260

3) OQVERALL CONTROL. CARD INST 255
CcOLsS INST 270

1— 3 MODE OF REF INEMENT INST 275

0 — ADJUST ENERGY PARAMETERS SPECIFIED 8Y KQC AND INST 280

KQS USING STRUCTURAL PARAMETERS SPECIFIEDR BY KPS INST 285
AS DBSERVATIONS. THIS PROCEDURE CONVERGES ONLY INST 290
WHEN THE PARAMETERS ARE NEARLY CORRECT. IT MAY INST 29%

BE DESIRAB.E TO DEDUCE INITIAL VALUES OF INST 300
POTENT IAL PARAMETERS BY MAPPING WITH MIODE —1 OR INST 305
BY ADJUSTING THE STRUCTURE WITH MDDE 3., INST 310
1~ MINIMIZE ENERGY USING MNEWTON'S METHOD TO ADJUST INST 315
STRUCTURAL FARAMETERS SPECIFIED BY KPS, INST 320
KQC AND KGS ARE EGNORED. THIS METHOD wWILL NOT INST 325
CONVERGE IF THE SYRUCTURE 1S VERY FAR FROM THE INST 330
MINIXAUM, 1Y MAY BE PREFERABLE TGO USE MODE 3 INST 335
FIRST o INSY 340
2 — MINIMIZE ENERGY USING METHRD OF STEEPEST INST 348
DESCENTS TO ADJUST STRUCTURAL PARAMETERS INST 350
SPECIFIED BY KPSs KQT AND KQS ARE IGNORED. INST 355
MODE 3 1S PROBADLY PREFERABLE INST 360
3 -~ MIMIMIZE ENERGY USING ROSENOROCK SEARCH 70 INST 365
ADJUST STRUCTURAL PARAMETERS SPECIFIED BY KPSe INST 370
KQC AND K35 ARE IGNORED. THIS SEARCH ALWAYS INST 375
REDUCES THE ENERGY, EVEN WHEN STARTING FROM A INST 380
SADDLE POINTe. IT MAY BE S1LOw TO ATTAIN FINAL INST 383
CONVERGEN AND THEREFORE SHQLRI.D BE FOLLOWED INST 390

BY MODE le INST 395
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43

10~12

13~-13

16-18

19-21

22-24
2527

28~36

3745

46-54

55~63
64-T2

COMMON

4 ~ MINIMIZE ENERGY AS FUOR MUODELEQel . THEN CALCULATE
YIBRAT IONAL FREQUENCIES AND MNORMAL MODES.
YIBRAY IONAL VARIABLES ARE SPECIFIED AY KPS aUr
LATTICE PARAMETERS ARE FIXEQ. [F NC.EQ.D OMLY
THE FREQUENCTIES AND NORMAL MODES ARE CALCULATED.

=1 = MaAP ENERGY AS A FUNCTIOM OF 1. 2, OR 3
PARAME TERS.

NCs THE NUMBER OF (YCLES OF REFIMIMENT. 3 TO S MAY BE
SATISFACTORY « IF NC.EQ.0 ENERGY W AND FIRST
PERIVATIVES WIlLL BE CALCULATED.

NFC s THE NUMBER OF COMMON PARAMETERS. THESE ARE ENERGY
PARAMETERS WHICH MAY BE CUOMMON TO ALL SUBSTANCES.
THEY ARE DEFINED 3% USER?S SUBRDUTINE CNSTRM.

Gr LEASY SQUARES INDICATOR.

i ~ FORCES PROGRAM TO USE LEAST SQUARES.

O = ALLOWS PROGRAM 70 SOLVE L INEARIZED
EQUATIONS WHEN VARIABLES ARE THE SAME AS THE
GBSERVATIONS . USE (.

TWGTs THE WEITGHT INDICATOR.

1 - & WEIGHMT MATRIX IS USED FOR LEAST SQUARES,

O « NO WEIGHTING I35 USED. USE 0 INITIALLY.

IPLM, THE PARAMETER LIMIT INDICATOR.

O - LIMITS PUMN, PCMX, E7C. ARE IGNORED.

1 —~ PARAMETEDR CHANGES WHICH EXCEED THESE LIMITS
ARE PREVEMTED FOR MODE 0. 14 0OR 6.

IPRT,, THE JQUTPUYT PRINT [MDICATOR.

0 ~ PROGRAM PRINTS ALL INTERMEDIATE RESULTS.

2~ PROGRAM PRINTS MINIMUM DUTPUT,

USE O IMITIALLY AND IMCREASE 1T LATER.

NSTGe THE NUMBER 0OF STAGES PER CYCLE FOR MODE 3.

5 MAY BE SUITABLE. IGNORED FUR OTHER MODES.

IBCCy COMMON PARAMETER BYPASS INDICATOR.

0 — COMMON PARAMETERS ARE READ FROM CARDS,

1 ~ USE COMMON PARAMETERS LEFYT FROM PREVIQUS
CALCULATION, DO NOT CHANGE DYNAMIC DIMENSIONS
IN THIES CASE.

ARE {FORMAY E9.0)s ACCEPTABLE RATIO OF EIGENVALUES.
00001 MAY BFE SATISFACTORY. FOR ILL~CONRDITIONED

PROBLEMS THIS VALUE IS USED TO PREVENT BLOW~UPR
BY HOLOING POORLY DETERMINED E[GENVECTORS
CONSTART th MODES 02 1 0OR 4.

SLIM (FORMAY £9.0)y THE SCALING LIMIT.

C,000001 MAY 8FE SATISFACTUORY. DIAGONAL ELEMENTS
SMALLER THAT SLIM ARE TREATED AS ZERD WHEN
NORMAL EQUATIDMNS ARE SCALED.

—§1 = EQUATIONS NOT SCALED, ’

CMPR (FORMAT £9,0), A CONSTANT FOR MARQUARDTES
CTOMPROMISE. THIS IS ADDED 70O THE DIAGONAL
ELEMENTS OF THE SCALED MATRIX OF NORMAL
EQUATIONS (WHICH ARE QTHERWISE UNITY)e THIS HAS
THE EFFECT OF DAMPING AN ILL-CONDITIONED FROBLEM
BY ADDIMNG CMPR TO EACH EIGENVALUE BEFORE ITS
RECIPROCAL IS TAKEN. THIS HEDULCES THE
CONTRIBUTIUN OF EACH FIGENVECTOR, ESPECIALLY
THOSE wiTH SMALL EIGENVALUES. RELEVAMY OMLY IN
MODES 0s 1y OR 4.

NON~ZERDO VALUES UP TO 6.1 MAY PROVIDE SUITABLE
DAMP ING.

0 —~ MO DAMPING IS APPLIED. IF IN DOUBY USE 0.

XKDRDy INITIAL VALUE OF XD ¥FOR MODE 2.

Ca010 MAY BE SATISFACTORY.

EPSCy INITIAL CONSTANT FOR MODE 3.

10,0 MAY BE SATISFACYTORY .

s

PARAMETER NAME CARD{S). NPC ENTRIES AT 8 PER CARD,

OMIY IF MPC.EN.0 DR IHPC.EQels

cots
i~
6~ 9

10-14
i5~-18

ETCe
COMMON

NOT USED»

NAMPC{ 1}, ALPHANUMERIC NAME 0OF COMMON PARAMETER 1.
USED YO CLARIFY THE QUTPUT.

NOT USED.

NAMPC(2)

-

NAMPC{NP(C)
PARAMETER VWALUE CARD{SY. NPC ENYTRIES AY 8 PER CARD.

OMIT IF NPCEQ.0 OR IBPC.EQatl.

COLs
1~ 9
10~-1i8

EYC.

PC{ids INITIAL VALUE OF COMMOM PARAMETER 1.
{29

PC{ MPC)

INST
INST
INST
INST
INST
INSY
INST
INST
IMSY
INST
INST
INST
THST
IMST
INST
INST
INST
INST
INST
INST
IMST
INST
INST

INSTY

INST

400
406
410
ais
420
4295
430
435
440
&85
450
455

575

540
545

585

595
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6) COMMON PARA

OMIT IF NPC
COL.S

1—- 9 DbDPCH(

0
10-18 DPCH{

.
. .
ETCe. DPC(

7) COMMON PARA

OMIT IF NPC
CoLs

1— 9 PUMN

10~-18 PCOMN

ETC. POMN

8) COMMON PARA

OMIT IF NPC
COLS

1- 9 PCMX

10-18 FCMX

L] L
- -
ETC. PCMX
9) COMMON PARA

MODE O WHEN
CARD,., OMIT

coL

1 KPC{
1
2
3
o

2 KPT(

L °

L] L
ETC. KPC(

90

METER INCREMENYT CARDI{S)e NPC ENTRIES AT 8 PER CARD.
«F0.0 OR IBPC.EQele.

1)y AM INCREMEMT TR BE ADDED TO OR SUBTRACYED FROM
PC(1Y IN CALCULATING NUMERICAL DERIVATIVES.

001 MAY BE SATISFACTORY.

2)

NPC )

METER MINIMUM CARD(S)I« NPC ENTRIES AT 8 PER CARDe.
«EQeDs IBPL.EGW1ls OR IPLM4EQeDo

(1), ALGEERAIC MIMNIMUM ALLOWED VALUE FOR PC(1).
£23
(NPCH

METER MAXIMUM CARD(S). NPC ENYRIES AT 8 PER CARDa
eEGeDs IBPC.EQels OR IPLMIEQLDe

(1) MAXIMUM ALLOWED VALUE FOR PC(1).
(23

{NPC)

METER DESCRIPTION. USED TO SPEED UFP PROGRAM IN
PC"S ARE BEIMNG ADJUSTEDe NPC ENTRIES AT 72 PER
IF NPCeEQe0 DR IBPCEQelas

1), ESCRIPTION OF PC{1l).

~— INVOLVES ONLY Q OR Ple

— INVOLVES ONLY ARs BRs OR PARAMETERS USED 8Y REPL.
—~ USED OM.Y BY CWXs GCWXs OR WCNF FOR

— STRUCTURE PARAMETER OR DOTHER TYPE.
IF IN DODUBYT USE 0.
2)

NPC§

10) VARIABLE SELECTION CARD(S) FOR COMMON PARAMETZI RS NPC ENTRIES

AT 72 PER C
(AND NPCeNE

<ol
1 KQcC(
o]
1 TG 9
2 KQC(
. LJ

ETC. KQCH{

A COMPLETE SEV
SUBSTANCE TO 8

11) SUBSTANCE I
CoLs
1- 3 1S8,

ARDe DMIT IF NPCeEQeOs IF NCsEQ.0 OR MODENESO
«0) THESE CARDS ARE IRRELEVANT 8UT MUST BE INCLUDED.

1)s REFINEMENT INDICATOR FFUR PC{1)e

~ PC{i) IS NOY VARIED IN MUDE Oe

- PCf1) IS VARIED IN MODE O WITH DAMPING SELECTED
AS DESCRIBED IN (30) BELOW.

2)

NPC )

0OF DAYA CARDS (11) TO (33) IS PROVIDED FOR EACH
E INCLUDED IN THE JDB.
DENTIF JCATION CARDe.

SUBSTANCE IDENTIFICATIONe MUST BE NOM—-ZEROC.
MAY BE TESTED BY USER SUBROUTINES.

4-71 STITiLEs THE SUBSTANCE NAME.

12} CCNTROL CAR
COL5
1—- 3 NAs

4~ 6 NK&»
T~ 9 NS,

D FOR THIS SUBSYANCE.

NUMBER OF ATOMS IN ASYMMETRIC UNIT (INCLUDING EXTRA
ATONMS) e MODIFIED BY PROGRAM IF [RSCeGTele

NUMBER OF CHEMICAL KINDS GF ATOMS»

NUMBER OF SYMMETRY CARDS. THIS IS THE NUMBER OF
EQUIPOINTS IN THE CELL INCLUDING THE IDENTITY
Xe Ys Z (EVEN IF THE STRUCTURE IS CENTERED
OR CENTROSYMMETRIC)

10-12 ICENT, SYMMETRY INDICATOR FOR RECIPROCAL LAYTICE SUMS
l -

2

THERE IS A CENTER OF INVERSION AT THE ORIGIN,
AND THIS CENTER RELATES THE FIRST NS/72 SYMMETRY
CARDS TO THE NS/AZ2 LATER ONES5.

- STRUCTURE 1S NON-CENTROSYMMETRIC OR SYMMETRY
CARDS ARE NDT IN SEQUENCE SPECIFEIEDR ABOVE.

¥ 825
' 830
T 835
T 840
ST 845
T 859
INST 855
INST 850
INST 865
INST 870
INST 875
INST 880
INSYT 885
INST 890
INST 835
INST 900
INST 305
INST 9106
INST 915
INSY 920
INST 925
INST 930
INST 935
INSY 940
INST 245
INST 950
INST 955
INST 960
INST $565
INST 970
INST 975
INST 280
INST 285
INST 990
INST 995
INST1000
INST1005
INST1010
INST1015
INST1020
INST1025
INST1030
INST1035
INST1040
INSTiO%45
INST105G
INST1055
INSTL1060
INSTi106S
INSTi070
INST1075
INSTiL080
INST108S
INST1090
INST109S
INST1100
INSTiI105
INSTi110
INST11i5
INGT1120
INSTL1i2S
INSTi130
INST1i35
INSTLI140
INSTiias
INST1150
INST1i5S
INSTiI160
INST1165
INSTIii70
INST1175
INSTii80
INST1i85
INSTLi90
INSTLI195
INST1200
INST1205
INSTiZ210
INSYIZLS
INSTi220
INSTL225
INST1230
INST1235
INST1Z40
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P9y

Il o
-

2224

2527
28~ 30

3436

3739

40-42

A3-45

4648

4941

52-54

S5-57

58-60

91

HXNEG, NEGATIVE INDEX INDICATOR FOR He SEE BELDW.
HYNEGs MNOGATIVE INOEX INDICATOR FOR K. SEE BELOW.
HZNEGs NEGATIVE INDEX IMNDICATOR FOR L.

ﬁ

1
OVERA

~ OMIT NEGATIVE INDICES FRUOM RECIPROCAL LATTICE.
INCLUDE NEGATIVE INDICES,
LL INSTRUCTIONS FOR HXNEG. HYNEG, AND HINEG -

USE Ox 0., O FOR ORTHORMOMBIC, CUBIC. AND YETRAGDNAL

SPACE CROUPS WITH LAUE GROUP 4/7MMM.

INST1260

5T126%
INSTI27D
INST1275
INSTL 280

USE 1e O, O FOR MONDCLINIC, HEXAGONAL, AND TETRAGUNAL INSTL28%

SPACE CGROUPS WITH LAUE GROUP 4/ M,

USE 1» 15 0 FOR TRICLINIC, TRIGUNAL, UOR RHOMBOHEDRAL

NRE .

NEX,
NRP o

fCMBas
0
i

IVDW.
0
1

IREP,

NoaGsline=o

ITMOL e
)
1
NCT

IRS e,
Q

SPACE ROUPS. IF IN DOUBT USE 1: 1s O
THE NUMBER OF RIGID BODIES IN THE ASYMMETRIC UNIT.
EACH ATOM OR GROUP WHICH TRANSLATES OR ROTATES
INDEPENDENTLY 15 A RIGID BODY. {IF IRSC.GTe1
THEN NRB IS THE NUMBER OF RIGID BODIES IN THE
EXPANDED ASYMMETRIC UNIT.)
THE NUMBER OF EXTRA PARAMETERS FOR THIS JSUBSTANCE.
YHEY ARE DEFINED BY THE USERYS SUBROUTINE CNSTRNe
THE DISTANCE PRINT COUNTER, THE 10%NRP SHORTEST
DISTANCES ARE PRINTED. SET NRP NEGATIVE TO OMIT
BONDED CONTACTS #FROM THE LIST.
THE COQULOMB ENERCY INDICATOR.
- COULOMEB ENERGY WILL NOT BE CALCULATED.
-~ COULOMB ENERGY WILL BE CALZULATED.
THE VAN DER WAALS ENERGY INDICATOR.
~ VAN DER WAALS ENERGY Will MNOT S5 CALCULATED.
~ YAN DER WAALS ENERGY WILL BE CALCULATED.
THE REPUL SIOM ENERGY INDICATOR. REPULSION {OR
ATYRACTIONY CAN 8F CALCULATED IN STANDARD WAY,

BY USER®S ROUTINE REPL. AMD/OR BY USERYS
ROUTINE GPOT, INCLUDE TERMS FROM -~
GPOT REPL.  STANDARD

- NEi NO MO

- NO MO YES

-~ MO YES NO

- MO YES YES

- YES MO MO

- YES MO YES

- ¥YES YES ND

- YES YES YES

THE ISOLATED MOLECULE INDICATOR,
~ THE CALCULATION I5 FOR A CRYSTAL .
= THE CALCULATION I3 FOR AN ISOLATED MOLECULE.
THE NUMBER OF CARDS IN THE ATOM COMMECTION TASLE.
IF BOND DISTANCE, BOND ANGLE: OR CONFORMATION
ENERGY IS TO BE INCLUDED FOR A FLEXIBLE MUOLECULE
THEN NCT 15 THE NUMBER OF ATOMS BONDED YO MORE
THAN ONE OQTHER ATDM. OTHERWISE NCT = G,
INDICATOR FOR RELAXING SYMMETRY CONSTRAINTS.
R 3 ~ NO RELAXATION PERFORMED, THIS IS5 THE
USUAL SITUATION,

FOR IRSCeGTel THE ATOM LIST WILL BE EXPANDED TO

1ZAM,
v}

INCLUDE ATOMS GENERATED 8Y THE FIRST IRSC
SYMMETRY CARDS. THESE WILL CONSTITUTE THE
REVISED ASYMMETRIC UNIT. BE SURE YO INCREASE NRB
AND ADD NEW RIGID-BODY IDENTIFIERS AND RIGIO—
BODY CARDOS. ALSO INCREASE NAMAX: NROMAX, NPSMAX.
AND NPMAX, AND MODIFY SUBRDUYTINE REJECT.
INTEGER TQ CONTRUL STEE OF FORMULA UNIT FOR wHICH
THE EMERGY 1S5 CALCULATED.

- THE PROGRAM SELECTS THE SMALLEST UNIT wHICH
CONTAINS AN INTEGRAL NUMBER OF EACH ATOM. THIS
(S ALHAYS SATISFACYORY IF NOD CONFORMAT ION ENERGY
IS INCLUDED.

FOR IZAMWNESO IT SPECIFIES THE NUMBER OF TIMES

IGEM,
Q
1

IiRBA,
]

H

ATOM 1 OF THE ATOM LISY IS TO APPEAR IN THE
FORMULA UNIT.
INDICATOR FOR GEMIMNAL ATOMS {I.t, 1-—-3 ATOMS).
= INCLUDE NON~-BONDED INTERACTION BETWEEM (-3 ATOMS.
~ OMIT NON-BONDED INTERACTIOM BETWEEN 1~3 ATOMS.
IRRELEVAMY IF NCT-.EQ.D»
INDICATOR FOR KIND OF RIGID BORIES,
- RIGID BDDIES MAY BE POLYATOMIC WITH ROTATIOM AND
TRANSLATION PERMITTEDS
= OMLY TRANSLATION IS PERMITTEC. USUALLY USED
FOR SINGLE ATOMS,

ISETA, LAYTICE PARAMETER CONSTRAIMT INDICATOR
o -

LATTICE IS TRICLINIC, MONOCLIMIC, OR
ORTHORHOMBICe NO CONSTRAINTS ARE A&APPLIED,
IF LATTICE PARAMEYERS ARE NDT TREATED AS
VARIABLES OR UBSERVATIONS THEN ISETA=0 I§
ALL RIGHT FOR ANY SYMMETRY.
= LATTICE 15 TETRAGONAL OR HEXAGONAL . B IS
TONSTRAIMED TO EQUAL A.

INST1290
INSTIZ29%
INST1300
INST1305
INST1310
INGT1315
INST1320
INST1325
INSTY330
THST1335
IN5T1340
INST1345
INST1350
IMST 1355
INST 1360
INST136%
INSTE370
INS Y1375
INST1390
INST1385
INSTLA90
INST1395
IMST1400
INST140G
INSTE410
INSTI415
INSTL4ZD
INST1426
INST1430
INST1435
INST1440
IN5T1445
INST1450
INST1455
IMST 1460
INST1465
INST1470
INST147S
INSTL4BD
INST148%
INST1430
INST1495
INST1S00
INST1905
INST1510
INSTiS1S
INST1520
INSTIS2%
INSTLS30
INST1538
(NS T LS540
INGT1S45
INST1550
INSTISSS
INSTIS60
INST1565
INSTISTO
INSTISTS
INST1580
INST1585
INST1590
INST1595
INST1600
INSTLI60S
INSTI61D
IMST1615

SY1620
INGT1525
INSTI630
INSTLH35
INST1640
INST 1645
INST1650
INST1655
[NST1660
INSTL665
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2 — LATTICE IS CUBICe 8 AND C ARE CONSTRAIL

TO EQUAL A,

3 - LATTICE IS RHOMBOHEDRALe B AND C ARE
CONSTRAINED TO EQUAL A, AND BETA AND GAMMA
ARE CONSTRAINED TU TQUAL ALPHA

13) CONVERGENCE CONTROL. CARDe

14}

153

16}

17}

COoLS
1- 9

10-12
13-15

RECIPROCAL LATTICE SUM LIMITS.

CKy CONVERGENCE CONSTANY FOR EWALD METHODe TH
HE RATE OF CONVERGENCE BUT NOT THE FINAL RESUL T INSTI71S

NQs
NR g

0e25 IS A SATISFACTORY INIVEIAL
wiLL RECOMMEMD AN IMPROVED

VALUE » THE
YALUE »

NED

IS AFFECTS

PROGRAM

0 ~ CAUSES RECIPRUOCAL LATTICE SUM TO BE SYPASSED.
IRRELEVANT IF ICMB.EQaeO0 AND IVDW-EQe Do
IF IMOLW.EQel THE PROGRAM SETS CTK = Oe

2 IS SATISFACTORY .
2 IS SATISFACTORY.

ICMBeEQeD AND IVDW:EQeOa)

CcoLs
1- 9

10—-18
L]

-
ETC.
DIRECT
CoLs
1- 9
10-18
-

ETCes

NUMBER OF LIMIYS FOR DIRECY SUM,.

NUMBER OF LIMITS FOR RECIPROCAL SUMe lel.f

«MNQel.EeHn

leLEeNRelLEaSa

(INCLUDE A BLANK CARD 1Ff BOTH

QL.IML1)s THE LIMIT OF THE FIRST SHELL IN RECIPROCAL

ANGSTRCM INITS.

0.5 MAY BE SATISFACTDORY. THE PROGRAM WILL RECUOMMEND

IMPROVED VALUES.

GL.IM{2)

Da6 MAY BE SATISFACTORY.

.
QL IMIMNQ)

LATTICE SUM LIMITS.

RLIM{1)s THE LIMIT OF THE FIRST SHELL IN ANGSTROM UNITS.
S50 MAY BE SATVISFACTORY. THE PROGRAM WILL

IMEROVED VALUES.

RLIMI{2)

6.0 MAY BE SATISFACTORYe

-
RE_{MINRY)

LATTICE PARAMETERS.

coLs
- 9
10-18
19-27
28-36
37-45
4654

>2pP>>
Ll PV Yo Vol

CELL PARAMETER A: ANGSTROMS.
CELL PARAMETER Bos ANGSTROMS.
CELL PARAMETER Cy ANGSTROMS.
COSINE ALPHA.
COSINE BETA.
COSINE GAMMA,

QUL U e
- o e Yot
evevewn

STANDARD ERRORS DF LATTICE PARAMETERS USED 7O WEIGHYT
OBSERVATIONS. OMIT IF IWGT «EQaOe

coLs
1~ 9
10—18
1927
28— 36
37~45
45-54

SA{1)s STANDARD ERROR DF A. ANGSTROMS.
SA{2)s STANDARD ERROR 0OF B: ANGSTROMS.
SA(3}. STANDARD ERROR OF C» ANGSTROMS.
SA{4)s STANDARD ERROR OF COSINE AiL_PHA.
SA{S)s STANDARD ERRDR 0OF COSINE BETA.
SA{6)s STANDARD ERROR OF COSINE GAMMA.

REC CMME ND

SYMMETRY INFORMATIDONe NS CARDS, ONE FOR EACH EQUIVALENT

20SITION NEEDED TO GENERATE ALY
THE BASIC POSITION Xs Ys Z SHOULD B INCLUDED.
ATOMS IN SPECIAL

THE ATOMS IN

PLACING MORE THAN ONE ATOM OF THE SAME CHEMICAL KIND

THE CELL .
USUALLY FIRST.
POSITIONS ARE AUTOMATICALLY TREATED BY NOT

DN & SITE.

IF ICENToEQ.1 INDICATING A CENTER OF SYMMETRY AT THE ORIGIN
THEN THE FIRSY NS/2 CARDS MUST REPRESENT POSITIONS NOT RELATED
8y THIS CENTERS

IF IRSC«GTel THE SEQUENCE

0OF SYMMEYRY CARDS MUST 8E CHOSEN

SO THAT THE FIRST TRSC CARDS GENERATE THE REVISED ASYMMETRIC

UNITe

IN THIS CASE 17T MAY

FURTHERMORE » THE TRANSLATIONAL PARTS CF THE SYMMETRY
MUST BE CHOSEN SO THAT GROUPS TO BE COMBINED AS ONE RIGID BODY INST2055
ARE ADJACENY TO ONE ANDTHER.

NOT BE POSSIBLE TO SET [CENT=1,

INSTi167C
INST1675
INSTi1680
INST1685
INSTi69C
INST1695
INSTi700
INSTi705
INSTi710

INSTi1720
INSTi729
INSYiL730
INSTi73S
INSTI7T4AQ
INSTi745
INST1750
INST1755
INSTiI760
INSTViI765
INSTIi770
INSTI775
INST1780
INST1785
INSTLi720
INSTLI795
INSTi800
INST 1805
INSTi810
INSTi8LS
INSTi820
INST1825
INSTIi8B30
INST1835
INSTi840
INST1845
INSTI850
INSTi85S
INSTiI860
INST1865
INSTi870
INSTIiI87S
INSTi880
INSTi885
INSTi890
INSTIB89S
IMST1900
INST1905
INSTiG10
INSTioLS
INSTI920
INSTi925
INSTi330
INSTI935
INST1940
INSTi94S
INSTI950
INST1955
INSTi260
INST1965
INSTi9790
INSTIGT?S
INSTi980
INSTE985
INST1990
INSTI995
INSTZQ00
INST2005
IN53T2010
INSTZ2015
INSTZ020
INSTR2025
INST2030
INST2035
INST2040
INST2045

OPERATIONS [NST2050

IN MODE 4 THE SYMMETRY CARDS ARE USED TO AMALYZE THE SYMMETRY

GF THE

NORMAL VIBRAT IONS.
DESIRABLE TO

FOR THESE CALCU
ADD REDUNDANT SYMMETRY CARDS, THAYT IS C

LATIONS IT

MAY BE
ARDS

WHICH REPEAT SYMMETRY ALREADY PRESENT IN THE ATOM (LIST.
ENOUGH CARDS MUSY BE ADDEDR SO THAT THE SYMMETRY OPERAT IONS
STILL FORM A GROUP.,

INSY2060
INST2065
INST2070
INGT2075
INSTZ080C
INST2085
INST2090
INST2095
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COLS
1- 4 NAMS(J} e ALPHANUMERIC SYMBOL FOR SYMMETRY OPERATION Je
USED TO CLARIFY YHE QUTPUYT (N MODE $. DFTIONAL.
515 SYM{ 1s4)s TRANSLATIONAL PARYT OF X4, THE TRANSFORMED
X COORDINATE,
16—18 SYM{ Z2.J%e COEFFICIENT OF X IN X°®
19-21 SYM{ 3,30y COEFFICIENT OF ¥ It X%
2224 SYM{ 454} CUEFFICIENT OF Z INM X*®
26-39 SYM{ Sedle TRANSLATIONAL PART OF w*
A0~242 SBSYM{ 6»J1, COEFFICIENT OF X IN Y°
4345  SYMI TeJle COEBFFICIEMT OF ¥ IN Y°
4648 SYM{ 8,03, COEFFICIENT OF Z IN Y?
4963 SYM{ 9,41, TRANSLATIONAL PART OF Z*
64-66 SYM{10sJ): COEFFICIENT OF X IN 2*
67-69 SYM{1lsJ), COEFFICIENY OF v IN Z°8
TO~-72 SYME12: 4} COEFFICIENY OF Z IN Z*

FOR EXAMPL Es EQUIRPOINT «wXs ¥~Xe 2/73-7y WHICH DEICRIBES &
TWO-FOLD AXISe. LQOULD BE PUNCHED AS:
0 -1 e 0 0 -1 i o D£5656666T © O

PARAMETERS FOR EACH CHEMICAL KINO OF ATOM. NKA CARDS.

THE NON-BONDED INTERACTIOM ENERGY (N KCAL/MOLE BEYWEEN ATUMS
OF ®IND K AND KIND L SERARATED BY R ANGSTROMS IS USUALLY
CALCULATED AS

332 170 I XA LIAR { COULOME)
=PLAKIEPL (L} AR¥ES (VAN DER WAALS)
C{BRIKI+BRILIIZFEXP (I AR FARILI-RIZ(BR{KI+BRILI DY) {REPIH.SIOND

ALTERNAT IVELY, THE REPULSIUON MAY BE CALCUIATED BY USERYS
SUBROUTINES REPL. OR GPOT.

TOLS
1— &  NAMK(K) ¢y ALPHANUMERIC NAME OF ATOM KIND K.
5~ 9 NOT USED.
10-18 Q(X}, CHARGE OM ATOM OF KIND K IN UNITS OF PROTONS.
MAY BE LEFY BLANK AND SET 8Y SUBRDUYTINE CHNSTRN.
IRRELEVANT IF ICMBWEG0s
1927 PLIK)s COEFFICIENT OF ATOM OF KIND K IN VAN DER WAALS
ENERGY . MAY BE LEFYT SLANK AND SET 8Y SUBRDUTINE
CNSTRNe IRRELEVANT IF IVDOWeEQeOo
28~36 AR{(K}. RADIUS OF ATOM FDR REPULSION ENERGY TERM.
MAY BE LEFT BLANK AND SET 8Y SUBROUTINE INSTRN,
37-48 BRI{K)e SOFTNESS CREFFICIENT 1IN YTHE REPULSIOM ENERGY.
MAY BE LEFT BLANK AND SET 8Y SUBROUTINE CNSTRN.
4654 AMASS{K), MASS OF ATOM OF KIND K IN PHYSICAL AYOMIC
WEIGHT UNITS. TRRELEVANT UNLESS MODELEQ.%.

ATOM COORDINATE CARDSs, NA CARDS. ONE FOR EACH ATOM IN THE
ASYMMETRIC UNIT (INCLUDING ANY EXTRA ATOMS NEEOED TO DEFINE
THE QRIGINS AND COUORDINATE SYSTEMS FOR THE RIGID BODIES).

coLs
1- 4 MAME(J}), ALPHANUMERIC NAME OF ATOM 4. USED TO CLARIEY
THE OQUTPUT -
S5~ 9 IKA{J)s AN INTVEGER WHICH SPECIFIES THE CHEMICAL KIND
OF ATOM Jo DLESIKA{ N LELNKA: IF IKA{JI)EQ.0 THENM
THEN THIS IS5 AN EXTRA ATOM wWHICH WILL 8 OMITTED
FROM ALL ENERGY CALCULAYTIONS.
LO—~27 NOT USEDe
28—-36 XY¥Z{i..0)s ATOMIC COORDINATE X
3745 XYZ{2+:4)s ATOMIC COORDINATE Y
46~54 XYZ(3sJYs ATOMIC COORDIMNAYE X
THESE ARE EXPRESSED AS FRALTIONS OF THE LAYTTICE
TRANSLATIONS . THEY MUST BE INCLUDED EVEN IF TrEy ARE
SET BY SUBROUTINE CHOSTRN, BECAUSE THE PROGRAM USES
THEM TO GENERATE YTHE ATOMS 1IN OME UNIT CELL AMND TO
EGTABLIGSH WHICH ATOMS ARE IMN SPECIAL POSITIONS.

ATOM RIGID~BDO0OY LDENTIFIERS. NA ENTRIES AT 28 PER CARD.
(IF IRSC.GT .t THEN NA IS5 THE NUMBER OF ATDMS IN THE EXPANDED
LIST}

COLs

i—- 3 IRB{1)» AN INTEGER WHILH SPECIFIES THE RIGID BGOY TO
WHICH ATOM 1| BELONGS. Q.LE.IRB{JI L ELMNRS, IF
IRBLII.EQs0 THEN ATOM o BELONGS TO NO RIGID BODY
AND MUST REMAIN FIXED IN ITS INPUT POSITION.

4~ & RB(2}

T 9 <8(33

ETCoe IRB%NAB

LZ2EZ

o

(RO RHRG R RG R RO 2

Z2ZZRELZ

4

k]

iR

o

g,
RORHES

i
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PO PG RO BI NI TO N o by By

o o] yb parg G o Goq KD tmed VY e Y

=&

5
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5
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INSTRL6%
IMST2LYD
IMNST2I7S
TNST218D
TNSTR2185

‘H\ST 205
INSTZ210

INSTZ2215
INSTZ220
INST225
INSTZZ230
INST2235
INST2240
INGET o245
INGTZ2250
INST2 :
INST 2260
INST2289

INST2275
INST2280
INST2285
IMST2290
INSTZ2295
INSY 2300
INST2305
INST2310
INST2315
INST2326
INSTZ2H25
IN3TZ2330
INST233%
INST2340
INST2345
INST2350
INST235%
INST 2360
INST2365
INST2370
INSTR2375
IMNST23680
INST2385
ENSTZ2390
IMST239S
IMGT2400
INST2405
INST2480
INST2415
INST2420
INSTZ425
INST 2430
INSYZ2435
IMNS5T2440
INSTZ2445
INSTR2450
INST2455
INST24860
INSTZ465
INST 2870
IMST 2479
INST2480
IS Y2485
INSTZaGD
INgT249%G
INSTZE00
IMITaS0%
INSTZEL10
INSTESLS
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RIGID-BODY CARDS. NRBE CARDS ARE INCLUDEDR.

WHEN THE STRUCTURE IS ADJUSTED TC MINIMIZE THE ENERGY IY IS

M RIGID BODY ROTATIONS AND TRANSLATIONS WHICH ARE THE
VARIABLEES. NOT THE ATOM COORDINATES THEMSELVES. THE DISPRACED
ACUM COORDINATES ARE GENERATED FROM THE INPUT COORODINATES BY
APPLYING THE MRB RIGID BODY ORPERATIONS IN THEIR INPUT SEQUIEINCE.
RIGID 2B0ODY COORDINATE AXES MAY BF REFERRED EITHER TO THE
CRYSTAL AXES OR YU SPECIFTIED ATOMS. SUCH ATOMS AY EITHER BE
IN THEIR INPUT POSITIONS OR IN POSITIONS GENERAVED 3Y A
PREVIOUS RIGID BODY OPERATIOCN

A SEGMENTED MOLETULE MAY B DEFINED BV REFERRING THE FIRST
RIGID #ODY AXES 10 THE (CRYSTAL AXES OR TU INPUT ATOMS. THE
SECOND RIGID B30DY AXES MAY THEN BE DEFINED IN TERMS OF ATYOMS
aF THE FIRST, THE THIRD IN TERMS OF THE SECONDs ETCe BY

INST2535%
INST2540
INSTZ2245
INSTZ»SU

O]
-
N
4K

ﬂ
i

iy

T?$69

ZZ2222Z2ZZZ2
U)U)u’)(/)./:U)J)'J)(/)

1
I
I
I
1
1
1
I
1
1
1

CHOOSING THESE AXES PROPERLY, INTERATOMIC DISTANCES CAN BE INST2615
FIXED AMD ROTVATIONS CAN BE CONSTRAINED TO BE ABOUY SPECIFIED INSTZ2620
BONDS . INSTZ2625
INSTZ630

AT THE END Dr EACH JOB NEW ATUMIC COORDINATES ARE PRINTED INST2635
AND PUNCHEDe THESE CAN BE USED AS INBUYT TN THE SUBSEQUENT J0B INST 2640
SU THAT THE INPUY VALUES OF THE RIGID BGDY ROTATIONS AMD INSTZ2E45
TRANSLATIONS ARE USUALLY ZERD. INST265C
INST 2655

CaLs INST2660
1- 3 1Z(L), THE NUMBER OF THE ATOM {(UOR EXTRA ATOM} WHICH INSTZ2665
SERVES AS THE CENTER 0OF ROTATION OF RIGID BODY L.INSY2670

FRR SINGLE ATOMS USE THE NUMBER QF THAT ATOM. INSTZ2675

a—- & TUlL) INSTZ680
T~ 9 Iv(L) INST2685
10-12 WL INSTZ2690
INSTZ2695

THESE ARE THE NUMBERS OF THREE ATOMS WHICH DEF INE INST2700

THE CARTESIAN AXES OF ROTATION AND TRANSLATION FOR INSTZ2705

RIGID BODY L. INST2710

INST2715

IF TU(L)«EGe O THEN IV(L) AND IW{L) ARE JIRRELEVANY INST2720

AND THE AXES ARE BASED ON THE CRYSTAL AXES. INST2725

X IS PARALLEL TO A, Y LIES IN THE AsB PLANE. AND INSTZ2730

Z IS PERPENDICULAR TO THE A,03 PLAME. INST2735

INSTZ2740

IF¥ fU(L ) 2NELO THEN X POINTS FROM ATOM IU(L) TOWARD INST2745

ATOM IV Y, ¥ LIES IN THE PLANE OF THE THREE ATOMS INST 2750

ON THE SIDE TUWARD IW{L)s AND 7 1S PERPENDICULAR INST2755

TO THE PLANE OF THE THREE ATOMS MAKING A RIGHT INST2750

HANDED COQRDIMNATE SYSTEM INST2765

INST2770

FOR A DIAYTOMIC OR LINEAR MOLECULE MOT PARALLEL TO INST2775

THE A-AXIS SET IWiL)=0. THEN X POINTS FROM ATOM INST278¢0

TU(L) TOWARD ATOM IV(L), ¥ LIES IN THE BLANE OF X INST2785

AND THE CRYSTAL A~-AXIS. AND Z IS PERPENDICULAR TO INST2720Q

X AND ¥ MAKING A RIGHT~HANDED CODRDINATE SVYSTELMe INST279S

INST2800

1318 NOT USED. INSTZ2805
19—27 SSRILYs THE ESTIMATED STANDARD ERROR IN RADIANS FUR THE INST2810
ORIENTATION AMGLES OF RIGID BGDY Lo INSTZ2515

IRRELEVANT IF JTWGTefie0e INST2820

28-36 STRI{L)Ye THE ESTIMATED STANDARD ERROR OF THE INST2825
TRANSUAT IGNAL POSTTION OF RIGID RIGID BOOY L. IN INSTZ2830

ANGSTROM INITS. IRRELEVANT IF IWGTaEQe0e INST2835

37-42 SEKR{L)s INITIAL VALUE OF ROTATION ABQUT X IN RADIANS. INST2Z2840
USUALLY ZERO. IRRELEVANT IF IRBAEQele INST2845

43—-48 SYRIL)s. INITIAL VALUE OF QRQOUTATION ABIOUT v IN RADIANS. INST2850
USUALLY ZERO. IRRELEVANT IF THUEA:TQela INST2855

#4954 STZR{L)s INITIAL VALUE OF ROTATION ABOUT Z IN RADIANS, INST 2860
USUALLY ZERD. IRRELEVANT IF IRBAEQela INST2865

55~560 TR{isL)s INITIAL YALUE OF X TRANSLATION IN ANGSTROMSG. INSTZ2870Q
USUALLY ZERD. INST2875

G1-66 TR{2+L)s INITIAL VALUE OF ¥ TRANSLATION IN ANGSTROMS« INSTZ288¢C
USUALLY ZEROe INST 2885

6TFT~72 TR{3.,L)}s INITIAL VALUE OF Z TRANSLATIUON IN ANGSTROMS. INST2890
USUALL Y ZERD. INSTZ2895

INSTZ2200

CONNECT ION TABLE FOR THE CALCULATION OF ZOND-DISTANCE. ROND- INSTZ2905
ANGLE« AMD CONFDORMAT ION~-ANGLE CONTRIBUTIONS TO THE ENERGY. INSTZ2210
INCLUDE NCT CARDS WHERE NCT IS THE NUMBER (OF *BACKBONES ATOMS, INST2615
THAT IS THE NUMBER GOF ATOMS DBONDED TO MORE THAN ONE OTHER ATOM. INSTZ920
OMIT IF NCTeEQeOe INSTZS25
INST2G30

COiL.S INST2935
1-- 3 IACT(S), THE IDENTIFICATION NUMBER OF A DACKOONE ATOM. INST2940
YHIS IS THE NUMBER OF THE ATUM IN ARRAYS XCe ETCe INSTZ24S

a- 6 NOT USEDe. INSTV295Q
T 2 ICT{1le0), NUMBER OF AN ATOM S0NDED TO JTACT(.d). INST2965
1012 ICT{2e4)s NUMBER OF AN ATOM BONDED TU IACT(Jdjie INSTZ%60
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0 o -
9 W B < 3%
§ 4 {1 $
Wt N amh ot
DN e [« R4}

Y]
ut
{
]
[*Y

W
?&
G 1
LR

L Xy 3]
4345
LH6~08
&9~51
S52--54

55~87
58-~50

H51~63
66~65
&ET-69

NQ

3e.d )y NUMBER OF AN ATOM BONMDED TO TATT(J}.

43.d) e NUMBER OF AN ATOM BIONDED 7O 7ACT{Jd).

ir 7M“Qv ARE LESS THMAN 4 ATOMS BONDED TO TACYLJD
FILL OUT THE LIST WITH ZEROS AT THE END.

T USED.

IDZ{3.0%s DEFIMITION OF POTENTIAL FOR BOND

D
10
o

BETHWEEN AﬁUMs FACTISY AND ICT{ls.0).
L2233, DEFINTTION OF POTERNYTTAL FOR ROND
BETWEEN ATNMS IACT (.3 AND (CT{2sJ4}
L Zedd s DEFINITION OF POVTENTIAL FOR BOND
BEYWEEN ATOMS TACT(JY AND ICT{3, .0} .
TIa:03s DEFINITIOM OF POYENTIAL FOR BOND
RETWEEN ATOMS ZACTL#3 AND ICT(2.43%.

THESE SPECIFY THE NUMBERS OF COMMON PARAMETIHES PO
USED TO CALCULATE THE BOND EMERGY. YHE COMMOMN
PARAMETERS ARE ASZSUMED TO 38 In PAIRS CONSISTING OF
A DISTANCE {ANGSTRDMS) FOLLOWED BY A FORCE CONSTANT .
THE BOMND SENERGY {(KCALAMOLEY 1S5 GIVEM 8732

WHisBQ . 0FPC{IDA{l» 32213 #{DII-PCLIDZC L 2D ) D%H2

MOTE THAT WD INCLUDES A 3CALE FACTOR OF 100«

IF IDZ{ LMD e THEN WD=C.

NOT USED.

IAZ

Ia
ia
1A
1A
IA

NO

€1 .,3): DEFIMIVION OF POTENTI AL FOR ANGLE

TCT{2,.0F ~ TACTL(JI) ~ ICYE2:.40.
Ti2»3): DEFINITIUN OF PUTENTIAL FOR ANMNGLE
FCT{10 8} - FACTYLUY ~ ICTL3,J0}0s
IMITION OF POTENTIAL FOR ANGLE
sodd o~ TACTLIY — I(T{4..03.
INITION OF POTENTIAL FOR ANGLE
JY e JACTESY - I0T{3.J3,
FENITION OF POTENTIAL FOR ANGLE
J3 - TACYIFY ~ ICT{4-J)e
“INITION OF POTENTIAL FOR AMNMGLE
s dd = FACTLH) -~ ICT{4sUd»

4

TA3ad
Zia..l
Zi%..d
il SR

UHC’“D*"O
L TR IR M TN e O
2 T Tw Mo F

e e Y M
I T B

,‘Tﬂ Nwmwhv.«wr
e

THESE LSPECETY THE NUMBEQS OF COMMON PARAMETERS @O
USED T CALCW.ATE ANGLE BEMDING EMERGY . TME {OMMON
PARAMETERS ARE ASSUMED TO RBE IM PAIRS COMSISTING OF
AN ANGLE (DEGREES) FOLLOWED BY A FORCE COMSTANMY.
THE BENDING ENERGY {#CALAMOLEY IS GIVEN BYS

WA «S¥PCL IAZ{I» JI41 IF{ATLIK-PCL IAZ( L s S 3 ) F 552
IF [AZ{ T, 0)-EQ.0 THEN WA=Q.
T USED.

ITBR{L-,J) e DEFINITION OF POTENTIAL FOR ALL TORSION

ANGLES ABQUT BOND TACT(LY - JCT{lsJ).

179&‘29.)3” DEFINITION OF POTENTIAL FOR ALL TORSION

GLLES

ABDUY BOND TACY{4) ~ ICT(2esJd)«

ITSR&?:J)» DEFIMITION OF POTENTIAL FOR ALL YORSION

ANGLES AB0UY BOND TACT{J)Y =~ ICT(3,»J)

»
ITBR{4& .43y DEFINITION OF POTENTIAL FOR ALL TORSION

ANGLES ABDUT BOND ITACT{JI} — ICT 4,40,
IF I¥BRAI.43 -EQ0 THEM WCF=0,

IF ITBR{T. ) L T»0 USER SUBROUTINE WONF IS CALLED.
THE VALUE OF ITBR IS PASSED TO WONF AS AN INDICATOR.

OTHERW ISE ITBR{I.J) SPECIFIES THE MNUMBER OF THE
FIRSY OF TH) COMMON PARAMETERS PC USED TO CALCULATE
THE ENERGY FOR EACH TORSION ANGLE ABQUYT THIS BOND.
THES EMERGY IS

WCF=PC{ ITBR{ I, 1) I 3WRAG(PIZ180FCHFPCIITBR{1,334+1})
WHERE WRAG IS A WRAP—-ARDUND GAUSSIAN FUNCT ION.
SEE SUBROUTINE WRAG FOR FURTHER DESCRIPTION.

EXTRA PARAMETER HNAME CARDIS ). NPX EMTRIES AT 8 PER CARD.
OMIT IF HNPX.EQsQe

NOT USED.
NAMPXE 13, ALPHANUMERIC NAME OF EXTRA PARAMETER L.

NQ

USED TO CLARIFY THE QUTPUT.
T USED.

NAMPX{2?}?

MNA

e

&#X(NPXB

INST 2965
INSTYE Q?@

INSTZ9
IM3T 2997
INSTIQUQ
INZSTIEN0S
INSTI0LQ

IMBT3040G
INST30485
INZTIISG
INBTANES
INS T 3060
IMESTAOED
INETROQT?S
INSTROTS
INSTIORS
INST3I08S
INSTARQC
e T30S
INSTI100
INST310S
INSTIILG
INSTILLS
IMSYT3120
INST3L2S
INST2130
INST21L38
INST3140
INGT3L4S
INST3I%0
INST316S
IMST3160
INST3LIHS
INSTIELITQ
INSTRLTS
IMST3L80
INST318S
INSTIIRO
INSTI0S
INST3Z200
INST3205
INST3210
INST321S
INST3220
INGST3225
INST3230
INST3I23S
INSTE240
TNST3245
IMST3250
INST3Z5S
INST3260
INST3265
INST3I2TO
INST3275
INST3280
INST3285
INST3IZ90
INST329S
INST3300
INST3305
INST33%0
INST331S
INST3320
INST3325
INST3330
INST3335
INST3340
INSYT3345
INST3350
INST3355
INST2360
INST3365
INST 3370
INST3375
INST338¢0
INST3385
IMNST3390
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253 EXTRA PARAMETER VALLUE CARD(SI. NPX ENTRIES AT & PER CARD.

GMIT IF NPXefEQeOe
caL.s
1— 2 PX{(1), INITIAL VALUE OF EXTRA PARAMETER 1.
10-18 PX{2)
L] -
L] .
ETC. PX{NFX}

267 EXATRA CARAMETER INCREMENY CAHDISE.
O0#MIT IF NPXefd:0.

NPX ENTRIES AT 8 PER CART.

COiL.S
1- 9 DPX(1)s AN INCREMENT TO BE ADDED TO CR SUBTRACTED FROM
PX{1) IN CALCULATING NUMFP CAl. DERIVATIVE
0.001 MAY BE SATISFACTORY
10-18 DPEX(2)
-
DPEX(NPX)

CARAMETER MINIMUM CARD(S).
I NPXeEQeO OR IPLMellTWeOo

NPX ENTRIES AT 8 PER CTARD.

PXMN{1) s ALGEERATIC MINIMUM ALLOWED VALUE FOR PX{1)e
PXMN{ZD

PXMNI{NPX])

28) ATRA PARAMETER MAXIMUM CARDI(S}I. NPX ENTRIES AT 8 PER CARD.
OME Q.0 CR JiFLs
COL.Ss
1~ 9 PXMXTL)s MAXIMUN ALLOWED VALUE FOR PX(1)e.
10—18 POXMX(2)
. .
ETCe PXUMAXINPX]
29! QBSERVYED ENERGY FOR 1THIS SUSSTANCE. ALWAYVS INCLUDE ONE CARD.
A BLANK CARD IS SATISFACTDRY I¥ THE LATTICE CNERGY IS UNKMOWM.
COLS
1- 3 KPWSe DBSERVATIOM SELECTION INTEGER FOR OBSERVED ENERGYe
0 — ENERGY NOT USED AS AN UOBSERVATION.
1 -~ ENERGY USED AS AN OGSERVATION FOR MODE G
—1 — ENERGY USED AS AN OBSERVATION FDR MODE ¢ OnNLY
IF WOBS.GTWCALC, THIS MIGHT BE USED ¥HEN THE
CALCULATION IS FCR A STRULCTURE OTHER THAN THE
UBSERVED (NE»
4— 9 NOY USED.
10-18 WCBS, THE OBSERVED LATTICE ENERGY IN KTAL/ZMOLE FOR ONE
FORrMIM A UNIT, (A NEGATIVE NUMBERD}.
19-27 SIGWD, THE STANDARD ERROR OF YW3BS. IRRELEVAMY IF

IWGT eEQeOe IF IWGTeEQel AMD KPWS,NELO THEN SIGHD
MUST BE NON~ZERO.

301 STRUCTURAL PARAMETER SELECTION CARDI{S)e NPS ENTRIES AY 72 PER
CARD MUST ALWAYS BE INCLUDED. EACH ENTRY CORRESPONDS TO ONE
OF THE NPS PARAMETERS FOR THIS SUBSTANCE IN A LIST wWHICH THE
PROGRAM SETS UP AS FOLLOWS?

PARAMETER DESCRIPT ION NUMBE R INCLUDED
All) LATTICE PARAMETERS 6
.
L]
AlLGY
SXR(1) ROTATIGONS FOR RIGID 3 0OR O
SYR{1} B8O0DY 1+ OMIT IF IRBACEQele
SZR{il}
TR{1.,1) TRANSLATIONS FOR 3
TR(2s1) RIGID BODY 1.
TRO3.1)
SXR{Z} SAME FCR 6 OR 3
. RIGID BODRY 2Za
L]
TR(3,2)
. TOTAL OF
. 6#NRE OR
TR(3«NRB)} 3HNRB
#X(1) EXTRA PARAMETERS NP X
PX(2) DEFINED 8Y USER®S
. SUBRDUTI NE CNSTRN
L]
BXINPX)

INST 3395
INST3600

INST3449
INST 3445
I[NST3450
INST3455
INST34560
INST3a55
INST3470
INST3475
INST 3480
INST3485
INST3490
INST3495
INST3500
INST3505
INST3510
INST3515
INST3520
INST3525
INST3530
INST3535
INST3540
INGT 3545
INST3550
INST3555
INST3560
INST 3555
INST3570
INST3575
INS ¥ 3580
INST3585
INST359¢
INST3595
INST3600
INST3605
INST3610
INST 35615
INST3620
INST3625
INST3630
INST3635
INST3640
INST3645
INST3650
INS T3655
INST3660
INST3665
INST3670
INST367S
INST3580
INST3635
INST36350C
INST3695
INST3700
INST3705
INST3710
INSYTIZLS
INST3720
INST3725
INST3730
INST3735
INST3740
INST3745
INST3750
INST3755
INST3760C
INST3765
INST3770
INST3775
INST3780
INST 3785
INST3790
INST3795
INST3800
INSF3805
INST3810
INST 3815
INST3820
INST3823
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CoL
1 KPS{1)e SELECTION INTEGER FOR PARAMETER P{1)s
0 - NOT A (BSERVATION OR VARIABLE.
1 7O 9 ~ AN OBSERVATION OR VARIABLE.
KPs{23

L]

LIRV]

L]
ETC. KPSINPSD

THESE ENTRIES SELECT THE STRUCTURAL PARAMETERS WHICH wWIitL B¢
USED AS OUBSERVATIONS FOR MUODE O OR AS VARIABLES IM MODES 1. 2
3e OR 4. WHEN THEY DEFIME VARTIABLES THE NON-ZERD VALUES ALSO
SPECIFY FRACTIONAL SHIFTS USED FOR DAMPING IN MODES 1 0OR 4.

IiF PO{L) XS THE CALCULATED SHIFY FOR PARAMETER (. THEN THE
SHIFY APPL IED IS DKT*PR{L ) WHERE DKY DEPENDS OM KPS{L)} AS

FOLLOWS:
KPS OKY KPS DKY
1 L0000 & Qe iD0
2 Qo530 T 0063
3 0 800 a8 0o Q40
% D250 9 2025
S (oS §<14)

THE NUMBER OF NON-ZERD KPS{LI*S 15 NOS, THE MUMBER OF
OBSERVATIONS FDOR THIS SUZSTANCE. THIS AND THE TOTAL NUMBER OF
OBSERVATIONS, ND, MUST NOT EXCEED THE DIMENSIONS SPECIFIED.

VARITABLE SELECTION CarR0{S) FOR MODE (. NPS ENTRIES AT 72 PER
CARD ARE ALWAYS INCLUDED, IF MODELNE.O DR NC,EQ.0 THESE CARDS
ARE IRRELEVANT BUT MUST BE INCLUDED.

COL
i KQS{1)» SELECTION INTEGER FOR PARAMETER P{1).
Q0 - NOT A VARIABLE FUOR MODE Q.
TO 9 ~ A VARIABLE FOR MDDE Da
2 KOs (23
* -

L L]
ETC, KOS{NES)

THESE ENTRIES ARE ANALQGOUS YO THMOSE FOR KPS ABOVE. THEY ARE
VSUALLY ZERD EXCEPT IN THE SPECIAL CASE WHEN A STRUCTURAL
PARAMETER IS 7O BE VARIED IN MODE 0. NMON~ZERO VALUES SPECIFY
DAMPING A5 DESCRIBED ABOVE FOR KPS.

MAPPING CARDS, OMIT UMNLESS MODEEQe~—1a

IN MODE ~1 THE PRUGRAM STEPS THROUGH A SERIES OF YALUES FOR
EACH OF THREE SPECIFIED PARAMETERS AND CALCULATES THE ENERGY
OF THE SYSTEM FDR EALH SET. EACH VARIABLE PARAMETER IS5 DEFINED
BY OME CARDe. IF LESS THAN THREE VARIABLES ARE NEEDED THEN KPIT.
KPJes AND/AOR KPK CAN BE SET TUO —1. ALL OTHER PARAMETERS ARE
FIXED AT THEIR INPUT VALUES,.

CAUTION — EFACH CALCULATIOM IS5 MADRE USING THE LISYT OF INTER-
ATOMIC CONTACTS SET UP INITIALLY FROM THE INPUT STRUCYTURE. THE
MAPPING VARIABLES MUST NOT ALTER THE STRUCTURE DRASTICALLY
BECAUSE NEW CONTACTS WHICH BECOME IMPORTANY MAY NOT BE IN

THE LIST.

CARD 1
CoLsS
1- 3 KPI1., KIND OF PARAMETER FOR (QUTER LOOP,.
=1 = NO PARAMETER. REMAINDER OF CARD IS IRRELEVANT.
0 ~ A COMMON PARAMETER.
1 —~ A PARAMETER OF THIS SUBSTANCE.
4~ 6 MPI. THE PARAMETER NUMBER. IF KPI«EQel THEN MPI = 1
FOR LATTICE PARAMETER A{1}. ETC.
7—- 9 NOT USED-s
1018 PINL. INITIAL VALUE OF PARAMETER FOR DUTER LOOP.
19-27 POLIs POSITIVE INCREMENT FOR PARAMETER OF QUTER LQOP.
2R-36 PLMI, UPPER LIMIYT FOR PARAMETER 0OF DUTER LOOP.

CARD 2
coLs
I~ 3 KPJy KIND OF PARAMETER FOR MIDDLE LOOP.
-1 = NO PARAMETER. REMAINDER OF CARD IS IRRELEVANT.
0 ~ A COMMON PARAMETER.
I — A PARAMNEYTER QOF THIS SUBSTANCE.
4~ 6 MPJs THE PARAMETER NUMBER. IF KPJ.EQe.l THEN MPJ = 1
FOR LATYICE PARAMETER A(1): ETCe
7~ 9 NOT USEDe.
10-18 PIMJ. INITIAL VALUE OF PARAMETER FOR MIDDLE LOOP.
19-27 PDLJs POSITIVE INCREMENT FOR PARAMETER OF MIDDLE LOOP.
28-3&6 PLMJ, UPPER LIMIT FOR PARAMETER OF NMIDDLE LOOP.

INST3830
INST3835
INST3840
INST 3845
INST3850
INST3855%
INST3860
INST3865
IMST 3870
INST3875
INST3880
INST3885
INST3890
INS T3895
INST3900
INST3905
INST3910
INST3915
INST 3920
INSTY3925
INSTIQ3Q
INST3R935
IMGT3940
INSTI04S
INST3I950
IMST3955
INST3I960
INST3965
INST 3970
INST397S
IN3T3980
INST398%
INST3990
INST3995
INST4000
INSTA4005
INST&01L0
INST401S
INST4020
INST4025
INST4030
INST4035
INST4040
INSTA4045
INSTA0S0
INST4055
INST4060
INST&065
INST4070
INST&4075
INSTA4080
INST&085
INST4090
INST4095
INST4100
INST4105
INST4110
INST4115
INST4120
INST4125
INST4130
INST4135
INST4 140
INST4145
INSTA150
INST415S
INSTA160
INSTA165
INST4170
INSTA17S
INSTA180
INST4185
INST4190
INST4195
INSTA200
INST4205
INST4210
INST4215
INST4220
INSTA4225
INSTA230
INST4235
INSTA&240
INST4245
INSTA250
INSTA285
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CARD 3
COLs
t— 3 KPKy KIND OF PARAMEVER FTOR INMER LUP.
~1 — NO PARAMETER. REMAINDER ©OF {ARD IS IRRELEVANT.
0 — A COMMON PARAMET
1 — A PARAMETIER OF S SUBSTANCE.
f & MPK, THE PARAMETER JERe IF KPRKeEQal THEMN MPK = 1
FOR LATTICE PARAMETER A(1)s E7Ti.
T~ 2 NOT USED.
10—-18 PINKs INIYIAL VALUE OF PARAMETER FOR INNER LOOP.
19~-27 PPLLK, POSITIVE INCREMENT FOR PARAMETER OF INNER 31L.00P.
2836 PLMK, UPPER LIMIY FOR PARAMETER OF INNER LOCP,

REFEAT CARDS 1s 29 AND 3 AS HMANY TIMES AS DESIRED. (ALL
AMETERS ARE RESEY 7O THEIR INPMT VALUES AFTER EACH
TRIALE Li0F.)

33) MACPING TERMINATION CARD, INCLUDE OME BiLANK CARD IF MODCeEQe-le

34) REPEAT INPUTS (11) TU (33) FOR EACH ADDITIUONAL SUBSTANCE T BE
INCLUDED IN THE JDBa

353 JUB TERMINATION CARD.: ONE BLANK CARD. ANOTHER SET OF DATA
STARTING ¥ITH CARD (1) MAY FOLLOYW.
*

Fhd ok kR R Rk

8.2 USER SUBROUT INES FOUR WMIN

THE FOLLOWING ROUTINES ARE DESIGNED T0O BE MDIIFIED BY THE USER
FOR EACH PARTICIH. AR PROBLEM. IMPLICIY AND DIMENSION STATEMENTS
MUSY BE INCLUDED AS THEY ARE IN THE OUMMY SUBROUTINES PROVIDED.
COMMDOM STATEMENTS MAY 8E NEEDED.

FOR SOME OF THESE ROUTINES THE LDCATIONS OF ARRAYS ®ITH OYNAMIC
DIMENSIONS ARE PASSED TO THE SUBRCQUTINE BY A SINGLE CALL. FROM
THE MAIN PROGRAM TO AN INITIALIZING ENTRY. If ADDITIONAL SUCH
ARRAYS ARE NEEDED IT WIlLL BE NECESSARY TO MODIFY THE CALLING
STATEMENT IN THE MAIN PROGRAM APPROPRIATELY.

SUBROUTINE CNSTRI(ARBR sPCsPL s QeSXRey SYR:SZRVTRY
ENTRY CNSTRN

THE PURPDOSE OF CNSTRN IS TO DEFINE THE COMMON PARAMETERS. POy OR
EXTRA PARAMETERSs PXe 8Y USING THEM YO SET OTHER VARIABLESe. THE
ROUTINE MAY ALSO BE USED TU ESTABLISH ANY DESIRED CONSTRAINTS.

CNSTRI IS CALLED ONCE FROM MAIMN TO PASS THE LOCATIONS OF THE
ARRAYS LISTED ADOVE.

USER ROUTINE TNSYRN IS CALLED NEAR THE END OF W*RE. WHICH IS
ENTERED ONCE FOR EACH SUBSTANCE., AND NEAR THE BEGINNING OF WCALC.
WHICH IS ENTERED ONCE FOR EACH DNERGY CALCUNLATION.

ON ENTRY, PARAMETERS PLs As SXRe SYR; SZRs TRe AND PX HAVE BEEN
SEY FROM THE QVERALL PARAMETER LIST. SUBROUTINE SETA HAS BEEN
ENTERED AND THE VARIABLES F COMMON/AB/ HAVE BEEN CALCULATED.

THE SUBROUTINE MAY SET POTENTIAL PARAMETERS Q. PLe AR OR BR IN
YERMS OF COMMON PARAMETERS PCe THE CHARGES OR COORDINATES OF
FRACTIONAL ATOMS CONSTITUTING A DIPOLE MAY BE SEY FROM THE EXTRA
PARAMETERS PX, OTHER TYPES OF CONSTRAINTS MAY BE ESTABLISHED BY
SETTING CERTAIN VARIABLES IN TERMS OF OTHERS. I¥F THE CALCULATION
INVCOLVYES MORE THAN GRE SUBSTANCE THEN CNSTRN SHOULD TEST 1IS8 TO
IDENTIFY THE CURRENT SUBSTANCE. COMMON BLOCKS MAY BE INCLUDED FOR
I1SE AND ANY OTHER VARIAPFPLES NOT DIMENSIONED DYNAMICALLYe.e SEE THE
TESYT PRGBLEMS FOR EXAMPLES.

A okodd ko 2ok ok o dok ok sk kokok dok kool ok e Rk xR kg Rk fREgk

SUBROUTINE CWXI(PCsPXs0aTRiXCeoYCy»ZC)
ENTRY CHX

THE PURPOSE OF CWX 1S TC CALCULATE WXy ANY EXTRA CONTRIBUTION TO
THE ENERGY WHICH IS DESIRED BY THE USERe EXAMPLES MIGHT BE THE
INTERNAL ENERGY OF POLARIZATION OR ANY COMTORMATIONAL ENERGY NOT
CALCUILLATED BY GCWXe

CHAT 1S CALLED ONCE FRUM MAIN TO PASS THE LGCATIONS OF THE
ARRAYS LISTED ARDVE.

INSTA4260
INSTa265
INSTA270
INSYT4275
INST428¢C
INST4285
INST2290
INSTaz2956
INST4 3200
INST4305
INST4310
INSTA315
INSTA320
INST4325
INST4330
INST4335%
INST4340
INSTA34S
INSTA350
INST4355
INSTA360
INST4365
INSTAITO
INST4375
INST4380
INST232805
INST43290

INST4395
INSTA4400
INST4405
INST4410
INST#2415
INSY4420
INSTa425
INST4430
INST4435
INST4449Q
INST4445
INSTa450
INST4455
INST4460
INSTA465
INST4ATO
INST4475
INSTA4480
INST2425
INS5Y4490
INST4495
INST45%060
INSYASOS
INSTAS510
INST4515
INSTA520
INSTAS25
INSYT4530
INSTAS3S
INST2S40
INST&SAS
INST&#550
INST4555
INST4560
INST456S
INSTAS70
INST4575
INSTA580
INSTA585%
INST4590
INST459S
INSTA4600
INST&4505
INST4610
INSTAGLS
INSTAG20
INSTa45625
INSTA4G630
INST4H635
INST4640
INSTa6AS
INSTA&SHSH
INST4655
INST45E0Q
INSTA66S
INST&4670

USER ROUTINE CWX IS CALLED FROM WCALC JUST BEFURE GCWX IS ENTERED.INST4H7S

THIS OCCURS OMCE FOR £aCH ENERGY CALCULATINONG

INSTas8¢0
INSTEHED
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OM ENTRY THE EXTRA ENERGY WX HAS BEEM SET TO ZERU. SUSROUTINE
CHMSTRN HAS BEEN CALLED, ATOM COORDINMATES XC» ¥YC» AN ZO ARE
AVAILABLE.

THE SUBROUTINE SHOULD SET WX AS DESIRED BY THE USER. THE UMITS OF

EMERGY ARE KCAL/MOLE FOR THE FORMULA UNIT CONSISYING OF ZAM(1)

ATOMS OF CACH KIND. FUNCTIONS DST, ANG. AND CONF ARE AVAILABLE FORINST4T20

THE CALCULATION OF DISTANCES,  ANGLES: AND CONFORMATION ANGLES.
THE CURRENTY SUBSTANCE CAW BE DETERMIMED 8Y TESTING 158. COMMOM
BLOCKS MUST 8E INCLUDED FOR WX, 15B, AMD OTHER VARIABLES NOY
DIMENSIONED DYNAMICALLY .

FUNCTION GPOTI{AR SR IACT v ICT o ISCe JAC-PCoPLaPX 2 Qe SYMe KU WL 5 2C3
EMTRY GPROT(IS8s1sds 1A sJA [KaJHaGK »GY 2 GEADXsDYVSDZa R

GPOT SERVES THE SAME PURPOSE AS REPL BUT MORE ARGUMENTS ARE
AVAILABLE TO IT. COMPLICATED ATOM PAIR POTENTIALS WHICH DEPEND
OM THE ANGLES MADE WITH ADJACENT AVOMS CAN BE COMPUTEDR.

GPOTI IS CALLED ONCE FROM MAIN T3 PASS THE LOCATIONS OF THE
ARRAYS LISTED ABOVE.

USER ROUTINE GPOT IS5 CALLED FROM WCALC IN THE DIRECT LATTICE
SUMMAT IONS IF THE INSUT TREP.EQ«fs Se 63 DR 7, THERE WILL BE ONE
ENTRY FOR EFEACH AYOM PAIR IMOLUDED. FUNCTIOM GPOT 1S NMOY CALLED
FOR BONDED PAIRS QR FOR ATOM PAIRS IN THE SAME RIGID BODY. IT 13
NOT CALLED FOR GEMINAL ATOM PAIRS IF [GEM-EQ-1.

ON ENTRY 1S58 INDICATES THE CURRENT SUBSTAMCE, I AMD J ARE THE
ATOM NUMBERS (IM THE FULL UMITY CELL) OF THE NON-BOMDED PAIR: 14
AND Ja ARE THEIR NUMBERS IN THE ASYMMETRIC UNIT, IK AND JK ARE
THEIR CHEMICAL KINDS. GXo GYe AND GZ ARE THE UNIT CELL TRANS-
LATIONS FOR ATOM Je. AND DX. DYs AND DZI ARE THE COMPONENTS OF
THE ATOM~ATOM VECTOR IN THE LRYSTAL SYSTEM., R IS THE DISTANCE.

THE USERYS PROGRAM MUST SET GRPOT TO THE YALUE OF THE POTENTIAL
EMERGY IN KCAL/7MOLE FOR THE PAIRS

SUBROUTINE MASTERINST)

THE PURPQSE OF MASTER I3 TO PERMIY THE USER TO INCREASE THE
OVERALL STORAGE AVAILABLE FOR ARRAYS WITH OYNAMIC DIMENSIUONS.

MASTER IS5 CALLED ONCE FROM MAIN.

THE USER MAY INCREASE THE DIMENSION OF ARRAY S AND SET NST
ACCORDINGLY »

SUBROUTINE REJECTL {SBoHXaHYsHZ» IRE.I}

THE PURPQOSE OF REJECY IS TO BYPASS THE STRUCTURE FACTOR
CALCULATION FOR SPACE GRDUP ABSENCES AND THUS TO SPEED UP THE
RECIPROCAL LATTICE S5UM FOR COULOMB AND VAN DER WAALS EMERGY OF
CRYSTALS. OMITTING THIS ROUTINE SHOULD HAVE NO EFFECT ON THE
NUMER [CAL. RESULTS.

REJECY 1S CALLED ONCE FOR EACH RECIPRUCAL LATTICE POINY ON THE
FIRST ENERGY CAULCULATION OF EACH CYCLE., IT IS5 NEVER CALLED IF
TMOL oEQele DR CK2EQr 0o URA{ ICMBLEQe 0o AND» IVDWLEQ D) &

ON ENTRY ISB INDICAYES THE SUBSTANCE. HX, HYe AND HZ ARE THE
INDICES QF THE RECIPROCAL LATYICE POINY {(REAL%*4)., IREJS IS ZERO.

THE SUBROUTINE SHOULD TESY THE INDICES HXs HYs AND HZ AND SET
IREJ=1 FOR A COMBINATION WHICH DESCRIBES A SPACE GROUP ABSENCE.
SEE THE TEST PROBLEMS FUOR AN EXAMPLE,

CAUTION~ WHEN SYMMETRY CONSTRAINTS ARE RELAXED THEN SUBROUTINE
REJECT MUST BE ALTERED APPROPRIATYELY OR OMITTED.

FUNCTION REPLI{AR:BRsPCPL,PX,0}
ENTRY REPL(ISB8+IKJKoR2

THE PURPOSE OF REPL IS TO ALLOYW THE USER FLEXIBILITY IN
CHOQSING THE FORM DOF THE ATOM-ATOM REPULSION {OR ATTRACTION]

POTENT{ AL «

INET4O90
INGTAEUS
IHSTA&T0O
INZYTAT0S
INGT4TL

IMNST4TID

INSTEYZ2S
INSTATIC
INST4T IS
INST4TS0
INSTETGS
INSTATS0
INSTATSS
INSTETLY
INSTaTAS
INST477O
IN3TATFS
INST&THQ
IHSTATAS
INSTATI0
INST4TES
INST48D0
IMNSTAB0G
INSTaB310
INSTE2E815
IHNST4820
IMST4825
INST4830
INSTAB835
INSTAa24 4
INGT4845
INST48%0
IMNST4855
INST4860
INSTAB65
INSTARTO
INST487S
INGTA880
INST488%
INSTA89G
IM3TA83S
INST4200
INST&905
IMST4910
INST491 S
INSTa920
INSTRR25
INST4930
IN3T4335
INST4940
IMSTA&9245
INSTLIS8
INST493S
INSTA960
INSTAQ6S
INST4ITQ
INST497TS
INST4R80
INSTA4GES
INST4990
INSTARO9S
IMSTSOBO
INSTS00S
INSTS010
INSTS01LS
INST5020
INSTEDZ2S
INSTES030
INGTS035
INSTS04C
INSTS042
INSTS050
INSTS05S
INSTS5060
INSTS065
INSTS070
INST507S5
INSTS080
INSTS08S
IMSTS5090
INSTS00S5
INSYS100
INST5105
INSTS110
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1)

2)

a)

35)

6)

100

REPLI IS CALLED ONCE FROM MAIN 0 PASS THE LOCATIONS OF THE INSTSEi5
ARRAYS LISTED ABDVE. INSTSi20

INSTS125
USER ROUTINE REPL. IS CALLED FRDM WCALC IN THE DTQE“? LATTICE INST5130
SUMMAT IONS IF THE INPUT IREPTQs2e 3e Sy UGR 7 HERE WILL DBE ONE INSTS 135

ENTRY FOR EACH ATOM FAIR INCILUDED. FJ%&TIDN REPL IS NOT CALLED INSTS5140
FOR DONDED PAIRS O FOR ATOM PAIRS IN THE SAME RIGID BUDY. IT IS INSTSi145

NOT CALILED FOR GEMINAL ATOM PAIRS IF SEGale INSTSE50
INST5I
DN ENTRY IS8 INDICATES THE CURRENT SUBSTANCE . IK AND JK DEFINE INSTS160
THE CHEMICAL KINDS OF 5 IN THE PAIR, ANG R IS THE CALCULATED INST51635
INTERATOMIC OISTANCE. INSTSi70
INSTSLFS
THE USER'S PROGRAM MUST SET REFL TO THE VALUE OF THE REPULSION INST5i80
ENERGY IN KCAL/MOLE FOR THE PAIR,. INSTS5L85
INSY5i50
Rt e A . . L AT £ S S L A TS e A A A T R 4 TR S0 N Yo o T e e T R e et Y e . s e o o s, e . . S, . S A S i I NS T5 ’i‘ -,:) :—‘i
INST5200
SUBROUT INE WONFI(IKA o JAC: PL} INSTS205
ENTHY WONFOIASJALKAL AsCNF,ITKI,WTF) INST52i0
INSTS215
THE PURPOSE OF WONF IS TD ALLOY THE USER COMPLEVE FREEGON T0 INSTS220
SPECIFY THE PUTENTIAL ASSOCIATED WITH AN INTRAMOLECUL AR TORSION  INSTSZZS
ANGL. €. INSTH23
INST5235
WCNFI IS CALLED ONCE FROM MAIN TO PASS VHE LOCATIGNS OF THE INSTS24.0
ARRAYS LISTED ABOVEe INSTS5245
INSTS250
USER ROUTINE WONF IS CALLER FROM GCX ONCE FOR EACH OF THE INSTS:

TORSTION ANGLES ABRUT TWC ATOMS SPECIF{ED IN VHE CONNECT ION TARILE INST926O
AS TACT{.a) AND ICY{IsJ)e WINF IS CﬂlLrD ONLY IF ITSR{1sJ) el Tels INSTS5265

INST5270
ON ENTRY TA, JA, KAs AND LA ARE THE NUMBERS OF THE ATOMS WHICH INSTS275
DEFINE THE CONFORMATION ANGLE. CNiF IS THE ANGLE IN DEGREES. INSTS5280

IT.F IS THE IMPUT INTEGER ITBR{I«J)s A NEGAYVIVE NUMBER. ITS VALUE INSTS285
MAY BE SPECIFIED BY THE USER AS AN INDICATOR. THE ENERGY WCF HAS INSTS2¢0

NOT BEEN CLEARTD. INSTH295
INSTS300
THE USER'S PRAOGRAN MUST COMPUTE WCIT, INSTS
ASSGCIATED WITH THIS ONE CONFORMATI O ANGL INSTSE
MAY BE AS MAMY AS NINE SUCH TORSION AMNGLES INSTSE
PAIRG INSTS
INSTS.
kg kkkRv ok ik dkh kbR bk bhi kRl bR e kR iRk SRk e SRk a R b kX INSTST
INSTS
6.3 COMPILING AND TESTING WMIN INST5340
INST5345
THE PROGRAM AS DISTRIBUTED CONSISTS GOF A SINGLE FILE CONTAINING INST5350
AY FORTRAN S0OURCE PROGRAMS MAIN TO WRAG. INSTS355
8% INSTRUCT [ONS AND GLOSSARY, INST5360
C) DUMMY L TEBRARY ROUTINES ICLOCK AND IDAY, INSTS3EGS
D) FORTRAN USER ROUTINES FOR THE TEST PROBLEMS, INSTS5370
EY DATA FOR THE TEST PROBLEMS. INSTS37S
THESE ITEHMS SHOULD BE SAVED OMN A DBATK-UP TAPE: LISTED, AND THEN INSTE280
SEPARATED, EITHER BY EDITING THEM INMTO INDIVIDUAL FILES OR 3Y INSTS5385
PUNCHING CARDS WHICH CAN BE CIVIDED UP, INSTS390
INSTS53%5
ROUYINES MAIN TO WRAG SHOULD BE COMPILED TO YIELD AN OBIELT INSTS200
PROGRAM, (SUBRCUTINES WHMIN AND WCALC MAY REQUIRE MOGARE THAN THE INSTS5405
USUAL. MEMORY REGION FOR COMPILATION.,) INSTS410
INSTSE4LS
DURING THE LOADING PROCESS THE PROGRAM ¥Wiil CALL FOR LIBRARY INST5820
ROUTINES ICLOCK AND IDAY. THE DUMMY ROUTINES PRIWVIDED CAN BE INSTS425
USER TEMPORARILY, If NECESSARY. INST5430
INSYE433
THE PROGRAM ALSO CALLS DERFC, THE DOUBLE-PRECISION ERRUOR FUNCTION INSTS4490
COMPLEMENT s AMND OTHER STANDARD ARITHMETIC FUNCTIDNSG. INSTS445
INSTS550
DURIMG EXECUTION THE PROGRAM OFTEN CALLS THE EXPOMENTIAL FUNCT ION INSTS4SS
DEXP WITH LARGE NEGATIVE ARGUMENTSe. ON 3S0OME SYSTEMS THIS witL INST5460
CAUSE EXPONENT UNDERFLOW. THE USER SHOW D ARRANGE TO HAVE THE INSTSa65
RESW. T REFPLACED 8Y ZERD AFTER EXPONENT UNDERFLQW. DEPENDING ONM INSTS54790
THE INSTALLATIONs THIS CAN BE DONE BY INSTSAFS
A) ADDING CALL ERRSET{208+256+s-190:1) TO MAIM, INGTS4R0
B1 USING THE OPTION PARM:GO=*zU=~1t', OR INSTS5485
CH USING A VERSION 0OF DEXP WHICH SETS UNDERFLOW TO ZERO. INST5430
INSTS405
THE PROGRAM USES THE FOLLOWING DAYA SET REFERENCE NUMBERS, AND INSTSSOO
THE APPROPRIATE DATA DEFINITION CARDS SHIDULD BE PROVIDED. INSTSS g
INSTESE
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101

REFERENCE NUMBERS INSTS545

DESCRIPTION SYMBOL VAL UE SEY BY INSTSS520
INSTSHSZS

STAMNDARG IMPUT USING - S SYSTEM INSTS530
READ STATEMENTS INSTS5535
INSTSS4D

STANDARD DUTPUT USING — & SYSTEM INSTS549
PRINY STATEMENTS IMSTES80
INSTS555

CARD OUTPUT USING - 7 SYSTEM INSTS560
PUNCH STATEMENTS INSTSSES
INSTESTO

INTERMEDIATE STORAGE (A) ND 20 MAIN INSTSE575
FOR EACH SUBSTANCE INSTS580
INSTSES8S

INTERMEDIATE STORAGE (8) NB 21 MAIN INSTS59Q
FOR EACH SUBSTANCE INSTEE9S
INSTSHOD

SUMMARY 0OFf RESULTS PRINTED MSP 6 MAIN INSTS605

ON STANDARD STREAM IN3T5610
INSTSH1S

SUMMARY 0OF RESULTS PRINTED NSD 22 MATM INSTSH20

OM SEPARATE STREAM {HSTS625
INSTH630

THE USER ROUTINES MAY BE COMPILED AT RUN TIME. THEY OVERRIDE INSTS635
THE DUMMY ROUTINES INCLUDED IN THE CBJECT PROGRAM. INSTSS&S
INST5645

THE TEST PROBLEMS ARE EXECUTED BY INCLUDING THE USER ROUTINES INSTSHS0
PROVIDED AND READING THE TEST DATA AS INPUT. THE OUTPUT CAN BE INSTSHSS
COMPARED WITH THE EXAMPLES PROVIDED. INSTSZ660
INSTHO6S

e e e e e o oo o o ok e ek o e o ook o ok ook ke e ol ko ko koo sk R ok kol ok ok ok kR ok Ok oK R R R R F R I NS TSHT O
RETURN INSTSHTS

END INSTS680
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Progran

TOTAL NJUMBER OF CARDS TRANSMITTED
PROGRAM WM IN

(FORTRAN AND TEST DATA) IS 6748 M
M

PROGRAM TO REPRESENT CRYSTALS OR MOLECULES BY A PUTENTIAL-ENERGY
MODEL. ADJUST PARAMETERS OF THE POTENTIAL, ADJUST THE STRUCTURE
FOR MINIMUM ENERGY, OR CALCULATE ITS VIBRATIONAL FREQUENCIES.

WRITTEN BY We R
LABORATURY s Pe O«

BUSING,
BOX X

CHEMTSTRY DIVISION,
OAK RIDGES

OAK 2IDGE NATIOMAL
TENNFSSEE 37330

REVISED DECEMBER 1980
SEE SUBROUTINE INSTRU FOR DATA INPUT INSTRUCTIONS.
SEE SUBRQUTINE GLOSS FOR DEFINITIONS OF SYMBOLS

CALLTNG PROGRAM TO PROVIOE D{MENSIONING OF ARRAYS AT RUN TIME
INPLICTT REAL %¥8(A-H,0-Z)

REAL*S NAMLIM.NAMARY

DIMENSTON NAMLIM(32}.LIM(32),NAMARY{133),L1{133),L2(133)

19 {TYPF {1331 ,NWORD{133)sK({134}43KADR(133)

DATA NAMLIM/G6HNPCMAX s 6H NAMAX » SHNKAMAX < 5H NSMAX, 6HNRBMA X s 6HNP XMAX

1 s SHNCTMAX 3 SHNSCKAX , 6H MMAX ¢y GHNFSMA Xy OHNGSMAXy SHNPSMAX s 6H NPMAX
2 +OHNOSMA Xs 6H FIOMAX s 6H NVMAX s 6H + 6H 2 6H +6H 0
3 +BH 2 » 6h 3 » 6H 4 +6H 5 +6H 6 s6H
o s OH a 18] 2 B 10 » 6H 11 s 6H 12 /

DATA LIM/ZD*J't-Z.Bvéc 6973819510, 11412/

DATA NAMARY/6H ACZ 6H AKE o 6H AM + 6H AMASS, 6H AN +6H
1 +6H  BR +6H BTR 56H CHAR +6H CMBT 4+6H CSV .6H 0P +6H
2 16H Oow s 6H DWDG 4,6H DXQ «+6H DYC .BH  DYQ +6H
3 +6H ERR ,6H EVAL s6H EVEC 46H FMC ,B6H FREQ .6H
4 » 6H GYT +6H GZT +6H HMT 46H HXT +6H  HYY »6H
5 +6H TACT +6H TASV ,6H 1AT +6H TAZ 464 T1CC 6H ICT ,6H
6 16H IKA 46H TQUT 46H IRB s6H IRBC ,6H ISBP ,6H 1SC +6H
7 +6H ITBR +6H 11U 46H IV +6H 1w »6H I1Z +8H JAC 46H
8 »6H JAT «6H JOTS ,6H JOUT 4 6H JSV +6H KASV 46H KP »6H
S +6H § KQ +6h KQC +6H KOS 45H LA3SV 46H LBCI ,6H
A v6H L M3 +» 6H NAME 4 61 NAMK 6H NAMP ,5H NAMPC.6H
B8 +6H NAMS .64 NOfIS 46+ NOSS 4 6m NOUT .6H 2 2 5H PBASELOH
C +6H PCMN +6H PCMX ,6H PCSY 4+6H PD + 6H P 16H PMN +6H
D 164 PS +6H PSSV +6H PX +sBH PXMN 46H PXMX ,EH PXSV 464
= y6H RFPT +6H RSV 26H RTY ,6H SAN ,6H SMC ,6H SP  ,6H
F +6H SRBT 4+6H SSR +6H STR s O6M SYM s6H SYR +6H
G +6H TMAT ,6H TQ +6H TR v 6H VBEST,5H VDWT ,6H
H WMAT 4 6H wp sBH WSV S6H
1 XYZD 46H XYZR »6H YC +6H
J

20y 21 16 21
1 2 21, 21, 2t 2%
2 2 21 21, 21, 164 16
3 21 21, 21« 2 21, 21
4 21, 21 21, 21 2k 21
S 2%, 21y 2Ly 24 24, 24
6 21 21, 21, 21y 2 21
7 Phy 214 21, 21, 2 21
8 . 21, 21, 2l 21, 21 21
Ed . 21, 21, 21, 21 21 21
A . 21y 21, 21 21, 21 21
B 21, 21 21 214 2% 21
< + 21, 21, 21 21, 2t 21
D . 29, 21y 21 21 2% s 21
F . 21y 21y 21y 2 21 21
F 0 21, 21 21y 32, 21 21
G . 14, 21, 234 219 21, 21
H . 21, 21 14, 21, 21, 2
{ . 23, 23. 23, 23, 2 21
J ’ 2/

DATA L2/ Se 20 3 164 3
1 . 3. 14, 4., 1l 134 1
2 ) 6 13, 16+ 15, 2 2
3 . 13, 164 16, Gy 16, 1%
a4 . 11, 1l 11 13 19« 12
5 7 G il Ay T T
6 ) 24 16, 2y 134 9
7 0 T S S S e 9
8 . 1, 14, 15, s 13, 1
9 . 2 13, 1y 9 8, 8
A ) 3 13, 2 13, 1 6
B » 15 14, 13, 13, 1
C . 1 1. 1, 3 13, 13
D ' 16, 13, (<R3 6 6 3
E . 11 11, 11, 4y 13, 14
Ll 0 11, S S 4 S 5
G * 14, 18, S 4 13, 11, 16
H 0 10 13 14, 3 13, s 4
14 . 2 2 2 2 2, 4 2
4 + oz

DATA ITYPC/ By By B =23 B 8
1 . 8y By 8 4. By B 8
2 . 8 8, 8 By =X 8¢ 8
3 . 8 8B 8 Ay 4 8 8
4 ) 4, 4 4, 4y Y 4y 4
S . 4, b, 4y 4. a4y 4 4
6 . 4y 4., 4 4 4. 4 a 4
7 * G 4. LX) 4 4 44 4
8 + LY 4, 4. 4y 4y 4
9 ) 4, 4. 4, 4. 4,y 4
A v 4, 44 4 4, 4y 4
8 . LY LX 4. 4y Ky 8
C . B4 B By B By 8
3] v By 84 By 8 8, 8
E L33 -2 4. By 4y 8
F . L 84 8 8 8, 8
G » B8 B 8. 8 8y 8
H . By 8 84 By 8 a8
1 » By By B B B 8
J + 8s

C
C

an

an

faXal

oo

(a3}

@

20

40
60

70

75
80
90
95
100
1o
120

140

150
160

JMAX/ USED BY MAIN, WMIN, WOYN, WPRE. WCALC, AND GCWX MAIN 530
COMMHN/MAX/NDCMAX'NAMAK,\IKAMAX.NSMAX- IREIMA X o HP XMA X s NCTMAX e NBCMAX MAIN 535
14 MMA Xy NFSMA X NGSMAX s NPSMA X NPMAXy NOS SMAX s NOMAX s NVMAX s NOy NB o NSD o NSP MATN 540
MATHN 545

DIMENSION OF OVERALL STORAGE ARRAY $ [$ SET IN SURROUTINE MASTER MATIN S5Q
COMMON/S/S(1) MAIN 555
CALL MASTERINST) MAIN S6&60
MAIN 565

READ AND PRINY LIMITS MAIN S70
QEAD 10,(LIMCY).1=1,416) MAIN 575
FORMAT(819) MASN S80
DD 15 1=2,16 MAIN 585
TF{I +EQe6EeORe [oEN D0 15 MAIN S90
IFILIM(T)«EQ.0) LIM( MATN 595
CONT INUE MA [N 600
P‘(INT 20s (NAMLIM< t)s 1y 8)s(LIMCT) MAIN 605
s CNAMLUEIMIT ) 9y 16) s {LIM(T) MAIN 610
FDRMAT('IDVNAMIC DIMENSIONS FOR WMIN® MAIN 615
17907, B{2XsA6) /X8 IB/*0",8(2X,A6)/X,818) MAIN 620
MALN 625

PUT LIMITS [N COMMON/MAX/ MAIN 630
NPCMAX=LIM{ 1)} MAIN 635
NAMAX LIME 2) MATN €40
NKAMAX=LIM{ 3} MAIN 645
NSMAX =LIM( 4) MAIN 650
NRBMA LIM{ S MAIN 655
{ 6) MAIN 660

«7) MAIN 665

( 8} MAIN €70

L « 9) MAIN 675

L 110) MAIN 630

L S1t) MAIN 685

L {12} MAIN €90

L 113 MAIN &35

LiM (147 MAIN 700

L {15« MAIN 705

L {162 MAIN 710

MAIN 715

SET DATA SET REFERENCE NUMBERS MAIN 720
NO=20 MAIN 725
N8=21 MAIN 730
NSD=22 MATN 735
NSP=6 MA:IN 740
MAIN 745

SPECI AL TREATMENT OF AUXILIARY MATRICES TMAT AND UMAT MAIN 7S50
LL=1a MAIN 755
IF{NVMAX.GT-NDSMAX) LL=16 MAIN 760
Liiiez) MAIN 765
Ll(115)=LL MAIN 770
L2{112)=LL MAIN 775
L2(115)=Le MAIN 780
MAIN 785

COMPUTE LOCATIONS FOR VARTABLES MAIN 790
K(1}=1 MAIN 795
Do 60 + 133 MAT N 800
NWORD{TISLIM(LICT}IRLIM(L2(I)) MAIKN 805
IF(ITYPE(I).EQeB) GO TO 40 MAILN 810
IF(MOD{NWGRD( I),2)«NEs0) NWORDI(I)=NWORD({I)+1 MAIN 815
K{T4+1)=K(I)+NWORD(I) /2 MATIMN B20
60 TO 50 MAIN 825
K{I+1)=K(I}+NWORD{ ) MAIN 830
KADR(I}=8%(K(I)-1) MAIN 835
CONTINUE MALIN 840
KST=K{134}-1 MAIN 845
KOIFF=IABS{NST-KST) MALN 850
KBYTE=KDIFF/128 MAIN 855
MAIN 860

PRINT DIRECTORY MAIN 865
12=0 MAIN 870
11=12+1 MAIN 875
T12=11+9 MAIN 880
IF{12.GT.133) 12=133 MAIN 88%
PRINT 7S,(1,1=11,12) MAIN 890
FORMAT(*0*,11X,10111} MAIN 895
RINT 80, (NAMARY(T),3I=11412) MAIN 900
FORMAT{' ARRAY®*:6X,10(35X,A6)} MAIN 305
PRINT 90, {NAMLIM(LL (1)) 1=11,12) MATN 910
FORMAY (' DIMEN—'+S5X,10(" {'=AB)) MAIN 915
PRINT 95¢ {NAMLIM{L2(I}).1=11412) MAIN 920
FORMAT ( SIONS*,6X.10(" ' ,AG. ') )) MAIN 3925
PRINMT 100, (NWORD(I}.1=11,12) MAIN 930
FORMAT{! WORDS*,6X,10111) MAIN 935
PRINT 310, (ITYPE(T),3=11,12) MAIN 940
FORMAT [* BYTES/WORD ¢,10T11} MAIN 945
PRINY 1204 {KADR(I).1=11412} MATN 950
FORMAT(* HEX ADDRESS*,10Z11) MAIN 955
IF(I2.NE-133) 60O TO 70 MAIN 960
MAIN 96%

PRINT TOTAL STORAGZ USED AND TEST FOR OVERFLOW MAIN 970
ORIMT 130,KST,N5T MAIN 970
FORMAT('0%,18,' 8—~BYTE STORAGE LOCATIUNS HAVE BEEZMN REQUESTED. THE MAIN 930
1 PROGRAM IS DIMENSIONED FORY,18}) MAIN 935
IF(KSTLLE.NST) GO TO 150 MAN 990
PRINT 140sKDIFF,KBYTE AIN 995
FORMAT { "OCOMMON/S/ AND NST MUST RE INCRFASED BY',16,' WORDS. THIS MAINICOO
IWILL ADD®, I4s 'K BYTES TO THE REGION USED.*) MAIN1OOS
CALL EXIT MAINLOLO
PRINT 160sKDIFF,KBYTT MATNLOLS
FORMAT { *OCOMMUN/S/ AND NST MAY B8F DECREASED EY"XB«' WORDS. THIS WMAINIOZ2O
21{LL RFDUCE THE REGION USED BY'.14,'K YT MATNLO25
MAIN1030

MAKS INITIAL CALLS TC PASS ARRAY L MAIN1033
CALL WOYNI (S(K(2)}):S(K(4))yS(K:iB) AAIN1ID40
l.S(K(lQ)l-S(K(iO))sb(K(ZB)]-S(K'\ZF MAIN104AS
P SLK(TTIIGIKIBO))-S{KiBI }IMALINLOSO

Y uS{K(127)345(K(1283)+5(X MAINLIOS5S

I (S{X{1)),S({K(4))sS{K(E) MA L N1OE&G

+SEKE35) 143(K(328))sSIK(S4D MAINLDES

201
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2eS{KIL I3 SIK{ AT K{49¥)s S{K{3 }125{K(52}) MATNLIGTO
F.SIN( 13, SIKL{ST K{63}eS(K oY JIsS{K(SBI} MAEN1DTS
458 TK{ 2} )3 S{K{T3 {7435 ¢ SLE(T Fre S(K{TS}) MAIHL080
ERR-18.5¢ 3lss(K{EY K905} :SiKIG 3¥.S{K{95Y} MAINIOBD
BaSEK( 2¥8y5IKLY 2 SIK{1DE}) 558 KL{1681)) HMAT N OO
TSR 11037, S{K( W SIK{11A)},.5 {11260 MAIN10GS
83 3¢KL 132335 8{R( »SIK{BLY MALNLYOOQ
ouMMY £ O{SIRE12 )8 IK S{K(TI),SIKL 13Y.S{K{28)) MAINIICE
IR R4 IN{28) ¥}, 8(K{29 KIE0F ) o SIKE2 31.SI{N(33)) MAINIIND
2:5(K( (437 e SEK{ID R{42) ), S{KLA 13eSIKL47) Y MALNITLS
Fy SR (R{S1I8{KIB2 K{5323,3S{R{S 313,5¢(K{58)) MAINIL20
4baS{KY (KET2Y)48EKR(6L K{B3}},siKie 124SiK€53)) MAINE125
3eS(K¢ {K{97}JsSLK{9a K{99)}s3(KL1 Q3) e SIK{I03}IMAINILIG
€4 S{KC S(K{E30), SLKY 2S{K{114} )5 (K120} MAINTILI3S
e SIKL s{x{126}13,2{K{ »SIK(1331),8 triizal} MATHILI4D
84ySEK{ MATNIL45
CALL SCKE3B7 .50 KL s SIREIBI e S{KL{ 403 3-,5{K{H1)] MAINILIGT
$3(K K{aa) ), S{K{BS {K{59F ) +S1K(60) 1PeSE{KI83)) MAINLLISS
»SIX {K{543 ) SIK{7 MAIN12£D
(K{125) )5 SUKL TaS{R{IZ3) Y MAIN1L1ES
MAINLLITO
MODIFY THE ¥ ING CALLS Y0 PASS OTHER ARRAYS MAINILT?S
{S{K1®}i»S{K{ (KB -SIK(BEIILSIKI{GIIT . B(K{OT}} MALIN1ILIBO
€RLTI08) s SURY +SEK{1143 %) MAINILBS
(K{831),5(Kig TRK(OTIIaS{K{114)1,S{KIY25)) MAINL1GQ
TR(13333) MAINLEISS
ESIR{ &1} s SIKRL {KEE31I+5(KIBRI ) »S{K{TIIIS{K{IT}I)) MA{NI200Q
(SLKE61D,S{K( {R{353 3¢ S(K{A03)S{K{47)),S{K{54)) MAINL20S
IK{88) 1 SIK(93 K{97}131.,5{K{109))S(K{22S}} MAINEZ2LO
St®E{i1323)} MAYNIZLS
CS{K(a2)) - 5{K{ S{R{B33} MAINL1220
MAINL22S
WIYH ARRAY LCC S AS ARGUMENTS MAIN1230
CALL WMIN {S{K{Y}?s S(K(I} (LA} SEK{SEILSEKEE] I 54K(T7T MAINLID3S
VaS{K{BI 3y S{K{12))+S(K(13} (1513, S{KE1617,S{K{18}},S{R(21)) MATNI24D
2,8(K(22) ), S{K(23) ), 5(K{ 24 K{25¥1S{K126) 3. SIK{3SI}, S{K{38)) MAIN1245
2.5 K140 SIR(A1T 150K 42 KEA333,8{IK(443).S{K({n3)).5(K(a6))? MAINL 250
4¢SIREATI), S{K{AT) )2 5{R(S0 K{S1) 1y S{K({52)3+S{L{53}},85(K(54}) MATNLI2S5
S,S{K(5TYeS(K(5BYY, S{K{EL K{62Y ) 4S{K(BEI 3, S{K{553F45{K{E8)) MAIN12EQ
593 K69} SIK(TO) ), S(K{?Y KIT21) ) S{R(TII 2, 5{K(74)),5(K{75)} MALHM126S
TsS{KE7TIISIK{7EI)-SIK( 79 K{BCI I SIKI(B1}},S{K{BZY)2SIK{BI}} MAIN1Z2TO
B2SIK(58Y),S(K(BE}ISLK{B7 K{G66Y )+ S(HIB89) },SIK{C0}j+5{KIT1}} MALNIZTS
FeSIKLI2) )y S{K{T3) 12 S(XKLSY KL108)1,S{K(102)3,5(KL1203}) MAIHI250
AsS{K{134)} 4 SEKL109}) ¢ S(KR( e SIKLIL3TY, S{R(15))4S({K{L1G}} HAINL28S
BaSTK(1181}«S{KCLITY ). SIXKS $S{RE 1221 ), SIK{123) }+5(K{125)) MAINIZ220
CeSIKUI1263) (SEX(130Y)» 50T $SIM(3I32) ), S(KL132}}) AINLI25S
G3 T 5 MATNYZ0Q
END MAIN130S
SUBROUTINE WM IN (ACZ,AMJAMASS, ANy ARBR WMIN 1
£ BYRSDPDPC,OM,D¥0Q DYCLEPS WHMIN 10
YERRGEVAL: EVEC,FRC,FREQ,TACT TAZ WRIN 1S
35 ICT IDZ, KA, (0UT . IRBIRBC, ISEBP wHMIN 20
351S5CeTTBRe TU YV, §Ws Y Z 5 JAL WHIN 25
F2d0TS, JOUT (KPP (KPC 4 KO KAC,LETT WMRIN 30
EelBUI L §9MI s NAME, NARK s NAMP s NAMPC wWMis 35
7o NAMS s NCES s NTSS.NOUT« #, PEASES PC WMIN 40
B PCMNPUMN s P D3 PL r PHN,PMX,PS WMIN 45
QPSVPX1Gs SANISMTSSP WHIN 50
AsSOW, SYM, TMAT s TQ2 UMAY s VBESY WMIN S5
BaVMs VNVHMAT cWhis WP s XC WMIN &
CeXYZs XYZIR YT e ZAM, ZCH WMIN 85
YMPL(CYT REAL*EB(A~H; G2} wWMEN 7O
DIMENSION ACTZ (991 22AM{1),AMASSL1),AN{1),4R{1},BR{1) AMIN TS
1,BTR{EIDP{L) . DPCEI I DWC13,D9DG{1),DYCI1)EPS{L) wALN
2.7 (1):EVAL (LY EVECLL I ,FMT(L} «FREQ{IIZLACT(II1A2{€,1) wMIN 85
J2ICTL 233 ¢102(4,1)-IKA{L} ,T0UY(1},TRB{1I,TRBC{1},I55P(2) WMIN SO
45(SCU1Y1TBR{A15 800 Y IV{), INE1}12{01 )  JaC{1} wMiN 95
S JOTS{ Y4 JOUT L}, KP UL} +KPT(1,KQ(IYKQT(2 ), L8CItl} WMIN 100
ColBCILLFL TL{L 3 yMITL) oNAMECS ) s MAMKIT J o NAMP (L} s NAMPCE L) WMIN 105
7y MAMST 1), N0BS(13,NCSS{1)1sNAUT{23.P{1}+PBASE(L) PC{1} wHIN 110
SaPCMN{LY s PCHMRCLIIsPD{L I PLILY s PMNUL) sPMN{L 1 ,PS(T 1) WRIN 1(5
9aPSVY L) aPX{1)aQ12)55ANL2)-SMTELD.SP(22 wMInN 120
AsSPW{ L) sSYMIE 258 o TMAT{ 1) 47O Jo UMATIL) o VBEST{ 1) WMIN 125
BaYMUL) g UN(LE)yWMAT (12 ,WNEL),WPIL) XC{1) WMIN 130
CoXYZA25 4T XFZRE34 1T YCL122ZAMI 1D, 20( 1) WMIn 135
ZOUBL Y/ USED 8Y wMIN: WOYN. WPRE> WCALC, GCWX» TIMOUT WMIN 14
CTOMMONS DUBL/ALE} s ACLD )5 ACSIO) ) ASVIE ) s CALO) s CAD(D) HCK WMIN 145
1y CKHKCAL ,CRA{GI S OAA S DATE R FRCAL , WRL,PY ,PICK,PICKZ,PYDKSG Wit 150
23R INHZOLIN{SE ). QMAXRORESYI T RLIMIS) JRMIG) JRMAXRTPIZ WRIN 1£5
32 5A(6]) » SIGWL T TH{S?, TP s TRT{2} s TV{3} WMIN 160
AUT{O) sUVIZI cUWLS s WC HOSSHNS{ O o WV e WXy XYZAI 3 ) s XY TASTI IS WHMIN 1565
5.XYZD5E 315 ZMC wMIN 170
SSNGL,S USED BY WMINe WPRE, WlIALC WMIN 175
REAL %4 CMBT sF M, FMCsFNS, GX T+ GY TV GZT + HMT s HIXNEG s HAT 3y AYNET WMIN 180
LyHY Ty HZNEG  HZ T3 REPT JRT s SMCSRET s STITLE Y TITLE, VDWT WMIN 8%
COMMOM/SNGL /FMa FNS, HXNEG, HYNEG o HINEGC STITLELLITI L TYITLE{18) WMIN 190
ZMAX/ USED BY MAIN; wWMIns WOYH, WPRE, WCALC. AND GCwX MIN 195
COMMONSMAX NP CALX ¢ NAHMAX S NKAMA X dNSMAK JNRBHA K, NPXMA Xy NCTMAX 3 NBCMAX WMIN 200
s MBAX, NFSHMAX, NGSHAX , NPSMAR y NZHAX, NOSHMAX JNOMAX s NYMAX « NDyNB », NSD W NSP WMIr 205
AITGR/ USED BY wWMIN: WDYN, #PRE, WCALC, GCwWxXy IBYPAS, TIMOUT wMIN 210
CORMONAITORA BN TCTAXS TOENT L (CMB2 2OEM, 1150, TMIL I MK 4 (PLHM, IPRC HMIN 215
Vo YPRT, (RBAVIREPs IRSC, (8B, ISW: VDWW Y WGY s fZANS JCIKP W KH WS L TEY) WHIN 220
23MODE s NAZMAT : NAF s NBC, HCTs NKS yNOS , NB , wPC o NOF NP5 MPK MO TSETA wMIN 225
IINRNEE,NRD NS NTEG T 2Ny s MVAL NV E, NV S RVRLNVUS €9} 4 NVX NN!N 230
DIMENSION DRI} MIN 235
DATA DKYFL 2003+ 26300440005, 23D00¢ g!ﬁOOs:!0'3‘.);»063"0.-OQODO.-OL"-LJ/NW!\I 240
DATA NONESAHNGNMES 265
MIN 2350
FHIS SUBPROGRAM IS CALLED FROM MAIM TO SET LOCTATIONS OF ARRAYS WMIN 255
MIN 260
PROGRAM YO REPRESENT CRYSTALS QR MOLECULES BY A POYENTIAL-ENERGY WMIN 255
MODEL s ADJUST PARAMEYERS OF THE PCOTENTIAL, &4OJUST ThE STRUCTURE WMIN 270
FOR MInNIMUM SHNERGYs OR CALCULAYE ITS VIBRATIONAL FREQUENCIES. wWMIN 275
WMIN 280
CALL YODAY{DATE) WMIN 285
READ OVYERALL TITLE AND COMTROL CARD ¥MIM 293
READ  S.TITLE WMIN 255
EORMATLIRA4) WMIR 300
PRINT L0+ TITLEZDATE WHMIN 305

n

10 FORMAT(IHL, 18464,,8X,A814
RELD 15, MOUE sNCNPCH ILSQe IWGT o TPLMe IPRToNSTG, 18PC
g ARE, SLIMs CMP R XDRDLEPST

i5 FUQMA"(QKl‘i;ﬁ"Q-G}

C'R{\" 20 aMOBE s MT NPT ILSQe IMGT 2 I PLM IPRT W NSTGL1BPC
is KW‘ C'&!—"h KRD,EPST
26 5UQ‘4A {‘u b ledes N NOT LS 15T IPiLM  IPRT  MSYG 1 EPC
i RE SLIM M KORD EPSCH

2FXBI6E, 5:1{--}
1= (VPC«LE'NP»KA\() GO TO S03
PRIMT 22:NACH

22 FORMAT{ Q%% NUMBEQ OF COMYON PARAMETERS EXCEFOS PRISET LIMEIT OF¢

11321 ®k&e)
CALL EMIT
LESN It

CY5
READ COMMON PARAMETER INFORMAT ON
READ 2S5y {NAMPC(TI 35 I= 12 NRC)

Ly N2C)
XeB8{5XsAR)))

395
10
25 EPRMAT(B(EX;A&))
15
36

4“0 FUF‘JAT( MY
1IF{IBPC}S53
B30 READ 25, {0
AS FORMAT(8F
533 PRINT

&5
555 PRINT 70.t¢

+NPCH

{Xe8Y912

NEC)

ERS YD MAIN PARAMETER LISYT

-J -l
PR

MOVE COMMON PARAM
DO 585 I=1sNPC
NAMP(I\—NAMPC(&)

YO ®MODE AND COUNT Thim
570
a7rs

£80
535 CONTINUE

My
PREPARE 10 USE AUXILTARY STORAGE IF COMMON PARAMETERS ARE VARIABL"Q“IN

IF{NVCISID 4,595,590
593 REWIND MO

READ SUBSTANCE IDtNTiFLCATIQN CARD AMD TEST FOR TERMINATION
5G5S READ F0.{S8¢STITL
VG FORMAT{IZ. 1TA4)

lFfiSB)éZO.EOO,sZC
B00 TFENVCIELI04 €08x610

NG MDRE S\JNSTANC:S- ADJUSTMENTS HAVE BEEN MADE. TERMINATE JO3
535 RETURN

NO MOHE SUBSYANCESe PREPARE FOR OVERALL L EAST-SQUARES ADJUSTMENY

610 -ENQ FILE NO
IF{IPRT-3}B154615,635
G115 PRINY 95, YITLE,DATE
98 FGAMAT (1K1 1 1BAB¢BX,AB)
G TGO 35
READ AMD PRINT TNPUT. MAKE Pr\ELlM CALC FOR CURRENT SUSSTANCE
€20 BRINT 103, TETLE(DATE, SYYTLE S
100 PQRM&Y(lFiqiSAA.E&gAS/)\.x?AA/'O
CALL %PR
IF(NYC) 625,630,625

ISBY/X, (b0}

COMMON PARAMEYERS TD SE VARIED. SAVE IMOUT FROM CURRENT SUBSTANMCE

WRITEIND] CKo CRNCAL s PR FNS s HANES « SYNE HINEG, TCEMT ISETA
1o 1CME, JGEMY IMOL 2 IMK, [SB s INEP s IRSCH>IVOW, 1ZAM KE WS NA
2y MBC A NCT sMKA s NUSs NPS 3 NEXs NG NRL s NRE, NRP 3 NS o NVA s MVH 5

62

o

3,PIIKZ PIWKQO-P!\HZ.GLK A2 RLLIA BYPIZ, SIGKG,: SQTPDN, S
LSy IRBLO S NAMEL JY o IXYZSI yJ) 3
SYSIRBCT SIS ISTCIYs JACL S} SMUC
A fLBCE{UI 2LBCI(I) 5821, 0BCT (T
TUT2 D)o I0ZLL 50 s ITBRIT oS} 1=
RE 48RS NAMKLIIT s PLLSYs G(J)

ROS)s4CACTE S} 2021 99} 2 LU}
NARS{S)Y s {GYMI T3, I=1512)s )

wiiN
WRIN
WHI N
wRIN
WMIN
RN
HWMIN
WMIN
LN

€0l



n

€45

650
655

o
560

H65

670

1¢2

672

615

680
685

113
1

687

690
£95

700
705

710
715
720
725
730
735
115

740

745
750
755

760
765

770

775

730

785

790
120

1 KP(I?

1y ICME TGEM IMDL o TNKy 15851R
2e NBT NCT ¢MKA»NOS) MPS s NP X, Ny
3yPICKZe PIDKSG, PINHZ L QLIM, RLIM, RTPIZ, SIGWO,

PRINT OVERALL PARAMETER LIST
IF({ IPRT=3)640+640+655

PRINT 105
FORMAT ("0 1
KQ{1)
jole] 660 I=1.NP
KQI=KO{ 1}

!F(KQI)6¢5.645-650

DKTK 50

Go TO 655

OXKTXQGI=DKT (KAL)

PRINT liﬁc(-N?MP(')-P(Il-DP(!)-PMN(l).PWX(I)-KP(I).KQ('?.DKYKQ!

NAMB( L) P
5

1) PMN{I)
DKT(KQ) ¥

1+5P(1),15BP(I

zgsMAT(X-I3-5X-A4-0F1l-6o217.F9-3-Fll-6116)

TINU

CgUNT O8SERVATIONS, VAR IABLES., AND SET UP CERTAIN ARRAYS
NO=

NV=0

NOvV=0

DO 695 1=t

IF(KP(I))670-680-670

NO=NO+1

IF(NO.LESNOMAX) GO TO 672

PRINT 112+NOMAX

FORMAT (0% %% NUMBER OF OBSERVATIONS EXCEEDS PRESET LIMIT OF*.14

197 %Kikt

CALL EXIT
JOUT(NO)=
NOBS{NQ)=NAMP {1}

TFEKQI1))675, 690,675

NOV=NOV+L

GO TO 685

IF(KQ{1})685. 690, 685

NV=NV+1

IF{NYLE-NVYMAX) GO TO 687

PRIMT 113,M¥MAX

F?R:::E’b**l‘ NUMBER OF VvARIABLES EXCEEDS PRESET LIMIY OF*,Ia
>

CALL EXIT
IOUT(NVI=1

—NV
IF(DGF)700|700.705
DGF=1.0
NVV=NVENY
SET LEASY-SQUARES AND WEIGHT INDICATORS
IF(ILSQIT25,47104725
IF(NO-Nv317254 715,725
IF{NO=-NOV} 725,720,725

INT=1WGT

IF{ IPRT-4) 735,735,740

PRINT 115sNOsNVsNOVLSs IWY
FORMAT (0 NO NV NOV Ls
START FIRST CYCLE

1C=1

IWNT*/Xs516)

Jc

IPRC=IPRT-2

GO TO 760

STARY SUBSEQUENT CYCLES

Jec=1¢

IF(IC-NCY)7E5,4750,755

IPRC=IPRT~1

G0 TD 760

IPRC=1PRY

CLEAR MATRIX AND VECTOR

DO 765 I=1,NVV

ANC(I}=0.0

DO 770 I=14NV

VN{I}=0.0

SDWST=0.0

PREPARE TD READ AUXILIARY STORAGE IF COMMON PARAM ARE VARIABLES
IF{NVC)775.800.775

REWIND ND

REWIND NB

BRING INFORMATIUN UN ONE SUBSTANCE FROM AUXILIARY STORAGE
READIND, END=T85) CKs CKKCAL 4FMsFNSsHXNEGs HYNEGyHZNEG 4 ICENT s ISETA
s IRSCs IVDWo IZAMKPWaNAs NAC,
NR yNRBs NRP s NS s NVASNVR sNVX 4P ICK

ol
IRBCJ) eNAME(J) s (XYZ{I4J

J=1 vNA)v 15CH AC(J

IF{IC-NCY)79041600.790

PRINT DISCREPANCY FACTORS EXCEPT ON LAST CYCLE
PRINT 120+ TITLE.DATE, IC
FORMAT(1HL 43 8A4,8Xs AB/*OCYCLE® 4 [3)
ROWST=0SQRT{SDWST )

SIGMA=DSQRT(SDWST /DGF )

PRINT l?S.RDHST-SDHST.SlGMA

FORMAT(*0 SDWST

SAVYE DISCREPANCY FACTOQ FOR OUTPUT IN SUMMARY
IF(1C-91795.79541200

RDWSS(ICI=RDWST

GO TC 1200

INITIALIZE CDUNTERS AND TIMERS

DO 305 I=1.

NT(1)}=0

LT(I)=0

CONTINUE

SIGMA® /X s3E15.6)

PMX(1)

WMINL100S

95

Pt ey od
AR S P UGN = O &
MSAONCNONGUNC U

WMINL1215
WMIN1220
WMIN122S
WMIN1I230
WMIN1235
WMINL240
WMINL245
WMIN1250

WMIN1A1S
WMIN1420

130
135

889
885

890

895

SET INDICATORS
1BK=0

1sw=1

DUMMY ENTRY TO INITIALIZE IBYPAS

IBY=IBYPAS(0s OeKP

ENTER WCALC FOR FIRST ENERGY CALCULATION OF TH{S CYCLE
W=wCALC(0)

1Sw=0

PRINT CALCUWLATED ENERGY

PRINT 130+ TITLEDATEsSTITLE

FORMAT ( EHO s 18A4, 8X, A8/ X1 7A4)

PRINT lBS-IL.WUBS.

FORMAY (0 WCALC BEFORE CYCLE':13/Xs2F1144)
SAVE CALCULATED ENERGV FOR OUTPUT IN SUMMARY

IF{ IC-9)8104+810,815

WS(IC)=w

JUMP IF ROSENBROCK SEARCH IS TO BE MADE FOR MINIMUM ENERGY
IF{MODE~-3}820,2030,820

START LOOP PRELYMIMARY TO DERIVATIVE CALCULATION

DO B60 [=1sNP

DERIVATIVES YO B8F CALCULATED WIYH RESPECT 7O THIS PARAMETER
IF(-SBP(I))SZS-BJO.BZS

IF{{SBP{1)~1SB}B60,830,860

IF(KP{[})350, 835,850

IF(KQ(11)840, 860,840

IF( {C-NCY)B45+860,845

IF(KPW)350,+855,850

DECREMENT PARAMETER AND RECALCULATE ENERGY

PISAVE=P(I}

ISAVE-DP(L)

WCALC{13YPAS{140.KPC))

PCI)=PISAVE

TNCREMENY PARAMEYER AND RECALCULATE ENERGY

PISAYE=R{I}

PEL) PlSAVEfDP(

—WCALC(]BYPAS(I.O.KPC))

P(T1}=PISAVE

CONTINUE

STARY LOOPS TO STORE FIRST AND SECOND DERIVATIVES OF ENERGY

DO 1005 J=1,

DOES PARAMETER PERTAIN TD CURRENT SUBSTANCE
IF(158P{J)~15B)870,865,8

1S PARAMETER USED AS AN DBSERVATION
IF(KP(J))BT75, 870,875

NO+ SEV DERIVATIVE TQ ZERO

SPW(lY}= P(
OMIT CALCULATIDN OF SECOND DERIVS FOR METHOD OF STEEPEST DESCENTS
YF{MODE-2)880,1005.880

WMINY425
WMINL430
WMIN1435
WMIN{440
WMIN144S
WMINL450
WMIN145S
WMINLA60
WMIN1A6S
WMINia70
WMIN1475
WM[N1480
WMIN14BS
WMIN1490O
WMINIAOS
WMIM1IS00
WMIN1S505
WMINISLO
WMIN1IS1S
WMIN1S20
WMI{N1525
WMINLS530
WMIN1535

WMINIG6S
WMINIG7Q

WMIN1705
WMINL710
WMINI7LS

OMIT SECOND DERIVS ON LAST CYCLE UNLESS FREQUENCIES ARE TO BE CALCWMIN1720

IF{iC— MCY)BQO»E]GS-S90
IF({MODE=-4) 1005,6890,10

IN1725
MaNlTBO

SYART INNER LOOP TO STORE SECOND DERIVS IN BTR (AND UMAT IF IWT=1)WMiN1735

D\'J 1000 I=14NP
D0=0

!S PARAMETER A VARIABLE
IF{KQ(1)1895+s915+895

‘IM'IMGl

1S IT A COMMON PARAMETER
IF(ISBP(1))900,+910,900

DDES 1T PERTAIN TO TH1S SUBSTANCE
IF(ISBP(I1)-1581905+910,505
BTR{IM)=04.0

G0 T2 1000

15=0

GD YO 94

WEIGHT MATRIX TO BE USED AND 1S PARAMETER AN OBSERVATIOUN

!F(in)QZO.!OOO,QZO

IF(KP1111925,1000.,925

IF(ISBP(I—1$871000+930,1000

IN=IN+Y

15 DERIVATIVE ¥0R UMAT SAME AS THAT JUST STORED IN ATR
IFLI0D}I995,935,995

¥S=1

1D0=1

IF(I=-01945+980+975

PICK UP DERIVATIVE IF IT HAS BEEN COMPUTED PREVIDUSLY
IF(1SBP(1)—135B} 9754950, 975

IF(KP(!))QSS.G?S.QSS

IF(IWT 39604965,

LM:(MJ\'!)—[)*NUS*MJ(J)

DOW I JSUMAT (LMY}

GO 7O 985

TF{XKQ(JII9T0, 975,970

LM={MJL2I- 1 ) RNVHLI( )

60 TO 985

CALCULATE SECDND DERIVATIVE FOR I NOT EQUAL TO J
PISAVE=P(I

P(I)= ISAVE+DP(I)

PJSAVE P{J}

JSAVE+DP(J)

KT’F‘!J WCALC( IBYPAS{1+JsKPC)}

/LY SAVE

P4 JSAVE

DOWIJ={WPPIJ+W —WP(I1)=WP( J))/(DPL1)*DP{J)}
GD TO 985

CALCULATE SECOND DERIVATIVE FOR 1 EQUAL TGO J
DOWIJ=(WP(I)+WN(I)=2,0%W }./(DP(I}*%2)

GO TO 985

TEST SWITCH AND STORE IN BTR OR UMAT
IF(ES) 995+ 9905995

WMINLT&O
WMINITSS
WMINL1750
WMIN1755
WMINL760
WMINL1766
WMINIT770
WMINL77S
WMIN1780
WMINL78G
WMINL790
WMINL79S
WMIN13D0
WMIN1305
WMIMi310
WMINIBLS
WMIN1820
WMINL825
WMIN1B830
WMINLIB3S
WMINL1840
WMINLIBAS
WMINI850
WMIN1B5S
WMIN1860

WMIN1S30
WMINLIS3S

WMINL970
WMINLIGTS
WMIN1980

yOolL



1010

15
<

3020

1925

1030
1035
1340
r0as

<
1350
140
135

[
1085
1060
1065

D0
-y
3

<
10890
<

roes
1890

[
118¢
1igs
1i9s

B"Q(l‘ﬂ)-uD)’IJ
w0 To
UMAT(AN) UU‘AIJ
COMY INUE
CONT NG
'\)M(T _REFYMEMENT ON FINAYL CYCLE

i 05,1013

2 WF’JYE: O3S MINUS CALL EME RGYe IS IT TG HE USED AS AN OSSERVATION
WOWC WD BS=y

IF{KPWII015,2080, 1020

!P(?«CHCV\OE‘G»\GBO»!O"

Se SYART L00P TO COMPUYE FIRST DERIVS WitTH RESPECT TO VARIABLES

1= LN
))i32511055-1075

TD XOQJ

DWCG(J)‘\WF'(I}—%"H;) P Ze OXDP( L))

CONTINUE

ORINT FIRST DEREVA’KVES W1TH RESPECT TO VARIABLES

IFCIORT=-3)1050,1050, 1055

PRINT 140,3iC v\l['d“'{!)xNO\) LI3eI=1,8NV)

Q’OR\QATl'OCGNTRIBUTION OF wiBS TC CYCLEY «I13/2aX,'0WDQL ¥) FOR 1=t/

LTEN s Y WDRT BE~WCALCT, Gl IS, 2X, A4 /(2IX,9{15,2Xs48})2

PRINT lAS.‘»GWC.(uWDG(E);I LeNV)

EORMATLL0X, L0F11 .42 21X RF 11 .47}

COMPUTE CONTHIBUTION DOF O85 ENERGY TO MATRIX AND VECYTQOR

TALL GATRALDWDQ,YHAT: NV 413

{”(!W'leof‘bq‘(lﬁ\jw SOb‘»

SOST=SDUSTHWONTE %2

GO YO 1073

WEY=22C/SIGWE X%

SOWSY=SONSTHWGTRNOWC RS2

DS 107D E=1,NYv

ONDO(IEXI;ET*U#DQ! {3

CONTINGE

CALL CMPROIDWDGVTMAT s AM NV g NY )

TALL GMPRD{OWDQR, WONTs VM sriVeiel )

CALL GMACT{ AM, ANy ANS NV, NY )

CALL VMADD(VM;\IK‘;thHV- i)
uMP FC USE METHOD OF STEEPEST DESCENTS

XP-’M\JDE 2)11085,185042 065

CALCULAYE AND PRINT WETGHT MATRIK IF IT IS TO BE USED

!Fl'ul}xO‘JU.liZD) 3090

CALL MPRDUSPH UMAT , YMAT 4NDSyNDS35 2,0, NS )

CALL GTPRO{TMAT, TMAT  WNATY s N0S, NOS, NCS?

CALL MlNV(VlMAnpNOS;"‘:VyTMA'HUA‘AY

EFIDETI1095,3 505, 81060

F'C'XV\Y 180

R“AT"d\AQAANC"u(‘V»\R;ANCE MATRIX SIMGULAR. WMAT NOT USEDY)
=0

u'“J O 1129

2Xs A4} 1)

«2)

*
"R[!\T 160, JOTSOE) S NOSSEL K3 e (WMATIK) K=K 1

»
FORMATEX, E 3, 2X5A411088 1e3/¢ le,lo, «33)
CONTINUE
COMPYTE WEIGHTEDN DISCREPANTY FACTOS
CALL GHPRD(WMA’(»uYCyl’“AYH‘«DS;\KJS"?
CALL GTPRIIOYC, TMAT, SUNWS, NOS, £ 518

4]

COMPUTE UNWEIGHTED DI SURERANCY FACTOR
CALL GTPROIDVC.OYC: SOWSNOS L1

BRINT FIfS{ AND SECOND vLHA\}»‘&"!VE“
E({PRY=3512130,1330,18a0

ARINY 165410, (GUT{ S}, ND )

v—uR‘iAT(’ODEF\‘ YATIVES EEFLRE CYCLE ! 13/24X, *DOW/DP LT IDPE U)
1 J o ONAMELI) DYC{J Y ,9(15,2X,08a) 010 1).‘7(15-2}(-.’44)))
X2=0

DO XXBS J=1aMGE

2+N\"

PDihT ITG e JOTE(I 9NOSS(IL s OYCLJII 3 ABTRIKY 4K
FORMATIAv E302%sA0 0 YUF 1L w8 {0 XeQF (1Y)
COMT ENUE
\ALCULA"E AND PRYMNT OfSCREPANLY FACTORS
SD SONST+SOWS

O*C B0RT{SDws Y
SXGMA~QSGRT(5}ONST/DGF)
IF(IPRT-A2(145,1145,13169
PRINT TS, RO S, SHWS
FORMAT( *D T/XsZELSeE)
ANALYZE AND ©&INY TIME‘ ‘DR VARXOUS F‘A‘(Tb QF ENERGY CALCULAY (ONM
IE(IPRI~101158,11585,118
CALL TINGUT
SAVE DISCREFANCY FACTORS FOR QUTPUY 1N SUMsARY
IF(IC-9)1169,1165,1170
f{GWSS(fC)tR(‘NJ

TEST WHETHER L‘:ASY-SG\JARES IS 7O BE UsSED
XF’LSHISO-XI 55848
NG, CoPey MATPIX AND YECTOR FOR EQUATIONS YO BE S0LVED
CALL MCOYIBTR ANy MY SNV . O}
CALL MCPY(OYT oVN NV 24D}
GO VO 1200
TALCULATE CONTRIB CF SUBSTANCE TO
CALL uMTQA(BTR»TPJ\T;N\h nN2SY

S{SWTYYIIR5,2190c Y185
L LL GMORDIBTR « WHAT s UMA T» MY s MO S NOS )
CALL MCHY(URAY . STR, NV, N5 03
CALL GMPRO(ETR, YMAT s AN, NV . NOS, WY §
CALL GMPRD{BTRDYCs ¥M e veNGS, 1}
CaLL oMADD(AM;ANuAN-N\’. Ny
CALL GHABDIYM, ¥YNs VN, NY, 1)

=K1sK2)

W
LEAST-SQUARES MATRIX AND VECTOR

WMINIO8S
WHINISOO
WMINIO9E
WMIN200C
WMIN2OO0S
WMINZOLO
HWMINEB1S
WMINZO 2T
wMiIN2025
WMIN2Q3Q

WREINDOZE
WKIMH2G40
WMIN204S
WMIN2ZUEQ
FMIN208S
WMIN2060
WMIN2T6S
WHIN20TC
WMIN2CTS
WMinN2080
wWMINZO8S
WML N23S0

WMINZILS
WMIN2E20
WMINZLI2S
WMIN213D

WMIN217S
WMINZIBS
WMINDIES
WMINZ19Q
WHINZISE
WRINI200
WMIN22CS
WHINZ22LO

WMl NZZSQ
AMIN2RES
wuu»zasc

WHIN2360
WIRIN2305
WRINZ3LQ
WHIN23LS
WMIN2320
WRIN2325
w4 N2330
WMINZ335
WHYLPN23I80

WM
fOR I= 'IWMINZB‘S

WRIN24LS
WMINZGZ0
WMIN2A2S
WMINZ43D
WRIN2435
WMINZA%0
WMIN244S
#HIN2450
WMIN2ZES
WMlN2460
wMINZAES
WRINZA70

wHINZ53S

<
1193
12 3DR0A(1)aEx

1260

1265
150
1270
1275
195

200
1260

!265

129g
265

210
1295

2900

1340
1315

220

<
1320

1236

1F NG COMMON PARANETERS VARIABLE SUSBSTANCES TREATED SEPARATELY
TF(NVCILIU5, 4200, 1195

SAYE DATA FOR Thld SUSSTANCE AND PROCEED TO NEXT SUBSTANCE
NVIS=NVYENDS

WRITELINS KIP% 3 NGS 4 N GSaﬂCqu\ﬂTR(
LMY '(C“(C( £Yol=3,NQ

IS 19NV OS)

G TG 780
PRESARE YO

1 ERT MATRIX SY DETERMINING PRINCIPAL COMPONENTS
DETERMINE SCA
Fat= b

LE FACTORS f“RO‘W DIAGOMAL ELEMENTS

*#
Bg 12 3 aNY
E(sL B2:120341203
SANLE
3 re
DGANSANL 3
TE{OGAN: 1‘4\31205.120‘51 1210

2XsAB31)

(L5

OO {235 1=8,NV
ANTEMI=ANL T MY +CMPR
SM=2 RENVEL

5 CONT{NUE

OETERMINE EIGENVALUES AND SIGENVECYDRS OF MATRIX AND SRINT THEM
DG 1280 T=1,NVVY

EVEC(YI=ANTTY

IF(NV—!P!ZbO- 1258,1260

EVALT LI=ANTL)

A
VET(1¥=1.0
83 TO (270

CALL HOUSEMLEWEC, N s5HY, EVAL, TQ)
CALL YALVEC(EVAL s TA  EVEC, NESNY s NV §
PLNETI265,31270,1265

PRINT 190

FORMAT (704 %% VALYEC FAYLS w&%9)
IFLIPRC~-2}I278,3275,1285

PRINY 1°b'(10\)T(!),NJUT{1)-XSX.N\’)
FORMAT{ 209 (16X SEWECL K, 83 1/

lfél‘x)“ s D{2E 42X 14233

DD 12B0O J= 1NV

EVALCIIY4Ii1542X) A4}

K2=K2+NV
PRINT nuG-J-tVAL(Jl»{E\'ELfﬂ), K22
FORMAT(X, 12 fEax»3a9vxl,5/<15x,9r11. 3
CONT EMyE
PRINT RESCALED E1GENVECTORS
CALL MPRD{ SAN,EVEC, TMAT: MYy NVe2sOsNV)
IFEIPRCIL1290, 1290,1320
FRINT 205, f0UTET o NGUTIS )t
FORMAY {3 ;164> P SAN( § } %EVECY
$/1252,2(1542X,A8) )]
x2=g

DC !&9‘ $=1 ey
2%

1 CVALLI) 14 9L 16 42X A0

eV
S 7 4

'{ »(E-H\c\’
PRIMT 260, JsSVALL Y, I THAT(K) s X=K K2}
FORMATI R, L30E 13,851 1,.6/116X,9F22460)
CONT INUE
CORRELATION OF CBSTRVATIONS WIiTH EIGENVECTORS

PREPARE YO PRINY

MAMB{ )}

. DYCIdye
i

SOM FOR EACH SURSTANCE FROM AUY STORAGE 1R use
2

TyI=1sNV}
23Xy PWRMATESUAT HSAMREVECY /Y J
3

!‘(NV(.i!_‘SO(.‘
ENC FY
REWIND NE

READ (NB¢ END=1 330} RPthQS.WOS:HGVL'iBTR(x)-I-l-NVU‘w)
la!D'D\J(A)'i-—lvN 1:i0YCLE) 9151, NOY

PRINT TERMS IN OBSER VED koF(GY IF USED AS USSERVATION
IE(KPRY 135S, 320, 132

CALL GTIPRO{TMAY ,OWDR qUMAT\‘\’VuNVoi)

PEIMNT 220,W0NT {UMAYLI 1Y sf=1,NY)

EORMRAT (56X, TWOBS, 10F 3ot (24X 551124010 N

PRINT TERMS It QYHEN OBSERVATIONS FOR ONE SUBSTANCE
CALL CTPRDCTMATBYRsUKMAT o NY s NY ¢ NOS)

P

50 1328 I=1,n0S
NENESY

L3233

K2=K 24NV

PRINT 22T, J0UT{( 3 :NOBSI 3} yDY(‘(I)s!JMI\T(K}-K K1eK2)
FGRMAT(K;I:S.QK.AA,&DI‘!! 4 S{2IX,AF 12 08D}

CONT IN

SUMP 'ACK TG PRINT TERMS FOR NEXTY
IE{NYCI1305,12 338, 1305

INVERYT EICERNVALUES AND COUNT
ELTM=EvALL i 1% ARE

N¥u=0Q

DO 12406 K=1i.

IF{EVALIX)~ :LI‘&)13451i‘U&5'i33"

SUBSTANCE

HMENZDAQ

WMINZSES
WMINTEQ0
WMIN2GES
WMIN2800
WRINZENS
WMINESY O
WHIN2ELS
WMINZ2620
AMINZE2S
WRINSEID
WRINPERS
WHMInNE620
HMINZOLS
NMINZEEG
WHINRZESS
LT \2660

WMIN 665

W 675
WMINDS6D
WMENZARS
WMIN2EST

¢

HHIN2TIS

WRINZYES

WHIN2T6E0

WAMENZTES
277

h‘HI NETBO
)1\111\14755

27
w‘uN(w:'
WHMIr280D
wMi{NZBOE
WMINZELD
wHIN2B1IS
WMINZB2GQ
WMIN2BZE
WH1N2B3D
WRINZE3S
WM INZBA0
WHIN288S
WMINZESQ
WHINAESS
wMIN2EGG
WMIM2EES
WHINDETO
WMINZATY
WMIN28B8O
wMIN2885
WMIN2EDT

WMIM2SES
HRINZGZ0
WHINZOLS
WM IN2U6 O
WHAIN2GLS
WHIN2IED
WMINZHSY

NH{ '-4297‘?
WHI NRGRC
WMINZOBE
WMINZIU
¥MINZGOE

N300
WM N334
WMIN3DLC
WXL RIOLYE
WHIN3020¢
wminN3oas
WL H3030
WRINIOIS
WMINIO4G
¥RINIGAS
WNMINIOED

WM
EIGENVECTORS 70 BE USED IN REFINE WENY%MINJOE"

WMIM3070
BMIN3CTS
BRINICBG
WMIN3THES

501



1335
1340

1345
230

c
1350
1355

<
1360

1365
1370

1375
1380

1385
1390

1395
1400

1405
1410

1415
<

1420

235

1425

1430

1555
270

EVAL(K3I=1s0/EVAL(K)
NVU=NVU+1

PRINT 230,NVU

FORMAT( TOOMLY FIRSTY, 13s' VARIED®)

SAVE NUMBER USED FOR F{NAL SUMMARY
IF{5C~-E)1355,1355,1369

NYUS{IC+1)=Nvd

GENERATE INVERSE MATRIX INCLUDING ONLY NVU EIGENVECTORS

14=0
DO 1390 J=1.NV
Ji=2

DO 1385 I=1.NV
IF(1-J)13635
ANTJI=AN(JIT)

GO TO 1380

=00

DC 1375 K=14

ANTJ= ANIJ#EVAL(K)*EVEC(IK)lEVEC(JK)
IK=TK+NY

JK=JK+NV

CDNTINUE

CONTINUE

CALCULATE PARAMETER CHANGES AND THEIR ERRORS
M=0

DO 1415 J=1,NV

1sNV

PDJ‘PUJ&VN(K)*AN(IM)
IF(1-J)1410,1395,1410
DIAG=AN(IM)

IF(LS)IQOS‘IQOO,I

ERR(J)= DlAG*SAN(J)&*J¥SIGMA

GO TO 14
ERR(J)—DSORT(DIAG)*SAN(J)* TGMA
CONTIN

PD(J)‘PDJ*SAN(J)

CONTINUE

ADJUST PARAMETERS AND PRINT
IF{IPRT— 2)1420-1620‘1025

PRINT 235,

FDRMAT(‘OPARAMETERS AFTER CYCLE'-!B/' 1 NAMP

1CHANGE

10=0

18=0

oLp P

1
ID)*DKT(KQ!)
1

)+
SAVE PARAMETER% FOR SUMMARY QUTPUT
IF{1C-8)1435,1435,1440
PS{IC+1,ID)I=P (1}
IF(IPRYT-2)1445,1445,1450
PRINT 240, 1 ¢NAMP(1)sPSV(I)-PDK,P (1) +ERR{ID]
FORAAT (X2 [3+5XeA444F 11461}
TEST SARAMETER AGAINST UPPER AND LOWER LIMITS
PF{P{T)—PMN(1))1460,145%,1455
F»\P(IJ—PMX(!3)1475-1475-1460

-.H—l

CONTINUE

TEST INDICATORS AND IF NECESSARY REDUCE NUMBER OF VARIABLES
IF(IPLM)1880+1500,1480

1IF{1B)1435,1500,1485

NVU=NVU-1

PRINT 250y NVU

FORMAT { *ONUMBZR OF VAR{ABLES REDUCFED TOU'.I3)
D0 1490 [=14NP

PLI)=PSV(I)

CONT INUE

IF{NVUD}1895,41495, 1350

NCS=1C-1

GO TO 1610

JUumpe BACK FOR NEXT CYCLE

TIVES ON LAST CYCLE UNLESS NUMBER OF CYCLES 1S ZERO
10'1515‘\510

S25. 1

?0.15&0. 152%

PRINT 255
FORMAT (*0C IVATIVES BEFORE CYCLE® 13/° J
PRINT 260, OTS(I) NOSS{J)4DYCiJIYsJ=1,NDS)
FORMAT (X4 2XsA&,F11.8)

ANALYZE AND PRINY YIMES FOR VARIDUS PARTS OF ENERGY CALCULATION
JF(IPRC~-1)1530,153041535

CALL TIMDUT

CALL SUBROUTINE TO CALCULATE AND PRINY VIBRATIONS IF SPCZCIFIED
IF4MODE~4)1545,1540,41545

CALL WDYN

MAKE FINAL ENTRY TO WCALC AND PRINT REVISED ATOM COORDINATES
1IF{NC3I1550,41585,1550

IAK=1

W=WCALZ(O)

PRIMT 765;(J-NAME(J),lKA(J)vXRFi'J)-(XYZR(!,J)‘l \.3)-J l-NA)
FORMAT{ ‘0 J NAME IKA R3

1/7(Xs 1342Xs A4421642X9s3F95)

PUNCH LATTICE PARAMETERS IF ADJUSTED

IF(NVA)1555,1560, 1555

PUNCH 270+A

FORMAT(6F9.5)

NAMP (J}

VA
15
Sl
15
1C
ER oYc(Jy*)
«J

3

WMIN3090
WMIN3095
WMIN3i100
HMIN31I05
WMIN3110
WMIN3L15
WMIN3120
WMIN3125
WMIN3130
WMIN3135
WMIN3140
WMIN3145
WMIN3150
WMIN315S

WMIN3210
WMiN3215
WMIN3220
WMIN3225
WMIN3230
WMIN3235
WMIN3240
WMIN3245
WMIN3250
WMIN3255
WMIN3260
WMIN3265
WMIN3270
WM {MN3275
WHIN3280
WMIN328Y5
WMIN3290
WMIN3295
WMYIN3300
WMIN3305
WMIN33i0
WMIN3315
WMIN3320
WMIN3325
WMIN3330
WHMIN3335
WMIN3340
WMIN3345
WMIN3350
WMIN3355
WMIN3360
WMIN3365
WMIN3370
WMIN3375
WMIN3380
WMIN3385
WMIN3390
WMIN3395
WMIN3400
WMIN3405
WMIN3410
WMIN3415
WMIN3420
WMIN3425
WMIN3430
WMIN3435
WMIN3440
WMIN3445
WMIN345S0
WMIN3455
WMiN3460
WMIN3465
WMIN3470
WMIN3475
WMiN3480
WMIN3485
WMIN3490
WMIN34995
WMIN3500
WMIN3505
WMIN3S510
WMIN3S15
WMIN3Z20
WM{N3525
WMIN3530
WMIN3535
WMIN3540
WMIN3545
WMIN3550
WMIN3S55
WMIN3S60
WMIN3565
WMIN3570
WMIN3575
WMIN35E80
WMIN3585
WMIN3590
WMIN3S9S
WMIN3600
WMIN3605
WMIN3610
WMIN3615
WMIN3620
WMIN3625
WMIN3630
WMIN3635
WMIN3640

PUNCH ATOM COCRDINATES (F ALTERED WMIN3645
1560 IF(NVR)1565,1575,1565 WMIN36S0
1565 DO 1570 J=1.NA WMINI6ESS

PUNCH 275'NAME J).IKA(J)-(XVZR(I.J).I'l-'&) WMIN3660Q
275 FORMAT(A4,15,18X,3F9.5) WMIN3665
570 CONTINUE WMIN3670

PUNCH EXTRA PARAMETERS IF ADJUSTED 7
1575 TF{NVX)}1580+1585,1580
1580 PUNCH 280,(PX(1)sI=14NPX)

280 FORMAT{8F9.5 3697

SUNCH VIBRATIONAL FREQUENCIES IF CALCULATED lM’l\JéQﬁ
1585 IF{MODE—2)15954 1590,1595 WMIN3700
1590 PUNCH 285, (FREQ{I ) I=14NVD) WMIN370S
285 SORMAT ! @F9.,2) WMIN3710

PUNCH COMHMON PARAMETERS IF ADJUSTED WMIN37LS
1595 IF(NC)1597'1605.|<97 WMIN3720
1597 IF{NVC)}780,1605,7 WMEN3725
1600 PUNCH ?90-(PCxl)-l lyNF‘C) WMIN3730
290 FORMAT(8F3.5) WMIN3735

PREPARE TO PRINT SUMMARY, ONCE ON EACH OF TWO OUTPUT STREAMS WMIN3740
1605 NCS=NC WMIN3T745
1610 IF(NCS-8)11620,1620,1615 WMIN3750
1615 NCsS=8 WMIN3TS5
1620 NCYS=NCS+1 WMIN3760

NSO=NSD WMIN3765

N5U=1 WMIN3770

IF(IPRT-411625+1625,1630 WMIN3775
1625 NsuU=2 WMIN3780
1630 DO 1695 N=1,NSU WMIN3785

WRITE(NSOs 2957 WHMIN3790
295 FORMAT( ¥ La% sk wsdokdkak £k bk doh f o Rk &k R foh bk R Rk Rk kX kKRR kB dRk k¥ T ) WMIN3T795

WRITE(NSO«300% TIYTLEsDATE WMIN3800
300 FORMAT (1HO, 18A4,8XsA8) WMINZEO::

IF{NVC}1640,1635,1640 WMIN3810
1635 WRITE{NSO,305) STITLE WMIN3815
305 FORMATIXs17A4) WMIN3B820
1640 WRITE{NSO.3:0) MODTsNCsRPCHILSGy IWGTIPLM.IPRTINSTG,10PC wWMIN3IA2S

14 ARE s SL {My CHPR,y XORD EPSC WMIN3830
310 FORMAT('C ¥0DE NC NPC ILSQ IWGT IPLM  IPRT NSTG 18PC WMIN3835

1 ARE S.IM CMPR XDRD EPSC* WMIN3840

2/Xv91545E12.3) WMIN3845

IF{NPC) 1643.,1644, 164 WMIN3850
1643 WRITE{NSO ) (NAMPC(I)- I=1,NPC) WMIN3855
311 FORMAT(/( SXsA41)) WMIN3860

WRITE (NSO } {PCSIYa1=1,NPC) WMIN3865
312 FORMAT(X.8 5) WMIN3270
1644 IF{NVC)1650,1645.1650 WMIN3BTS
1645 NQITE(NSO;BISJ NAsNKA NSy ICENT yHXNEG s HYNEGaHZNEG s NRB s NP X 2 NRP wMiN3880

s ICMB 4 EVOW s IREP+ ¥ MOL + NCTs IRSC+I1ZAM, iGF My IRBA,ISET A wWMIN3885
ais5 FDRMAY('O NA NKA NS ICENT HXNEG HYNEG HZNEG NRB NP X WMIN3890

i MRP 1CMB 1VOW IREP TMOL. NCT IRSC TZAM IGEM IRBA ISETA' WMIN3895

2/Xe416+,3F6.1,1316) WMIN3900
1650 IF{NC)1652,1680,51652 WMIN3905
1652 WRITE(NSO,320) NO-NV.NO‘I'LS-IWT WMIN3910
320 FORMAT('0 NO NV LS IWT/X4516) WMING915

RITE{NS0+325) (1, =l.NC WM IN3920
325 FORMAT{%0?,20Xs 'PARAMETERS AFTER_FACH CYCLE'YS WMIN3925

1* J NAMP oKY INITIAL®,17,7711) WMIN3930

DO 1655 1=14NV WMINI935

J=10UT(T) WMIN3940

KQI=Ka(J} WMIN3345

DKTKQI=DKT(KQAI) WMIN3950

WRI TE{NSO,330) J'NDUY(I)-DKTKQI.(F’S(K-I)'K 14NCYS) WMIN3955
330 FORMATIXsI13:2XeA8+F7e3,5F 11 WMIN3960
1655 CONTINUE WMIN3G65

IF(MODE=-4) 166041665,1660 WMIN3970
1660 TF{MODF-2)16654+1670,1675 WMEINIFTS
1665 WRITE (NSO0y 335) (NVUS(I) 4I=2,NCYS) WMIN3S80
3A3S FORMAT(LHOs12X, *NVU',12X,8111) wMIN3985
1670 WRIVTE{NSC,340) (RDWSS(I).I=1sNCS) WMIN39G0
340 FORMAT{1HO+12X,y'RDWS®+9F11 WMIN3G95

IF(NVC)16B0..675:1680 WMINGOOO
1675 WRITE(NSOs345) IWSI{1.1=14NCYS) WMINS0GCS
248 FORMAT((HO,12Xy'W T e9FL 1 ed) WMINAOLIO
1680 IF(MODE—~4)1690,1685,1i690 WMINa015
1685 WRITE(NSG»350) {FREQtI)sI=1,NYD) WMINAD2C
350 FORMAT('OFREQ{I)*/(*0'+8F10.2)) WMIN&AO2S
1690 WRITE{NSO,355} WMIN4O30
355 FORMAT ( #0% %4k Skt ok ke RdOF 0 KRR R RSk KRR R kK Kk Rk hhkr %% ) WMINAO3S

NSO=NSP WMIN4C4O
1€95 CONTINUE WMINAOA‘J

< BACK FOR NEXT SUBSTANCE If TREATFD SEPARATELY. ODTHFERWISE NEXY JOB WMIN4050
1700 TF(NVC}I1705,595+,1705 WMINGOSS
1705 RETURN WMIN&GQEO
[} EMERGY MAPPING MDDE WMINGOES
c SST P BARAM AND NAME FCR OUTPUT IF LESS THAN THREEZ ARC STEPPED wMIN&Q70
1710 P(NPMAX}=0.0 WMINGOTS
NMAMP ( NPMAX } =NGONE WMIN&OBO

C READ DATA FOR OQUTER LOOP WMINAOBS
1715 READ 360+KPIMPIsPINI.PDOLIPLMY WMIN4GOTO
360 FORMAT ¢213+3X,3F9.01] WMINGOS5
C SET PARAMETER NUMBER FOR OUTER LCOP. TERMINATE MAPPENG ON BLANK WMINAL10G

IF(RPI3173041720,1735 WMIN410S
1720 [F(MP1)1725,585+1725 wWHMIN4110O
1725 LPI=MPIL WMINGLELS

GO TO 1740 WMING120
1730 LPI=NPMAX WMING125S

GO TO 1740 WMINA 130
1735 LPI=MPI+NPC WMIN4L35

C PRINT TITLES AND BQUTER LOOP INPUT wWMINALAD
1780 PRINT 365,TITLE«DATE STITLD WMIN4145
365 FORMAT(1H1,1B8A4BXsA8/X,17A4) WMIN&L1SO

PRINT 370-KF’1'MP!.LPI.PINI-PDLI'PLMI WMINALGS
370 FORMAT(*0 L MP 1 LPI PIN PDLI PLMI* WMIN4160

1/X+316,3F945) WMING1HS

C READ DATA FOR MIDOLE LOGP WMINAL70

READ 375:KPJysMPJs PINISPDOLISPLMY WMiNALYS

375 FORMAT{213,3X+3F9.0) WMIN4 180
C SET PARAMETER NUMBER FOX MIDDLE LOGP WMINALBS
IF{KPJ) 7454175041755 WMINGLSO

901



1755 LPI=MPIeNpC
<

a

PRINY MIDDLE LQOP INPUT
1763 PRINT 3G KPS .yM“J,L.Y‘J-F'INJ-F’)LJ.PLMJ
3280 FORMST{30 ] 29 PINJ POLJ PLMJ"
lfx';lxé'_/r'
READ DAYA FOR INNEX LODP
READ 383,K82K; “PK, P INK, POLK 2L MK
38z FWRMAT(Z'Z’;BX:W“Q.”'
NMUMBER FOR INNZR LDOP
¥ K"‘()l"b)-l??u;l 75
1765 LPK=RNPMAX
G TU 1789
1770 LPK=MPK
GO TO 1730
l775 LOK = MPK NP C
PRINT INNER LOOS INPUT
‘1780 PRINT 490vK;’K;ﬂPK,LPK,PXNK.PDLK.F’LMK
359 FORMATL G KPK PIN POLK PLMK®
L/%s 31 5,:3F9451)
INITYALIZE LUUNYERS AND TIMERS
CC 1785 I-1,
1

THICE SO THAT ALL ITS PRINTING 1S FINISHED

w*‘WCALC(OD

PRINT LAUYIUN

PRINT SO0 G NAMPILP I Y 5L P, NAKMP{LY ,Lr-K-NANPl.LP}\i
2 I15,2% '
L

J2
393 FORMA 1H0§1vw;K;A4115;2XQA 1AB, Wy

WR X
Mw VAR AGLE PARAMETERS
PSVI=P(iP{]
2SYI=PILPS)
PIVESP{LPK)
START DUTER LD 1F USED
IF(KP131795,17904 1790
1790 P{LeIlsrIng
PRINT 400
400 FORMAT(X}
STARY MIDDLE LOGP i€ USED
1795 [F(KPJ}1605,180041800
1300 PALPII=FING
ORINT 205
405 FORMAT{X}
START INNER LOOP IF USED
1805 {FUIKPKIESIS,1810,1810
1810 P{LOKI=FINK
pQ;NT 410
FORMAT(X)
: LATE cVEQuY AND PRINT iT WITH PARAMETER VALUES
1815 WT=WCALCL
PRINT qlb;PqLP')cP{LDJ)-P'LPK!vHC-WV»WR-VX'VT
415 FORMATIX,3F11.5,5F11
ADVANCE AND TESY L0G
IFEXPK}1825,1 820, 182
1820 S{LPKY=P(LFK}+PBLK
IFCP{LPKI-—TE MKP1815, 1
5 1F(XPU}1835,1 830,830
3 P{LRII=P{LESS +PDL
xﬁ(P(LPJ)—PLMJ}i“Gﬁs!éoﬁnlbsb
35 1S(NPI)1B45,1840,1840
20 BILPII=P{LPT}+HDLY
"'-(P(A_P!.)‘-Puﬂ'}x?QSul?951 1845
CRE DRIGINAL VALUES TO PARAMETERS

S

v
PtLP'&)‘PS!K

ANALYZE AND 2RINY TIMES FOR VARIOUS PARTS DOF ENSRGY CALCULAT ;ON
CALYL TIMCoUT

J'J”»"J BHALK TL READ FURTHER MAPOY ING IMSTRUCTIONS

Go VU rFLIS

MITNOL OF STEEPESY DESCENTS

PRIMT FIRST DERIVATIVES ANG ACCUMULATE 01 SCREPANCY FACTOR

Ge0
PRINT 4204 1C
20 FLQMAT{‘ODLNX‘ATIVES BEFORE SYEEP
14 I oOHAMP{I)  ~DWCI}e)
o0 1BE0 Tsi,Mp
IEIRG(I)IIIEES,2 86001855
Dw{t
Dus&oww;:*v

THSC SOWS=
Y

DESCENT CYCLE" I3

FEAAY T 114

CONTINUE
PRINT LISCRERANCY
DSARY(S0wS)y
PRIMT 230,RDES,SDNS

EACTIRS

ROH3 SOWSY /Xs2EiS5e86)
anCY FACTOR FCR SUMMARY
ldéqn LB¥O

LA»T'QM
~F’X)A‘R\.)‘E\ £, 1875,4880
18YS BRINT 435
235 FORMAY !0 Wi wxL XN XL XD
LIESY 18Te IRsY)

wwtn4x95

WM '\IAZZO
WMINZ225

WMINAZE0
WMREINA2ES
WHINAZTO
WMINAZTE
WMl NG28O
WHINAZHS
WMINARQD
WML 4255
WMINAZOO
WMING3D5
WMINA3LQ
WMINAZES
Wi ING320
wMinNga3Z2S
WMIN&G3A0
WMINA33S
WMINA3AD
WMING3LS

WAINA36S
WMINAITO
WMTRNG2TS
wh N30
WMINA3ES
WHING3GO
HMINIZQS5
WMINEATO
WHINGS0S
HMINSIL10
WMlndals
Wi NG4ZO
WMINAZRS
WIAINGGFO
WMIN3E3S

WHING4ES
WMINAATC
WMINS4ATPS
WHI 280
WMENASSS
WKINGLTD
¥MINSAQS
WHEINGSOD
WHMLIMGSDS
wMINAELQ

HMINAS2S
HMINASZO
WHRINGS3S

WMYNEGSTD
WHHINASYS
WMENASBO
WML HIERS
#MI RaSal
WMENASEE
HHIMA60D

WM NGESS
WHlNA6E D
WMINES6S
WMINAET O

INTTIALIZE SEARCH FOR ENERGY MINIMUM ALONG STESPEST DESCENT VECTORWMING7aS

<

1880 X.=0,.0 WRINA7S5E
WXL =9 \VMXNQT’G.’)

[+4 SAVE PARAMETERS WAL

55535 WM{NJ&‘

18385 WMINATTO
< WHMIMHETTS
HRINAT7ED
WHINATRS
1890 YiMlne TS
WRINGTIS
1895 = X WMINLEDD
oo 1900 I=1.NP WMINAADS
1900 PLLII=PSV{I}~XN®DW([] WMINABLIG
WXN=WCALL( ) WMInNaELS
IF{IPRCIIFOS, 1905:1910C WMINARZC
1905 PRINT 440, WAN WXL 5 XN, XL 9 XD s ST+ISTPLIRGY WMINZS2S
440 FORIMAT (RKs2F11 ,4-..:Fll-8,3! HMINGB3Q
1920 (F (WXH-WXLI21915,1920,1920 WMIiNGE3S
c SUCCESSFUL . WHINRBHT
1915 IFSY=g WMINAERS
WMINGQEST
WMINEBSS

< KEER STEP

PING IF KMINIMUM HAS NGT BEEN FIUND WMEINSGBSO

IFLISTRI1690, 1950, 1880 EMINAQLT

19203 YF{ IFSY 1926, 16301925 WHINGET O
< F\h RG‘/ INCREASES ON FIRST STEP. REVERSE DIRECTION wMINAETS
1925 WMINGASD
WHINEBSS

GQ TG 1850 WMENABIO

1930 IF{ISTPI1935,1840,1535 AMINANGS
C ENERGY INCREASES AFTER AM CARLIER OECREASE. WMINAG0D
1535 1SYA=g0 WMINEOTH
GO TQ 1950 WHMINAG2O
FALLURE AFTER .PASSING MINIMUMe TRY OTHER DIRECTION ONCE. wMINADL S

WHIPES20

<
1940 If( IRCYT 19025, 1930,1945
A hp WHINGDES

WM NAGEO
' 5 WRINGOZS
c TESY S1ZE aF "> AND MALVE 1T OR END SEARCH WMINGSAO
1950 (F{ DABS(XO)=XDM}1960,1SE0 1955 WA NADSS
1955 XD=0,:5%XD wea 1 red
GO Tu 18906 WME NG G
c PRINT PARAMETER CMANGES FOR STESPEST DESCENTS OR ROSTNOROCK SZARCHAMINASES
1960 IF{IPRY~2} 1565195551970 WMINAGHS
1965 PRINT 48, 1C WMINASTO
445 FORMAT(IOPARAMETERS AZTER Cveiel.13 WMINGGTS
t 1 NAHMS oLD CRANGE NEW PU) WA NESEC
te70 foe0 WY INASEE
56 2020 1=i,NP WRENG 290
16 HHINASOS
1975 z) 1
1980 og
19585 (L ‘!4‘.‘/-!(45015
ix WISTNE0Z0
1590 (F{IPAT-2)1595,1595,2000 wHINEOZ5
1g5e entiy 4=0w!;NAMJ({3'95?(3)-P0K‘D(() AMINSO
85 F2eBXs Ak 3FLLLEY WHINEGSS
2 WM INS040
c ARAMETERS FOR OUTPUT IN SUMMARY WRINEORD
05,2020 WHINEGSD
2005 3 BWRINSOES
#9235 WMLNEDSD
c NY TIMES FOR VARICUS PARTS OF ENZRGY CALCULATION  #3iN
£025, 500 WMINSO7Q
2025 TIMOUT HMINSOTS
JUMP FACK FO START NEXT CYCLE WMENS080
GO TO 1509 HINSCES
c ROSENSROCK SEARCR FOR ENERGY MINIMUM. CMIT FINAL CYCLE. “iNnS090
2030 IE{ FC—NCY ) 204 09 2035, 2040 WMINS 095
2335 IF{MC)E550,1786,155¢ 221
c INITTACIZE, CALCULATE ENERGYs SAYE PARAMETERS, SRINT CAPTION bY:]
2080 1876 1o
=WCALL{D) 1z
DL 2045 fi,wP 20
2045 PSV(1i=PLL £s
lF(iPFc):c&o‘ZOSD.20ﬁS 3
2550 PRINT 450 3
460 FOR@AT(TUSEARCH FCR HINIMUM ENERGY 3
"X [ TR 4

) Py TR}

N FIFv“" CYCLE ST.CmT Ill"" EXHLIORATORY S‘-AR\.H. LAYZR CYCLESs
2088 YIF{EC~132328, 206024135
[ INIYYALIZE 1'\{"[{:7‘1:'\1?5« SAVE INITIAL PARAMEYTERS OF FIRST STAGE
2G66C 0O 2088

EPSf{T =

PAASELL b0
2065 COmTINUE

DEHOBO D

ay

EXPL(‘V«ATOR SEARCHe EBACH F’AFHAM::Tr R _ADJUSTED FOR AT LEAST ONE 5

C ND AT LEAST ONE FAILURE WMING 160
iF WHMINSLIOE

0/3-2145.2073 WM N5200

WALt ?(13
WML

AL
I

ETER AND CALCULATE THEIAL £NERGY. PRINT QUTPUT

JE R gt

85,2090
B5{Lr.P{1),.WYR thN"-cQ"‘
Laboe2F 184 3) %M!NS"A:&

985 2095, 23103
FAILURE YEY IMCREASS INCREMENT AND REPEAY

< FUU SS
2695 WCYR=WTR

56

IFLAFLIZR2E, 2100, 2525 W"![NE)A()S
2100 EPSYY =32, 3#EPS(Y} WMRINB2?70
BALNEETS

WHENSZEQ

YET REDUCE INCREMENT AMND CHANGE 173 SYCM

[
~J



IF(WTR~-WCUR—1+.0D-6)2125,2125,2110
0 IF(ISUI2120.2115,2120
5 EPS(1)=—0.5*EPS(I)

IFL=1

GO T3 2080
2120 EPSE{I)=EPS{1)/3.0

2125 CONYINUE
C

c

c

an

EXPLORA';DRY SEARCH FINISHED. COMPUTE VECTOR OF PARAMETER CHANGES

DO 2130 I=1,NP
VBESY(1)=P(1}—-PBASE
VBSQ=VBSQ+VBEST(I ) *
PBASE{1}=P (1)

2130 CONYIYNUE
TESY FOR END OF CYCLE
ISTG=15TG+1L
1F{ ISTG-NSTG)2135,2135,1960
TEST FOR NULL VECTOR OF PARAMETER CHANGES

2135 IFIVYB50-1.00-15)2140,2140,2145

2140 PRINT a70

470 FORMAT('%*“‘SEARCH TERMINATED BECAUSE VBEST HAS BECOMEI NULL*)
GO TO 1960

VECTOR SEARCH. PARAMETERS ADJUSTED TOGETHER UNTIL AT LEAST ONE

L}
*2

SUCCESS AND AT LEAST ONE FAILURE HAS OCCURRED
2145 ISU=0
[}
EPSL=0.25
INCREMENT PARAMETERS AND CALCULATE ENERGY. PRINT CUTPUT

2150 DO 2155 I=1+NP

2155 P(1)=P{1)+EPSLHVBEST(I)
WTR=WCALC(O}
IF{ IPRCI2160, 216042165

2160 PRYNT 47S5,EPSLsWTR

475 FORMAT{6Xs 74" 4D16:6+16XsF1646)

2165 IF(WTR-WCUR)2190,2190,217
o}

[alNaYaTalatsel

o

o
FAILUREe. IF NO SUCCESS YET REDUCE INCREMENTS AND CHANGE SIGN
2170 DO 2175 I=1:NP
2175 P(1)=P{1}-EPSLAYBEST(1)
1F{ WTR-WCUR—1,0D-6)2070,2070,2180
2180 IF(1SU)2070,2185,20370
2185 EPSL=-0.5%EPSL

FL=1

GO TQ 2150

SUCCESS. IF NO FAILURE YET INCREASE INCREMENTS AND REPEAT
2190 WCUR=WTR

1IF(1FL)2070,2195.2070
2195 EPSL=3.0%EPSL

SUBROUTINE WDYNI (AKE(AMASS3BTR,CHARDP,DXG
1+DYQsDZAsEVAL WFREQe IKAy IDUTSKQ

24NAME o NAMS s NOUT 4P » SYMe T Qs YN

B XY ZyXYZCw XYZD 9 XYZN 4 ZAMY

IMPLICIT REAL *8({A—H,0-Z)

DIMENSION AKE (1) 5 AMASS(1) +BTR({ 1) CHAR{1},DP(1),DXQA(NVMAX,1)

l'DVQ(NVMAX'l)'DZQ(NVMAX-I)-EVAL(!)'FRF.Q(I)-IKA(I)'XOUTt!)gKQ(I)

2 NAMECT)«NAMS (1) NOUTTL),P(1)+SYM(12,51)5TQC1}sVN(1)

3eXYZ(3,s3 DU3e13s XYZN{391)92AM(1)

/OUBL/ USED BY WMINe. WDYN, WPRE, wCA&LCTa GCwWX, TIMOUT
COMMON/DUBL /A6 )+ ACL9),ACB(3) 4 ASVI53 +TAIT) ,CABID) 4CK

1,CKKCAL ,CRA(D) s DAAsDATE JFKCAL - ¥R,PI ,O1CK; PICKZ;PLIOKSQA

2,PINFZ,OLIM{5) »QMAXs RDWSS(9) 4 RLIM{S} +RMII) WRMAX, RTR: Z

3.,5A1€) TGWOe SATPDKy SGTPT 4 SQTP IKs TM{9) » TPI.TRT(3) ,TV(3)
UT(?).UV(3).UW(3)'\'ICvHCES'WS(9)'WV-WX'XY7A(3)-X‘IZAS(3)

XY2DS8L3}, ZMC

FMAX/ USED BY MAIN, WMIN, WOYN, WPRE. WCALC, AND GCWX
COMMON/MAX/NPCMAX-NAMAXgNKAMAX'NSMAXqNRBMAX.NPXMAX.NCTMAX‘NBCMAX
lvMHAX-NFSMAX.NGSMAX.NPSMAK-NPMAXyNOSMAX.NGMAX-NV\QAX‘ND'NB'NSD-NSP
/1TGR/ USED BY WMIN, WDYN, WPRE. WCALC, GCWXs IBYPAS. TIMOUT
COMMONZITGR/ZIBK « ICCAX s ICENT,ICMB, TGEMsILSQ,TMOL s INK, IPLMy 1PRC

15 IPRTs IRBAs IREP, TRSCs ISBs ISW2 IVOW,IWGT2T1ZAM, JC KP Wy KPWS ,LTL9)
Z‘HODE-NA-NAC'NAFgNBC-NCT-NKA.NOS.NP.NPC«NPR.NP‘J'NPX‘NQ,ISETA
3,NR yNRByNRPy NSy NT(9) s NV3NVAsNVC,NVD o NYRyNVUS{ 95 s NYX

REAL *4 XXDyYYDeZZD

RETURN

THE ABOVE 15 CALLED ONCE FROM MAIN TO SET LOCAT{ONS OF ARRAYS
CALCULATE FREQUENCIES AND NORMAL MODES
ENTRY WOYI

N woY
SET INDICATOR TO STOP ENERGY CALCULATICN AFTER CDORDS ARE CBTAINEDWDYHMN 165
wWOY M

11=0
CALCULATE DERIVATIVES OF ATOM CDORDS WITH RESPECT TO VARIABLES
NPCA=NPC+7
D0 520 (=NPCA,NP
IF(KQ(I§)500, 820,500
500 II=11+1
PISAVE=P(I)
PI)=PISAVE-DP( 1)
W=WCALC(O0)}
00 510 K=1sNA
00 505 L=1+3
SAVE CARTES jAN COCRDS GENERATED IN ENERGY SUBROUTINE
XYZNIL +K)=XYZC(LK)
S05 CONTINUE
510 CONTIYNUE
P 1=PISAVE+DP(I)
W=WCALCLO)
P(I)=PISAVE
DU 515 K=1sNA

DXQ{ELaK}={XYZC(1 KI-XYZNS 1,K) )/ (2. 0%DP(1))
DYQ(IL,KIS{XYZC(24K)=XYIN(2,K)}/(2.0%DP (1))
DZQ{ E1,KI={XYZC(3,K}=XYIN{3,K))/{(2.0%0P(1))

515 CONTINUE
€20 CONTINUE
18K=0

WMEINS295
WMINS300
WMINS30S
WMINS310
WMINS315
WMINS320
WMINS325
WMINS330

WMINS360
WMINS365
WMINS370
WMINS375
WMINS380
WMINS385
WMINS390
WMINS395
WMINS400
WMINS405
WMINS5410
WMINSALS

WMINS445
WMINS450
WMINS455
WMiNS460
WMIN5465
WMINS470
WMINS475
WMINS460
WMINS485
WMINS490

325
5

230
535

538
540

545
550

555
560

25
600

605
615

8290

&25
30

630

GET NUMBER OF ODYNAMIC VARIABLES. EXCLUDES LATTICEC PARAMETERS
NVD=NV-NVA

PRINT DERIVATIVES
IF(IPRT-21525+525+535

DO S$30 I=1+NVD

PRINT SeI,(KsNAMEIK) »OXQY
FORMAT(*ODYNAMIC YARIABLE
1716% .« *ATOM DXa prae DzZar
2/7{11Xe13,2XsA8,3F11.61))

CONTINUE

SET UP KIiNETIC ENERGY MATRIX (INVERSE OF USUAL G MATRIX}

K)sOYQUT4KIsDZQ(IsK}sK=1,NA)
14

AKEIJ=0e0

00 540 K=1,NA

L=IKA(K)

iIF(L)540,540,538
AKE[J=AKE!JQZAM(K)‘AMASS(L)*(DXQ({vK)*DXQ(J-K)*DYO((.K)tDYQ(J.K)
1+DZAC 1+K}#DZQ(J+K})

CONTXNUE

YI=T+NVD*{J4—1)

JI=J4NVD*(I-1)

AKE{ 1J)=AKEIJ

AKE{J[)=AKETI

COMNTINUE

CONT INUE

REMOVE TERMS IN LATTICE PARAMETERS FROM POYENT AL ENERGY MATRIX
IF(NVA)S60+575.560

3

KL=NV*NVA

DO 570 J=1,NVD

KL=KL+NVA

00 565 I=11NVO

1J=14+1

KL=KL+1

BTR{IJI=BTR(KL)

CONT INUE

CONT INVE

PRINT POTENTIAL ENERGY MATRIX
MVAP=NVA+]

IF{IPRT-1}580,:580:590

PRINT 10, { TOUTCI) SNCUT{ 1} 4 I=NVAP,NV)
FORMAT{ 90" 414X *BTRI /(15X +9(15,2X.44))}
K2=0

D0 535 J=1.NVD

K1 1

JVD=J+NVA

PRINT 15410UT{JVD)sNOUT{JIVD), (BTRIK) K=Kl ,K2)
FORMAT (Xy I542XsA8,3Xy9F 11 :4/7{15Xs9F11.41})
CONTINUE

PRINT KINETIC ENERGY MATRIX
IF(IPRT—1)595+595,605

PRINT 20, 10UT(I1)sNOUT{ 1) s ISNVAPINV)

0 FORMAT {707, 14X, "AKE*/{15X+9(15.2XsA8)}))

K2=K2+NVD

JVD=JHNVA

PRINT 25.I0UT{JVD) NOUT(JVO)s (AKE{K) 1 K=K1,K2)
FORMAT (Xu I5+2XeAd¢3Xs9F 11 48/(15X59F 1144}
CONT INUE

TREAT SPECTAL CASE OF ONY ONE VARIABLE
IF(NVD-1)6204 610,620

TF{AKE(1)) 625+625:+615
EVAL{1)=BTR(1}/AKE(1)
BTYR(1)=1.0/DSQRT(AKE(1}}

SOLVE EIGENVALUE PROBLEM

CALL AXELBX(NVDBTRsAKE sNVD:sTQeNE)
1F{NE) 625, 6304625

PRINT 30

FORMAT (10%%% AXELBX FAILS #¥%¢}

G0 TO 725

CALL HOUSEH{BTR«NVDsNVD,EVAL,VN}

CALL VALVEC{EVAL+sVNsBTRyNE yNVD +NVD)
IF{NE) 635, 640,635

PRINT 35

FORMAT{ *O% %% VALVEC FAILS *&x7)

GO YO _725

CALL TRANSF(BTRsAKE.TQ)NVDsNVD4NVD)
CALCULATE FREQUENCIES IN WAVE NUMBERS
DO 650 I=1,NVD
FREQ(‘):DSIGN(DSQRT(UABS(EVAL(I)))-EVAL(I))'IOB-SthDO
CONT INUF

PRINT ZIGENVALUES AND EIGENVECTORS
IFCIPRT-1} 655+655.665

PRINT 40,(I0UT(T) «NOUTCI),ISNVAPJNV)
FORMAT{*0", 14X "EVEC*

1/t J EVAL(JY ¢,9(15+2X¢A8)/(1S5Xs9{15+2XsA4)))

K2=0

D0 660 J=1,NVD

Kl=K2+1

K2=K2+NVD

PRINT 45, JsEVAL{J) s (BTR{K},K=K1,K2}

FORMAT(X, I3+1E113+9F 116/ (15Xs9F11.6))

CONT INUE

CGMPUTE MATRIX FOR TRANSFURMING NORMAL CDURDS ¥O CRYSTAL SYSTEM
IF(IPRT.GT,4) GO TQ 725

CALL INVRS({ACB,DsCAB)

START LOOP THROUGH THE NORMAL MODES QF VIBRATION

DO 720 _J=1,NVD

GENERATE CARTESTAN VECTORS FOR EACH ATOM FOR THIS MQODE

no 675 K=

1n
00 670 I=1L+NVD
TU=1J+1

WOy N

301



a 0o N

Is)

o

I}

o

EYZB LRSS XT2ZD{1eKIFOXG{ToKIRITRE L) WOYN 855 < AITGRY USED 2Y WMINe WOYN, WPRE, WCALC. SCWXs IBYPAS, TIMOY
sza(z.x) z QT +K)*2TRC 1) WOYN 859 COMMON/ITGR/TBR {CCAX S 1c=Nr,!’vB.!u:M,iL:Q;!MOL.INK X Py § ORC
XYZDO3, K3 XYZ 003, K +0ZA01 o) ABTYRT 1) WOV N 2865 1. IPRY, IRBA, IREP, [RSC s § 561 2 Sus YOW S IWGT, 12 A% 502 KP He P S HLT19]
570 CONT INUE WOYHN BTO 29 MODE» NANAT, NAF yNEC; RCTy WA H0S s NP MNP NP Rs MPS, HPX 3 MQ, ISETA
675 CONT INUE WDYN &575 3,NR~NR3,NRB;MS‘N»(sr,Nv,MvA.%VC,NVJ.NV'zuvust97.~vx
PRINT RESULTS FOR ONE VIBRATIGNAL MCDE WO¥N 830 4 7ABS USED BY WPRE, wCALC, AYYa CONE. D57, NOCRMy JRIT
PRINT 50,4, FRE a(Jx.(kaM#Mh(K);(XVTD\L,k).L £ WOYN 635 COMMONSAB/AAT G WAL s AREATS AL 2, AY3 A2, 85893 a811.822,033,812,813
50 FOXMAT{QFREG (.13, CARTEST AN NORMAL WDYHK 290 1.823,¥A
LSRG, 8K, P ATON BX oy WOV BGS DEMENSION UX{3),UY({3}
ZCENX, T3, 2Ky A% 3F L1000 7 WCYN 900 DATA UXZ120D050.0D0:0000/ 40770000, 140005000007
DETERMINE SYMMETRY OF THIS VIBRATIONAL MODE WOYN 905 DIMENSION NAMALS) (HAMRE 3) (NANTL 3}
ACCUMULATE SuUM OF SQUARES OF DISPLACEMENTS ¥OYN 510 DATA NMAMAY LHA, 1HE, LHC s AHCOSA, SHCOSE : aHCISG/
QU=D. 0 WOYN 915 1y NAMRZ2HR K 3 2HRY , 2HRZ Y HART /2R TRy 2HTY s 2HTL L
DL 685 K=1.NA WOYN GZ0 BEALES XXD-YVD,ZZD
UMYT £xTEA ATCMS WOYN $25 RETUAN
SECIRALHY 3678,585.6T8 WOYN 93¢ [
678 D0 RBG L=1.3 WOYN S%5 [ THE ABOYE (5 CALLED ONCE FROM MAIRN TG SET LOCATIONS OF ARRAYS
VS UUT RY SDIL, Ky an2 WOYN 940 c
685 CONTINGE WOYRN 045 o4 READ INSUT AND MAKE PRELIMIMARY CALCULATIONS FOR ONE SUDSTANCE
635 CONTINUE WON N S50 <
SYART LOGP THROUGH SYMMETRY OPZRATIONS T3 GET CHARACTSRS OF MODE  WOYN 955 ENTRY WPRE
0C TI5 1=1,NS WOYHN 960 < READ AND PRINT CONTROL CARD
START LUGP THROUGH ATOMS 7O ACCUMULATE INNER PRODUCT WOV N 965 READ SsNALNMKA NSy TCENY, HXNEG, HYNEGe HZNEG s NRB ¢ NOX, NRP
USm 0.0 WOYN OTG s ICMB, Y VDU, IREP s TROL , NC Ty TRSC s I ZAMe LGEM 1RDA 4 L5ETA
D0 F1a LaElyNA WOY R Q75 S FORMAT{AI3+3F3,0,13123)
OMEY EXTRA ATOMS WDYN Seg PRINT £8sNA,NKAsNS, ICENT» HXNEG s MY MEG » M ZNEG o RRE ¢ M5 X 4 NRP
FEUIRA(L}) 686,714,686 WOYN 985 T ICMB, IVDN ¢ TREP ) TMOL gy NC T ERSC 2 YZAM, TGEMy IRBALISETA
TRANSFORM ATOH DISPLACEMENTS TO CRYSTAL COORDINATES WOYN 890 10 FORMATC O NA MK A NS TCENT HXNEC HYNEG MINEG NRB NP X
686 CALL MNICAB:RYZO(E.L),XYZA) WDYN 995 INRP  TCMB  [WDW  LREP IMCL MCT  IRSC T{ZAM  IGEM  IRGA ISETAM
YRAMSFCRM ATOM DYSOULACENMENTS ACCORDING TU SYMMETRY WOY N100T 2/Xe 4164 3F6s 15 L3VH)
RYZASCLI=STME 2,13%XYZACLI4SYME S, TIEXYZACRI4SYMO 441 )EXYZAL WDYNIO0S TFLNASLELHAMAX s AND s NK 5, LE s NKAMAK o AND s Se LE 4 NEMAX 4 AN
MYXBSL2)=SYML 6,1 JaXYZA{1I+SYMY 741 IAXYZAL2) 45y ¥DYN2OI0 LHRD L E o MRBMAX L ARD NP X2 LE s NPAMAK e AND e NCT o LEWNCYMAX § G0 TO 495
KYZAS{ZI=SYMO 10, )XY ZALL ) »STYMLLl 21 JAXYZAL2) & WOTMEOY S PRINT 12
CONVERT YRAMSFORMED GISCLATEMENT BACK TO CAR WDYNIO2D MATCFOXRES INPUT YALUE OF MA&, NKAs NSs NRI: MPX, OR NCT EXCEEDS
TALL MY {ACE,XYZAS,X72ZD5) WOYNIO2S IPRESET LIMIY &¥%iy
TRAMSFORM AYGM CUORDINATES ACCORDING 0 SYMMOTRY WOYNIO3O CALL EXIT
KXC= SYM(E.X3¢§YM{ .1) BYZ{3aL345YMT 3,11 &XYZL2,0L9 WOYN1Q35 [ HEAD AND PRINY SWALD CONSYANT ANMD LIMITS FOR RECIP AMD DIRECT SUMS
i*s*w( &1} ¥XY2 WOYNI0GD 433 READ 15.CK A0 NR
=SYM(5 1 HeS M( é.s.«xv?(:.L:«% ML T L EXYIIZ,L) WY NYO&S 15 FORMAT(FS.0,213)
x&sth BelIRXYZ{E,1 8 WOYKICSO < OMIT RECIPRGCAL SUM IF [CMB3 AND IVDW ARE TERO OR IMOL IS5 NON-ZERQ
z7C= :YM(@;()+5Y*(10..R¥xv*(1.L)05vM('x.llixvz<2.L) WOYHICSS ;F(lCnexsos,scu,scs
EHSYMIL 2 Y2 ARYILS, L DY NIGSO 5CC IF{IVOWIBOSE.5)10,5
LOGP TG SIND SYMMEYRY EQUIVALENT ATOM OF SAME KIND WOYN1OBS 555 xr(rMGL)5lo.515.<go
DO TOS K=1,NA WOYNIQTF O LY CK=0,.0
IFLIKALKI=TKALL) ) 705, 65894 785 WOYNIOTS 315 PRINT 20sCKaNANR
B89 XXD=XXC-KYZLY R3410,0 FOYR108D 20 FORMATIG K MRY/%2FPe54216)
IFCAMODIAXD 2 1 a0d 020022 520,690,705 wDYNIGES FFENQaLE. S  ANDNRGLE 57 GC) T8 Sis
BG0 YYDSYYC~XYZ{2 K3+ 10,002 HOYNIOSO BRINT 22 a5 s
IFEAMGD(YY D1 .03=0,002) €95, 595,705 WOYNIOUS {10% &% INPUT WALUE OF NQ DR NR EXCEEDS LIMIT OF 5 #%xt) = 410
895 2202 77C-XY243,KY*10.002 ALY 415
;A'«*Mzzu.uo.-u.oaa,00.700.705 5y (BCIMLL), I=1aN05 429
TCO s {eFu,. 0} 425
gg rTa 719 3G € QLIRLL Gy To 1 yma} 439
TS TOMTINUE FORMAT (¢ G GLIM(I)’/§A08F9-37) 4325
~R7-‘Gn. NO EGQUIVALENT ATCM FOUND EAD 35, (R IM{1Y, 3=, NK %8
ﬂAx:(i-ioﬂan,a 35 FORMAT(3FS,0) 895
36 7o PRINY A0yt RLIMCI2551 o NRY 859
ADYD CO%TRIBU:;UN CF ATOM T3 IMNER PRODUCT A0 FORMATIYO  RUIMIIS I ALX; 8F9.5) 1 455
FI0 3O TR N=l. c HEAT AND PRINT LATTICE PARAWMEYERS = 460
US“"SJPATZC(Nn\A}*A‘!ZDb(h) READ 43,A = 455
Th2 CONYINUE 45 ruRﬁAT‘bTQ 03 AT
T4 CONTINUE ARINT 50 15
COMPUTE LHALACqu ¥ITH RESPECT TO SYMMETRY QPERATIOM I 50 FDﬂMA(('u A(l)'/xyéﬁg-ﬁ
(‘HAQ(Y)X\J 1L TWGTSNELUY GO YU
R4S HOYHIITS c LATTICE PARAMETER thﬂﬂn\ MOT USED. SET TO 2RO
N5} WOYNLILEO DG OB1Y (216
85 ER 0F VIGAATION WITH RESPECT TO SYMMSTRY OPZRATIONWCYNI(ES SA{TI=0.0
21UL8/09X, 8018y} WOYRNLIGO 517 CONTINUE
DQINT JIu(MAM 15821, M55 ®WDYNI195 50 1o 519
ST FORMATES NAMS Ve 10CAXI AL 9K 204X, 2a) ) ) KCYNI2GD < READ AND PRIMT LATTICE PARAMETER ERRURS
FRINT. &0¢ L THA YoI=1sKS3 WOYNIZOS 518 READ 35,34
60 FORMAT{: CHAR Fs1OFBA8/(IKy10F He 8 ®EYN221C 55 FORMATIEFO,0)
PITNT 68 HOYFNL2LE PRINY 60554
5% SORMAT LD - - *IWDYNLI220 60 FORMAT{ U SAITII/ X, 6F9.5)
728 O InuE WOYNL22S READ AND PRINT 3TVMETRY THANSFORMATIONS
res WDYNEIR3D G519 READ BS.(NAMS{U} W ASYM{T 832114225821 ,M5)
WDYNLZAS 65 FORMAT(ASF§Y,5:,3F2.0,F L E40,3F 300 F LS 0,3F300)
PHINT 74
TO FOAMATLIONAMST (10X, Y TRANSFORMED X0,20Xs ¢ TRANSEDRMED Y¥,20X
"AS:MQ-BQ.UP.DPX WPRE % Yo PTRANSEFORMED 20/}
2 <Al WPRE  1g PRINT T3, IMAME(J) oSyl [, J 3
b4 IV, T weRE 15 7H FORBAT LN, A% 3{BA2F7 o8 £5, 2L a2HEY  FS, 1,20k 2y ))
3 <0 KOS 2 BLL WPRE 2§ [ READ ANG PRENT LEST DF KIN v
a A BP 3 NAKP X, MAME s NDS S WPRE 25 READ 501 NAUL 5 RIK) o AMASSI K)o =1y NKA)Y
5 ', PXMN P MK WORE 30 8¢ FURMAT AA,a
[ R X8 WPRE 35 SRINT B85, (Ko NAMKIK) ,Qf KI5 ARIK ¢ AMASSEK) s K=1 aNKAD “
7 7% ¢ W AYZ WPRE 8¢ B85 FORMAT(IS K NAMK e 5 1 AMASS ¢
8 t ¥ KP WORY A5 3SRy 2020V A% 2R3 BFO5Y)
FHPLICTY REAL X6{A~H,O-2 b WPRE 50 < READ ] YES
(DEMENSION ACZIS:13,AMASS{ L .ARIL] BRI DPLL},DPXL) WERE 55 CALIILIXYIC et e E=T03) 0 d=1 4NAY
3 T8 TAZCEy 33 £CTEAa P aIZ a,3) THALL s RESED WPRE &0 FGa0)
¥ BeLii, 15CT ) 1TER R RER IS RS S RV R WPRE &3 C T wWlowr BE EXPANDED
N 1}adCTEIY SE13sRO{TILRAS(L) LBl ) WPRE  F0 I3
i ME £33, MAM AMPE %35 NAMPNELS o MAMSTL I +MOSS 1Y ¥PRE 75 c AR ASBIGMMENY OF ATIMS TO RIGID BODIES
o ® 1y, e ox PPRMNLLY, PXMALLE WORE  RD
S » [ ST/ FedXRIiy #PRE &5
2 5% 'RT PsACT 1) o XY Z( 502} WPRE 90
. } WHRE 95
8 W wPEE 100 [+ OF ATORS TO RIGID BODIES
AL £6 WORE 105 £
[ Py WORE 110
is ‘s WPRE 115 < 5L AGMMENT TO RIGED BODYES
] ™ WPRE 12¢ BB 29\va{;.Jv,l—s'J)vJ-l-NA*
Y ¥ORE 125 £ )4
WPRE 136
WPRE 135 [ AZATION OF SYMMETRY COMSYRAINYS
WORE 140
WRARE 185 c CSIYTUNE USED FOR STRUITURE FACTORS
Fi:T1 TLE(18) WRRE 150

AMD GOCAN KERE 3165
‘“’u’n\zf\:P/\P”’ak,\‘&T‘i-\I«'NDLHA‘ WPARE 160 o
s NOMA RS N AR NDHB o N30, NEP WPRE 3168 c STARY LOUPS 10 GENERATE ALl ATOMS INM UNIY Cail

x :"N\“U\k q"ﬂff\“l;!\: G 8A
3 MRAN v ’ShAAr\u"{ﬁA&-fiV AR A NTMAK ¢ NOE
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0D 595 I=14+NS
D0 585 J=1.NA
GENERATE POSITION
XXC=SYM( 1, I 3+SYMY 2-1)*XYZ(I.J)OSYH( 3411 RXYZ(244)
L4SYM( 4,T) 2XY¥YZ{(3,J
YYC=SYM(5,1)+SYMT 6-13%XV {1ed)+SYM{ 7,10 %XYZ(2:4)
LT45YMY Be 1) EXYZ{34J)
ZZC=$VM(9-[}$SYM(!O-{)tXYZ
:*SVM(lZ-X)*XYZ(B.J)
IF(K)550,53
MP ARE. NiZ% PD lT ON WITH ALL ATOMS A:i READY STORED
550 29 S735 L=l+K
IF(lKA(J)—(KA(JAC(L)))575.533.575
553 IFLIMOL)S61.:554,
CO4PARE CDORDINAT 5 MOD 140 FOR CRYSTAL
554 XXD=XXC-XCiL )+10.201
IF{ AMOD(XXD+1 «0)-0.002)555+5554575
555 YYD=YYC-YC(L)I+10.,001
IF{AMODIYYD,140)-0+002)260+560,575
560 ZZD=ZZC~ZC{L)+10.001
YF{AMOD(ZZD»1:0Y=0.002)565,565,575
COMPANE COORDIMATES FOR [SOLAYED MOULECULE
561 [F{DASS(XXC—XC{L))~0a001)562:562+9575
562 1F [DASS(YYC-YC{L)}-0e0011563, 363,575
563 IS{DABS(ZZC-2C{L))-0+0013565,5654575

JIESYMLT1, T RXY {240

ODUPL ICATES PREVIOUS POSITION. ACCUMULATE MULTIPLICITY OF PREV POS

565 SMC{L}=SMC(L}+1.0

CHANGT MULTYPLICIYY OF SPECIAL POSIY FOR STR FAC CALC IF REQUIRED

IF(L-NAF}S570,570, 585
S70 FMC{LI=0.5
GO TO 585
S75 CONT INUE
POSITION 1S UNIQUE. STORE IT

I-1)*%NRB+IRB(J)

SET NUMBER OF ATOMS NEEDED FOR STRUCTURE FACTOR CALCULATION
IF( I-NSF)595, 5904595
NAF =K

595 CONTINUE
SEY NUMBER OF ATOMS IN CELL
NAC=K
PRINT LIST OF ATOMS IN CELL
IF({PRT~4)6004+600:5615

600 PRINT 105

105 FORMAT ('0Q 1 NAME IsC JAC SMC FMC IRBC XC
zCe
DD 610 I=1,NAC
J=JAC(T)
PRINT 1109 1+NAME({ I} » ISCEI) s JAC(T) 4SMC(I)FMC{TIIsIRBC(ID) XC()
1sYC{1}sZC(1}
110 FORMATEXsT342X+A442164F€e 04F6alsl643F3a5)

IF{1-NAF}610,€05.610
605 PRINT 115
115 FORMAT(® ABOUVE ATOMS USED FO COMPUTE STYRUCTURE FACTURSY)
610 CONTINUE
TEST WHETHER SYMMETRY CCNSTRAINTS ARE TU BE REULAXED
615 IF(KRSC)IE2046554620
620 IF(IRSC-1)6554655.625
YFS. PREPARE 7O MAKE INVERSE OF FIRST SYMMETRY TRANSFORMATION
1

e

TM(9)=5YM{12,
CALL INVRS{TM4D,TM)
TEST FOR SINGULARITY
IFiD) 635.6304635

630 PRINT 120 WPR

120 FORMAT{?0% %% F(RST SYMMETRY OPERATION IS SINGULAR. PROGRAM ASSUMESWPREL130

1 X,¥sZ *k%0)
2

A
£XTCTIXFL
VRN P N

-0
FXDANDE‘_D LIST OF ATOMS

STORE

(Ric)6401640|650
640 TV(l)‘KC(Ki SYM(1+1)
YC(KY-SYM{Ss1)
TV(3)"7C(K)“§YM(9.1)
CALL MV(TM'TV-XVZ("‘
JEJACIK
NA“b(K)—NAME(J)
IKA(K)I=TKALJ])

NA=K
IF{NALLE.NAMAX) GO TO 645
PRINT 123, NAMAX

K1)

WPRELI015
WPREL020
WPRFE1025
WPREL030
WPRE103S
WPREL1040
WPREL1045
WPREL1050
WPRE1055
WPRE1060
WPRE106%
WPRE1D70
WPREX DTS
WPRE1080
WPRE1085
WPRE1090
WPRELOSS5
WPREL1100
WOREL1105
WPREL110

RE1135
WPREL140
WPRE11465

WPRE1160
WPRE1165
WPRE1170
WPRELL17S
WPRE1180
WPRE1185
WPRE1190
WPRE1195

123 FORMAT {*0%%% EXPANDED NUMBER OF ATOMS PRODUCED BY RELAXING SVMMEYRWPQ 1250
}

1Y CONSTRAINTS EXCEEDS PRESFT LIMIT OF".13,% %x%xx¢
CALL EXIT

€45 CUNTINUE
READ ASSIGNMENT OF ATOMS TO RIGID BUDIES

650 READ 125, (IRB(J)sI=14NA}

125 FORMAT (2413}

PREL1255
wPREl.ZéO
WPREL1265
WPREL1270
WPRE1275
WPRE1280

o

PRINT EXPANDED ATOM LIST WPRE1283
ORINT 130, ( JeNAMECS by TKACJIIZIRBIJI (XYZ(T 4 ) ol=10 )-J:X WOREL290
130 FORMAT(*OREVISED ATOM LI$Y AFTER VELAX[NL; SYMMET C’JNS? A!NT" WPRE1295
L7 J  NAME IKA z* won”moo
2/(X.I3v2X.A-‘)‘216.2X-3F9-5))
SEYT SWITCH AND JUMP BACK TU RECALCULATE ATOMS IN CELL 30
KRSC=0 WF’T’C‘E S
G0 TC S40 WPRT 320
TEST WHETHER IZAM DEF INES SIZE OF FORMULA UNIY WPREL325
655 [F(IZAM)66546654660 WPRE1330
YESe SET SMCMX ACCORDINGLY WPRE1335
660 SMCMX=SMC{1)&DFLOAT{IZAM) WPRE1340
GO TO 680 WPRE1345
NO. FINO MAXIMUM NUMBER DF ATUMS FALLING ON ONE SPECIAL POSITION WPRE1350
665 SMCMX=0.0 WPRE1355
00 675 I=1. WPRT1360
!F(SMC(l)—SMCMXi675-675-670 WPREL365
670 SMCMX=SMC(I) WPREL 370
675 CONTINUE WPRE1375
COMPUTE NUMBER OF MOLECW ES OR FORMULA UNITS IN CELL WPRE1380
680 FNS S WPRE1385
ZMC=FNS/SMCMX WPRE1390
COMPUTE NUMBER OF ATOMS OF FACH KIND IN MOLECULE OR FORMULA UNIT WPREL1395
DO 685 I=i.N WPREL400
ZAM{(T )= SMLMX/SMC( 1) WPRE140S
685 CONTINUE WPREL410
PRINT THESE RESULTS WPRT141S
IFCIPRT-4} 69056904695 WPRELA20
690 PRINT 135,2ZMC+{TsNAMEY YJ-ZAM(I)-I—-X-NA) WPRE1425
i FORMAY {40 ZMCU/X,F6e2/7%0 NAME (I} ZAM(1) " WPREL430
174X 13:8X+A4,F9011) WPRE 1435
READ AND PRINT DEFINITICNS OF RIGID B0O0Y COORDINATE SYSTEMS WPRE1440
695 READ 1404121301 +IULJ) V(I IW{J},SSRIIDI+STR(J) WPREL445
15 SXR{JIeSYR(JI I SZRIJD «{TR(I,5)11=143)4J=1,NRB) WPRE1450
140 FORMAT{A13,6X+2F9.0,6F6.0) WPRE 1455
PRINY 145¢1Jdy 32(J -IU(J)v!V(J)v!W(J)oSSR(J).STR(J) WPRE1460
REJIsSYR{JIT#SZRIJ) sV TRIEI) 4 I=1433 .=t 4N WPRE1465
145 FORMATA®*0 J EZ(J) TU{J) IVIJ) TwW(J) SSR(J) STR(J) SXR{J) WPRE1470
1SYR(J) SZR(J) TR{1,J) TR(2,J)} TR{3sJ1}" WPRE1475
2/(X+13:416,8F3.5)) WPRE1480
READ AND PRINT ATOM CONNECTIUN TABLE WPRE1485
NBC=0 WPREL490
IF(NCT} 698, 725,698 WPRE 1495
698 READ 150s (TACT(J4)}s(ICT(I+D WPRE1500
2 {TAZ{YsJ)»1=1,6) s {ITBR(L¥J WPRE150G
150 FOR'\!AT(I313X.4[3s3)(;4'43.3x- WPREL1510
PRINT 155, ([ACT{J)s{ICT(I,.J WPRE1515
Lo (TAZ(1+,J) s I=1+63>(ITBR(L .Y WPRE1520
155 FORMAT (*01ACT ICT*,16X,° WPRELS25
(X2 T4,3X5,814,3X,414,3X,614, WPREL1530
STORE LIST OF BONDED CONTAC TED FR0M NON—-BONDED ENERGYWPRE1535
00 715 I=1,.N RE1540
TA=TACT(I) WPREL545
DO 710 J=1,4
JA=ICT(Js 1)
1F{JA.EQ.0) GO YO 710

IF(JALGT«{A) GO YO 701

TESY WHETHER JA 15 BACKBONE ATOM

D0 TOO0 L=14NC

IFCJA. EG-\ACT(L)) GO TO 705
700 CONTINUE

IF(NBC. GE-NBCMAX' GO 1O 702

NBC=NBC+

LBCI{NH(')"JA

LBCJ(NBCI=TA

GO TO 705
701 IF(NBC.LT.NBCMAX) GO TO 704
702 PRINT 157,NBCMAX

WPR
157 FORMAT(10%¥* NUMBER OF EONDED CCONTACTS GENERATED EXCEEDS PRESET LIWPREL625
we

IMIT OF ,13,' *%%t)

CALL EXIT
704 NBC=NBC+1

LBCI(NBC)=TA

LBCJ(NBC)=JA

ADD PAIRS OF GEMINAL ATCMS TO LIST IFf 1GEMaNELD
705 IF(IGEMeEQa0a0RsJEQ.4) GO TO 710

IF(KA.£Q.0) GO TO 708
I1S(NBC.GE.NBCMAX) GU TU 702
NHC=NBCH+1
IF(KALT.JA} GO TO 706
LBCI{(NRC)=JA
LBCI(NBC)=KA
GO _TO 703
706 L.BCI{NBC)I=KA
LBCJINBCY=JA
708 CONT INUE
710 CONTINUE
715 CONTINUE
TF{IPRT=4)720,720,725
720 PRINT 160, (LBCI{K)}sLBCI(K )} K=1,NBCH
160 FORMAT (#OLBCI LBCJI®/(X,12(214,2X)))
READ AND PRINT FXTRA PARAMETER INFORMATION
725 IF(NPX) 730,735,730
730 READ 165, (NAMPX(T},1=1,NPX}
165 FORMAT (8{5X,A4)
PRINT 1703 (NAMPX( 1)+ I=1NPX)
170 FORMAT('0 NAMPX((}f/{X, 8{5XsA8)))
READ 175+(PX({1},I=1,NPX}
175 FORMAT (8F9.0)
PRINT 1805 (PXII}>I=1,NPX)
180 FORMAT{vO PXIT)1/{Xs BFGa5))
READ 185:i0PX{13,1=1,NPX}
185 FORMATIBF9.01)

PRINT 190, (DPX{t) 1=1, A}
190 FUORMAT (0 DEXLTIIP X F9e5}}
IF{IPLM.NE,O} GO TO 73

DO 732
PXMN(I)'0.0

WPRELSES
WPREL1S70
WPREL1575

WPREL655

WPRE1710
WPRELITLIS
WPREL720
WPRELT2S
WPRE1730
WPRE1735
WPRE1740
WOREL745
WPRE 1750
WPREL1755
WPREL760
WPRE1765
WORFE1770
WPRELT77S
WPREIT7B0
WIREY785
WPRE1790
WPRELIT7TSH
WPREL8CD
WPREL1805
WPRE1810
WPRE1815
WPRE1B20
WPRE18B2G
WPREL1830
WPRELR3S

oLt



) v .
11)=0,0 HPRELS40 zz0 w wos SYGWD ! /Xe2i6,2F0 HPRER4D0
732 INUE E < LtCT!DN it VARYABLE SELECTIaN :
o 735 = SNPSY
753 19E, {RPYMNIT), {=1,NPX} 225
195 FORMAT(8F9.0) 7 =1,NP3) has =9:~:u
SRINT 200, EPAMNM(Y 3, i1, NPX) 239
200 FCRMAT(¢gQ pm.\;:n'ux.er:q.s)) < SVERALL SELECTION §NTEGERS ACCORDING TO MODE
“AD 205, (PXMX{1},151,NPX} =
205 SORMAY 18FT, 01 WpREZ4ab
PRINT 213, (PXMX{1},1=1 mnn APREiSES WORED 85
210 FORMAT('3d DPXMX{I)}1,/{X,8F HPREIBSD FAPREZASD
¥ MULTISLYER NEEOED FOR JTR\JLTURE FACTORS WPRELSSS HPREZLES
T3S EM=I-1CENT WPRE 196 NORED45)
FACTOR YO CONYERY ELECTRONS®#%2/ANGSTROM TO KIi.iCALORIES/MOLE RE190 529
ERCAL=332.17 WERE1910 < FOR SUBSTANCE ANO STORE ARRAYS MEEDED LATER
SEY VARTIOUS CONSTANTS NEEDED FOR LATTICE SUMS SORELGLS azo
.141592@53 879300 WDIRELS20 LESNGSMAX) GD TO 822 #PRE2400
TEY=2, Ok WORELGZE PRINT 235, NOSMAR NP7 55
smnraasqan-n WPRT1930 235 SORMAT (30044 NUMBER
SQTPIK=50TPI2CK WBRE1$35 TOLIHET GFteIa,0 gx
(F{CK)YT40,735:740 FERELSA0 £
; WPREL 945
PIDKSA=RI/{CKHCK) WORELIDEG
745 RYP1Z=FKCAL/{TO[XZMC) WORELSSS
SINRZ=={{P{£e 2} HAZ}XSOATPL /{3, 0*ZMC) WORELI6T
PECKZ=—({PI1#TKI2$ 3} £ZMC /S ¢ D FPRELSES
PICK={{PIACK*CK)I¥*3) 71840 APRELETO
CHKCAL =~FK CAL FCK WPRELSTS
LOCP TO STORE PARAMEYERS FOR THIS SUBSTANCE (N OVERALL PARAM LIST WPREL96G [ T counT LATTX&.E:- RIGID S0DY, AND SXTRA PARAM VARIABLES
IFUNVC 720,755,750 WARE1585 §6-3%EREA)FNR
ALL SUASTANCES T3 BE CUMBINED. STARY AT END OF LIST ALREADY STOREDWPREIDSG
750 K=NP WERELSSS
G5 10 769 WPREZ00D
russTmLEs TREATED SEPARATELY. START AT END OF COMMON PARAMETERS WPRE2GGS 9
755 K=ie WeREZU10 [ aaa 1=146
SAVt STARTING PUYNT FOR THIS SUBSTANCE WOREZOLS =i+
760 1N WPREZOZ H‘(v(Q'K:)EQEnbbJ-tME:
Xr{!\K&6+&*-3*§Q8AJ*NRBWPX.LE.M’MA)\) G0 10 762 WPREZU25 1
FRINT 242, NPmAX ¥PREZ020 555 Conrise
217 FORMAT(3Uh2% NUMRER OF PARAMETERS EXCEEDS PRESET LIMIT OF',i4 9O B60 1=6uNPR
xﬂ g x Y
ALL EXIT » 260, 855
sm:z x_m.ra: PARAMETESS
762 5O 7€5 1= 260 CONTINGE
K=K +1 IF(NBXIB65, 820,865
BIK)=A(T) 865 DU BT5 I=1,NFX
K=+t
IFLKAEN}IBTO, 875, 370
BTD NYRSNYXR3
975 CONT INUE
SET LATTICE PANAMETERS ACCORDING TO SYMME TRY
765 590 CALL SEYA{[SEYA,A
CALCULATE OLRECY AND RECIPROCAL LATTICE COSFFICIENTS
:)&*?
iS*ALEYHALE
z)xMJMA\s)
123
23%re
Al Z)£A{3)%A4)
SPUKI=SALLS (33
7o cony (nde 163
oge mulo (EODY ROTATICNS AND TRANSLATYONS 312 w»ara.—_a'r“n
S { ARG DAR B ) 271t
3 WPREE’:W
5 WPRE2T20
3 WOREZTZS
AAL2) wORER 30
AR{ZY WIRERTS
ALY
3
H
3
S OXBH( D)
LGABE{3)
775 LOEBBL5)
777 < USERS SUBROUTENT T SET CONSTRAINTS
CALL CNSTAN
c EOR EACH RIGID 500Y, GET CARTESIAN TRANSECRMATION MATRIX ACZ BASED
C ON ORIGIMAL LATTICE PARAMETERS wER
JEV W NRE UPRE27HR
RORE2BOT
5£65,89¢ WPREZSSS
8as ECXa UY 20T ) #OREZSLD
780 U o1 5
735 CONTINUE 890
STGRE EXTRA PARAMETERS 3
E{NPX ] 7904803, 790 CALL DIEV{AYZIL L IVI1,XYZ{1a1UI ) UV)
796 DO THS I=1,NPX WPRE2275 YE(IWd.EQ.0) S0 10 893
K=k#1 #PRERZSD CALL DIFVUXYZ (0, 19)) o XYZE 11U} oUW)
D(x) PX\K) CALL AXESIUV:UW, 0TS
GO TO 855
893 CALL AXESIUY,UX,UT? WPREZESS
655 CALL MM{AA,UT»AC) WPHEZSED
CALL TRANS(AC.ATI{1.J)) §PRE2805
SuC CONTIMUE WPRE 2670
RETURN WOREZS?S
fswa TOTAL NUMBER OF PARAMETERS AND NUMBER FOR THIS SURSTANCE END HPREZE80

800 N
NP— TRK

LLL

213 FORMAT {70% %% NUMBER ?F PARAMETERS FOR ONE SUBSTAMIE EXCEEDS PRES‘:THPRL

IF(NPS-LE NPASMAX) GO YO 302
PRINT 213.NPSMAXK E23AO
34

LIMIT OF9,3a," ®axt

CTALL EXIY

READ AND PRINT GBSERVED ENERGY. SET INDICAYOR FOR JSING IT
READ 215+KPWSsWOBS,5IGHE

FORRAT{ 134 6Xy 2F 9, 0}

fF{MODE}BIUsBO5:51C

KPW=KPWS

GO YO &5

KPa=0 WOREZ235(
PHRINT 220, KPW3.XP N WOBS 45 GW0 HORE2355

FUNCTIGH HCALTT {AUE ) ARMBRLCMIT,CSVeFMC
LaGMT L GUT,GY T GO, HMT , MX T HYT

2eZT o TATSICC) IRAL, {RE, YRE
3;!U;IV»!W;XgaJAL-JA,-L
AL BCS s MAME « €
SaPAGY G RE TvF!SV;RTwSF(E(:
Gy SYM,SYR: SZRL TR YOU T 2 ¥SY
7y XV ZyRYZC, XYLR Y1 ZAM
5

KPAS

S T

Cmea
T en 3 e 3




A 0NNCOAANANONN

I

€20
=525

530

535
sS40

545
£50

Z(L1)s JAC(I) 4 JAT(1)4LBCI(1}
JsPC(L)PCSV1).PL{1),PX(1]}
JsRSV{i)sRT{1),SRBT(1),SXR:1)
RE1IsTR(3, 1), VOWT(1),V5Vil)
(3+1)+XYZR{341),YC{1) s ZAM(1)

2 Z
/DUBL / USED

8 DYNs+ WPRT, WCALC, GCWX, TIMOUT
COMMON/DUBL /A
9

w
S1sACB{914ASVI6) +CA(D !, CAB(9) ,CK
1 CKKCALSCRA( AYE +FKCAL + WRs 1 yPICK,PICKZsPIDKSQ
2ePINHZ, QL [M{S5),OMAX, ROWSS(9),RLIMIS) RM{I) ;RMAX,RTPIZ
3,SA(6)»SIGWO, SQTPDK, SQTRL, 3QTPIK, TM(9) 4 TPI,TRT(3) ,TVIL3)
AsUT(I) ,UVII )y UW(3) s WCWOBS WS 9) 9 WV, WXe XYZA{3) 4y XY TAS(3)

S+ XYZDS{3)s ZMC

/SNGL/ USED BY WMIN, WPRE, WCALC

QEAL ¥4 CHBT (FM FMCFNSy GXTeGYT s GZ T HMT s HXNEG +HXT 4 HYNEG

1L aHY Ty HINEG ¢+ HZ TsREPT 4RT 9 SMCH,SRBT+STITLEs TITLE 4 VOWT
COMMON/ZSNGL /F M. FNS, HXNEG.HYNEG.HZNEG,STITLE(l?)|TITL“(18]
/MAX/ USED BY MAINs WMIN, WOYN., WPRE, WCALC. AND

Y
{6
}
)

COMNDN/MAX/NPCMAX.NAMAX‘NKAMAX.NSMAX-NREMAX'NPXMAX-NCYMA(-NBCNAX
1o MMAX ¢ NFSMAX s NGSMAX s NPSMAX s NPMAX s NDSMAX 9 NOMA X s NVMAX s NDs N3 s NSD s NSP
IBYPAS, TIMOUT
COMMON/ITGR/TIBK s ICCAX s ICENT, ICMB, {GEM, ILSQG,IMOLs INK, IPLM, IPRC
15 IPRT, IRBAy IREP,IRSCy ISBs ISWs IVOW,IWGT s IZAM; JCHyKPW,KPWS,HLT(9)
2 +MODE s NAsNAC, NAF ¢ NBC yNCTs NKAsNOSs NP ¢ NPCoNPRyNPSyNPXyNQs VSETA

/ZLTGR/ USED BY WMIN, WOYNs WPREs WCALC, GCWXs

33NR ¢yNRByNRP ¢NSyNT{3) s NV :NVAsNVCsNVD «NVR4NVUS (9] s NVX
/AB/ USED BY WPRE, WCALCs AVV, CONF, DSTs NORM. UNIT

COMMON/AB/AA(D) ALl ,A22,A33,A12,A13,A23,B8{9),811,B22,833,E12,813

1+B23,vA
DIMENSION UX(3),U¥{3}
DATA UX/1.0D0+0.,0D00,0.000/»UY7040D04+1.000+0.0D07

REAL®X4 HXMAXs HXMIN, HYMA X, HYMIN JHZMAX s HZM IN s HX s HY s HZ s HXM o HY My HM

1 +GXMAXs GXMINy GYMAX GYMINY GZMAX ¢GZMINIGXsGYsGZy SRD
RETURN

THE ABOVE IS CALLEO ONCE FROM MAIN YO SET LOCATY{ONS OF ARRAYS

CALCULATE THE ENERGY OF UNE CRYSTAL OR MOLECULE

THREE PRESET INDICATORS CONTROL THE FLOW DF THIS CALCULATION
ISW=1 ON FIRST ENTRY OF EACH CYCLE. SETS UP TABLES USED LATER
ISW=0 ON SUBSEQUENT ENTRIES, USES TABLES TO SPEED CALCULATION

IBY=0 FORCES ALL PARTS OF ENERGY TO BE CALCULATED
IBY=1 TO 7 BYPASSES RECALCULAYION OF UNCHANGED TERMS
IBK=0 NORMALLY

CAUSES ROUTINE YO TERMINATE AFTER SETTING ATOM COORDS
FURTHER BYPASSING CONTROLLED BY INTERNAL INDICATURS ICCAX AND ICC

ENTRY WCALC{IBY)

READ INITIAL 7TIME

LYI=T1CLOCK {0)

2ICK UP PARAMEYERS FROM OVERALL PARAMETER LYIST
xF(\JP\_)SOD« 510,500

GD TQ 518

SFINPX)530, 5404530
35 I=14NPX

ENTER RQUTINE TO CONSTRAIN LATTICE SYMMETRY

CALL SETA(ISETA,A}

TEST FOR CHANGE IN LATTICE PARAMETERS AND SET INDICATOR
ICA=1

lF(lSH)SSS.SAS-SSS

lF(A( I )—Aiv(l 1155545505555

CONTINUE
NO CHANGE. BYPASS CALCULATIONS BASED ON LATTICE PARAMETERS
ICA=0

VOLVING LATTICE PARAMETERS

s}

0o

A

Il

B23=2.0%8B(6)
ﬂl N5QRYIB11}
BORTIA22)Y

83 DSQRT(B31}
VA=DSQRT(IDAA)
RTYPIZV=RTP 1 Z/VA

PNE TD SEY OTHES COMSTRATNTS
560 CALL \Naf

TESY FOR ‘»', ‘\NGT PNOCOMMON PARAMETERS AND SET INDICATOR
ICPC=
ML NP()565-575-56‘1

565 DO 570 NP

? B
IFIPC(T) BL5V1)) 500,570,580
570 CONTINUE
575 1CPC=0
YEST FNR CHANGE IN EXTRA SARAMETERS AND SET INDICATOR
580 1CPX=1
IF (NFX) 585,595,585
S85 NN 590 I=.NPX
IF(PXI1]-9XSV(1}]600s530s 600
590 CONT INUE
595 1CPX=0

SET OVERALL INDICATOR S0OR CHANGE IN COMMOMN, LATTICE. OR EXTRA PAR

600 ICCAX=ICPC +ICA+HTCPX
COUNT ANC TIME PASSES THROUGH INTTTIAL CALCULATIONS
NT{LI=NTCL ) +1
LTF=TCLOCK (0)
LTCU)=LTOEY AL TA-LTE
LYI=LTF
TO RECIPROCAL AND DIRECT SUMS,
18YP=TRY+1
GO TO 1605+605+605,605,1390,13%041495,1495),18Y>
STV UP
TEMPORARILY SET COORDINATES FROM INPUT VALUES
«NA

605

v 3
X¥Z{Ie+d)

X
wue

START LOOP THROUGH RIGIL BUDIES

DO K60 J=1sNRA

1WI=1U(s)

129=1200)

IF{IUJ) 625, 620,625

SET U9 AXES BASFD ON LATTICE COURDINAJES
620 CALL AXES{UX:UYL UT)

G0 TO 20

SET UP AXES BASED ON SPECIFIED ATOMS
£2% (VI=1V(J)

TIWI=TIW: J)

CALL DYFVIXYZR{1aIVJII+XYZR(14I1UJT},UV)

IF(INJ.EQ.0Q) GO TO 628

CALL DIFVIXYZROLe JWS) #XYZRI1,47UJS) 2UW)

CALL AXFESEUV.UWsUT)

G0 TOo 630

SET UP AXES FOR SPECIAL CASE GF LINEAR MULECULE
628 CALL AXES{UV.UX,UT)

GENFCRATE MATRIX FOR CARTESIAN 7O CRYSTAL TRANSFORMATION
E30 CALL MM{AA,UT,AC)

CALL YTRANS(AC,CA)

CALL INVRS{CA,D,CA)

DIRECT SUM ONLY. OR BYTASS BOTH

TOM COORDINATES FROM RIGID BUOY ROTATIONS AND TRANSL AYION’SW(_AL 79%

SAVE ONE CRYSTAL TO CARTESIAN MATRIX FOR CALC OF HNORMAL VIERATIONSWCAL 940
WCAL

IF{J.SQal) CALL TRANS{AC. ACH)
IFCIPBALER D) GO TO 640

OMIT ROTATION MATRIX

CALL MMACAACZ{1,3):CRA)

- e

CZFSYHGXESTXCX
—SZESYRSXCZHCX
—CY®s5X
FSYRCX+EZHSX
*3YRCX+CZHSX
RM{QI=CYHIX

CALL MM{(RM,ACZ{1,J)},TM
CALL MM(CA,TM,CRA)}
643 CALL MVICA,TRI14J):TRTY)
CALL SUWV(XYZQ(I.IZJ)-TRT‘TPT)
CALL MV(CRALXYZ(1s1ZJ),
CALL DIFV{TRT,TvY, TRT)
GENERATE COCROUDINATES FUR EACH ATOM It THIS RIGID BODY
D00 655 I=1.NA
IF(JI-IRE(1) 655,645,655
$45 CALL MV(CRAsXYZ{1+1)+XYZR{1,1})
CALL SUMVITRT +XYZR(1,T1}.,XYZR{(1,1})
SAVE CARTESIAN COORDINATES IF REQUIL
IFCIBK)I6504+ 655,650
€50 CAt.L MV(ACB,XYZR(1,I)sXYZC{1,1)}
655 CANT INUE
€60 CONTINUE
TERMINATE ROUTINE IF ONLY COGROINATES ARE NEEDED
IF(IBKI1525+665,1525
GENERATE COORDINATES FOR ALL ATOMS IN UNIT CELL
665 ’)D 685 K=1,NAC

YCSY=YCIR)

ATRIX CRA AND VECTOR TRT. MATRICES ACZ WERE SAV
)

o

BY WPRE

WCAL 950

WCALIOOO
WCAL100S
wCAL1010
WCALLIOLS
WCAL102Q
WCAL.1025
wCAL 1030
WCALL1035
WCAL1040
WCAL1045
WCAL1050
WCAL1055
WCALL060
WCALL1065
WCAL1070
WCAL 1075
WCAL 1080
WCALLOBS

WCALL16S
WCAL1170
WCAL 1175

AN}



o

[}

3]

no o

ZCSY2ZCIK)

GENERATE CODRDINATES FROM SYMMETRY INFORMATIOM
XC{KI=S5YML Y, 1) +57M¢( 2.‘{]*XY2F(I.JH’SYM( EXSREOS FARE-ENE]
5,13*K’{ZR{X-J)*SVM( Tyl )XXYIR(2,3)

KR

aivbas
o
-
*
4
3
~N
0
-
-
.
£
»
<
P
.
*
4
ot
-
Pl
\l
:

XCSVI=1.00-10}8705,670.685
YOSVI=1.00~103675+,673,685
ZCSWI=1 .00~ 101 680.,6B0+685

685
COUNT  AND TIME PASSES THROUGH COCGRDINATE CALCULAYYIONS
+

. Q
lSN)?OObeO;?OO
699 lF!CK)?BO;Gv“
NGT FIRST E’\JYR( A\ID EWALD CONSTANT 1S ZERO. OMIT RECIPROCAL SuM

ey &
G ¥C 1390
FIRST FENTRY OF CYCLE. PRINT CAPTION
70O IF{IPRLC-2I70S+705.710
TUS PRINY S;TIYLE.DAYE,GTI
5 FOQMAT’]HI,lBAA.BXqu/)’.l?AQ)
PRINT 10,4
10 FORMAT(‘OC CLE®,13)
710 NE=O
HNFS=0
TF(CKI 26, TL5 720
EWALD CCNSTANT 1S ZEROs OMIT RECIPROCAL LATTICS 5UM
715 CSF=0.0

RE\XPROCAL LATYICE SUYM FOR FIRST GNTRY OF EACH CYCLE

720 IF(IPRU-E} 725,725,730
725 PRINT 15
15 FORMATY(Q CSF VSF AMAX
1 NF)

START LEOGP OVER SHELLS ¥IN RECIPRCCAL LATTICS
T30 QUMAX=T..0

1Q=4

XNITIkL CALCULATXLN.: FOR A GIVEN SHELL

(3) AMAX

FHZMAXKRZINEG
LCOP QOVER INDICES
HX = HEH TN
740 HXM=1,0+AMINI(HZXs1a0) *{ 1« 0~-HXNEG)
QQX:HX*HX*B!K
XY=HXRBTZ

HY=HYMIN
725 HYMoHXMA{I JO+AMIN{IHY s 1 +0) ®{ 1. 0-HYNEG) )
QOY=QAX+HY ¥ (HYXBZ 2+NBXY )
HgYZ HY*52$#HEXZ
HZ
750 Bam v thZ¢ (HZAB33+HBYZ)
IF{QQa— GQN!N)B’S.BE}S'?SS
755 1F{QU-UGNAX) 760, T60. 6
USERS ROUTINE TO TEST FOR SPACE-GROUP ASSENCES

ALL REJECTIISE.HX,HYosRZy IRES)
IF(!REJ)SJS‘IES 53%
COMPUTE MULTIPLICITY FACYOR
TES HA=RYME{], 0+AMINY {HZ s 1. 0) &{} cO-HZNEG))
STORE INOICES AND MULTIPLICITY FOR USE ON LATER ENTRIES
IFINFS—NFSMAX)TT04775+4775
T70 NFES=NFS+L
775 N +4
HXT{NFS)=anX

HMT{ NFS

JUMP TQ ST-(UCTUFZE FACTOR CALCULATION

G0 YO BO

FAST RECIPROCAL LATTICE $SUM USED ON ENTRIES OTHER THAN F1RST
BYPASS IF HO RECIPROCAL LATTICE POINTS WERE FOUND WITHIN RANGE

780 IF{NF33790.785,790

785 VSF=0.0
CSF=

G0 YO B9O
START FASY RECIPROCAL LATTICE Sum
790 IH=1
PICK UP INDICES AND MULTIRPLICITY STORED ON FIRST ENTAY

QO2HXEHXAD L L +HYS{RYRB224HXXBL 2 ) ¢HZB{RIADII+HYRB2I+HXS 5L 3)
STRUCTURE FACTOR CALCULATION USED FOR BOTH SL0Ow AND FAST SUMS

WCALLEL1GS
WCAL 209

WCAL1Z45
WCAL1Z25Q

WCALIZ2YS
HCAL1IZ2TH

wCAL 1350
WCAYL L3355
ACALLIBO
WCAILL 365
HCALL570
WCALYI3TS
WCALI3RO

NCAL 1635
WCAL 1440
WCAL1A8S
HCAL LG50
WCALLS3S
WCAL 136D
WCAL 1465
WCALYSG?D
WCALLATS
HCAL 1450
WCALLAES
WCAL 1450
$CALLAGS
WCALISB0Q

HCALLSES
WCALLS3O
WCALIS3S
WCALIGA0
NCAL!SQ.}

ACAL 1730
WCALL1?35

s}

ann

815

226
825

1,18 %, THIS ENCEEDS THE PRESET LIMIT OF

BF2Ge 0

AFMG . Q

BFY=3 0

SUR DYER ALL DR HALS ATOMS (N UNIT CELLe NAF WAS SET IN #PRE
S50 210 1 s NAF

SA=IRAT.2QL MY
IF(3a3B1C. 610,8
AF{(—TPI*{%A*\C(J)?H? AYTII*HEHZC(I )

G
JASCUSARG
F CENTROSYMMETRIC
G805

SF"BF%QJA#:SNARG
BFY=BFY+PL SAX SINARG
CONT ENUFE

COMPUTE MODYS ICATYCH FURCYTION FOR EWALD-SERTAUT-WILLIAMS METHOD
YYR=PIOKSOH AL

EXPYYMEDEXAP{-YYHI

CALCUL ATE EWALD MIDISTIED IOULOMB TERM AND ADD 7O SUM
IFL{ICMBIB15,820,815

FSA={FMMAF XX 2488 k%2

SF= SFHESAL MR EXPY Y /00

CALCULATE wILLYAMS MODIFLED VAN DER WAALS TERM AND ADO TO SUM
IF{IVOWIB25,830,325

FRGVYS IEMRAFY) k23 BF V%2

dH=DSARTL{ QA3

Y =SATPOXKK GH

SFY=SFYAFSOYREMAGOFQH A {{ 0, S/ M~ 1203 /Y MIREXPYYVA SOTP {#DERFCIYMY Y
BRANCH DBEPENDING ON WHETMER TH1S5 FIRST OR SUBSEQUENT ENTRY

1615w} 835, 880,835
FIRS T FNT‘-'u‘. ADVAMCE IMOICES AND TESY FOR EMD OF THIS SHELL
HZ=HZAY20
ZF(H”—hZM&k)’I’D;?SC‘;SLO
HYSHY+ 1,
1F(HY‘~HYMAX9'-’45.'?105.345
HX=X+1.0
IELRA- XN KD 740, 7505 85
RYPIZVES

‘!S O!NHZ‘I#SP'V

BRINT QUTAUT FOR ONE SHELL
xF(!Pk‘.-),BﬁSVB&‘\gED\')
PRINT U,CSF»V\.—;CWIA\,NF

FORMATEX,3F 1546.1 %

TEST FOR END OF LOUP THROUGH SHFLLS
IFLIO-NQI865. 875, 870

1G=T0vL

THROUGH SLOW FEC(PROCAL-LATTICE SuM

2VERFLOY OF STCORAGE ARRAYS ANO PROCEED T UNIT CELL Suss
TFE(n F«NV51°75;690;8 1

ORINY ZSWNF,

?0«"!&1’(‘0#‘* NUMJ>R OF RECIPROCAL LAYTI CF ;‘01‘175 GENERATED
B Xa?THE XNITI AL

2 CAL\‘.ULAT!GN 1$ CURRECY BUT CERIVATIVES, P'\’C- ARE MOT. xxx3}

880
985

892
895

297

990C

L
o 3
Mo

20

93p
235

30
540
348

33
350

IMAX
5E=0.0

G0 TC 850

TEST FOR END OF FAST RECIPROCAL LATTICE SuUMS
IH=XH41

15¢ TH=- NFSS??JVT95-BG‘\
CSFaRYP{ZVSE
VﬁrnplNHZ\)#SFV

COUNT - AND T I(ME PLSSES
NELAIINT{a]} 31
LIF=ICLOCK(O)
LTEAI=LT{8 ) $LTF-LTY

UN‘K"’ CELL SUMS ARE A PART OF THE RL\_I"RDLAL LATTICt SUMHATION
HEY ARE BYPASSED 1F EWALD COMSTANY 12

BYF’ASS IF NO PARAMETER HAS CHANGED, \.ANNuT GCL‘JR On FIRSY £n{RY

!F{KC\.AX)E‘)b,léQO;BS’-’:

THROUGH FASY RECIPROCAL-LATTICE SUN

Q.0
bPL Ca0
SEP=0.0
DC RGO I=1,NA
K=iXA{ 1}
IF(KIS0U-900. 857
SQEZAMIT IXRQGIK) %%

5 %2
SPL=SPL4ZAME 3B K]
SPP=SPEIZANM( L) APLIK])
CONT INUE

S5OK=0+ 0

5PLK G.G

SP
U‘( ICMPEGOS ‘li’\.‘)DS
SQK=CKKCAL &
!F(XVDh)Q\S;QZO:QI‘
S KEPLCRIY ISP sk
SPPK=PILIKESP
COUNT AND TIAf PASSES THROUGH UNIT CELL SUM
NTL{SI=NT(53+1
LIF=ICROCK € 0)
LYISI=LT(SY4LTFL Y]
LTE=LTF
ON FIRST EMTRY BRINT CELL SUMS. OTHERWISE JUMP {0 FASY DIRECT SuM
IF{ISWIO30,139¢,930
lF(XPRC—l}Q.Bb 2936 ,940
QENT 30+50K, pLK‘SPOK
FGR“AT(‘G SOLK
STARY OIRECY {AVIECE %U‘( FOR FIRST ENTRY
Ii—!l"QC-!)Wb »9RG L P50
PRINT 35
CORMAT {0

%2

SPPK'/X+3F15.6)

(113 sSvow wR
NG NSRS 1)

WCALLT?SD
WCALLITAG
WLALLTSG
WCALETSS

\!I(.ALI 815
fOALLIER0
HCALLBZS
WCALIB3C
WCAL183S
#CaL 1840

WCAL1870
WCALLETS
HCALLIRHO
WCAL 1BEE
WTAL 1890
WCALIBGS
WCALIOD
WCALIDOS
WCALEIGIO
WCALIVLES
ACALIGED
WCALYES
¥LAL293D
WCAL D35
wCALYR4O
ACALI94G
HCAL L1950
WCALLOES

waLLG!S
ALRO2D
ALZOZS
?!CAL:_QSQ

. <
NERGYWCAL 2345

WCALPOSE
WOALZA5S
WCAL2060

ALZOES
WTAL20TD
WCAL2O?S
WCAL208D
HUAL2085
®CAL2020

WCALZL20
WCALRI25
ACAL2130

WOALZ29Y

el



an o0

$58

959
960

965
970

975
980

98BS
990

995

fa%al

596
997

S98
939

1035
1040

1045

aAn o

1F EWALD CONSTANT 1S ZERO BYPASS CALCULATIUN OF INTRABODY TERMS
IF{CK}955,1045,955
TREAY ALL YNTRABODY AND BONDED CONTACTS SPECIALLY. THEY MUST

WCAL2300
WCAL23C5
WCAL 2310
WCAL 2315
WCAL2320
WCAL2325
WCAL2330
WCAL 2335
WCAL 2340
WCAL 2345
WCAL 2350
WCAL 2355
WCALZ2360

E
SUBTRACTYED OUT SINCE THEY ARE ALREADY IN RECIPROCAL LATTICE SUMWCAL2365

00 1040 I=1,NA
I

lF(IK)lOQO.lOQO-QST
GMI=ZAM(1}

IP=1+1

IF{IP-NAC) 958+955,1040
DO 103S J=1[P.NAC

JA= JAC(J)
JKETKA(JAY
IF(JK)1035.10_5 959

OMLT TERM SET MULTIPLICITY OEPENDING UN ATOM NUMBERS
lF(JA-IA)1035-960-965

GM=0.5%GMT

GO TQ 970

GM=GMI

TEST FOR PAIRS IN SAME RIGID BODY
IF(IRBC(II-IRBC(J)IFT5:595,975

TEST FOR PAIRS IN LIST CF BONDS

IF{NBC)980+1035,980

D0 990 K=1,NBC

IFC I-LBCI{K ) 1990,989+99C

{F{J-LBCJII{K?11990.935,99C

COMPUTE VAN DER WAALS AND COULOMB TERMS. REPULSION TERM IS ZERO
DX=XCLJ)-XCi1)

DY=YC{J)-YCI{1)

02=2C{J4)-2C{1)

RR=DX*DX*A L1 +DY*{DY*A22+DX*AL12}+DZ* (DZ*A33+DY*A2T+DX*AL3)
R=DSQARTI{RR)

IF{RR—1a0D~-20)996+996,1000

TREZAT SPECIAL CASE OF ZERO R

COMPYUTE LIMITING VALUE CF WILLIAMS MODIFIED VAN DER WAALS TERM
IF{ IVDW)I997.998,997

VDW=0.
VIM=2,0%PICK*GM*PL{ 1K) *¥PL { JK)

SVDOW=SVDW+VTM

COMPUTE LIMITING VALUE OF EWALD MODIFIED COULOMS TERM
lF(lCMB!QQQ.IOZO.QQQ

CMB:

-0¥CKtGM*Q(IK)tQ(JK)
SG=SG+CTM
GO TO 1020
TREAT USUAL CASE OF NON-ZERO R
XM=SQTPIK*R
CALCULATE WILLIAMS MODIFIED VAN DER WAALS TERM LZSS UNMODIFIED
IF{iVDW)1005,1010+1005
VDW=—PL (1K) *PL{ JK)/({ RR¥RR*RR)
XXM= XM XM
VIM=GMEVDOW X ({ 0a SXXXMKXXMEXXM* 120} ADEXP{—XXM}-1.0)
SVDW=SVDW+VTHM
CALCUL ATE EWALD MODIFIED COULOMB TERM LFSS UNMODIFIED
IF{ ICMB)L1015,102041015
CMB=Q{IK)*Q(IK}I/R
CTM=CMBXGM* {DERFC{XMI-1401}
SG=SG+CTH
STORE QUAMTITIES NEEDOED FOR FAST SUM DN LATER ENTRIES
TF(NGE=NGSMAX)1025+1030,5 030
+

VOHT(NG
*FKCAL

CONTINUE

CONTINUE

SAVE NUMBER OF TERMS IN SAME RIGID BODY OR BONDED

NSRA=NG

PREPARE FOR SUM OVER DIRECT LATTICE VECTORS ON FIRST ENTRY
FIND MAXIMUM AND MINIMUM VALUES OF COORDINATES IN UNIT CELL

IF{XC{T ) CXMXN)lOSO-lOSS.IDSS
CXMIN=XC(1)
IF{XC(I)-CXMAX}1065, 1065, 1060
CXMAX=XI(1
IF{YC(T)-CYMIN)1070,107S, 1075
CYMIN=YC(]
IF(YC(I)-CYMAX)1085,108B%.1080
CYMAX=YC(1)
IFLZC{I)-CZMIN)10904109541095
CZMIN=Z2C{1}

WCAL2370
WCAL2375
WCAL2380
WCAL23385
WCAL2390
WCAL 2395
WCAL2400
WCAL2405
WCAL 2410

WCAL2475
wCAL2480
WCAL248B5
WCAL2490
WCAL 2495
WCAL 2500
WCAL2505
WCAL 2510
WCAL2515
wCAL2520
WCALZ525
WCAL 2530
WCAL 2535
WCAL2540
WCAL2545

WCAL2580
WCAL 2585
WCAL2590
WCAL2595
WCAL2600
WCALZE0S
WCALZ261Q
WCAL2615
WCAL2620
WCAL262S
WCAL2630
WCALZ2635
WCAL2640
WCAL2645
WCAL2650
WCAL 2655
WCAL 2660
WCAL2665
WCAL2&670
WCAL2675
WCAL2680
WCAL268S
WCALZ2690
WCAL2695
WCAL2700
WCALZ2705
WCAL2710
WCAL2715
WCALZ2720
WCAL 2725
WCAL 2730
WCAL 2735
WCALZ740
WCAL2745
WCAL 2750
WCAL2755
WCAL2760Q
WCAL2765
WCAL2770
WCAL277S
WCAL 2780
WCAL2785
WCAL2750
WCAL2795
WCAL2800
WCALZ2805

WCAL2820
WCAL2825
wWCAL 2830
WCAL 2835
WCAL28A0
wCAL 2845
WCAL2850
wWCAL2855

1s
C

<
1120

1125

<
1130

t152

1218
1220
1225
1230

C
1235

1240

IF{ZC(I-CZMAX)IL1D5,1105,1100

CZMAX=2C(1)

ALSC GET WMAX AND MIN COURDINATES IN BASIC ASYMMETRIC UNIT
Iﬁ(’-NA)lllS-lllD-.llﬁ

CDNYINUE
INITZALIZE LOOPM CVER SHELLS [N DIRECTY SPACE
RRMAX=0,000001

IR=1

SYARY CALCULATIUNS FUOR ONE SHELL
RRMIN:

RMAX= IM(IR)

ARMAXSRMAX ®%x2
ELIMINATE LATTICE TRANSLATIONS FOR CASE OF ISOLATED MOLICULE
(F( lMULDll2S-llBO.1125

G0 TUJ 1135
CUMDUTE LlMlTS FOR LAYTICE TRANSLATIONS IN CRYSTAL

PERMAXHCYMAX-BYMIN
3*RMAX+CZMAX-BZMIN
AINT{GXMIN)
AINT{GYMIN)
AINT(GZMIN)

1®RMAX +BXMAX-CXVIN
2HIAMAX +BYMAX—CYM {M
FXRMAX +HBIZMAX-CZM IN
INY L GXMAX )
INTLGYMAX)
INT{GZMAX)

_00PS UVER LATTICE: TRANSLATIONS

START OUTER LOOP CVER UNE ASYMMETRIC UNIT
DO 1275 1=1sNA

TAsJACK l)

I[K=IKA(IA)

IF(IKI1275.1275,1152

z

GMI=ZAM(1)

START INNFR LCOP OVER ONE UNIT CELL

00 1270 J=1+NAC

Ja=JAC(J)

JK=TKACJA)

1F{JIK)1270,1270,1153

OMIT TERM OR SET MULTIPLICITY DFPENDING DN ATCM MNUMBERS

IF(JA-:A)1270,1155.1160

GM=0 2 S*GMI

GO TO 1165

GM=GMI

COMPUTE DI

IX=DXT+XC{
OYT+YC(

DZY+ZCH(

RR=DX*DX*A11+DY4{DYXAR2+DX¥A12)+DZ*¥{(DZ*A33+DY*A23+DX*A13)

IF(RR—RRMIN 112704 1270,1170

IF(RR=RAMAX)1175,1175,1270

IN SHELLe COMPUTE DISTANCE

ANCE SQUARED AND TEST WHETHER IT FALLS IN SHELL

ST
Rl
3)
J)

AMIT PAIR IF [N SAME RIGID BUCY OR BONDED. TERM ALREADY INCLUDED
IF(GX1}1215,1180,1215

IF(GY)1215,1185,1215

IF{GZ)1215+1190.1215
IF{IRBCII)—IRBC(JI)I}I1195,1270+,1195
IF(NBC)I1200,1215,1200

DO 1210 K=1+NBC

IF{I-1B8CT{(K))1210+,1205,1210
1IF4J-1LBCIIKII12104127051210

CONTIMUE

CALCULATE REPULSION TERM

IF(IREP+EQ0) GU YU 1235

REE .

GO TO {12254122021220,1218,1218,1218,1218)»1FKEP
REP=GPOTLISBs Lo JsTALJAs IKs JK1GXsGYeGZsDXaDY DL}
GO TO {1225+1220.1220,1230,1225,1220,1220),IRCP
REP=REP+REPL{ ISR, (K¢ JKsR)}

GO TD {1225,3230,1225,1230,1225.123041225),1REP

BRIJ=BR(IK)+BR{JK)

REP=REP4+BRIJ*DEXP{(AR(IK) +AR{JK)I-R)/BRIJ)
RTYM=GM&REP

WR=WR+RTM

CALCULATE VAN DER WAALS TERM MODIFIED FOR WILLIAMS METHQD
IF(IVDW)1240,1245,1240

VOW=—-PL (1K) *PL(JK)/{RR=RR*RR }

XX X ME XM

V&l GMRVDWA{ 0 ¢ SEXXMEXXM+X XM+ 14 0) ¥DEXP (- XXM)
SVDW=SVDW+VT.

CALCULATE CCULUMB TERM MCDIFIED FOR EWALD METHOD
IF(ICMBIL250s 125541250

CMB=Q{ IK}*Q(JK}/R

CTH=CMB*GM*DE RFC{X4)

SG=5G+CTM

STORE QUANTITIES NEEDED FUR FAST SUM ON LATER ENTRICS
TF{NGE=NGSMAX)1260,1265,1265

NGS=NGS+1

NG=NG+3

GXT{NGS}=GX

GYT{NGS)I=GY

WCAL2BEC
WCAL 2865
wCALZB7 O
WCAL2E87S
KCAL28BEQ
WCAL 288
WCAL239¢
WwCAL 2895
WCAL2900
WCAL 2905
WCAL2910
WCALZ2I1S
WCAL 920
wCAL292%
WCAL2930
WCAL 2935
WCAL2940
WCAL294S
WCAL 2SS0
WCAL 2955

WCALZ299S
wCA1.3000
WCAL3005
WCAL3010
WCAL3015
WCAL 3020
WCAL302%
WCAL3030
WCAL 3035
WCAL3040
WCAL3045
WCAL 3050
WCAL305S
WCAL 3060
WCAL 3065
WCAL3070
WCAL 3075
WCAL 3080

WCALI09S
WCAL3100
WCAL3105

WLALBIZE)

WCALZ145

WCAL3150
WCALZLS

wLAL3léO

WCAL3200
wCAL320%
WCAL3250

WCAL3240
WCAL 32

WCAL]ZSO
WCAL3259
WCAL3260
WCAL3265
WCAL3270
WCAL 32

WCAL 3280
wCAL 3285
wCAL 3230
WCAL3295
WCAL 3320
WCAL330%

WCAL 3320
WCAL3325
WCAL 3330
WCAL3335
WCAL3340
WCAL3345
WCAL 3350
WCAL3355
WCAL3360
WCAL3365
WCAL 3370

WCAL 3335
WCAL3590
WCAL3395
WCAL3400
WCAL 3405
wCAL 3410
WCAL34LS



WCAL 3420

WCALZA2S
HCAL3430
WCAL 3435
WCAL3440
HCAL34LS
WCAL3ASQ

WCAL 3L
WTAL3460
WCAL3AES
KCAL3470
CEV(NGSI=CTM wCAL34TS
1270 CONT INUE WCAL3ALD
1275 CONTINUS CAL 3485
ADVANCE AND TEST LATTICE TRANSLATIONS WCAL3aS0
GZ=GZ4 1.0 wCAL3495
TF{GZ~ GZWAX]S;SO;!!SOleSD WCAL2SGS
1280 GY=GY+1. ¥CAL3S50S
lF(GY“CYMAX)i145;1145,1285 WCAL351 0
1285 GX=GX+1.0 WCAL2S1S
IFUGX~GXMARILEA0, (140, 1290 WCAL3329
< COMPUTE AND PRINT RESULTS FOR DIRECT LATTICE SUM TO L IMIT OF SHELLWCAL3525
1290 SGK=SGRFKCAL WCAL3E30
IF(IPRC-131295,1295,1300 WCAL3S35
1295 ARINT 40, SGK»SYDW, ¥Ry RMAX + NGs NSRS WCAL3540
240 FORMATI{X,2F15.6,2115) WCALIB4S
ADVANCE AND TEST LOOP THROUGH SHELLS WCA¢L 3550
1300 IR=1R+1 W(ALJSSJ
111R-NR)1120,1120,1305 L356C
SORY ANO PRINT RESULTS FOR A LIMITED NUMBER OF SHORTEST DISTANCES WCALJEGH
1305 IF({NGS}1355,1355,1210 wCAL 3570
1310 YFL1PRC~111215,13¢5,1355 WCAL3STE
1245 ORINT 35 HCAL ISR
45 FGRMA {'3 -GX GY G2 I 4 GM R NAMES CHB wCAL 3585
RER ") WCALRESO
C iN!YIALI’E COUNTER ANO COMPUTE MAXTMUM NUMBER TD BE PRINTED WCALISGS
IRE= 3600
NRPA !ABS&NRP)ﬁ!O WCAL3605
[ R LOOP TO PRINT UP TO NGS LIMES WCAL 3640
NG WCAL3E15
c LOGR TO F!ND SMALLEST DISTANCE WCAL3620
SML=100, WCALIORS
DO 1325 J=1,NGS WCAL3ES)
IFIRTL{I-SMLI 132041325, 1325 WCAL3635
1320 SHL=RT(4} WCAL3E40
JS=J #CAL3BAS
1325 CONTINUE WCAL3EEC
< 20 NOY ©PINT CISTANCES IN SAME RUGID BODY OR SONDED IF NRP S MEG WTALIESS
IF(SRBY(JS))I1330,133%,1320 WCAL3560Q
1330 [FINRPI1345,1335, (335 WCAL 3655
< T &5 HINATE IF LIMIT ON NUMBER TO B8E PRINVED HAS GEEN REACHED WCALIET G
1235 IRP=IRP WCAL3BTS
IF{ 1RP— NRPAHJQU;&BQO'X’SS WCAL3GES
[ ARINY LINE WCALI6BS
LA WCAL 3690
WCAL IESS
{1 WCAL2700
JA‘J#C\ JA3 WCAL3T0S
IGX=GXT(JS} WCALITYC
TGY=GYT(JS}) WCALI7IS
TG2Z=GZTLUS) WCAL 3720
PRINT S0,1GHs E5Ys 162, IAT{IS) s SAT{IS) WCAL3YZS
1+GHMTLIS) e SMLy NAMEL T Y aNARELJA ) +CHBTLUS) o VOWT(JS) 4 REPT{JS) WCAL3Y30
2:SRPT($5) WCAL3I?34%
S0 FORMATE X513, 2FGa 592X sA%9 X+A3,3F923,F 1) WCAL3740
T STORE LARGE VALUE FOR CISTANCE JUST SRINTED AND CONTINUE WCAL374S
1345 RAT(IS¥=100, WCAL3?RG
1350 CONTINUE WCAL3TSS
C TZSY FOR OVERFLOW OF CTQQAGE ARRAYS AND PRINT MESSAGE WCAL3‘60
1355 IF(NG-NGS}1360,13658,1 2 WCALITED
1260 PRINT SS5sMG,NGS WCAL 3770
SS FORMAY{10xxx NUMBER OF INTERATOMIC YECTORS GENERATED IS WCALATTS
1486.%. THIS EXCEEDS THE PRESET LIMIT OF 14 16/5X,? THE INITIAL ENERGVWC&L37BO

2 CALCULATION 1S CORRECY B8UT DERIVATIVES, ETC. ARSE NOT. ®%%5 ) WCAL3?R
< CALCUL ATE TOTAL COULOMB AND VAN DER WAALS ENERGY NCAL3790
1365 WC=CSF+SAK+SGK WCALI?95
wV:VSF&SPLK+SPPKbSVDW wCAL3800
C COUNT AND TIME PASSES THROUGH SLOW DIRECT-LATTICE SUM WACTALIBOS
NT(E)I=NT(5)+2 WCAL3680
LYF=1CLUCK (0} WCAL3BLISG
LYEOI=LY{BI+LTF=-LT1 HWCAL3B20
LYI=LTF WCAL3E2S
c ENTER USER ROUTINE TO CALCULAYE ENERGY OF POLARIZATION, =7TC WCAL 3830
WX=20.0 wCAL 3835
CALL CWX WCAL3840
C CORPUYE ENERGY OF DISTANCES, ANGLES, ANOS TORSION ANGL ES WCAL 3845
IF{NCTII370,1375, 1370 WCAL 3850
1370 CALL GCWX WCAL3BSE
COMPUTE AND PhIN‘ TUTAL ENERGY AND RETURM FROM FIRST EMTRY WCAL 3860
1375 WT=WCEUVEARPNX WCALIBHES
IF{ {PRY~4)1380,1380, 1388 WCAL3ET)
1380 PRINT BUsWC MYV WR WX, 8T WCAL3E7S
60 FGRMAT('O wC LAJ wR wXx wTe WCAL 3880
1/Rs5FG, 3% wiAL288S
L4 COUNT AND TEME PASSES THROUGH SLOW INTERNAL ENERGY CALCULATIONS WCAL389Q
1385 NT(B)‘—NT(BH» WCAL38%Y
WCAL 399D
WCAL 3905
L WCAL391 0
GD 125 ACALINS
< MAKE YAST DIRECT LAYTICE SUMS ON ENTRIES AFTER THE FIRST WCAL3QZG
1390 5G=0,0 WCAL 3925
WR20 .0 WCAL 393D
SYDW=0 .0 WCAL 3935
C START L00P FrEDUGH STDﬁAGL ARGAYS WCAL 394 0
IF(NGE11890,1490, 13 WCAL35%S
1395 00 1485 (G=), NGS WCALIOH0
< SICK UP THE ATOM NUMBERS WCALTOD6S
{=XAT{8G} WCALIDED
J2ATLYGY WCALII5S5
< TEST WHETHCR PARAMETERS OR ATOM COBRDINATES HAYE CHANGED WCALIG70
EFL1CCAXNEaGuDRs TCT{ 1} oNE 20 DRI CCE 5o NE 305 O o IREP WCAL3OTS
1 6D TG 1435 HTALIDED

c
1419

o
1815

1422

1425

1430

1435

[
1830
C

1445
1357

[+
14558

1458

UNMCHANGEGs ADD TO SUM SAME TERMS USED ON PREVIOUS ENTRY
¥ R= R+NSV€iu)
SVOW+YSY{1G)
SG+USY{IGY
G0 TC 3485
ER

SVuh

WCALIYES
WUALIIQ0
WCAL 3065
V’AL&QOO

LA0TS

M’ MAYT TriAVE CHANGED. PICK UP QUANTITIES NEEDED FOR CALCULAT 10N dFALﬁclb

24D RFAL2 PHDZE{DZHABI+OYHA2I4DX*AL3)
R=DSQRT (KRR}
CALCULATE REPULSION AND STORE IT IF NOT IN SAME RIGID BOOY

{F{ERB 11440, 1420, 1440
lﬁﬁiREP.EQ~O$ GG TO 1480
KEP=Q
[ege] TD (1“30;!325'1425 13224190 2,14622,1522 3 s{REP
Rﬁp"Gpﬁ’(iSBqI)Jgik-JAyxK KGR sGYsGZ5DXs DYSDZ4R)

GO YC {1430.1425,12 v184304442%,1425) ,IREP
REPTREPIREDL {
GO TO (1a2C 1
AR1 3= BQ{XK)*B
REP=REP+ERIJ
RTM:GMAREP
RSYilG
NR‘WR*RTM
IF EWALD COMSTANY 1S ZERO SAVE TiME
IF{CKIL460:1845,148C
CALTULATE VAN OER WAALS TERM AND STORE 1IT
IF{IVOR Y1450, 1458, 31450
VIMS-GMEPE § 1K %0 { $K) /{ RR¥RR*RR)

vr

CTALTULATE
IF{ICHMBIIAS8, 1485, 1458
CTM=CMRGLIK IHQ( IR I /R
CEYEIG)=CTM

SG=56+CTH

COULGME YERM AND STORE I7

G3 T t1ags

EWALD CONSTANY NOY ZER0O. HMODIFIED
IFYRR—1L.0D=20)1 45101451 51485
TREAF SPECIAL CASE OF ZERC %
COMPUTE CYIMITING VALUE CF wILLIAMS MODIFYED VAN DER WAALS
IF(INDW 1246251863 ,1452

VTM=2. 0P ICKEGMAPL (IR 2PL ¢t UK}

VSY{1GI=Y¥TH

SYDW=SYOW+VTM

TERMS MUST 85 TALCULATED

ASSUMES PATR IN SAME RIGID B0DY
TERM

COMPUTE LIMITING VALUE CF EWALD MODIFIED COULDIMB TERM AND SYORE

IFLICMRIIS 63, 1845, 1464
CTM==2, 0RCNAGMAD] IK PR IK Y
csv( 1G)=CTH

TASE 0OF NON-ZERC R

CALCULATE MOUIF!ED YAN DER WAALS TERM AND STOR:E IT
FLIVONILA70, 1475,1470

D —PLIIRKIRPLIUK IS I RR¥RR2RN Y

AR LM

3 GMAVORR{ { G SAXXME XXM+ XXME L o0 Y XD EXP{ =X XM} - GRE §

VEY{YIG2=YTHM

SVDW’QVDW+V7“

LALCULATE HMODIFIED COULCME

!F(XuMB)iQSO.2435-K4SD

TERM ANO STORE 3T

[
1495

1300

. TOMPUTE ENERG

]
CﬁNY{NU:
CALCULATE YARICUS CONTRIBUTIONS TO ENERGY
SCK=STRFRIAL

CSEESAK+ 80K
WYY SEL SR K+SOPLASY DY
COUNT AND_ TIME PASSES THROUGH FAST DIRECT-LAYTICE SUM
NV(?) BT{7 34t
LYF=1C 00K 08
LT(TI=LY{?I+LTF-L T
LTT=LTE

CTALA0LS
UCAL#OEO
*CALR0ZS
WAL 4030
L4035
#CALAGAO
WCA

Q2
WCALA0SS
WCAL4080
®#CALLDGS
WCALB0?0
WCALAQTS
¥CALA0B0
WCALAQSS
WCALSUY0
HWCALADDS
WCAL4100

CALALST

wC
8Y CALCULATING UNMODIFISD TERMWCALSISS

WCALS1€Q
WCALALES
WCAL&L70
HCALALITS
WCALALED
WCALA185
WCALEL9D
WCAL5195
WCAY 420D
WAL 4205
WCAL4210
WCALAZLS
WCAL 422D
WCAL G225
WCALG23T
WCAL 4235
wCALA2AQ
WCALA24S
WCALG 250
WCALSZES
ITWCALAZED
WCALA2O5
WCALA27Q
WCAL427S
WCALAZBO
wCaL 4285
HACALAZG0
WCAL&E29S5
WCAL 2300
HCQ!A305

ﬁcALA320
LCAL&32

BYPASS INTERMAL ENERGY CALCULATIONS WHEN PREDICTED TO 8E UNCHANGFDHCQLQ~35
WCALAA2G
WCALAADS
WCALA430
WCALSE3S

GO TD 11500,1565,150021515,150041515,15001515),18YP

C\T:K USER ROUTINE TO CTALCULATE ENMERGY OF PULARIZATION, ETC
=0,

CAui WX

TF{MCT 31505,

510,1505

Y OF DISTAMCES ANGLES AND TYORSIOM ANMGLES
CALL GOWX
CoUnY ANG TINME
hTfQ!:N'(Q?*\
CLOCKLO}
LT{Q)—LT(9)4L7F~L)S

LTI TR

COKFUTE TDTAL :NERGV AND RETURN FROM FAST SUMMATIONS
WTY=C+AVeNRE

WCAL C=a T

RETURN

e

SUBRDUTINE GU#XI {TACTs IASVAY AZ 1CC1CT, IDT
Lo ¥SY, (78R, JAS Y. ISV KASYLASY, FC

2 WSV JACIHAME S

IMPL!CY REAL AB{A-H,0=Z }

DIMENSION LACTIY), 14SV(Il4EAZ L2 )-1CCE 1} ,iCT{a,01,102C0s1)
11 {lhl BRIALII s SASYO1S o ISV{ 1o KASYEL) s LASVI I, DCE 1)
4.!5\:!1}93#/:'. IANAREI L}

PASSES THROUGHM FASY INTERNAL ENERGY CALCULATIONS

SLL



[alalslaYeYaTeTolate)

nao

505
510

515
520

525
530

540
345

10
550
555

560
15
565

SBO
585

/DUBL/ USED BY WMiIN, WDYN, WPRE. WCALC., GCWX, TIMOUY
COMMONZDUBL/ZA{6)yAC59) yACB(F) s ASV(6) +CA{9),CABII)} .CK
1+ CKKCALyCRA(9)+DAADATE+FKCAL yWR4PI 4PICK,PICKZ+PLDKSQ
24PINHZ +QLTMIS) o QMAX sRDWSS () yRLIMIS)} sRM( ) »RMAX,RTPLZ
3:SA(6)sSIGWO, SATPDK SATPI W SATPIK, TM{9) s TRILTRT(3),TV{3)
A, UT(9),UVI3),UN(3) sWC WOBSeWS{Q%, WV kXyXYZA(3) 1 XYZASI{Z)

M

ZMAX/ USED BY MALIN, WMIN, WDYN, WPRE, WCALCs AND GCWX
COMMDNMAX /NP CMAX ) NAMAX s NKAMAX ;RSMAX ¢ NRBMA Xy NP XMA Xy NCTHAX s NBCMAX
19 MMAX s NFSMA Xs NG SMAX s NPSMAX s NPMAX s NOSMAX « NOMAX » NVMAX » NDs NB e NSDy NSP
Z1TGR/ USED BY WMIN, WDYN, WPRE, WCALCy GCWX,s IBYPAS, TIMOUT
COMMON/ ITGR/1BK s TCCAXy JCENT2 ICMBe IGEMs ILSQs IMOL s INK 4 {PLMy IPRC
1¢IPRT«IRBAs IREP s IRSC 158, ISWs IVOWRIWG T4 IZAM JCoKOW,KPWS,HLT(S)
24 MODE ¢ NAy NAC, NAF s NBC s NC T NKA s NDS s NP s NPC s NPRs NPSeNPX s NGy ISETA
3&NR;2RB.NRP.NS-NT{9].NV-NVA-NVC:NVD.NVR.NVUS’(9).NVX

ETURN

THE ABOVE IS CALLED ONCE FROM MAIN TO SET LOCATIONS OF ARRAYS

GENERAL CALCULATION OF £XTRA ENERZ
AND TORSION ANGLESe

THESE ARE GENERATED FROM THE CONNECTION TABLES IACT AND ICT.
TACT(J) s J=isNCT IS THE NUMBER OF A BACKBONE ATOM, I.E. AN _ATOM
CONNECTED TGO MORE THAN ONE OTHER ATOMe ICT(IsJ}el=1,4 15 THE
NUMBER OF EACH OF FOUR ATOMS BONDED TO THE BACKSONE ATOM [ACT(J).

¥ OF ZCND DISTANCESs ANGLES

ENTRY GCWX

IF(ISW)S00,+7254+500

ON FIRSY ENTRY OF CYCLE CALCULATE ALL QUANTITIESs PRINT THEMs
AND SET UP TABLES FOR USE ON SUBSEQUENT ENTRIES

M=0

BOND DISTAMCES
IF{{PRC~11505,505,5190
PRINT 5

FORMAT ("\)B"VO DISTANCES '/ 25X * 1A At,14X%,'D1Y WD)

s
JA'KCT(J'
IF(JA. Eo.o) GD TD 550
YF{JIA.GTIA} GO TO 520
DO 515 K=14NCT
IF{JA.EQsTACT{K)) GU YO S50
CONTINUVE
DIJ=DST(1AsJA}
1DZJY=1DZ{J,1}
IF(IDZJ1)5304 525.530
WD=0 .0
GO TO 540

PC{IDZIT+1 I 4(DEJ~PC(IDZJIT) ) ¥%2%50.0
WX=WX+WD
MM+ 1
'F(M.br.MMAx) GO TO 540

IF(.’.DRC—I)SQSySQS'SSO

PRINT 10+NAME{JACSTIA) )5 NAME(JAC({JIA}) «TALJA,DTJ, WD
FORMAT(2(X,A83,13X, 214, 8Xs2F9.4)

CDNTINUE

CONTIN

NDST= M!NO(M MMA X )
BOND ANGLES
IF{ IPRC-1) 5€0,560:565

PRINT 15

FORMAY { *080ND ANGLES®*/25X,'IA JA A1 49X TATUK WA')
DD 615 J=1..NCT

JA=TACT(J}

N=0

00 510 {=1,3

TA=ICY(1,J)

YF{KA)SYO.(![S 570

1P t

N=N+1

KA=TCT(KsJ)
IF(KA)ST7S+510+4575

AT JK= ANG(IA.JA-(A)
TAZNJ=TAZIN,
!FKIAZ)ll)585a580.SBS
WA=0.0

GO TO $595
WASPC(IAZNI41 J*(ATIK-PCIIAZNI) ) *#2% 0.5
WX=WX+WA

M=M+1

;F(M-GT.MMAX) GO TO 59%

WSV(M A

IF(IPRC=1}600,6004+605

PRINT 20,NAME(JAC{IA)}s MMECJACIIA) )2 NAME (JAC(KA) }
2 TALJASKALATIK WA

FDRMAT(3(X|A4)-BX‘BIA'AX'F9-2.F9.4)

CONTINUE

CONYINUE

CONTINUE

NANG=MINO{M,MMAX )} -NDST

CONFORMATION ANGLES

RAD=0.0174532625200

1F% (PRC-!)SZO:éZO-&ZS

PRY N 25

CCRMAT i ’ OCDNFDRMATIDN ANGLES'
1/25% 4 LA LA WCF 1)
2C 7yS J=1 vNCT

JA=TACTJ)

DO 710 K=144

ZlO- 630

€30 7
1705,635,705

635

s 700, 640
640 0.645

&€45

1 N
IF(LA-JAI6ES S, €95, 655

655 IF{LA)660, 695:660

660 CNF=CONF{TA3JAKAsLA)
1TKI={TBR(K,J)
TF{ITKJ)B68,670,675

668 CTALL WCMF{IA,JAJKALLA+CNF,ITKS»WCF)

30 10 676
670
675 WCF= PC(ITKJ)*WRAG(RAD*CNF'PC(lTKJGl])
676
MMAX} GO YO 685
1A
JAa
KA
=LA
685 1) 69046904695
690 SNAME(JACLIAD) } s NAME(JACCIAY ) s NAMETJACIKA} ) o NAME (JACILA}]
» AsLAs CNFs WCF
30 FORMAT(4(X4A8)¢3Xs414:FGe2:FF44)

€95 CONTINUE
700 CONTINUZ
GO YO 710
705 CONTINUE
710 CONTYINUEC
715 CONTINUEZ
NCNF= MlNO(M-MMAX}—NANG NDST
IF(M.LE«MMAX) GO TO 84
PRINT 35,M,MMAX
35 FORMAT{'0%%% NUMBER OF INTRAMOLECULAR DISTANCES,

1RMATION ANGLES CONTRIBUTING TO THE ENERGY IS%, 14s%,1/5X,*THIS

ANGELES, AND CUNFOGCWX 310
EXCEGCWX 815

22DS THE PRESET L IMIT OF *s144%« THE INITIAL ENERGY CALCJLATION 7S CGCWX 820

IRRECT BUT DERIVATIVESs ETCe ARE NOTa **%%°)
GO TO 84S
FAST CALCULATION USED AFTER FIRSY ENTRY
725 M=0
IF{NDS7T)730+750,730
BOND DESTANCE
730 DO 755 L=1NDSY
M=M+1
1
JA=JA
IF(ICC 50, 7354, 750
735 IFCICC(1A))?504740.750
740 IF({CCLIA))ITS0,745,750C
ATOMS HAVE NOT MOVED SINCE LAST ENTRY. ADD TERM USED PREVYOUSLY
745 WX=WX+WSV(M}
G0 TO
ATOMS HAVE MOVED. RECALCULATE TEFRM AND SAVE IT
)

>
wi

VM)
VM)
AXY7

)}

ST(IA+JA)

IDZJI=IiDZ(J. 1)
wD=RC{IDZJ 1+1)
WSV (M)=
WXT=WX$+WD

755 CONT TNUE

760 IFINANG)IT765,800+765
BOND ANGLES

765 DO 795 L=1.NANG

A(DIJ~PCLIDZJIT} I EX2%50.0

M=M+1

T TASVIM)
J ASVM)
KA=KASY (M)

$F{TCCAX) I90s 770, 790
770 (F{ICCLIAI)IT90:775:790
775 IF(ICC(JA})790,780.790
780 IF(ICC{KA)}}790,785,790
ATOMS HAV:S NOT MOVED SINCE LAST ENThY. ADD TERM USED PREVICUSLY
785 WX=WX+WSV{M)
G0 TOQ 795

ATUM: HAVE MOVEDs RTCALCULATE TERM AND SAVE IT

AT IK=ANGT lA|JAvKA)
TAZNJ=TAZ(N
WA= DC(!AZNJ+1)*(A]JK PCUIAZNJI ) } ¥ 2%Q,
WSVI{M)=WA
WXSAX+WA
795 CONTINUE
800 IF({NCNF)B05+845,805
CONFORMATION ANGLES
805 DO 840 L=1 s NCNF

K
LA=LASV{M
IF{ ICCAX)
810 IF(ICC{IA))835,815,835
815 IF(ICC(JA)} 835,820,835
820 IF(ICC{KA)} 835,825,835
828 IF{ICC(LA})835,830,835
ATOMS HAVE NOT MOVED SINCE LAST ENTRY. ADL TERM USED PREVICUSLY
630 WXSWX4WSVIM)
GDL YO 840
ATOMS HAVE MCVED. RECALCULATE TERM AND SAVE IT

)

835, 810, 835
V)

)3

GCWX 825

GCWX 995
GCWX1000
GCWX19005
GCWX1010
GCWX1015
GCW X1020
GCHWX1025
GCwX1030
GCWX1035
GCWX1040
GCWX1045
GCWX1050
GCWX1055
GCWX1060
GCWX1065
GCWX1070
GCWXI0TS
GCWX10890
GCwWX1085
GCWX1090

GCWX1105
GCWX1110
GCWX111S
GCWXIIZO

GCWX{.fvS

9Lt



an

Ialal

o

ANAAANONANAGANGAATNONNNNANGANO0

ANOANGARONO

GCWX1159

GL¥X1455

sJAsKARLA ) GOWNX21H0

9J) SCWX115S

235,828 GCWXLILTO

836 CALL VCNF(!A;JA KA;LA-CPF-ITKJ'WCF) GCHRYILI?S
GC TO 2838 GCWX118C
838 WCF=PL{ITKJIXWRAG{RADSCNF 4 ICLITRIHL) ) GCWX11B5
239 WSVIM)=WCE GCW X190
WX=WXtWCE GCWX1195
§a0 CONTINUE GCWX1200
848 RETURMN GCWX1205
END CWX1219
FJNCT}JN AMG( oSy R ANG )
COMPUTE THE ANGLE IN DEGRESS DEFINED B8Y ATOMS (. Jo AND K. ANG 1¢
ATOM J IS YHE VERTEX ANG 15
IMPLICTIT REAL 28{A~ H;D—Z) ANG 20
CIMENS 0N V1(2),v2{3} ANG 23
CALL VEC{J. [.¥1) ANG 30
CALL VEC(JSsKaV2} ANG 35
ANG=AYV{VLISVZ) ANG 80
RETURN ANS 45
END ANG 50
FUNCTION AVV(X.Y} AVY =3
COMPUTE THE ANGLE IN OEGREES BETWEEN VECTORS X AND Ye AVY 19
VECTORS ARE REFERRED TO CRYSTAL COORDINAYE SYSTEM. ENAE 15
IMOLICIT REALXBLA-H,0-Z} AvVY 249
FAB/ USED BY WPRE s WCALC, AVYs CONFo STs NORMy UNIT ANY 25
COMMON/AB/AA(S) »ALL A2 2'A331A12-A13'A2315D(9,18‘"822'3.‘3.&1&!513 AvVY 30
14823, VA AVY 25
DIMENS £01 x(.:);‘(fShZ!3) AVY 49
CALL NORMLX AVY 45
AVV=L)ATAN2(\'A*DSDRT(VMV(Z‘AA‘Z))-VMV(XM\A;Y’)*57-29':-779:)1 AYY 50
RETURN AVY 55
END AVY 690
SUBROUT INE AXELBX{NNe:AsBy {0y L-IFAKL) AXEL S
REAL %8 A(!D-l).B(XDalhD\.( XsY AXEL 10
TROGRAM AUTHDR Ge #» WESTLEY AXEL 15
COMAUTING TECHNOLOGY CE'\!VFQ- UNIUN CARBIDE CORPes NUTLEAR DIVes AXEL 20
CAK R1DGE, YENN. AXEL 25
THIS PHROGRAM REDUCES THE CENERAL PROBLEM N @ X = i A * 3 # X  AXEL 30
WHERE A 15 SYM. AND 8 {5 SYM. AND POS.DEF. TO THE STARDARD FORM AXEL 35

# % 2 = LAMDA %2 AXEL 40
AXEL 45

FHE MATRICES A AND & NEED ONLY BE DEFINED FOR ThE UPPER TRIANGULAAXEL 59
PORT 1 ON. AXEL 58
AXEL 60

ON RETURN B8 WILL HOLD THE ORIGICNAL B IM ThE USEER PORTION AND AXEL 65

THE COFF DLAGUNAL ELEMEATS OF YHE CHOLESKY DECOMPCSITION MATRIX AXEL TO
LOIN THE LOWER PORTION. THE SINGLY DIMENSIONED ARRAY DL WILL HOLDAXEL 75

51 AGONAL ELEMENTS OF L AXEL 80
AXEL 8B

ON RETURN A WILL KOLD THE LOWER PCRYION COF THE SYM. MATRIX P IN TAXEL 90
COWER TRIANGULAR PORTICN AND THE OFF DYAGUMAL ELEMENYS OF YHE CRAXEL 93
MARTIX A IN THE UPPER PORTION === HE C1AGONAL ELEMENTS GF A AXEL 100
LRSTa s AXEL 105
AXEL 110

1S THE ORGER OF A AKND 1D IS THE DIMENSIUN SIZE ©F A IN THSE CALAXEL 115
SROGRA! AXEL 120

IF M l_. NEGATIVE THEN CHOLESKY DELD\QPOSIYIGN IS ASSUMED COMPLETE AXEL 129

AND ONLY THE FORMATION OF P Y8 LEF AXEL 1390
AXEL 135

(FAIL (S A FLAG wHICH INGICATES COMOLETION fF 1T IS5 0 AND IN— AXEL 140
DICATES TERMINATION DUE TO B FAILING T0O BE POS. DEF. (POSSIBLY BE-AXEL 145
CAUSE OF ROUND-OFF ERRCRS!} IF 1Y 1S 4. AXEL 130
AXEL 155

AXEL 160
FRXEABREXKKEERERRERREERE KRNI R ERR KX KB Fn R LR Rh A Rk X SRR REFRKEERENERLAXEL 165
N=NN AXEL 170

1F (N.‘a& 0) GG TY 500 AXEL 175
W= AXEL 130

63 YC- 525 AXEL 185
500 DG £20 I=i.N AXEL 150
0G 520 AXEL 195

AXEL 200

AXEL 205

505 AXEL 2890
AXEL 215

AXEL 220

AXEL 225

510 CONT INUE AXEL 230
IF (fNEcJ) GO FQ 515 AXEL 235

IF IX.LEW0«000) GO TO 5790 AXEL 240

= DSQRT(¥} AXEL R85

DL{T#=Y AXEL 259

GO YO 52 AXEL 253

518 Bidu11=X/Y AXEL 268
520 COMT INUE EL 265
tﬂ#l*#**txt#tt*#k*##!*“!#ﬁ#**ttttti**t*!t*t#tt##*****‘ls*i*t'#*#AXEL 27¢

275

XEL 280

THE CHOLESKY DECOMPOSITION [S COMPLETE AND THE FORMATIUN OF P IS AXEL 295
AXEL 290

THE FIRST PORTION CUMPLETES THE FIRST PART OF THE MATRIX £ BY AXEL 295
SOLYING TRE SYSYTEH AXEL 300
AX&L a5

230

HEX KR ARER SRR TR EE R RN mhh kR SRk AR R KR "#*AAEL 315

525 DO 540 f=l.xn AXEL 320
¥=0L €3} AXEL 329

DO 530 J=I,N AXEL 330
X=A{1:J] AXEL 23%

K=g-1 AXEL 340

€3a IF (KuLYal) GO YO 333 AXEL 335
A=X~B{I K1 *AL I X} AXEL 32D

=K1 AXEL IS5

56 TQ 530 AXEL 360

OGONANGGONGAGARO

anoian

ano

anoaan

IlaZatalalal

an

aana

545

509

CONTINUE AXEL

AlSs Ld=R/Y AXEL

AXE

AXEL

THE T& PCSE OF THE UPPSR TRIANGLE OF L-INVERSE A HAS SEEN FORMAXEL
THI LOWER TRIANGLE OF THE MATRIX A ANEL
AXEL

AXEL
x#a***xt»*stai*ta*t*t*aa»ttatt*tua*a**uxtta*ttvtn#*#ttttt*t##**a*AxEL
AXEL

XEL

THIS PORTION COMPLETES THE FORMATION OF P BY SOLVIMNG THE SYSTEM  AXEL
P % (L'T‘{ANbPuSE) = Xa AREL
AXEL

AXEL

B E R KRR EE KRB REAER AR AR AR ARG R R RR KRS KRR R RR R ROR R R R R AR ANEL
CD 58% J=1,N AXEL
DO 563 I=JN AXEL
¥=ALTsdd AKEL
K=I-1 AXEL

IF {KeLTwdd G0 YO 539
Al 22)%BL1, K]

13
GG TC Hha3
CONTINUE
K=dg—1
IF (K.LTwl} GO YO 569
X—=ALJS K I*BLEe KD

1
Ge TQ 585
CONY TNUE
ALY, JI=X/DLLT)
CONT INUE
IFATL = 0
RETURN

THE SYMMETRIC MATRIX P HAS 3CEN RETURNED

tFALL =t

THE SRDCEDUIE FAILED SECAUSE £ WAS NOT PUSe DEFe
RETURN
END

SUBROUTING AXES{Ue ¥ X1}
S?URE THREE ")RYHG\.wD’\IAL UMIT VECTORS X{T+1)oX{f+2)s AND X{1,3)
GIVEN YECTORS U AND Vs
VECTGRS ARE REFERRED TO CRYSTAL AXIS SYSYTEM
X{fy8} ¥YS PARALLEL 1D U
{121 (5 IN THE PLANE OF U AND V¥
X(71+31 IS }—ARALLEL YO U CTROSS Vv
ALFB(A-H,0-Z1}
DIVENSXL-N u(a..v(s; gw(a).x(m
i3

CALL UNIT(W(3Ds¥W(A)])
TALL UNLT(W(T5,w(7))
22 305 1=1,%9
X{1I=w (1}
HETURN
END
SUBRGUYINE INSTRI {ARBRePCIPL,PKe G CNSY
1 e SXAR, SYRy SZR, TRY CHST
IMPLICTT RMEAL28YA—H,0-2} CMST
DIMENSION ART 3 BRITILACILIPLIL)PXRIIY,Q0L) CNSY
L9 SXR{13LSYR{2I-SZRI1Y,TR{3+1) CTNST
RETURMN CNS
CTNSY
FHE ABOVE 1S CALLED ONCE FROM MAIN TO SEY LOCATIONS OF ARRAYS gﬁz;
SET YARIABLES YN TERMS OF COCMMON P&R/«\QCY R3 AND EXTRA PARAMETERS  LNST
QUMMY RDUTINE TO B8E KREPLACED BY USE ('C(NS';'
NS
ENTRY CNSTAR CTNERY
REYURN CNST
END [0 4
FUNCTION COMNF{I:J,KsL 1 CONF
COMPYTE THE CDM‘OQN‘AT‘ON ANGLE 1N DEGREES FOR THE SEQUENZE OF COMf
AYOMS MURBERED s 3 Ky AND Lo CONF
IMPL {C LT REM 4B(A-H.O-21 CONF

AB/ USED BY WORE, WCALC, AVY, CONFe D57, NORM, UNTT COME
CGHMGN/A?/AA(Q’ A11AZB,AZ3,A12:41 3eAR3-BELT1.B11.822,833,512,3:3 CONF
1,823, LCONE
ﬂxn&\s!ﬂN WRE2),¥2(2), V303, VAL3).V¥ELI3) CONF
CALL CiTadavl COME
CaLL vtC(J. eV} CONE
CALL VECIKyi g ¥3) CANF
CALL NCRM(V!.VQ.V&) COHF
TALL NMORMEY¥Z,93, CONF

IGN(A\!\I(\IQ.\‘ﬁ)nVMV\V3.AA-V4)l CONE

CONYF

CONE

SUBADUTINE CHX{ (PCePKe s TRAC WXl
1.YCL 280 WXy

(MPLIC )T REAL*8LA=H,0=-Z) CHRI
DIMENSEON PLC1ioPXE1)eQ11)oTRI3e1DeXCL) Cuxi
1, vCLLY 2035 cWX{

ETURN L

(4 731
THE ABOVYE 1S CALLED ONCE FROM XAIN TD SET LOCATIONS OF ARRAYS cwxg
WX
CALCULATE EXTRA EINERGY WXe THE INTESNAL ENERGY OF POLARIZATION,ZTCOSXI

A T3 e b

SECOCHTRTACH

NP B UL

<
o

QCORTECUCNGOAU

g DT (R 2 (I DS v

@

GGG AR e
CROUO U

=1

LLL
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500

500

DUMMY ROUTINE TO BE REPLACED BY USER Ccwxl
CwWX Y

ENTRY Cwx CHX 1
RETURN CwWX 1
END CrX1
SUBROUT INE DIFV(X'Y-Z) DIFV
VECTOR - VECTU DIFV
2(3)=x;3)—v'3) DIFV
IMPLICIT REAL*8(A-H.0~-2) DIFYV
DYMENSIDN X{3):Y(3),2¢(3) DIFV
500 I=1,3 DIFV
Z(l! X£3)-¥() DIFvV
RETURN DIFV
END DIFY
FUNCTION DST([.J} DST
COMPUTE THE DISTANCE IN ANGSTROMS BETWEEN ATOMS I AND J. DST
IMPLICIT REAL*8{(A-H,0-2) DST
/AB/ USED BY WPRE, WCALC: AVV., CONFs DSTy NORM, UN{ DST
C[]MMON’AB/AA(Q) v)All|A22IA33-A12oAl3‘A23|BB(9,vB‘l-82218331512-313 DST
14823,V DST
DXMENSIUN vV<{3} osST
CALL VECI{Tsd, V) bST
DST=DSGRT{V{ 1 )*#25AL 1+VI2)4{V(2) *A22+V(1) *A12) DST
T#VII)RIVI3IRAIZ4V(2)%A23]4 V(1) *A13)) DST
RETURN DST
END DsT
SUBROUT INE GMADD{A¢B+Rs Ns M} GMAD
{MPLICIY REAL¥8(A-H,0-2) GMAD
T e 20384200600 sre NI IRRUGAANILscs0sesrorseetneaassecsssrssnvascunsaGMAD
MAD

SUBROUT INE GMADD GMAD
GMAD

PURPQOSE GMAD
ADD TWO GENERAL MATRICES TO FORM RESULTANT GENERAL MATRIX GMAD

GMAD

USAGE CMAD
CALL GMADD{AsB.R¢NsM)} GMA D

GMAD

DESCR!PT[DN OF PARAMETERS GMAD

— NAME OF FIRST INPUT MATRIX GMAD

B ~ NAME OF SECONC INPUT MATRIX GMAD

R — MAME OF DUTPUT MATRIX GMAD

N ~ NUMBER OF ROWS IN A,;B,R GMAD

M -~ NUMBER OF COLUMNS IN A,B,R GMAD

GMAD

REMARKS GMAD
ALL MATRICES MUST BE STORED AS GENERAL MATRICES GMAD

GMA D

SUBROUT INES AND FUNCTION SUBPROGRAMS REQUIRED GMAD
NONE GMAD

GMAD

METHOD GMAD
ADDITION 1S PERFORMED ELEMENT BY ELEMENT GMAD

GMAD

scesrveees s “Tevesssassscsscrserenvvesasana GMAD

MAD

DIMENSION A(1J+3{1),R(1) GMAD
GMAD

CALCULATE NUMBER OF GLEMENTS GMAD
GMAD

NM=N*M GMAD
GMAD

ADD MATRICES GMA D
GMAD

D0 500 I=1,NM GMA D
REI)=AL13+48(1) GMAD
RETURN GMAD
END GMAD
SUBROUTINE GMPRD{AsBsRsNyM,L)} GMPR
IMPLICIT REAL®8({A-H,0~2) GMPR
eseresennesanae see ey sss0r0cnsecver e GMPR
GMPR

SUBROUTINE GMPRD GMPR
GMPR

PURPOSE GMPR
MULTIPLY TWO GENERAL MATRICES TO FORM A RESULTANT GENERAL GMPR
MATRIX GMPR

GMPR

USAGE GMP R
CALL GMPRD(A.BsRsNyMyL) GMPR

GMPR

DESCRIPTIUN OF PARAMETERS GMPR

A -~ NAME OF FIRST INPUT MATRIX GMPR

8 - NAME OF SECOND INPUT MATRIX GMPR

R — NAME OF OUTPUT MATRIX GMPR

N = NUMBER OF ROWS IN A GMPR

M — NUMBER OF COLUMNS IN A AND ROWS IN B GMPR

L — NUMBER OF COLUMNS IN R GMPR

GMPR

REMARKS GMPR
ALL MATRICES MUST BE STORED AS GENFRAL MATRICES GMPR
MATRTX P CANNOT BE IN THE SAME (OCATION AS MATRIX A GMPR
MATRIX R CANNOY BE IN THE SAME LOCATION AS MATRIX PR
NUMBER OF COLUMNS OF MATRIX A MUST BE EQUAL TC NUMBER OF ROWGMPR

OF MATRIX MPR

GMPR

SUBROUTINES AND FUNCTVION SUAPROGRAMS REQUIRED GMPR
NONE GMPR

GMPR

METHOD GMPR
THE M BY L MATRIX B IS PREMULTIPLIED BY THE N BY M MATRIX A GMPR

AMD THE RESULT 1S STORED IN THE N BY L MATRIX R, GMPR

GMPR

P rSsr s rttav et eaN LN ssstc s ovreEsaassscnusssssuvnusas GMPR
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500

DIMENSION A{1}.,B(1).R(1)

¥

[os] 00 K=lnL

IK=1K

Do 500 J=1 N
IR+1

IB=18+1
RITRISR{IRI+A{III*BLI8)
RE TURN

EnND

SUBROUT INE GMTRA(AsR+ N M)
IMPLICTT REAL*8(A-H.0-Z)

P R R Y

SUBROUTINE GMTRA

PURPOSE
TRANSPOSE A GENERAL MATRIX

USAGE
CALL GMTRA(AsRsNyM)

DESCR{PTION OF PARAMETERS
A — NAME OF MATRIX TO BE TRANSF’DSED
R — NAME 0OF RESULTANT MATRI
N — NUMBER OF ROWS OF A AND COLUMNS OF R
M =~ NUMBER OF COLUMNS OF A AND ROWS OF R

REMARKS
MATRIX R CANNOT BE IN THE SAME LGCATION AS MATRIX A
MATRICES A AND R MUST BE STORED AS GENERAL MATRICES

SUBROUT INES AND FUNCTION SUBPRCOGRAMS REQUIRED
NONE

METHOD
TRANSPOSE N BY M MATRIX A TO FORM M BY N MATRIX R

D R R R T T T
DIMENSION A{1).R(1)

IR=0

DO 500 I=t,N
[J=1-N

Do 500 J=1 M
1J= l

IR=
R( R) A([J)
REYU
END

FUMCTION GPOY {({ARsBR» IACT ICT + ISCsJAC,PC, PL+PXsQs SYMy XCsYCyZC)
IMPLICIT REAL *B{A-H,0-Z)

DIMENSICON AR{1),BR{1),TACT(1),ICT(4,1) SISCULY,JAC (1) aPC(L}WPLEL)
ePXCL1aGEi)eSTMIL2,1)4XC{ 1) YC(E),ZC{1)

RETURN

THE ABOVE 1S CALLED ONCE FROM MAIN TO SFT LOCATIONS OF AKRAYS

USER ROUTINE TO CALCULAYE A GENERAL NON-BONDED ENERGY TERM
ENTERED ONLY IF IREP 4GE «4

ENTRY GPROT{ISBslsJslAsJAs IKsIK+GXsGYsGZ4DX4DY,DZ,y )
REAL*4 GX4GYyGZ

GPOT=0.0D0

RETURN

END

SUBROUT INE GTPRD{AsBsRsNe ML}
TMPLICIT REAL*8(A~H,0-2)

SUBRUUTINE GTPRD

PURPOSE
PREMULY IPLY A GENERAL MATRIX BY THE TRANSPDSE OF ANOTHER
GEMERAL MATRIX

USAGE
CALL GTPRD(AsBsRsNyM,L)

DESCRIPTION OF PARAMETERS

A — NAME OF FIRST INPUT MATRIX

B ~ NAME UOF SECOND INPUT MATRIX

R — NAME OF OQUTPUT MATRIX

N ~ NUMBER OF ROWS IN A AND

M ~ NUMBER OF COLUMNS (N A AND ROWS IN &k

L = NUMBER OF COLUMNS IN B AND R
REMARKS

MATRIX R CANNDT BE IN THE SAME LOCATION AS MATRIX A
MAT2TX R CANNGT BE IN THE SAME LOCATION AS MATRIX B
ALL MATRICES MUSY BE STORED AS GENERAL MATRICES

SUBROUTINES AND FUNCTION SUBPROGFAMS REQUIRED
NCNE

METHOD
MATRIX TRANSPOSE OF A IS NOT ACTUALLY CALLULATED. INETFAD,

gLl
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SLEMENTS UF MATRIX A ARE TAKEN COLUMHNYWISE RATHER THAM
ROWNWISE FOR POSTMULTIPLICAYION BY MATRIX S

@50 8 808000000 00000000008000000000000000000tesserrererrereIvsvisennc

TIMENSION ALl 3.812)5R(1)

SUBROUTINE HOUSEH{ AL [DsNy

HOUSEROLDER REDU
PROGRAM AUTHOR & FESTL
COMPUTING TEC"(NDL\]GY C}:N"EF\‘
DAK RIDSE, TENN.

REAL®E A11D,1)eD¢
51

1)sEt1},
TOL = 16.D0%%{~ 3

B

TC 510

omn

G+ ACLKIRA(T.KT
£

G + £
(G.LE.YOL) GO TO 540

[
—CSART { H}
LFLTa0.0) 6 = -G

-~
LSS

LN T Qg T

o

315

s20
£25

530
2is]

J
A(é'K’ = AfJeK]}

~3
-
o
o
>

W R

CGMUrmGTmMO
S~ A

- F*xE{K) -

0,E

)
TION OF MATRIX TO TRIDIAGONAL FORM

UMION CARBIDE CORPas

FeGeHHoH,LYOL

GRA{T4K)}

«0D0) GO TQ 565

g50
a55 2 AlKed)
365
G0 To 575

=0s G0
579 =0.000

375

END

FUNCTION IRYPAS{1:J,KPC)
IMPLICIT REAL*B{A=H,0-2)}
SIMENSION KPC{1)

L
A{T+K)$A(KyJ )}
L

= GH*A(K.I)

BEFQRE VALVEC

NUCLEAR DIVeos

FITGR/ JSED BY WMIN.

WDYM»

WPRE «

COMMONSITGR/IBR s LCCAX ICENT»ITMB, IGEMR, ILSS
Ls IORT, TABA, IREP, TRSC 1 SH, ISH, IVON,19GT
ZyMCDE s MAZNAC s NAF 2 NBC 2 NC T NRASNDOSNP 5

WCALC

GCCWXs

I3YPASe

TIMDUT

¢ XMOL o INK, IPLM, IPRC
s TZAMs JC KPP WL KPWS LY (D}
NPT s MPR NP5 NPX s NG ISETA

2aNRe WREB:NRPaNEsNTIO) s NV (NYA NV, VD NURSNYUS {9 s NVYX

SATA TP 4P 700/

SEY INDICATOR FOR 8YP
THIS REDUCES REOEY (T
SECOND DEREIVAYIVES
TBYPAS §S SET AY INTE
TO GUWR.

ZERD FOUR-BIT FORC

ASSING REC
OGN 0F 10

HITH RESH
GER

ES 8GR

IPROCAL SUNMS,
Y1

IRZCY SUMS: O G
TAL CALCULATTONS iN OBTAIMING

FROM 0 TO 24

CT TO COMAON PARAMETERS

DNE-8IT FORCES ENTRV

A ZERDC YW0-8f7 FORCES CALC OF DIRECT-LATTICE Su
R

A ZERD
RCCAL AND DIRECT SUNS

PRI N+ bos e
-, EOWO W
roeonon

N
n
o

N RONNN N
UG P 0 Y
Snora

WORODOU G

GO D P (RN e =

A
Swenea

35

[sX1]

a

on

ANGABOONNONANNA0ABGAGOAGANaNAGANNANANDANANO

50¢

IP AND JP ARE VALUEZS OF I AND 0

IF{I-JP}IELDeB00,530
b UNCHAMGEDe START LOOP TO
C=4

£5T

12

UNLESS BOTY ‘i

xP(XB VPC)SQS,qu::S
15 ZERD THIS

XF(!P)S}O:‘ 303310

TEST XIND OF COMMON PARAMETER.

KPRCEP=KPEC{ P42

GD YO 1545, 5155204525 ] KPCTIP

x,gULuMu CR VAN DER WAAL Se
TREC

REPULSIOMN PARAMEYERS INCLUDE
IDIR=Q

GO TC 830

INTRAMOLECULAR ENERGY PARAMEYER
TWX=0

SUBSTITUTE I FOR IP AND REPEAT
p=

)3
CONTINUE
SEY YALUE OF IBYPAS
IBY=IWX+2¥ 10T Rva % IREC
60 7O 550

J HAS CnANGEDS
Jo=3

18Y=0
1BYPAS=iBY
RETURN

ENG

SUBROUT INE INVRS{XsDy2}
IMPLICIY REAL*8(A-H,0-2)

GIVEN 3 BY 3 MATR\X )\. SYQRE D&
Z MAY BE THE SANME

OIMENSTION X(Q);XK(Q):Z\Q)-ZZ(9)
00 56¢ I=1,9

AX{I3=X11}

ZZ{L A{SIEXX{Q]-XX T G} RXX{(B)
2ziz XUI3HXX(B)~XX(2}*xXX(9)
Zz{ 3} X{2 P #XKCEI-XX{ I HRXKIS)
2204 KEOIRAXL7I-XX L2 2XX(D}
ZZ(s XE1PHRX(D)-XX{ 312U X{T)
22(6 XEIIX KA )=XX{ 1) #NXE{6}
2z(7? KEAPHAXLBY-XXUGI#XN(TH
Zrt s XE2 RN LT I-XXN( 1) AXX{8)
ZZ{RI=XX{L JAAN{S)-XX{ 2} *XX{A}
DO=AXL L I*ZZ241 J+XX(a22Z {2 }4XX(7
IF{DD}S0E, 510,502

DD 505 I=1,9

ZEII=TZLIN/OD

=00

RETURN

END

SUBROUTIMNE LOK{LsJ5:IRVNM,MS)
IMPLICIT REALSB(A—HM,D-Z}

P LR R S N S Y LR LY PR PR PR P PR P R R R

IP AND 1 ARE

1F KPC IS

THIRECT-LATTYICE

ON PREVIOUS ENTRY

IP AND THEN I

COMMON PARAMETERS

'S INITIAL VALUE T2 BE IGNORED

SUM

s INCLUDE INTERNAL

TYERMINANT AY D AND IN

1%ZZE3)

SUBRTUTINE (0K (FORMERLY LOC)

PURPOSE

COM2UTE A YECTCR SUBSCRIPY FOR AN ELEMENT IN A

SPECIFIED STORAGE MODE

WSAGE
CALL LOK {1aJeIRsNeMsMS)

DtSCRlPT(JN OF PDARAMETERS

J
IR
N
L3
M3

REMARKS
NONE

SUBROULT INES AND
NONE

MEYHGO
mS=9

° 52 8000000000012 53360998300005083300UEesIGNEIEPIREReCRRRNRERTBRESD

Lx=
SX=Jd

M3=y

e

0% NUMBER OF ELEMENT

COL UMM NUMBER OF ELEMENT
RESUWLYANY VECYOR SUBSCRIPY
NUMBER OF RLWS (N MATRIX

NUMBER CF COLUMNS IN MATRIX
ONE DIGIT NUMBER FOR STORAGE MOOE OF MATRIX

© ~ GEMERAL
i — SYMMETRIC
2 — BIAGONAL

FUNCTION SUBPROGRAM

5 REQUIRED

ZERO 00 NOT AYPASS

INCLUDE BOTH RECIPROCAL AND DIRECT SUMS

ENERGY CALC

D0 NOT BYPASS ANY PART OF ENERGY CALCULATI{ON

MATRIX OF

SUBSCRIPT IS COMPUTED FOR A MATRIX WITH NxM ELEMENTS

IN STORAGE

{ GEMESRAL MATRIX?

s5U8s

CRIAPT

STORAGE {UPPER TRIAMGLE OF
ELEMENT f5 1IN LOWER TRIAN
CORRESPONDING CLEMENT InN

15 COMPUTED FOR A MATREIX WITH NxiN+1}/2 IN
1F 1S

SYMMETRIC MATRIZY A

GULAR PORTIONS
UPPER TRYANGLE.

SUBSCRIPT g

SUBSCRIPT IS COMPUTED FCOR A MAYRIX WITW N ELEMENTS

IN STORAGE {OIAGDNAL ELEM

ENTS

OF DIAGONAL MATRIXY .

IF ELEMEMT (S NDT

STORAGE}, IR

ON_ DI AGONAL {AND THEREFURE NOT

IS SET TO ZERG,

In

IF{MS—1}) 500,505,520

=
a

-

TUT

4 1t 1 1 s o 0 e b

NBOCBEERTIZBHOTEAOCEODT
R g e e S A I R ]
UUTVTODLOTTUITRGUD

b 1 L bk o 4 b 5 ot B ot e Yt b ik
<
n

oy
TOE T
<< <<
Vo

Bye
TaYR

TNV =

i

AT PO P LW I G D
QUOUSRNONCHD RO GC RO
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ann

500

505
510

515
s20

525
330

IRX=N*(JX-1)+1X
G0 TO 530

IF{IX=JX} 510,515+515
IRX= 1X¢’JX¥JX IX)r2
GQ TO 53

IRX= JKO(IX‘IX-]X)/Z
GO TO

IRX=0

IF(IX=JX)} 530,525,530
IRX=1X

IR=1RX
RETURN
ENI

SUBROUTINE MASTER{NST)
USER ROUTINE TO SET THE QVERALL STORAGE AVAILABLE 7O BE
ALLOCATED BY THE MAIN PROGRAM

IMPLICIT REAL #8(A-H,0-Z)
COMMON/S/S(!ZDOO)
THI

LOWING CONSTANT MUST AGREE WITH THE ABOVE DIMENSION

NST= l 2000
RETURN
END

SUBROUT INE MCPY(AsRyNsMMS)
IMPLICIT REAL'B( a-Z)

sases

SUBROUTINT MCPY

PURPOSE
CTOPY ENTEIRE MATRIX

USAGE
CALL MCPY (AsRsNsMsMS)

DESCR!PTION OF PARAMETERS
— NAME OF INPUT MATRIX
R — NAME OF OUTPUT MATRI X
N — NUMBER OF ROWS IN A OR R

M - NUMBER OF COLUMNS {N A OR R
MS — ONE DIGIT NUMBER FOR STORAGE MODE OF MATRIX A {AND R} M(‘PY
0 - GENERAL
1 — SYMMETRIC MCPY
2 -~ DIAGONAL MCPY
MCPY
REMARKS MCPY
NONE MCPY
MCPY
SUBROUT INES AND FUNCTION SUBPROGRAMS REGUIRED MCPY
LOK (FORMERLY LOC) MCPY
MCPY
NETHCOD MCPY
EACH ELEMENTY OF MATRIX A IS MOVZD TC THE CDRRESPONDING MCPY
ELEMENT OF MATRIX R MCPY
MCPY
. . .a
DIMENSION A{l}.R{1) MCPY
MCPY
COMPUTE VECTOR LENGTH, IT MCPY
MCPY
CALL LOK{(NsMyIT,NsM,MS} MCPY
MCPY

COPY MATRI X

DO S00 I=1,17
R(I}=A{T)
RETURN

END

SUBROUTINE MINVEA¢NesDsL 1M}
IMPLICIT REAL 8¢t A-H,0-Z)}

SUBROUT iNE MINV

PURPOSE
TNVERT A MATRIX

USAGE
CALL MINVIAsN2DaL M)

DESCRIPTION OF PARAMETERS

INPUT MATRIXs DESYROYED IN COMPUTATION ANO REPLACED BY

RESULTANT INVERSE.

N - ORDER OF MATRIX A
O — 040 IF SINGULARs 140 IF ALL RIGHT.
L = WORK VECTOR OF {ENGTH M
M - WORK VECTOR OF LENGTH M
REMARKS

MATRIX A MUST BE A GENERAL MATRIX
SUBROUT {NES AND FUNCTIUN SUBPROGRAMS REQUIKED
NONE

METHQD
THE STANDARD GAUSS- JORDAN METHOD IS USED.

DIMENSION A(1),L{1),M({1)

Vs tves e rrvesenres venvsses Ut rreeoreedrs e e

KINV
MINYV

FeeTseseverereuncs et et eses et ssssessstscsnanasnasesessn s MINV

MINV
MINV
MINV
esseevsasMINV
MINV

[2%s}

[21aTa)

falalal

[alalaa!

[21aYa)

[s1alal

500
505

525
£30

$35

40
545

550
555
560

565
570

575

580
585

595
600

SEARCH FOR LARGEST ELEMENT
D=1e0

NK=—N
DO 590 K=1,N

\—NK+<
3IGASA(KK)

IJ=1Z+1

MK Y=
CONTINUE

INTERCHANGE ROWS

J=L{K}

IF{J-K) 525,525,515
KI=K=N

DD 520 1=1,N

ALJT) =HOLD
INTERCHANGE COLUMNS

I=M(K}

{F(I-K) $40,540,530
JP=N*{1-1)

PO 535 J=14N

A(JK)
A(JI) =HOLD

DIVILCE COLUMN BY MINUS PIVOT (VALUE OF PIVOYT ELEMENT IS
CONTAINED IN BIGA)

IF(BIGA) 550,945,550
D=0.0

RETURN

00 560 I=1.N

IF(I-K) S55,560+555

IK=NK+

A{YRISACIK ) /{-B1GA)}

CONT INUE

REDUCE HMATRIX

DO S75 1=1.N
IK=NK+I

IF{I-K) 5659575:565

IF(J-K) ‘70.575.570
KI=1J-14
ALTJdd= A(IK)*A(KJ)*A(AJi
CONT IMUE

DJIVIDE ROW BY PIVOY
KJI=K=N
DO 58S J=1,N
KJI=KJ+N

IF{J—K) 580,585,580
A{KJI=A(KJII/BIGA
CONT INUE

REPLACE PIVOT BY RECIPROCAL

A{KK}=1.0/BIGA
CONTINUE

FINAL ROW AND COLUMN INTERCHANGE

K
K.
I
1
1

—~r e~

625
630

KI= K.\QN

0cl
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SUBRCUTINE MM{X,¥,2} MM 5 DO 505 Y=1.3 My 30
MULTIOLY TWG MATRICES MM 1e WlI)=C.0 L 35
2€3,3)=x(3.338Y{3,3}, Z MAY 3£ THE SAMZ AS X OR Y M2 1€ DD SO0 J=1,3 Ay 49
IMPLICIT SEAL 48LA~M 0=2) M¥ 20 WETFSWOIIeX{TaJdd%Y(a) Y 45
DIME: £3:5335¥Y2303722¢303) 4 W3, 3) MM 25 500 CONTINUE ok 50
o0 8 3 #8% 33 $05 CONTINUE By S5
oo B0 3 M% 35 DO S¥0 (=1,3 uy 69
WLieK MM 40 ZLEy=w(l) “y 65
DR B0 53 MM 45 E10 TONTINUE MY 7o
BELIRI=WOE LRI AX{T 4 ) Y{JpK) M ] RETURN My 5
500 CONTIMUE MM 55 END My 80
505 CANTINUE MM 60
243 CONTINGE 14 65
DO 520 J=1,3 MM 76 SUSRQUT INE NORMEXaY,.Z) 5
D3 S15 §=4,3 MM 75 [« STORE A VECYOR Z NORMAL TO VECTOSS X AMD Y NORM 10
ZLs YW1y d) #M 83 < VECTORS ARE REFERRED YO THE CAYSTAL CUORDINATE SYSTEM. HORM 15
515 COMTINUE aM a5 c TO OBYAIN THE CRGSS PROLUCT X#Y ®ULTIPLY Z BY THE DIRECT CELL NGRM 20
520 CONTINUE #M o c VOLUME + NGRM 25
RETURN MM S5 TMOL ICIY REAL®S{A—H,0-2) NORM 20
ENO M 100 c /ABs USED BY WPRE, WCALC. AVY, CONTs OST, NORM, UNIT NGRM 33
COMMON/AR/AALG) 9 ALT s AR24A334 AL 2, A1 30A22,88(0)4811,8224833,E12,813 WNORM 40
IRGEET L) NORM 45
SUBRCUT INE MBROTA B oS s Nekie MSA s MSB sl ) HMPRD 5 DIRENSTON XE335Y{3)eZ (3}, XHI6) s¥YI6 223 NORM 50
IMPLECTIY REALR(A~H,0~2 } MPRO {0 D3 500 i=1,3 RORM =55
e A R ¥ T I T NOEM 60
PRO 20 NORM B
SUHRCUTINE MPRD MPRO 25 NORM 7O
MPRD 30 YY(I+3)1=YY (1) NOFtw 75
PURPOSE MPRGC 35 5G9 CONTINUE MORM 89
MULTIPLY TWO MATRICES TQO FORM A RISULTANT MATRIX MPRD 40 U0 S90S I=1,3 NORK 85
HMORD 45 ZZLLI=XXEL4 1T 0V T42)—XX{ T42) *YY{ T4 1) NORM 90
JSAGE MPRC 55 505 CONT INUE NORM 95
CALL MPRO{A3sBaNaNsMyMSA:MSB,L) HMPRD 55 CTALL MY(BBasZZo2} NCRM 109
MORD 5D RETURN MURM 105
DESCRISYICN OF PARAMETERS MPRD 65 END NORM 110
A - NAME DY FIRST INPUT MATRIX M3RD 79
B — NAME OF SECOND INPUT SATRIX MPRD 75
R — NAME OF CUTPUT MATRIX MPHD 50 SUBRCUTINE REJECTE YSE.MN(HYSHT , XRES
N - NUMBER OF ROWS IN A AND R MPRD 85 [ AYOEG CALCULATION OF SPACE-GROUP ABSENCES IN RECIPROCAL SUM
M o= WUMBER OF COLUMNS 1IN A AND R0WS IN 8 MPRO 90 < OUMMY ROUTINE YO SE REPLACED BY USER
MSA — ONE OIGIT NUMBER FOR STORAGE MCDE OF MATRIX A MPRD  §5 [ IREJI=0 OM ENTRY. SET IREJ=! TO OMIT & SOACE—GROUP ABSENCE.
¢ - GENERAL MPRD 100 REYURN
3} - SYMMETRIC MPRE 105 END
2 ~ DIAGENAL MERE 110
38 — SANME AS MSA EXCERT FOR MATRIX B8 MPRD 115
L - NUMBER UF COLUMNS IN 8 AND R MPRD 120 FUNCTION REPL ILARyBR»PC,PLPXQ)
HMPRD 125 IMPUICIT REAL#BYA—H,0O-Z)
REMARKS MPRE 330 DIMENSION ARE 11+BREYYOCT {)ePLL134PX{0),00L)
MATRIX 8 CANNGY 28 IN THE SAME (OCATION AS MATRICES A OR B MPRD 135 RETURN
HUMBER OF COLUMNS OF MATRIX A MUSY BE EGQUAL TO MUMBER OF ROWMORG 140 c
OF MATRIX B HPRD 143 < ABOYE 1S CALLED ONMCE FROM MAIN TO SET LOCATIONS OF ARRAYS
#4ORD 150 <
< USER ROQUYINE T0 CALCULATE REPULSION £NERGY
SUEROUTINES AND FUNCTION SUBPROGRAMS REQUIRED MPRO 155 c ENTERED ONLY IF (REp=2
LOK {FORMERLY LGC) MPRD 160 IS
MPRD 165 ENTRY REPLEISBy IKsJKoR)
MeTROD MPRD 170 REPL=0.0D0
YHE ¥ BY L MATRIX P 1S PREMULTLIPLIED BY THE N BY M MATRIX A MPRD 175 RETURN
AMC YHE RESULT IS STORED N THE N 8Y L MATRIX R, THIS 1S A MPRD 189 END
ROM INTO COLUMN PRODUCT o MPRD (85
THE SOLLOWING TABLE SHOWS THE STORAGE MODE OF YHE OUTPUT MPRD 190
MATRIX FOS ALL COMBINATIONS DF INPUT MATRICES MPRD 195 SUNRRUTINE SETALLSETA A
a & R MPRD 200 C COMSTRAIN LATYICE PARANETERS AS SPECIF(ED HY ISETA
GEMERAL GENERAL GENERAL MPRC 205 INPLICTT REAL23{A-H, =2
NER SYMMETRIC SENERAL MPED 210 OIMENS (OGN A(6)
GENERAL SIAGONAL GENERAL MPRD 215 ISA=ISETA+)
SYMMETEIC GENESAL GEMERAL MPRG 223 GO TC 180,30,20,30%515A
SYMMETRIC SYMUETRIC MORD 225 < RHDMBOHEDRAL AXES
SYMMETRIC DI AGONAL MSRD 230 10 A{S)=h(4
DiAGONAL GENERAL MPRO 235 ALGI=A(A)
DYAGONAL SYMMETRIC MBRD 240 < CUBYIC AXES
OTAGONAL DIAGONAL DY AGDNAL MORD 245 20 Al3)=af
< HEXAGONAL OR TETRAGOMAL AXES
R R R R 30 A(23=ALt;
[« NG CONSTRAINT FOR QRTHORHOMBIC, MOMOCLINYC, OR TRICLINIC AXES
DYMENSION AT FoB{1}eRELD 40 RETURN
END
SPECTAL CASE FOR DIAGONAL BY DIAGUNAL
MS=MSAR{OHHSE SUBROUTINE SUMVIXeYeZ}
IF{M5-22) 510,500,510 c YECTOR &+ VECTOR
SO0 DG 0% I=fN 4 AL IS R e Y]
€08 R{II=ZA{EI%BL1} SHBLICIT REALSEIA—HeG=2)
RETURN OIMENSIOM X{3).¥{3).2¢(3)
DD 390 1=1,3
ALL OTHER CASES 500 Z(II=X{I1ev({)
RETURN
513G 1R=g £ND
D3 S40 K=1,b
D5 540 J=i4N
R{IR}=D SUBROUT INE TIMOUT TIHG 5
08 S35 Y=1,m < ANALYZE AND BRINT TIMES FOR YARIOUS PARTS OF ENERGY CALCULATION  TImo 10
IFIMS) 518,825,818 IMPLICIT REALA8{A~R,0-27) Ting 1S
SIS CALL LOX{JSolsTAsM,MaMSAL < FOMBL S USED 8Y WMIN: WOYN, WPRE, #CALC, GCWXs TIMOUY TIHG 20
TALL LORLIsKyIByMal,MSBY COMMON/DUBL/ALE) s ATTO) s ACBIDI e ASYIE S +CALS) sCABID) 40K TIMO 25
IF{TA} 520.535,520 5 9CKKCALACRALDEsDAA DATE LEKCAL yWR P 4PICK, P1CKT 4 P1DKSQ TING 30
520 fF(YE 530,535.53¢ 2ePINNZ, OCEMES T OMAX  RDWSSE9) ,RLIM{S ) sRM{O) ,EMAX, RTFTZ TidG 3%
525 [A=NE{[-1}+] S3sSALSE) ¢ SEGW0, SATHOKL SQTPI» SATA IR, THIG ), TR TRT(3) , TV (3} TIRD a0
IR=ME{K=~1Y2] GaLTLD) 2 UV{3) o UN{3} o WC s WOR S WEL D1 4 WV X ) XYZA( D) L XY 245 ¢ 3) TERD 45
530 R{IN)ZRIIRI4A(YIA}EB( 18 S¢X720S{ 31y 2MC YIMG 50
£35 LONYINUE < ZITGR/ USED BY WHIN. WDYN, WPRE, WCALC, GCWKs IBYSAS, T1mQUT TING 55
240 {R=1R+L COMMON/ ITGR/IBI, L COAX LCENT TCME JGES, IS TMOL, INK » LPLM, 18EC TI¥0 &0
RETURN 2elORT IRBAS TREP» IRSCy IS8y ISW, EVDW L INGT s TZ AN, JC,KP W, KPYS,LT{O) Yi4o 85
EN0 ZuMOBE,HALNACS HAF 3 NBC  NC T NKA ¢ NS, NP o NPC 5 RPR, NOS . NPK N Qs LSETA TINCG T
R NALNRBINKP NS yNTE9 3 o NY aNYVAL NV Ce NVD 5 BVR s MYUS (G 3 L NYX TIKG 75
DIMENSION SECCITsAVI(93ALLTS,B8T{ 7} Tiag 80
SUBROUT INE MY {Xe¥sT} My 5 DATA ALZ0s0D0:1 203001 320051486004 1e 770041296000 202000 # TIMT  as
MATRIX * VECTOX My 13 DATA 8Y/00 000024200051 2B5022+ 70002 1-51D0,2.,050022427007 TIMG 90
T3I=XLI,394Y(3}, 7 MAY BE THE SAME AS Y My 15 TOTALYT=04.0 Yivg 95
IMPLICIT REAL*S{A~H,0-7) "y 2¢ 00O S10 I=1,9 TINT 190
OYMENSIOW X{3,330aY{32.2(33,%(3} My 25 SECTLI=FLOATILY(I} /1006 TIMC 05

Let



Anannnana o

500

505
S10

S FORMAT(*ONUMBER OF PASSES AND TIME SPENT ON VARIDUS PARTS DF ENERG
1Y CALCULATION FOR THIS CYCLE'/12X," zC ')
PRINT 10,{NT{1}+SEC{I1},AVT{T),171.9)

'116-F‘J»2-F9-4/

10

15
515

1
2
3
4
S
6
7

s25
530

535
£a0

25
545
550

500

TOTALY=TOT AL YQSEC(I)
IF(NT(1)1509¢505+450
AVT(I) Srrﬂ’)’FLOAT\N 10

CONTINUE
PRINT S

FDRHAT(' INITIAL

COORDINATES®»164F9:2,F9 .57
v 5L0W RECIP '-‘6’F9“_.F9 Y
* FASY RECIP vl6779-2-5‘9.&/
2 16,F9e2:FF 447
16.F9-2-F9-Q/

* SLOW CONFIG*s{64F
CONFIG'-!6-F9'2.F9.4)
PRINT 1S5,TOTALT

n
»
w
-

FORMAT {(*OTOTAL TIME {SEC) *2FF.2)

IF(CK)550,550,51
IF(QMAX)550.550-520
PRINT

FDRMAT('OSUMMATIGN LIMITS FOR MINIMUM TIME®
4X, 'DEL. 1S PROPORTIONAL TQO RELATIVE ERROR DF RESULT'/

4 *PRQ IS RECUMMENDED QLIM'/

RR 1S RECOMMENDED RLIMT®/

QX.'PRK 1S RECOMMENDED VALUE OF CK'/
4%, *PRT 1S PREDICTED TOTAL TIME PER CYCLE FOR RECIPROCAL AND DIRE

CT SUMS*/

‘o DEL RQ PRR

FLF= SEC(4)+SFC(3)

IF{FLF)525,525.,530

FLF=0.005

FLG=SEC(7) +SECL6}

IF{FLG)535,535+540

FLG=0.005

CF:FLF/OMAxtta
=FLG/RMAX %3

CFCG (CF/CG)**0.166667

SCFCG=DSART{CF*CG)

DD 545 1=2.

ALBYT=AL{I)*BT(1)

SQALBT=DSART{ALBT )

PRA=SQALBT /CFCG

PRR=SQALBT *CF CG

PRK=DSQRT{AL{1)/8T(1)}/CFCG

PRY=2.0%SCFCGXALAT®SAQALBT

PRINT 25.1+PRGsPRR,PRKsPRT

FORIMATL " I.OE"-ilpBFQ-S-FQ.Z)

CONTINJE

RETURN

END

SUBROUT INE TRANS{Xs2Z

STORE AT Z(3+3) THE TRAT\SPDSE OF X{3.3%.

IMPLICIT REAL*8(A-H,0-2Z)
DIMENS{ON X{9):Y{9),2(9)
DO 500 1=1,9

Y(1)=X(1}

HOLD=Y (2}

vi2)=v{4})

Yia)=HJILD

SUBROUTINE TRANSF(A»8,
TRANSFORM EIGENVECTORS
REAL ¥3 A(IDs1)+8(IDs1),
EEREERRATRRK KRR EEK

Da
Al
o]
*

THE COLUMNS OF A ARE THS SIGENVECTORS OF Pe

THE DIAGONAL FELEMENTS OF ARE

L
THE OFF—2TAGONAL ELEMENTS OF L ARE T

X AND Z MAY HE THE SAME.

10N+ NORM)

FTER AXELBX»
11
* %k

XsC
*tttt*#ttt*xxtttttttt:*#x******ttttt**t*TRAN

De
N THE LOWER PORTION OF B.

[elel=l=1=l=f=]=]=Yola)a]a ule]a]=]ola)

ZXZFXEELZEZTEIX

RAN

*t***tttttt*ttttxt*tttttttt***xttxxttttt*ttt*t**ttt**ttttttt*****TRAh

nn 510 J=1,NORM
= 0,000
DO 500 I=1aN
C = €+ A(145)%%2
C = DSQRT(C)
DO 505 I=isN
A(T,J) = ALT,J}/C
CONTINUE

5 00 530 J=1.N

A(NvJ)— A(N.J)/D(N)
1} GO TO 530
3

1)*A(K,J)

[ala)

onnnn

SUBROUTINE UNIT(X,sZ)

STORE AT Z A UNIT YECTOR IN THE DIRECTION OF Xe

VECTORS ARE REFERRED YO CRYSTAL AX{S SYSTEM

1MPLICIT REAL*E{A-H,0-Z)
7AB/ USED BY 9PRZs WCALCy AYV.

C
COMMDN/AE/AA\‘?) 'All'A22'A335A12"l3'A23.BB

LX)
D

323
IMFNSIUN X(3)aY(3}342(3)
9 500 I=1.3

500 Y{I)=x(1}

505

D=

DSQRT(Y{ 1)k %2%kA114+Y{2 ILY(2)xA22+Y {1 ) *A12)+Y {3) (Y (3)*A33

l*Y(Z)tAZB*Y(l)*AlB))

S

GET EIGENVALUES AND EIGEN VE

UBROUTINE VALVEC{DsEsAsIC, >3]

PROGRAM AUTHOR Ge W. WESTLEY

COMPUTING TECHNOLOGY CENTER

OAK RIDGE» TENN.

850

535
560

565
&70

E75

REAL®B A{ID0+1)s0{1}4E{1):sBsCsF9GeHIRsSaP+0Q,TOL
=0

ICc
TOL = 16.00%%(-14)

Do

R

F (B-LT:H)
a 05 M

'F (DABS(E(M))-LE-B) GO 7O 550

CONY INUE
F {M«EQeL} GO TO SS
F (J-GE 30) ¢O TO 575

DSJRT(P‘P + 1.000)

M

1-1

F (T,LTeL) GO TO 545
= CtE(l)

P/E(S

DSQRT{C*C + l.ODD)
01) = S*E(I)}*

1 ODL)/R

C.

I

=}

35

1} /9

QRT(th + 1.0D0)
= SHR¥P

+
A=om
-mA

l.ODD/R

CkD(I) — S*G

+1) = H + S*(C*G + S*D(1})
540 K=1+N

H = A{KsI+1)

A(Ks141) = S*A(K,I) + CtH
AfK21} = CkA(K,1) - S%*

YN N

3

L)
¥

}
E

Rt
ineor rr
o
X
@
- oun
m

SmmOANT=OMm
Gee A

Q=T
1
T D

0

z
r VP mADR i~
Zeo e Zui

_—— O

ETURN

UNT
Z MAY BE SAME AS XUNIT
UNIT

19).811 -822 »833,B12,813

RS OF TRIDIAGONAL MATRIX
UNION CARBIDE CORPes

5

J =

H = TOL*’DABS(D(L)) + DABSIE(L))}
1 n =

n

(DiL+l) - D(L))/(Z ODO*F (L))

Q - 2.0D0%R

F (DABS(P).GE.DABS(E(!))) GO ¥O S$30

«GT«B8) GO TO SI5

iT

VALY
FROM HOUSEHVALYV
VALV

VALV

WO o e e

NN
Gomoy

¢cl



4 vECT 30 c BXMIN MENIMUM VALUE OF ATOM COORD IN BASIC ASYMWSTRIC UNIT GLOS 245
< THE ABOVE [S CALLED ONCE FROM MAIN TO SET £OCATIGNS OF ARRAYS VECE 3% c BYMAX MAXIMUM VALUE OF ATUM CDORD IN BASIC ASYMMETRIC UNIY GLOS 250
< WECE 30 C BYMIN MINTMUM VALUE OF ATOM COORD IN BASYC ASYMMETRIC UNLT GLOS 255
< QRTAIN VECTOR v FROM ATOH I TO ATOM Ja vECT 45 < BZMAX MAXIMUM YALUE DF ATOM CDORD IN BASIC ASYMMETRIC UNIY GLOS 260
C COMPONENTS OF v ARE REFERRED TG CRYSTal COURDINATE SYSTEM. VECI 50 C sZMIN MINIMUM VALUE OF ATDM COORD IN BASIC ASYMMETRIC UNIT GLOS 249
c YECI 35 c cura) INVERSE OF CARTESIAN TRANSFURMATION MATRIX GLGS 270
ENYRY VECUI,J,Y) VECE 60 C CABi S THANSFCRM BASIC TARTESIAN TO CRYSTAL . INYERSE OF ACR GuesS 275
V{1I=XCLII=XCT1) VECI 65 [ IOTAL TIME PER UNIT VOLUWME OF RELCIPROCAL SPACE LGS 28
vizysycta-yoii) YECTI 70 < CFCG SIXTH RODT OF (CF/CG) GLus 285
=ZC(8)-ZC{T) YECE 75 < FOTAL TIME OE€R UNIT VOLUME OF DIHECT SPACE L0 290
VECY 80 S cammsy CHARACTES OF NOSMAL MODE WITH SESPECT TO EACH SYM aP c;_o) 95
vELL 85 c CONSTANT K IN EWALD SUMMATICON METHRGD
< CKKCAL —~FACALXCK
< COULOMB TERM
FUNCTION YMV(X1sQ X218 vay < S cuaxmcsi GG OME TERM _SAYED EOR QUTOUTs KCAL /MO
[ TRANSPUSED VECTOR * MATRIX * VECT vMy G < CMPR CONSTANT ADOED YO OTAG i “7F AN FOR MAnQUARD"S come,
c vMY=X113)%Q(3,IJRXRL3) 10 c\:ALUATE QUADRATIC OR BILINEAR FORM vMv. 15 < CNE CONFORMATION ANGLE. DEGREE
IMPLICIT REAL#S{A=M,0~Z) vay 20 c CNSTRN USFR SUBROUTINE 7O CONSTRATN PARAMETER
OIMENSION X L13},0(3:3),2243) vy 23 C CONF suemourm: TO CALCULATE CONFORMATICN AoLe
Ti=0:00 vy 30 c COSARG COSCA
on 500 J=i,2 vMy 35 [ CRA(9) mvmx (.ummcz
500 Ti= wan.n FOX2(LI®ACT0 1) 4X2{2) #Q LI 5 2)4X243) #01J.3)) VMV ad < CcsF RTPIZV#SF, SCALED RECIPROCAL COULOME SUM
vey 4% < CSVAMGS) MODIFIED COULOMB TERM SAVED FOR NEXT ENTRY
yuy S0 < Ty MOCIFIED COULOMB TERM INCLUDING MULTIPLICITY
VHY 55 c Cwx USER wenummﬁ TO CALCULATE EXTRA ENERSY
c <X COS(SKRU{JD )
c CXMAX MAXIMUM VALUE OF ATOM COORD (N UNIT CEtu
SUARDGUTINE WCMES ll'(A.JAA_.F‘C) 5 [+ CXMIN MINIMUM VALUE OF ATOM COORD IN UNIT CELL
TuPL ICIT SEAL #8f A~ 10 < cv COS(SYR{.1) )}
SIMEMSION H\A(l)-J!«C(i)aP\.(l) is < CYMAX SAXTMUM VALUE DF aTOM COURD N UNIT CELL
RZTURN 20 c CYMIN MINIMUM VALUE OF ATOM COORD IN UNTY CELL
c 25 c cz COS{5ZR{J}}
< THZ ABOVE 1S CALLED OWCE FROM MAIN TO SET LOCATIDNS OF ARRAYS 2D < CIMAX MAXIMUNM WALUS OF ATOM COORD IR UNIT CELL
C 35 C CZNIN 4 CODRD IN UNIT CELL
< USER RCUTINE TO_CALCULATE ENERGY. WCF, OF YORSION ANGLE IN a0 c AT
< ZGREES, C) SEFINED BY ATONMS TAs JAs KAy ANG 1 A. CALLED ONCE a5 < DAA ER LATTIGE METYRIC
< an EACH com—'o«mnxm ANGLE ABOUT SCND JA-XA IF THE CORRESPONDING 5¢ < DATE ALPHANUKER 1€ CAL"N“AR DATE
C ITBR.LT0 55 < oW1 pxx2 w & D L1} O P(y
C &0 c DET DETERMINANT OF mveas* OF WMAT
TRY WONFLIAJA2KASLAsCHF ¢ ITKI W 9CF } 63 C DTAN DIAGONAL EXEMENT OF AN
ETU 70 < DGF HUMBER OF DEGREES OF FREEDO | ~m~mv (DR 1 {F NO=NV)
END 78 < DIAG DIAGONAL ELEMENT OF INVERS
c DIFV SUBROUT INE m SUBTRACT TWO zn VECTORS
< o1 BOND DS STANC
FUNCTION WRAG{X,B? WHAG B < DRY {9} TABLE OF owmm FACTCRS STV BY DAYA STATEMENT
c ZyALUATE #RAP—~AQDUND GAUSSIAN WRAG 10 < 9K DKTIKQAY}
YMPLICIT REALXB{A=HG-Z} WNRAG 15 c INCREMENYS EOR NUMERICAL DERIVS WITH RESPECY YO 2 (oS
OATA YHIfB.2631253071795356007 WRAG 20 < o INCREMENTS FOR NUMERICAL DERIVS wxw RESPECY TO PC GLCS
S=OEXSL-0,5+{X/B) 822} #RAG 25 < DP)«(NDX) INCREMENTS FOR NUMER ICAL DER1V RESPECT TC PX  GLGS
WRAG 30 < SUBRDUT (NE 1O CALCULATE zm‘-m*cmc msnwg.: GLos
530 TEN=TPNETR I WRAG 35 c D-«{\ws DW/DP, F1R&T DERIVATIVES DF ENERGY GLOS
GEEADEXP{— oa*((xﬂp\)/s;Mzum:xpz —Q.SH{ L X=TPNY /B)R#2) wRAG 40 < DWRGL MY DERIVATING DF ENERGY wiTH RESPECT TC VARTABLE GLOS
TE16-£15054 510, B WRAG 45 < oWl ~DWE 13 GLO%
5056 F=a WRAG 50 c ox COMPUNENT OF YNTERATOMIC DISTANCE IN CRYSTAL CUORDS  GLG
: WRAL 55 < DX1 TERM Ih OX GLGS
513 WRAG €0 < OXOINVeNA) BERIVE QF ATOM TART COURDS WITHA RESPECY TC VARZABLES GLOS
WRAG 85 c COMPONENT OF INTERATOMIC DISTANGE YN CRYSTAL COOROS  GLGS
WRAG 70 [+ ovcmo) Z0W(Jd) FOR THOSE P(4)16 USED AS OBSERVATIGNS GLGS
c TERM (N DY GLOS
c Dvomvmn DERIVE OF ATOM CART COURDS WITH RESPECT TO VARIABLES GLUS
e - oa
9.2 Slossary of Symbols g z gcémur‘«ixqzzc INTERATOMIC OISTANCE INM CRYSTAL COORDS 2‘_32
c zn(wnm DERTYS OF AT CARY COORDS #1TH RESPECT T0 VARTABLES GLGS 3
< EL 1L 0WEQ LIMIT FOR ACCESTABLE FIGENVALUES GLES
5u3RDUTXNc GLG GLos s < Eﬂsmp, CURRENT SARAMETER INCREMENTS FO& MODE 3
< aL6 LA TT!CE PAFQM:“ERS. ANGSTRONS AND COSINES ®O5 10 < EPSC FACTUR USSD TO SET INITIAL YALUES GF EPS 1IN WCDE 3,
< ALl AALLI=ALL)* SLOS 15 < EPSL FACTOR APALIED TO VOEST FOR YECTOR SEARCH IN MO
C AL2 :muz}az*mnu(—)nnw GLDS 20 < EQRINY? CALCULATED PARAMETER ERSORS
< ar3 2EARLAI=2HAL snAunmm G1.0S 25 < EVAL (NV} EIGENVALUES GF NORMAL EQUATION MATRIX
< AZE AMTRY=ALZ) GLOS 32 < tVLC(h,v*\\I) EYGENVECTORS OF MORMAL EQUATION MATRIX
< A23 2*,&“6):2*/« ‘x*usnmm 6Lds 35 c EX LISRARY SUBRDUTINE YO TERMINATE 408
< AZ3 AALII=ALID R SL0S 80 < EXPV’YM EXPC-Y¥YM]
< AR{Y) METREIC FOR D!RELT LATTICE GLOS AL S FRCAL 332417 x mcxo TG CONVERY SNMERGY TO KCAL/ZMOLE
C AC{5) RA¥GT, TRANSPOSE MATRIX FOR CARYESI{AM TRANSFORMAT IOH GLGS 5@ < e TOTAL Tim F&ST RECIRUCAL LATYICE SUMS
< ACBL9) CARTESIAN TRANSFORMATIGN MATRIX FROM FIRST xxx,m aoov»«.us 55 < FLG TOTAL Time ro FAST DIRECT LATTICE SUMS GLOS 5
c E MATRICES FOR CARTESIAN TRANS DASED ON INPUT LAY GLOS 8D < Fu 1.0 FOR NGH-CERTROSYMMETRICs 2.0 FCR CENMTRC STRUCTUREGLOS 820
< TERM A4 GF STRUCTURE FACTOR FOR COULOME ENERGY GLOS 6% c EMC{NARNS Y MOLY IPLICAYY OF ATDM 1IN STAUCTURE FACTOR CALCULAYION GL.Gy 625
< TEAM A OF STRUCTURE FACYDR FOR VAN DER WAALS ENERGY SLOS 70 < FNS FLOATING NS, THE NUMBER OF £OUIVALENY PGSITIONS GBS 830
< A0NDG AMGLE , DEGREZS GLDS Y5 < FREAINVS VIBRAT IGNAL FREDUENCIES, WAVE NUMBERS
S KINET (» ENERGY MATRE{X. INMVERSE OF USUAL © MATRIX GLOs €0 C £3G COULOME STRUTTURE FACTOR SQUARED
IS AKE GLOS 85 < VAN DER WaAL S STRUCTURE FACTOR S5QuUARED
< uauu\wc VALMES ©OF x® FOR VARIOUS RELATIVE ERRORS GL0S 990 < SUBRAUTINE FOR GENERAL CALC OF COMEORMATION ENERGY
< d ALLII*ET(1Y clas 93 c MOLTIPLICITY oF DfRE- 7 LAYTICE TERM
c AL NY SNV MATRIX OF LEAST-SQUARES NGRMaL EGUATIONS FCR ONE sussm_o« 130 C a 3 NMATSLX ADDITION
< ARASSTMKA) ATOMIC MASS 1IN PHYSICAL ATOMIC WEIGHT UNITE oS 10% < oF DIRECT LATTLCE TERM
< AR HVRNY ) MATRIX OF LEASY-SQUARES MIRMAL EQUAYIGONS fx_m 110 c a0 MATSIK PRODUCT
< ARG SUBRCUTINE T CALCTULATE BCND ANGLE GL2S 115 < SHT{NGS) NEXT ENTRY
C ANCY S} GLES 120 < GMTRA summm mg Fan bLNERA' MAYEEX TRANSPOSE
< AL NKA) ATOMIC RADIUS FOR REPULSIONs ANGSTROM UNIYS G6LB5 125 < GPOT USES SUBROUTIHE FOR GENERAL NONBONDED POTENTIAL
¢ ARE ACCEPTASLE RATIO CP EIGENVALUES FGR PRINC COMP MAL GLOS 130 C GTRRD SUBRCUT [NE FOR GENERAL MATRIN YRANMSDUSE 2rRODUCT
[ ARG FOR SIN GR 0S IA STRUCTURE FACTCR CA GLOS 135 C CR CATTEICE TRANSLATIDN FO% DIRECT LAYVICE SUM
c PARAMETERE SAVED FROM PREVIGUS ENTRY aO wcm_ce;.cxs iag c GXMAR MAXIMUM POSSIELE LATTICE TRANSLATION
< AGE TIME IN CACH BRANCH OF WCALL, SECONDS 185 < GEMIN MIHIMUM POSSIBLE LATTICE TRANSLATION
C SUBROUTINE TO PREFARE FOR SOLVING CENERAL EIG PRDBLEMu_ut: 150 < GXY (NGS) LATTICE TRANSLATION SAVED FOR NEXT ENTRY
c SUARQUYLNE TO GENERATE ORTROIOMAL UNIT YEITOR TRIPLE GLlg 155 < Y CATTICE TRAMBLATION FOR OIRECT LATTICE SuM
c RECSPROCAL & ATTICE CONSTANT GLOE 189 C GTHMAX MAXIMUM PUSSIBLE LATTICE TRANSLATION
’E 88{1} GLGS 169 < GYMIN MIRY RUM ODSSIELE L ATYICS YTRANSLAYION
€ Zap8(2} GLGS 170 [ QVT(NGS) LATTICE TRAMSULATIOM SAVEC FDR NEXY ENTRY
< BB (3] GLOS 175 < LATTICE TRANSLATION FOR DIRECT LATTICE SUM
d RECIPROCAL LATTICE CONSTANT GLGCS 180 c GImax MAXIKUM PCESEBLE LAYVICE TRANSLATION
(E cRi2s GLCS 185 < GZMI™ MINTMUM APOSSIBLE LATTICE TRANMSLATION
c 2#8B{6} GLOS 130 < GZTINGS) LATTICE TRANSLATION SAVED FOR NEXT INTRY
< El RECIPROCAL LATTICE CONSTANT GLOS 195 < HBXY TERM USED TO CALCULATE aC
< ax2 808132 . GLOS 200 < HBXL 7ER! USED VO CALCULATE GG
< EETEN METRYIC FOR RECIPRGCAL LATTICE GLOE £05 < HAYZ TERN L,QL.,. r~ cucgu\n aa
< aF YERM £ OF STRUCTWRE FACTDR FOR COULOME ENERGY 605 210 < M is TIPLICITY FOR RECIE LAYTICE TERH
< BFY TERN ‘:a OF STRUCTURE R FOR WAN DER WAALS ENERGY  GLOS 215 < FIHT {NES) ’nv OF TRECIPROCAL LATTICE TER
< BRY NKA Y ATOM1C SUFYNESS \OEFFIC!ENT FOR REPULSION. ANGSTROMS GLOS 220 < ADUSEN CONVERT HATRIX T4 TRIDIAGONAL Forn
c anld amrmmaum GLOE 225 [ HX mmx Fan PROCEL LATTICE SUR
< 8YLTS TASY \"ALU!:S CF M FOP VARIOUS AELATIVE ERRORS  GLOS 230 < HX L 2. MULTIRLICITY ASSCCEA WETH Y
C BYR{MVENDS)  TRANSPOS TRIX OF SECIND DERIVATIVES GL0S 235 < HAMAX UPPER LIMIT ON IHDEX FOf SHELL !N RECIPROCAL
< AXMAL MAE mum ALY e' IF ATOM COURDG IN BASIC ASYMMETRIC UMIT GLOS 240 c HXRIN UOwER Liwit ON (NDEX FOR SHELL €N RECEPROCAL

el
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HINEG
HXTI{NFS)
HY

HYH

HYMAX
HYMIN
HYNEG
HYT{NFS)
HZ

HZMAX
HZMIN
HZNEG
HZT(NFS)
IACTINCT)
TASV (MMAX)

IAT(NGS)
TAZ{6.NCT)
1AZNS

i8

18K
apc
18Y
B8YP
IBYPAS
1C

1cAa
ICC{NA*NS)
1CCAX

cex
ICT{a.NCT)
IDAY

100

IDIR

IDZ {44 NCT)
DZax

1FL

IFST

16

1RB
TRBC {NA*NS)
REC

{RE Y
IREP
(RGT
YRS

IRSC
1s

1s8
1SBPINP)
TSC{NAXNS)
ISETA
1STG

I1STP

15U

ISV IMMAXY
isw
ITBR(4«NCT)
1TKJ

ITYPE(133)
IB(NRSB)

JAVN}
IV{NRB}
Ivow
vy
IW(NRB)
IWGT
iwd

IWT

IWX
YZI(NRB)
IZAM

JAC({NAXNS )
JASY(MMAX}
JAT({NGS?

C
JOTS{NOS)
JOUT (NO)

Js
JSV{MMAX])
KADR{133)
KASY (MMAX)
KP{NP)
KPC(NPC)

1 IF SYNMEYRY REQUIRES NEGATIVE INDIXs OTHERWISE 0 GLOS 80S%
SAYED INDEX OF RECIPROCAL LATTICE TERM GLOS 810
INDEX FOR RKRECIPROCAL LATTICE SUM GLOS B15
Iy 23 DR 44 MULTIPLICITY ASSOCYATED WITH HX AND HY GLOS 820
UPPER LIMIT ON INDEX FOR SHELL IN RECIPROCAL SPACE GLOS 825
LOWER LEMIT ON INDEX FOR SHELL IN RECIPROCAL SPACE GLOS 830
1 IF SYMMETRV REQUIRES NEGATIVE INDEX. OTHERWISE 0 GLOS 835
SAVED INDEX RECIPROCAL LATTICE TE GLOS 840
INDEX FOR RECIPRUCAL LATT!CE SUM GLOS 845
UPPER LIMIT ON INDEX FOR SHELL IN RECIPROCAL SPACE GLOS 350
LOWER LIMIT ON INDEX FOR SHELL IN RECIPROCAL SPACE GLOS 855
1 IF SYMMETRY REQUIRES NEGATIVE INDEXs OTHERWISE o GLO3 869

SAVYED INDEX OF RECIPROCAL LATTICE TERM GLOS 865
IDENTIFYING NUMBER DF BACKBONE ATOM IN CONNECTION TABGLODS 370
INDEX SAVED FOR LATER CALC OF CONFORMATION ENERGY GLOS 875
INDEX OF ATOM IN UNIT CELL SAVED FOR NEXT ENTRY GLOS 880
IDENT NUMBERS OF COMMON PARAM USED TO CALCULATE WA GLOS 885
IAZ(NeJ) GLUS 890
INDICATOR SET TO 1 IF ANY P IS QUTSIDE LIMITS 895
BREAK INDICATORs 1 YERMINATES WCALC AFTER XYZR 1S SETGLQS 900
INDICATOR YO BYPASS READING CUOMMON PARAMETERS 905
INDICAYTOR FOR BYPASSING RECIP SUMSs DIRECT SUMS, GCWXGLDS 910
18Y+1 915
SUBROUTINE TO GENERATE 1BYs THE BYPASS INDICATOR GLDS 920
NUMBER OF CURRENT CYCL 925
INDICATOR OF CHANGE IN LATTICE PARAM SINCE LAST ENTRVGLUS 930
INDICATOR OF CHANGE (N ATOM COORDS 935

OVERALL INDICATOR OF CHANGE IN COMMON, LATTICE. EXTRAGLIJS 940
1 FOR NONCENTROs 2 FOR J{ENTROSYMMETRIC STR FAC CALC GLOS 945
LIBRARY ROUTINE TO READ CENTRAL PROCESSOR TIME GLOS 950
COW_OMB £NERGY INDICATOR. O OMIT, 1 INCLUDE GLOS 955
INDICATOR OF CHANGE IN COMMON PARAM SINCE LAST ENTRY GLOS 960
INDICATOR OF CHANGE IN EXTRA PARAM SINCE LASY ENTRY GLOS 965
IDENT NUMBERS OF ATOMS CONNECTED TO ATOM IACY GILOS 970
LIBRARY SUBROUTINE TO OBTAIN CALENDAR DATE GLOS 975
INDICATOR. 0 IF DDWIJ HAS NOT BEEN SCY, 1 IF IT HAS GLOS 98¢0
INDSCATOR FOR DIRECY SUM. 0 INCLUDE; § BYPAS G:

IDENT NUMBERS OF COMMON PARAM USED YO CALCULATE wD GL0S 990

iDI(J-1) GLUS 99
INDICATOR FOR AT LEAST ONE FAILURE IN MODE 3 GLO51000
FIRST STEP INDICATOR FCR STEEPEST DESCENTS GLOS1005
INDEX FOR FAST DIRECY LATTICE SUMS GLOS1010

INDICATOR FOR GEMINAL ATOM TERMS. 0 INCLUDE. 1 OMIT GLOS1015
CELL. TRANSLATION IN (NTEGER FORM FOR PRINTI GLOs1020

CELL TRANSLATION IN INTEGER FORM FOR PR!NT[NG 6L0S1025
CELL TRANSLATION IN INTEGER FURM FOR PRINTING GLOS1030
INDEX DVER TERMS IN FAST RECIPRUCAL LATTICE SUM GLOS1035

INDICATES KIND OF EACH ATOM IN LISTs 0 FOR _EXTRA ATOMGLOS1040
LEAST-SQUARES INDICATOR. ! TO REQUIRE LEAST SQUARES GLOS1945
ISOLATED MOLECULE IMDYICATOR. 1 FOR MOLs O FOR CRYSTALGLOS{J50

PCINK+1) IS FIRSY PARAMETER OF CURRENT SUSSTANCE GLO51055
SUBROUTINE TO INVERT 3%3 MATRIX GiLD51060
PARAMETER NUMBER OF VARIABLES SAVED FOR QUTPUT GLOSi065
PARAMETER tIMIT INDICATOR. 1 USE LIMIYS, 0 DO NOT GLOS1070
OUTPUT PRINT IND MODIFIED FOR FIRST OR LAST CYCLE GLOS1075
OUTPUT PRINT INDICATOR GLOS1080
INDEX WHICH COUNTS SHELLS IN RECIPROCAL SPACE GLOS1085
INDEX OVER SHELLS IN DIRECT SPACE GLOS1090
NUMBER OF 1GID BODY TO WHICH AYOM BELONGS GLOS1095
INDICATOR FOR RIG(D BODIES5. 0 GENERAL; { MONATOMIC GLOS1100
NUMBER OF RIGID BODY TGO WHICH ATOM IN CELL BELDNGS GLOS1105

INDICATOR FOR RECYPROCAL SUM. O INCLUDE, 1 BYPASS GLOS1110
REJECTYON INDYCATUR FOR REZCIP SUM« O ACCEPT, 1 REJECTGLOS1115
REPULSION INOICATOR FOR STANDARDs REPLs AND/OR GPOT GLOS1120

DIRECTION INDICATOR FOR STEEPEST DESCENTS 6LO0S1125
COUNMTER FOR PRINTING INTERATOMIC DISTANCES GLDSIISO
INDICATOR FOR RELAXING SYMMETRY CONSTRAINTS LOS51135
SWITCH. 0 FOR SZTTING BTRUIM)s, 1 FOR SCTTING UMAT(IN)GLDSIIAO
INTEGER WHICH TDENTIFIES EACH SUBSTANCE GLOS114S

SUBSTANCE IDENT FOR EACH PARAMa. ZERO FOR CC]MMDN PAR GLOS1150

NUMBER OF SYMMETRY POSIT FOR ATOM IN UNIT CELY GLOS1155
LATT{CE PARAMETER CONSTRAINT INDICATOR GLOS1160
STAGE COUNYER FOR MCOE 3 GLOS1165
SYEPPING INDICATOR FOR STEEPEST DESCENTS GLOS1170
INDICATDR FOR AT LEAST ONE SUCCESS IN MODE GLDS1175
INDEX SAVED FOR LAYER CALC OF COMFORMATION FNCRGY GLOS1180

SWITCH. 1| FOR FIRST ENTRY TGO WCALC ON CYCLE. 0 LATER GLOS1185
IDENT NUMBERS OF COMMON PARAM USED TO CALCULATE WCF  6Gi.0S1190

ITBRIKyJ) 6051195
TABLE SPECIFYING WORD SIZE FOR ARRAYS GLOS1200
NUMBER OF ATOM USED TO DEFINE AXES OF COORD SYSTEM GLOS120S
[U(sy GLOS1210
NUMBER OF ATOM USED TO DEFINE AXES OF COQRD SYSTEM GLOS1215
VAN DER WAALS IMDICATOR. 0 OMIT, 1 INCLUDE GLOS122¢
viJ) GLOS1225
NUMBER OF ATOM USED 7O DEFINE AXES OF COORD SYSTEM 6L081230
WEIGHT INDICATOR. 1 USE WEIGHT IN MID DO NOT GLDS123%

Iw(J) GLOS1240
WEIGHT INDICAYOR. 1 IF WGT MATRIX IS USED., 0 IF NOT_  GLOS1I245
INDICATOR FOR CONFORMATION ENERKGY. O INCLUDE, 1 OMIT GLOS1250
NUMBER OF ATOM WHICH DEFINES ORIGIN OF COORD SYSTEM GLOS12SS

ALLDOWS USER TO SET ZAM{l)e IGNORED IF ZERD. GLOS1260
1Z(J) GLOS1265
NUMBER OF INPUT ATOM FOR ATOM IN UNIT CELL GLOS1270
INDEX SAVED FOR LATER CALC OF CONFORMATION ENERGY GLOS1275
INDEX OF ATOM IN UNIT CELL SAVED FOR NEXT ENTRY GLOS51280
SAME AS IC BUT IN COMMON GL0OS51285

JOYS(i} Y3 OVERALL PARAM NUMBER OF 0BS I

PARAMETER NUMBERS OF OBSERVATIONS SAVED FOR DUTPUT GLOS1295
INDEX OF SMALLESY INYERATOMIC DISTANCE FOUND GLOSi300
INDEX SAVED FOR LATER CALC GF CUNFDQMAT!DN ENERGY
HEXADECIMAL ADDRESS OF EACH ARRAY

INDEX SAVED FOR LAYER CALC QF CDNFDRMAT!ON ENERGY G
OBSERVATION SELECTION INTEGERS« 1 IF USEDs 0 IF NOT GLOS1320
KIND OF PCs 1 QG OR PL, 2 AR OR BRs 3 FOR GCWXs O Gl
GLOS1330
KIND OF PARAM IN MAP MODE. -1 NDNEs 0 COMMON, 1 REG GLOS133S
KIND DF PARAM IN MAP MODE. —1 NONZ, O COMMON, 1 REG GLOS1340
KIND OF PARAM IN MAP MODE. —1 NONE., 0 COMMONs 1 REG GLOS513AS
OBSERVATION SELECTION INYEGERS FOR ONE SUBSTANCE GLOS1350
INDICATOR FOR WOBS., 0 NOT USED, 1 USED, -1 SOMETIMES GLOUS1355
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KPWS
KQ(NP}
KQC (NPC)

KQS(NPS)
Ll( 133)

NAMA{S)
NAMARY{133)
NAMAX
NAME(NA}
NAMK { NXAS

NAMPX{ NPX)
NAMR{ 3}
NAMS{NS)
NAMTY {3)
NANG

NB

NBC
NBCMAX
NC
NCNF
NCS

NCTY
NCTMAX
NCY

S
NFSMAX
NG
NGS
NGSMAX
NKA
NKAMAX

NO
NOBS{MNO}
NOMAX
NONE

MNOS
NOSMAX
NOS S{NOS)
NOUT(NV)

INDICATOR FOR WOBS. USED TO SET KPW 6i.0$1360
VARIABLE SELECTION INTEGERS. 1 TQ 9 IF VARIEDs. ZLSE 0GLUSI365

VARIABLE SELECTION INTEGERS FOR COMMON PARAMETERS GLO51370
KQ(1}) GLOS51375
VARYABLE SEZELECTION INTEGERS FOR ONE SUBSYANCE GLO31380

SWITCHe ALLOWS RELAXATION OF SYM CONSTRNTS ONCE ONLY GLOS1385

TABLE SELECTING LIMIT USED YO SET DIMENSIONS GLOS1390
TABLE SELECTING LIMIT USED YO SET DIMENSIONS GLOS1395
INDEX SAVED FOR LATER CALC OF CONFORMATION ENERGY GLOS1400
LBCY (K) AND LBCJ{K) DEFINE A BONDED PAIR QF ATOMS GLOS1405
LBTI(K) AND LBCJ{K) DEFINE A BONDED PALR OF AYOMS GLOS1410
LI{I) ¥S INDEX OF P{%} IN LISYT CGF THOSE VARIED GLOS141S
OYNAMIC DIMENSIONS USED TO STT UP ARRAY STORAGE GLOS1420
PARAMETER INOEX IN MAPRING MODE GLOS1425
PARAMETER INDEX IN MAPPING MOQOE GLOS1430
PARAMETER INDEX IN MAPPING MODE GLOS1435
1 FOR LEAST-SQUARESs 0 FOR DIRECT SOLUTION EJF EQUATNSGLDSlAAO
ACCUMUL ATED TIMES IN VARIOUS BRANCHIS OF WCAL 51445
CURRENT CLOCK TIME. HUNDREDTHS OF SECONDS GLDS!QSO

CLOCK TIME SAVED FROM PREVIDUS READING GLOS1455
COUNTER FOR DISTANCES, ANGLESs AND CONFORMATION ANGS GLOSt460

SUBROUTINE TO COPY MATRIX GLOSY465
SUBRDUTINE TO INVERY MATRIX GLOS1470

P{4) IS DBSERVATION I THEN MJ{N=I GLUS1475
SUBROUTIN= TO MULTIPLY 3%¥3 MATRICES GLOS1480
DIMENSION WHICH PLATES UPRPER LIMIT DN M Gt.051485
OVERALL CONTROL INTEGERe. —1s 0, 1, 2, 34 OR & GLOS51490
NUMBER OF PARAMETER IN MAF‘PING MUODE GLOS1495
NUMBER OF PARAMETER IN MAPPING MODE GLOS1S00
NUMBER OF PARAMETER IN MAPPING MODE GLOS1505
SUBROUTINE FOR MATRIX PRODUCT GLOS1S10
SUBROUTINE TO MULTIPLY 3%3 MATRIX TIMES 3%1 VECTOR GLOS1515

NUMBER OF ATOMS IN ASYMMETRIC UNiT. INCLUDES EXTRAS GLOS1520

NUMBER OF ATCOMS IN UNIT CELL GLDS1525
NUMBER OF ATOMS INCLUDED IN STRUCTURE FACTOR CALC GLOS 1530
ALPHANUMER IC CONSTANTS *A, By Cs COSA. COS8. COSG* GLOS153S

ALPHANUMERIC NAMES OF ARRAYS WITH DYNAMIC DIMENSIONS GLUS1540

OIMENSION wHICH PLACES UPPER tIMIT ON NA GLOS1545
ALPHANUMER IC ATOM NAME GLOS1550
ALPHANUMER IC NAME OF EACH (CHEMICAL)} KIND OF ATOM GLOSI555
NAMES OF LIMIYTS USED TO SET DIMENSI{ONS GLOS1560
ALPHANUMER IC ME OF PARAMETERS IN ODVERALL LIST GLOS1565
ALPHANUMER {C NAMES OF COMMON PARAMETERS GLOS1570
ALPHANUMER IC NAMES DF EXTRA PARAM:Y‘:RS GLOS1575
ALPHANUMER IC CONSTANTS °*RXs RYs GLOS1530
ALPHANUMER {C NAME OF SYMMETRY OPKRAT‘DN GLOS1585
ALPHANUMER IC CONSTANYS *¢TX, TY,. GLDS1530
NUMBER OF EOND ANGLES GLOS1595
DATA SET REFERENCTZ NUMBER FOR AUXILIARY STORAGE GLOS1600
NUMBER OF BONDED CONTACTS IN LIST TO BE EXCLUDED GLB851605
DIMENSION WHICH PLACES UPPER LIMIT CN NBC GLOSi610
NUMBER OF CYCLES OF ADJUSTHMENT TO BE MADE GLOS1615
NUMBER OF CONFORMATION ANGLES GLOS1620
NUMBER OF CYCLES IN SUMMARY. NCS=MINO(NC,8} GLOS1625
NUMBER OF ENTRIES IN CONNECTION TABLE GLOSL630
ODIMENSION WHICH PLACES UPPER LIMIT DN NCT GLOS1635

NC+1 GLOS1640

NCS+1s NUMBER OF COLUMNS TN SUMMARY OUYPUT GLOS1645
DATA SET REFERENCE NUMBER FOR AUXILIARY STORAGE GLO31650
NUMBER OF BOND DISTANCES GLOS1656
ERROR iINDICATOR SET BY VALVEC GLOS1660
TOTAL NUMBER OF TERMS IN RECIPROCAL LATTICE SUMS GLOS1665

NUMBER OF RECIP LAT TERMS STORED. LIMITED TO NFSMAX GLOS1670

DIMENSION WHICH PLACES UPPER LIMIT ON NFS GLOS1675
TOTAL NUMBER OF TERMS IN DIRECY LATTICE SUMS GLOS1680
NUMBER OF DIR LAT TERMS STOREDs ULIMITED TO NGSMAX GLOS1685
DIMENSION WHICH PLACES UPPER LIMIT ON NGS GLOS1690
NUMBER OF (CHEMICAL) KINDS OF ATOMS GLOS1695
DIMENSIDN WHICH PLACES UPPER LIMIT ON NKA GLOS1700
NUMBER OF PARAMETERS USED AS OBSERVATIONS GLOS1705

ALPHANUMER IC MAMES CF OBSERVATIONS SAVED FOR QUTPUT GLOS!1710

DIMENSION WHICH PLACES UPPZR LIMIT ON NO GLOS17145
ALPHANUMER IC CONSTANT ®NONE® 6u0S1720
NUMBER 0OF CESERVATICNS FOR CURREANT SUBSTANCE GLOS1725
DIMENS10ON WHICH PLACES UPPER LIMIT ON NOS GLOS1730

ALPHANUMER IC NAMES OF OBSERVATIUNS FOR ONE SUBSTANCE GLOS1735
ALPHANUMERIC NAMES DOF VARIABLES FOR CQUTPUT GLOS1740

NUMBER OF OBSERVAYIONS WHICH ARE ALSO VARIABLES GLOS1745
OVERALL NUHMBER OF PARAMETERS GLOS1750
NUMBZR OF PARAMETERS COMMON TO SEVERAL SUBSTARCES GLOS1755

D{MENSION WHICH PLACES UPPER LIMIT ON NPC
DIMENSION WHICH PLACES UPPER LIMIT ON NP
6%NR 3 GLOS177S

NUMBER OF PARAMETERS FCR CURREINT SUBSTANCE GLOS1780
DIMENSION WHICH PLACES UPPER LIMIY ON NPS GLOS51785
NUMSER OF EXTRA PARAMETERS FOR ONE $UB$TANCE GLOS1790
DIMENSION WHICH PLACES UPPER LIMIT ON GLOS1795
NUMBER OF LIMITS FOR REC(PROCAL LATTICE SUMS GLOS1800
NUMBER OF LIMITS FOR DYRECY LATTICE SUMS GLOS1805
NUMBER OF RIGID BODIES FOR ONE SUBSTANCE GLOS1810
DIMENSION WHICH PLACES UPPER LIMIT DN NRB GLOS1815
MAXIMUM NUMBER OF CONTACTS TO BE PRINTED IS5 NRP/10 GLOsS1820
MAXIMUM NUMBER OF DISTANCES TG BE PRINTED 6L051825
NUMBER OF SYMMETRY POSITIONS IN CELL GLOS51830
DATA SET REFERENCE NUMBER FOR FINAL SUMMARY OUTPUT GLOS1383%

N5/2 FOR CENTROSYMMETRYs NS FOR NON-CENTRO GLOS51340
DIMENSION WHYXCH PLACES UPPER LIMIT ON NS GLOS1845
DATA SET REFERENCE NUMBER FOR SUMMARY OUTPUT G1.0S1850
DATA SET REFERENCE NUMBER FOR STANDARD PRINTER QUTPUTGLOS1855
NUMBER COF TERMS IN SAME RIGID BODY OR BONDED CONTACTSGLOSi860

NUMBER QF B8-BYTE WORDS AVAILABLE FOR ARRAYS GLOS1865
NUMBER OF STAGES PER CYCLE IN MODE GLOS1870
NUMBER OF TIMES EACH SUMMARY IS TO BE PUT GLOS1875
COUNTERS FOR ENTRIES 70 VARIOUS BRANCHES OF WCALC GLOs1880
NUMBER OF PARAMETERS TO BE VARIED GL0OS1885
NUMBER OF VARIABLE LATTICE PARAMETERS GL.051890

NVA+1 GLOS1895

NUMBFfR QF VARIASLS COMMON PARAMZITERS GLOS1900
NUMBER OF DYNAMIC VARIABLES. NVD=NV-NVA Gi.OS19GS
DIMENSION WHICH PLACES UPPER LIMIT ON NV GLOS1910

vel
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NYENDTS CL35198S < SQTPOK SAAT(PIIACK GLOS2470
NUMBER QF ?‘GID BODY ROTATIONS, TRAN‘&LAI’;UNS\:LD‘&Q&\) C 5aTP1 SQRV{ML}
Y NUMBES UF E SEZ IN ADJUSTMENT Generyes < SQATPIK SGRT{PLI*CK
NYUS {94 NYU SAVED ROR ‘uJMM).RY U"FUY GLOS51929 < SREB t FOR CONTACT 1M SANE RIGID BCDY DR BONDED
VY NVEN GL0Sie3 < saBT {NSS) SREB SAVED FOR NEAT ENMITRY
NMUMB OF YARIABLE EXTRA PARAMETERS GLRS1940 < SSR{NRB} ERGORP ASSIGNED T UBSERVED RIGID HODY ORIENTATION
3$133; MUMBER OF B-BYTE WORDS ASSIGNED Y0 EATH ARKAY GLOSL194S < STYVLEL{KB) AL ANUMRERIC TIT DR OME SUBSTANCE
NUMBER GF EXTRA ATOMS GLOSL950 < STR{NREF ERROF ASSSGNED €0 OBSERYED RIGID BUDY TRANSLATION
PINPY CVERALL PARAKETER L1ST (;LUSXQES < SuMV SUBRQUTINE TO ABD TvD 2% VECTURS
PBASE({NP} PARAMETERS AT =7 OF CYCLE OF WMODE 3 STARCH 1051960 < SVD® SUM OF HODIFIED YAN OEAR WAALS DIREUT LATTICE TERMS
PC{NPCY FPARAMS COMMON TO SCVERAL SUHSYANCES. DEFINE 3Y CNJTRNGLSSlQE\‘\ < S5X SIN{SXR{LIF
PTRAN{HPCH MINIMUM VALUES ALLOWED FDOR COMMON PARAHMETERS GLOSISTC < SXR(NRB) RGTATION CF EACH RIGID GRUUP ABCQUY X, RADIANS
BLMXANRPCY MAXIMUM YALUES ALLOWED FOR COMMON PARAMEYERS GLOS197TS C SIN{SYR{JSS)
PCSY{NPCE COMMGN PARAMETERS SAVED FROM PREVIDUS EMTRY YO xCALC GLDS1S60 < “’mu;.ms; COCFFICIENTS FROM EACH SYMMETRY CARD
RPO{NY) VECTOR DOF PARAMETER CHANGES GLOS1%85 C SYR{NR ROTATION OF CACH RIGID GROUP ADCUY Y. RADIANS
=0J CALTULATED PARAMETER CHAMGE BEFCRE SCALING GLOS1990 < sz SIN(SZR{SY )
DR PARAMETER CF SCALED AND CAMPED GL0sS1995 < SZR{MRE} ROTATION DF EACH RIGIO GRUUS AF«LUY Z, RADLANS
PGL Y PN”AHFTER INCREMENYT IN MAPPLING MODE @®.OS2002 9 TIMCUY SUBROUTINE TG TG ANALYZE TIME IN SRANCHES OF wCALC
POy PARAM ROINCREMENT (N MARPI{NG MGDE GLOSZDOS < TXTLC(IE) QVE.RA;_L ALPHANUMERIC TITLE
POLK PARAM INCREMENT 1IN MAPPING MOPE SLS2010 < ™9 TMPORARY STORAGE FOR 3%3 MATRIR
P{ N LOS2045 [ YMAT(NCSJNOS Gﬁ INVENY S, WHICHEVER IS LARGER. TSMOORARY MATRIX
BICK ({PTRCKECK )*23) /12,0 GLUGS2020 [ TOYALY GTAL TIME PER CYCLE In WCALL, SECCNDS
PICKZ ~C{PIRCHIREZIYRINC 6. O GLCS2025 < TRL 4»0*"‘
PICKZY —{FISCKI*xZATHC/ {6 OXVA) GLOS2030 < TQRINV}E AUXILIARY VECTOR USEOD BY EIGENVALJUE ROUYTINE
PIDKSQ PLAOKKRZ GLOS2C2S < TR{3NRAY TRANSLAYIONS OF EACH RIGID BODY IN X:¥oZs AhGSTRCMS
BINMZ ~DERKLCL2Y /{3 ORIMC Y GLOS 2030 < TRANS SUBRGUTINE TC TRANSPOSE 3%3 MATRIX
PINHZV —PIRX{ L2 L 3 0RVARZMC) GL.CS2045 C TRANSE SURROUTINE TG0 COMPLEYE SCGLUYION OF GEN ESIGVAL PRCE LEMGLDCQSOO
"inl INITIAL VALUE OF PARAMETER IN MAPPING MCDE GLUS2050 [ TRY (3} VECTOR X¥ZR( ';2.?!+CA*TR—CA*Q\Q*ACI#K‘IZ(! 24} GLUOE2605
SINg INETIAL VALUE OF PARAMETER IN MAPPING KODE GLOS2055 [ TH(3Y TEMPORARY STURAGE FOR VECTD
PINK 1\4[1 1AL YALUE DF PARAMETER TN 4APPY OF GL052060 C YL EXPONENT IAL FUNCTION WiTh TF:51 TO AVOID UNDERFLOW
P1SAVE b SAYED WHENM P(I} 1§ TRCRE GLOSZCES C 'J’A\A((NDS*\IOS) TR (NVENY), WHICHEVER 15 LARGERs TEMPORAR'Y MATRIX
PISAVE ? = SAVED WHENM P1J) 135 INCREMENTED GLUS2070 < INNER PROCUCT OF NORM VIR WETH SYW YTRANSFORMED VIB
PLINKA} VAM DER WAALS COEFFICTENTS ®ILOCAL AND ANGSTROM UNIT<GLD‘-207‘ < UT(Q) DRTHOGONAL UNMIT VECTOR TRIPLE \al_052630
PLIA PLLJAT aS2080 < u SuUM OF SQUARES OF COMPONEMTS OF NORMAL VIB®RATION Gl ’"Saé_:':l
PLMY FINAL VALUE OF PARAMEYER (N MAZPING MDDE L:LOS20&5 < UvL{3) YECTOR FROM ATOM (U TC ATOM IV
PLKY EINAL  VALUE OF PARAMETER IN MAPPING MODE GLOS2090 < UwL3) VECTOR FRCM ATD 1Y TO ATCM 1w
BLMK FINAL VALUE OF PARAMETFR lN NAPPIN\; MGDE GLOS52095 C UX{3} UYNIT YECTTOR INM DIRECTION
SMNENP Y HINTMU® VALUES ALLOWED FD A RS GLOS2100 (o UY{B) YNET ¥ECTOR IN DIRECTICN
P2Mx (MNP MAXIMUM VALUES ALLOWED R r M\AMET RS GLOSZi105 < CIRECT CELL YR UME GLOSE
PRK OPYTIMUM YALUE CF EWALD 0?157&.?\1' CKe FUR OUTPUT ONLY GLUSZIY [ \‘AL‘IF\_ SUBROUTINE 70 OETAIN EfGVAL AND EI1GYEC OF TRIDIAG “AlbLJSZﬁDJ
orRQ CoP{IMUM VALUE OF QLIM. CLOSZi1t S < ST(NP) PARAMETER CHANG IN CYCLE OF MUDE 3 SEARCH GLOBRETO
PRR VALUE OF RULM, FDn sLOszi2¢ [ MAGNITUDRE SQUAR GF VBEST IN MCDE 3 GLOS2679
R D TIME Sck UYCLE FOR "’PT'MUM SUMBATION GLOg2425 C ‘q"‘W AN DER WAALS SLOS2®
PSLEG.KVY SAYED FOR DUTPUT I FINAL MMARY GL0521392 < WOWT (MGS? VAN DER WAALS TY SAVED FOR CuTOUT SLOS2685
BSAWE AETER SAVEO WHEN P{1) 1S INCREMENTED GL082135 C YR{NV} VECTOR CF LEAST—SQUAKES NORMAL EQUATIOMS FOR OME SUBSGLDSZESQ
£SVINP) PREV 10US PARAMETERS SAVED ¢ V'\!(NV) YECTOR GF LEAST-SQUARES MORMAL EOQUATIUNS GLOSEH9S
PEVY OR TG INAL SAV i MAPLING MODE C PINHZVREEY, SCALED RECIPROCAL VAN DER WAALS SuUM SLO52780
PSS ORYIG INAL PAF«AWCTEK Y Y MAPPING MDDE C V“I'M S} MODIFIEC YAN DER WAALS TERM SAVED FOR NENY ENTRY GLOSZTOS
PEVK ORIGINAL. PARAMZITER <AVEB in MAPPING MOCE < VM MODIFYED VAN WAALS TERH INCLUDING MOULTIPLICITY GLOSE7L0
PR{NPX) EXTRA PARAMETERS, DNE SUBSTANCE. DEF INED B’! CHSTRN < W CALCULATED &N » KCAL/FORMULA WGYa ZAM DF EACH ATOMGLOS27:5
PXMM{NPX]) MINTHMUM YALUGES ALLOWED FOR EXTRA PARAM C AA ENERGY CALCUL T FROM BONG ANGLE GLO52720
PAMEANPA] MAKIMUM VALUES ALLOWED FOR FXTRA PARAM < e COMLOME ENERGY ‘L(’S’?ES
BXSYANPX EXRTRA CARAME TERS SAVED FROM PREYIOUS ‘—hl“{\’ TD WCALC C WALC SUBROUTINE YO MAKE ONE ENERGY CALLULATION S 730
QUNKAY CONTC CHARGE IN PHROTON UNITS < WCHF ENERGY CTALCULATED FROM CONFORMATYION ANGL 35
anx LENSTH OF RECIFROCAL LATYICE VECTOR < WCNF USER SUBRGUTINE TO COMPUYE TORSION ANGLE ENIRGY uLGS 1'7
QLA Qf 2AY < WCUR CYRRENT YALUE OF ENERGY DURING SSARCH ¢ MINIMUM G;_Dﬁ 745
GLIM{MAY L!’(XT* OF SUCLZESSIYE SHELLS IN RECIPRUCAL SPACE < w0 ENERGY CALTCULATED FROM BOND DISTANCE 2750
QMA K UOPER LIMIT OM SHELL IN RECIPROCAL SPACT < WOYN SUBRDb"XN" TR FREQUENCIES AND NORMAL uLGSJ‘.'S&
24 E'\lGTH SQUARED CF RECIPR AL LATTICE ¥ TCR [ weT EIGHY OF LBSE‘(VFU %M;Nu‘{
felrLEY 4 WEFSE LIMIY On SHELL IN RECIPROCAL SPACE s GMAX®¥2 < “NAT(N«‘&*"“S}W‘ IGHT MATRI = ASYT SQUARES
TaMIN LOWER LIMIY 0N SHELL (N RECIPRETAL SPACE c WN{NP ) ENERGY CAL G ﬂI"H P DECREME
QQX ¥ IER4 1N QO el C) 223 < WOHS OBSERVED ENCROY. KCALSFORMULA 37 o
Qay X AND ¥ TERMS 1IN GO JLQSZ&"‘* " WOWC PBSERVED E MINUS CALCULATED GLOSZ2T80
R INTERATYOMIC DISTANCE BLi35223¢Q o3 we{NP} ENEZRGY CALCULATED WITR P INCREMEMIED BY 0P GLO%2785
AT o1/180 GLOs2235 < LT ENERGY CALCULATED wIVIK SOTH P(I} AND PUJ] INCREMENTEDGLLD 2730
ROwWS SARTLISOWS)Y GLOST260 C WORE SUBROUTINE TGO PREPARE FOR ENERGY UALCULAYTICN GLOSRTSS
RORES(R) RDWS SAVED FOR SUmMMARY OUTPUT GLOS2248 < wR SUM OF REPULSION ENERGY YERMS GLUS28900
ROWSY SARY{SDWSTY GLOS2250 = WRAG SUSROUTINEG TC CALCULATE WRAP-ARDUND GAUSSIAN FUMCYKC‘\GLUSZS»S
REJECT USER SUBRBUTINE YU AVDID SPACE GROUP ABSLCNCES G S 2 S [ ¥5(9} ENERGY SAYED SR OUTPUT IN FINAL SUMMARY LOS2820
"EP REPILSYOH ENERGY TERY c WEV{MMAX) WO, WA OF WCF SAVED FCR LATER USE GL-’JSEQ&S
REPL SSER SUBROUT INE TC COMPUTE NORNBONDED SEPULSION TERM < NY YDYAL EMERLY o ‘(CAL/‘FGRMULA BELIGHT 5L0%2820
RE&T{NGS) REPULTION ENERGY TERNM SAVED FOR_CUIRUT < ¥TR TAL VALY 1 Y DURING SEARTH FOR MINIMUM GLOS282%
RLUIMINRY CIMETS OF SUNCESSIVE SHELLS IN DIRECT SPACT < wy DER #XALE SLOSEB20
3 MAYRIX wRICH SOTATES RIGID BODY < WX LONFCRMATION \:NERGY COMPUTED BY GUWX OR Twx GLOS2835
UPRER L ERIY O SHELL fh DYIRECT SPACE < XL ENERGY ('(:RR&&F"“NU(\K: TO XL IN STEERE DESCENYS 2082843
IRTERATGMIC DISTANCE SGUARED < wXN EMERGY CORRSESPCNOING TC XN N S SESCE N"(\, GL.OS2845
UPPER LIMIT OGN SHELL 1IN DIRECT SPATE. GMAXEKRZ < XCIMARNSGS CRQURS ATCM Ir UNTT CELL AFYE® RO AND TRAN SLGs2a%)
‘_Ovlﬂ(' LKM!" OM SATLL IN DIRECT ACE C XLEw TRANSFORMEDR ATOM COCRDS SAVEQ ¥RI DRE\""'U\ tl\uRY GLOE2855
S ¢+ TESM SAYED FOR EAT ENTRY SLO52303 < X CURRENY 57 SYZE QLONG STEEPEST DESCENT YECTOR GLGSZ&GO
TSTANCE SAVEC FOR D‘}TPUY GLOS2210 < MINYMUM STER SIZE ALONG STEEPEST DESCENY YECTCR &5
8 ENERGY TEARM INCLUDING MULTIPLYCIT GLOS23LS < (MITIAL YALUE OF STEP ALONG STEEPZST DESCENT VECTCOR
FK C’d» L 2.0%P15IMC Y GLGS2320 C PREV IDUS OYSTANCE ALONG STEEPESY DESCENY VECTOR
S A7/L 2, UXPIAVAEZNMCE GLOu2325 C SGRYEPI}®CK¥R  —USED TU MODIEY TORME TN EWALD SUM
ALL °Tm,~‘\;¢ TO BE APPGRTIONED AMUNG AKRAYS R OSZI2C C NEW DISTANCE ALONG SYEE £ YECTOR
STANDARD ERR DF LAYYICE PARAMETERS GLOG2235 < ATOM LO0ORDINA AFTEGR 8 EY MESEORMAY YON
LSCALE FACTORS VH'\_H MOLTIPLY ROUWS AND COLS OF AN GLDS2340 c COORDGINATE DIFFERENCE USE £5Y FOR DUPLICATION
SQREY{CF*CGY GLOSZ345 < PYXC R SDUR ¥4 T S TERMS In EWALD S5UM
DYSCREPANCY FACT UR l"Lr OHE SUBSTANCE GLGS2350 < Al FRACTIONAL CTODRDGL lm BASEIC ASYH UNET
GISCREPANLY FACY LUMMBED DVER ALL SUBSTANCES GLOS2355 < \IKBMA"‘I"NA TISPLACEM CRYETAL COOGRD SYSTEM
TIME PER CYILE &F LN EATH BRANCH OF WNCALC, SECONDSGLESZI60 T Y FTER SYSMETRY TR DR MAT SON
SUBQLUY'NL TO COMETRAYN LAVT(CE SYMMEYRY GLGSZ365 o NAY ¥ N B C CARYES{AN SYSTEM
HOCAL &AT"SC:; SUr FOR COULOME ENZRILY faLLSZJ?O C NaY D ATEMERT GF ATOM IN NORMAL COIRDINATE
RECZ ROTAL oA CE SuM FOR W PER WAALS ENERGY S&3 [ 7 ER SYMMETRY TRAN "Fﬂ.ﬁﬁﬂufﬂ?‘é
Sy OF MODIFIED COULDHME D LT L TERMS o NAY CASYT LOCRODS OF ATOYS AF PARAM 15 CECHRIMEMTLD
SUn GF #O0IF(ED COUL GME TERMS, KCAL? MOLE < MAY ATOR COORGS &FYeS RIGID 20 TRANSLATLON AND ROYATIONG
m’}R?'ﬁl"b SY/OGFY < S CRORD 0F ATCH IN UNIT CELL AFTER RDY AME ':AN
AN PARD ERROR OF GBSERVED ENERGY FOR ONE SULBSTANCE c YRAMSKORMED ATCM TOORDS SAVED FROHM ?N"VXLUQ
< SQRT{FI ) FOHICK —USED Y0 WMODYFY TER It E!ﬁ\L'
HELTHW WeelCH DGAW 1S NOY SCALED 7O UNYFY < ATOM COORDINAYS AFYER SYMMEYTRY TRA 5 ¥ L
W CF TImMES SYMMETRY FUTS ATGM I Y15 POS < CGORDXNAYE DIFFERENCE USED TO TESY FOR GUPLK
OF  SMI o USED VG OETERMINE ZMO < PIRGC/CRARE =USEDL O MOOYFY TERMS 1IN EWALD
SRL AL M&LL'b" INTE CISTANLE FOUND < LA \IURBER OF AYOMS OF EACH KIMD 1IN FOHMULA UNLY 5
3“(N"i (:k/'—"ﬁ{_L LLIST OF PARAME cF ERROI USED FOR WEIGHTING . C ZC{NAXNS) COORD OF ATODM N UNIY CELL AFTER ROT AND TRANS @
.. "J‘f \J\'FR URNTT CELL FOR VAN DER WAALS ENERGY 263 < ZUSY TRANSF IR HED ATOK COORDS SAVED (‘RDM AREVIOUS ENTRY 3
2 VE SCALED UNIT CELL Sum FOB Van DER WAALS GL\JS{03J < Zug MUMBER QF FORMULA UNITS PER CEL GLGS 209
51}“ Ov'f:R UNEY CELL FOR VAN DER WAALS :h& Y GLOS244D < z28 ATOM  COCRD MATE AFYER SYRMETRY IR’\NQFURMAT{UN GLOSE 5
hd ER UNIY CELL FOR vAR SE@ nAALS T 2o COORDINATE DIFFERENCE USEDR YO ST FOR LUPLICATIAON =3 <
S’f ‘JD}&PD rWROQ% GF PARAMEYESRE USEC F REYURN
Suv O¥ER NI CELL FOR COULDME EV*EP‘G“( L OS24ET ENC LO3A5L 0

G
&0.«‘,‘(&\.3""3 GLOS2460
NEGATIVE STALED YMLT CELL Su# FOR COLL ENERGY GLOSEZAES
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Jbroutines

FUNCTION TCLOCK {DUMMY)

SUBSTITUTE ROUTINE. REMOVE IF LIBRARY ROUTINE IS AVAILABLES
OTHERWISE PROVIDE A ROUTINE TO SEY ICLOCK YN UNITS OF 0,01 SEC
0F CENTRAL PRUCESSOR YTIME .

ICLOCK=0

RETURN

END

SUBROUT INE
SUSSTIYUTE RIOUTINE.

IDAY{NDAYE)}
REMOVE 1F L YBRARY ROUTINE IS AVAILABLE.

I
DTHERWISE PROVIDE A ROUTINE TO SET NDATE AS THE ALPHANUMERIC DATFE.
I

REAL #8 NDATE, MOATE
DATA MDATE/*SEE IDAY'/
NDATE=MDATE

RETURMN

END

" Heutines for iest Prot

SUBROUTINE CNSTRI {AR+BRyPC,PL,4PX,0Q

1»SXR+SYRsSZR, IR)

IMPLICIT REAL *8(A—H,0-Z)

DIMENSION AR(1)eBRU1}sPCI114PL(1),PX{1),Qi%}
1+SXR{L}+SYR(LISZRO1I2TRE 3,1}

/ITGR/ USED BY WMIN, WDYN, WPRE, WCALC, GCWX». IBYPAS, FIMOUT
COMMON/YTGR/TBK,ICCAXy ICENT, ICMBy IGEMy ILSQ5 IMOLs INK 4 IPLM, IPRC
1+1PRT . IRBA, IREPIRSC+ ISBs ISH+ IVOWsIWG T, TZAMs JC 4 KP Wy KOWS LT ()
2+MODE + NAsNACSNAF s NBCyNCTy NKAsNOS, NP NPC ,NPR sy NPS,NPX + NQs ISETA
3 NRINREsNRPsNSsNTE9 )} sy NV ;NVASNVC,NVD s NVRNVUS{9) 4 NVX

RETURN
THE ABUVE IS CALLED DNCE FROM MAIN TO SET LOCATIONS OF ARRAYS
SET VARIABLES IN TERMS OF COMMON PARAMETERS AND EXTRA PARAMETERS
CNSTRN FOR TEST PROBLEMS

ENTRY CNSTRN

GO TO(500,500+560+565), 158
CNSTRN FOR ETHANE AND PROPANE
AR({1)=pPC(1)

CONT INUE
RETURN
END

SUBRUUTINE REJECT{ISBsHXsHY,HZ,sIREJ}

AVOLID CALCULATION OF SPACE—GROUP ABSENCES IN RECIPROCAL SUM
IREJ=0 ON FNTRY. SET {REJ=1 TO OMIT A SPACE-GROUP ABSENCE.
REJECT FOR TESY PRUBLEMS

G2 TO(545+5454500:510),158

REJECT FOR NACL

IF{AMOD (HX4HY +2.0)}540:5054540

IFL AMOD(HVGHZ'Z.OJ)540-5&5‘540

REJECT FOR BENZENE PBCA

IF{HX1520. 515,520

IF(AMOD{HY 1 2.0))540+520,540

TF(HY)530: 5254530

IFCAMOD(HZ42,0))540+530:540

IF(HZ)} 545,535,545

IF(AMOD(HX +240))540,5454540

IRFJ=1

CONTINUE

QETURN

END

FUNCTION REPLI(AR.BR-PC,PL-PX.G)

IMPLICIT REAL ¥8{A-H,0-7}

OIMENSICN AR(13:,8BR{1),PC{1}aPLI1).PXI1),Q(1)
RETURN

THE ABOVE IS CALLED ONCE FROM MAIN TO SET LUCATIUNS OF ARRAYS

USER ROUTINE TO CALCULATE REPULSICN ENERGY
ENTERED ONLY IF IREP=2

ENTRY REPL(ISB,IK,JKsR)
REPL FOR BENZENE, POTENTIAL OF WILLIAMS £ STARR (1977)
B=PC(IK+IK+1)

< C{IK+JK +4)

REPL=1000. 0%B*DEXP{~-C*R)
RETURN

END

SUBROUTINE WCNFI (IKA,JAC,PC)
IMPLICIT REAL*B(A~-H,0~2Z)
DIMENSION IKA(I)'JAC(l)aPC(l)
RETUKRN

NN==00
wowoqo

10
15
20

< WENF
[ THE ABOVE IS CALLED ONCE FROM MAIN TO SET LOCATIONS DF ARRAYS WCNF
c WCNF
[« USER ROUTINE Y0 CALCULATE ENERCY, WCE, OF TORSION ANGLE IN WCNF
c DEGREESs CNFy DEFINED BY ATOMS IA. JA, KA. AND LA+ CALLED ONCE WCNF
C FOR FACH CONFORMATION ANGLE ABOUT BAND JA-KA IF THE CORRESPONDING WCNE
c 1TBR.LTW0 WCNF
c WCNF
ENTRY WCNF{IA2JAsKALLASsCNF3ITKJ4WCF) WCNF
c WCNF FOR ETHANE AND PROPANE WCNF
WCF=0.5%PC(7)%{1.04DCOS(3.0%0,0174532925%CNF)) WCNF
RETURN WCNF
END WCNF
9.5 input lUata for Test Problems
3 2 2 4 2 0 1 1DAT A
0 50 oa 12 16 1 1 LDATA
TEST PROBLEM 1A. ADJUS' RLHULS'UN PARAMETERS FOR NACL DATA
2 L 4 0 0 B 0 bl o.ooo- 0.,000001 0 0.002 10DAT A
ARNA ARCL BRNA BRCL DATA
1el8 2443 0,079 0238 DAT A
0.001 0,001 0.0001 0.0001 DATA
2222 DATA
1000 DATA
ANACL DAT A
2 2 4 2 0 0 0 2 010 1 0 1 0 0 0 O O t 2 DATA
0.31 2 2 DATA
0.64 0.72 DATA
6.4 7.0 DATA
5.628 54628 5.628 0 ] ] DATA
o1 o o 0 0 1 o0 0 0 0 1DATA
o 1 0 o 5 0 1 0 0.5 0 0 [1DATA
0.5 1 0 0 0 0 1 o0 0.5 0 0 [1DATA
0.5 1 0 0 0.5 0 1 0 0 0 0 1DATA
NA 1 DATA
cL -1 DATA
NA 1 0 DATA
cu 0.5 0.5 0.5 OATA
12 DATA
10 DAT A
2 0 DATA
9 0 0 DATA
£ 00000000000 DATA
000000000000 DATA
DATA
4 a 2 0 1 1DAT A
0 (2 16 s i 1DATA
TEST PROBLEM OF NACL DATA
-1 o & o0 09,0001 0.000001 0 .002 10DATA
1000 DATA
3INACL DATA
2 2 4 2 0 0 0 2 010 1 0 t 0 0 O © O 1 2 DATA
3.31 2 DATA
2.64 0.72 DATA
644 7.0 DATA
5.628 5.628 5.628 o 0 [ DATA
ot o 0 o 1 o 0 0 0 1DATA
0 1 0 o «5 0 1 0 0.5 0 0 1DATA
0.5 1 0 0 o 0 1 o0 0.5 0 0 1DATA
0.5 1 0 o . o 1 o 0 0 0 1DATA
NA 1 DATA
cL -t DATA
NA 1 o 0 9 DATA
cL 2 0.5 0.5 0.5 DAT A
ro2 DAT A
1 0 DATA
2 o0 DAT A
0 o DAT A
100000000000 DAT A
000000000000 DATA
-t DATA
9 1 0.80 0.05 1.20 DAT A
[ 5.5 0.1 6.0 DATA
DATA
DATA
9 13 2 8 1 0 3 80DATA
0 50 12 21 6 & 6DATA
TEST PROBLEM 2A. MINIMIZE ENERGY BY NEWTON'S METHOD OAT
t 2 9 0o 0o o 0.000% 0.000001 10DAT A
PLC PLH BCC BCH 8HH cce CHH DATA
aH DATA
24402372 5.70218 87.80210 15.65620 2.79173 3.60000 3.67000 3.74000DATA
0,153 DATA
0,01 0. 01 0.01 0.01 0.01 0.01 0.01 0.01DATA
4001 DAT A
112222221 DATA
000000000 DATA
4BENZENE. POTENTIAL OF WILLIAMS AND STARR (1977). C-H BOND SHORTENED. DATA
7 2 8 o 0 0 t 3 2 1 1 2 0o 6 2 0 0 O 0 DAT A
0.30 2
0.44 0+51
4,45 5.20
7.48 9.55 6,92 0 [ 0
0 1 0 0 0 0 1 0 0 0 0
«0~-1 0 0 .0 0 -1 0 <0 0 0
5 1 0 0 «5 0 -1 0 0 0 0
5 -1 0 0 5 0 1 0 «0 0 0
0 -t 0 0 5 0 1 0 5 0 O
0 1 0 o .5 0 -1 0 =5 0 0
S -1 0 0 <0 0 -1 o »5 0 0
5 1 0 O «0 0 1 O 5 0 0
c
H
ct 1 -0.0569 0.1387
cz 1 —0+1335 0. 0460
c3 1 -0.0774 ~-0.0925
H1 2 —0.09862 0424040 —0.00936
H2 2 -0.23115 0,07965
H3 2 -0.,13845 -0.,16068 0.22495
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XTRA 0 [ 0 o
101 1Y 1 11 1111
T 0
1 2 4 10 3 4 8 10 19 10 14 14 14 16 16 16 -1 0 0 0
2 13 s 7 8 8 10 10 i0 14 14 14 16 16 16 -t 0 0 o
3 2 5 8
E] 39 1t
9 g 19 g2
10 1 9 13 TOTALLY SYMHETRIC
0 o [ 11 0 3 012 9@ 1 1 1 3 9 © 0 1 o0
111000111¢09 t
6£00000000DD
9 i3 2 s s o 1 1 i a 0 0
9 50 700 5 oy 0 o0 o 0 1 0 9 0o 9
TEST PROBLEM 23 me.zc ENERGY Y Mom:xcﬁ nosLthu( SEARCH 0 i 9 0 9 0 -1 0 o u 2
3 2 9 8 9 ¢ 2 c.ooox C2000001 Ta002 100 -1 4 0 9 0 1 0 o ¢ 9
pLC PLH BC‘_ SHR CCC CCH T ‘ATA 9 - 0 ] 3 0 - ¢] Q & a
an c 1260039
24.02372 Se70218 B7.80210 15465620 2.79170 3.50000 357000 3.740003A1’A € H lte0081 X
0,153 <3 1 0 0 2 OAT A1020
0,01 .08 0.01 0.01 Q.01 0,01 0.0k \),o.mn\ <z 1 1.26808 0 —0,395891 DATA1GOS
3.001 ATA M1 2 0487588 Q065883 DATA1010
112272221 DATA H21 2 2atBiTT J ~0e22315 SATAL0L5
36360000 DA Hez 2 14331300 0488090 —1.0910¢ GATALO20
4BENZENE, POTENTIAL OF WILL IAMS AND STARR (1977)e C-H BOUND SHORTEMED. 1 2z 3 a 5 DATAL025
T 2 8 2 0 2 92 1 0 & 1 t 2 9 @ 2 0 9 G O P DATA1030
Qe29 2 2 2 [+] DATALO3S
Cod2 Gea9 30 DATA1O40
e85 5403 & 9 DATALDAS
Tedd 9. 5! 6492 I} [4 o s 9 DAT 41050
0t 0 2 9 t 0 5 ¢ 1 2 3 3 » 8 B8 19 19 12 14 14 14 14 16 0 9  DATAIO5E
20 =1 3 0 9 -1 0 ¢ o 2 T 4 57 & 19 10 19 14 14 14 16 16 16 0 0 DATANCHG
S5 1 0 0 9 -t O a o 8 109 10 b3 8 10 10 190 14 14 14 16 16 16 0 D DAT41d5%
5 -1 0 D 2 &t 0 o ¢ DAY ALOTS
20 -1 0 ¢ 9t 0 ¢ T 98000C011010111031 11 DATALDTS
0 1 0 2 a -y a 2 0 003000038 000000000000 DAY 41080
5 -1 0 90 g -1 0 a 0 OATALDBS
o3 4 2 92 ] 3 Q9 0 o 17 8 2 12 (1 2 3 20OATALIGIO
[« ab 2 30 39 24 24 £4DAT 41095
H '?ES‘? PQJELEM 38. N!NIMIZE ENERGY AND LALCJLA"’t FREQUENCIES OF MOLECULES DATALICO
<1 1 -0 40569 G.1387 —0.0030 0 & 0,01 0.02900: s 0,002 TUOATALLICS
c2 ¢ -0.41335 0o C4ED 0a 1264 mm oauxmomoam DATA1219
<3 1 ~0.0774 =-D20925 0.1295 {ETHANT » NGO svvvrmv RESTRICY (ONS » RALLEL CARTESIAN EMS . DATALLLS
Wl 2 - 0a09862 0424330 -0.00936 2 212 1 i 9 8 010 0 1 1 1 2 6 G o 0ATAL120
N 2 -0.23115 0.07965 0421886 T 1 DATALI2S
u3 2 —0a 13445 -0.16068 0.22895 o DATALI3D
XTRA 3 ° 0 0 10 OATALI3S
101 ot 1 4 & 4 1 1 & 1 r 1 Y t 1 9 -0.5 A1149
7 0 £ 29 t 0 o o 0 b 0 0 0 1DATAliAS
3 L] o C3 b 9 -1 0 a 13 o 2 4] Q 1DATALILR0
L11500811G30 <3 9d-1 1 90 9 -1 o 0 O 0 iDATAl15S
200800050000 ce2 o -1 1 0 0 0 0 0 0 ) —1DATALL6D
TE v 0 -1 0 o o-y 0 9 0 0 -1DATAL1DS
17 8 2 12 a o 3 c2 o 1 9 0 g 1 ) 9 D 0 —i{DATAMITD
36 Q 30 30 59 24 za 1 G -1 0 9 6 0 2 9 9 9 —1DATALITS
TEST PROSBLEM 3A. ADJSUST ENERGY PARAMETERS FOR FTHANE, PRDPM\F MOLECULES GATA $5 9 90 r 0 0 -1 0 0 0 O -1DATAL180Q
6 1 (%7 0 0 9 0 4 O 0,D1 0.0000051 4 0.002 10DATA 7 36 e 1 -% Q G 0 0 0 0 —1DATALIBS
AR AR BAC By PLC PLR TER DCC DATA 1 « 4 -1 0 0 9 0 9 0 0 l10ATALI9Q
KCC DUH #CH ACCC XCCC ACCH RCCH AHTHOATA M o Q 1 Q k4] 1 o [ 9 G 10ATAL295
KHCH DATA M o-t 0o 2 0 ~i o 9 9 0 1DATA1209
1.711 1,224 041807  0.1259 22464 4,98 0281667 1,4C0DATA < 1240039 DATAL205
4,268 1,030 64351 102,00 C.01159 159.50 0401673 1i0.00DATA T H 12081 DATAL1210
0.01795 DATA c L 0 9 0.76700 TATAIZ1S
0.001 2.90014 0.0501 09,3001 9,01 9401 0.001 0,0CECATA H 2 1e 02282 1216110 DATALZL0
(6.001 0,001 [T 011 0.0991 0,1 0,000 0s1DATA 1 2 3 & 6 7 8 DATAYZ2E
0,000 DAY A 19 DAT A1230
22221133333333333 DATA 2 0 DATALZ3S
Q0B3000131 310003 CATA 3 o] DATA}Q&O
JETHANT » TOTALLY SYMMETRIC DATA 4 9 DATALR
2 2 6 2 1 1 0 2 910 0 I 1 1 2 2 2 2 1 @ oAT 5 0 DATszsc
[ DAT A £ 0 DAT ALZ55
0 7 0 DATAR26G
10 g8 o QAT A1Z65
1 1 1 0 9 -0e5 s 5 2 3 & 3 10 10 10 14 14 16 16 16 16 -1 0 0 §  DAYALZTC
i i 1] 0 0 0 9 9 a9 Q Q 3 1 & k4 i 4 10 10 192 14 14 14 16 16 16 -1 Q Q DATALZ
9 0 9 0 0o i 0 v 9 0 0 DATALR
9 =1 0 0 0-1 0 0 9 0 0 000000184821 211832328235823113813 DATAL1285
g~y 0 9 2 0 0 9 o 8 o ¥QB00TICG00000U000000000300009 02T A1290
0 3 ¢ o0 2-1 9 9 2 ¢ D DATH229S
5 1 6 90 o 1 0 @ 0 0 ©
c 1249039
H 100082
c t 9 0 0.T6700
H 2 1.02162 1e15Y1D
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10.  TEST PROBLEM QUTPUT

The following output is provided so that it can be verified that
the program works properly with the test data of Section 9.5 and the
user routines of Section 9.4. In order to save space here we have set
the print indicator IPRT (see Section 7.3) at values which cause sowme of
the output to be omitted, and we have further truncated parts of the

printout. In vunning the test problems, however, the user will probably

g va . : - ~ ey A
wish to leave [PRT as zero to obtain the complete cutput.
Pt Sodiuo Chiceide, Mode @ -
DYNAMIC DIMENGIONS FO7P wMIN
LSIaies. NAMA Y A MA N NSMAX NREMA X MOMA X NCTMA X MNB3CMAX
2 2 4 2 o 1 1
MM A X MFSHMAX NGSMA Y NESMAX NF¥AX NOSMAX NOMA X NV AX
a 50 700 12 16 1 1 1
1 2 3 4 S 6 7 8 G 10
ACZ AKE AM AMA3SS AN AR BR BTR CHAK M3
[ 9 { 0 { NVu3AX (4 1 { NVMAX { 1 « 1 { NVMAX { i 4 1
ENRE2MAX) * n ] * NVMAX) wNKA MAY T * HV™MAX) HNKAMANM Y *NKAMAX ) *NOSMA X} * NSMAX}) HENGSM A XY
wCHOS 18 [ 1 2 1 2 2 1 4 700
BYTES/WORD 8 =} B 8 8 8 A a8 =3 4
HEX ADDRESS CeCoCe000 00000050 00000 %0 ou9s 000a00A8 0QUoQoORD 000QCQCY 00000009 00000008 QC0QCOF "
1! 12 13 14 15 16 17 13 19 20
ARRAY Csv oP Do DPX o323 OWDG oXxaQ DYC oY DZa
D1 MEMN-~ { 1 { 1 { 1 { 1 { 1 { 1 { NVMAX { 1 ( NVMAX { NVMAX
STJNS *NGSMAX) * NOMAY S wNTCMAX) R MAX ) * NPMAX) * NVMAX) * NAMAX) #* NOMAX) * MAMAX) * NAMAX)
WIRDS 700 16 4 e 16 1 2 1 2 2
BYTHES/WORD 8 8 8 =3 8 8 8 8 8 8
HEX ADDRESS 00000BES 0Q0021C8 00002248 00002768 00002268 Q00022E8 000022FQ 00002300 00002308 00002318
21 22 23 24 25 26 27 28 29 29
ARFAY ERPS ERR EVAL EVEC FMC FREG GMT GXT GYT GZT
MIN 1 { 1 ( 1 { NVMAX ( NAMAX < 1 { L 8 1 C 1 ( 1
SIONS * NPMax} * NYMAX) * NVMAX}) * NVHMAXSY * NSMAX) * NVMAX) *NGSMA X) TNGSMA XY ENGSMAX) *NGSMAX)
WAOROGS 16 L 1 1 8 1 700 700 700 700
BYTES/WORD a a 8 ] 4 8 8 4 4 4
HEX ADORESS 00002328 000023A8 000023280 00002338 000023C0 000023E0C 000023EB 0000328 00aoa4BE 000J04F AB
31 32 33 3a 35 36 37 38 39 40
ARRAY HMT HXT HTY HZT IACTY I1ASYV 1AT 1AZ 1CC 1CT
DIMTN~- { 1 (4 1 { ] { L 1 { 1 ( 1 4 6 { NAMAX (4 4
SIONS *NFSMAX]Y *NFSMAX) ENFSMA X} FNFSMAX ) ANCTMAX) * MMAX} *MGSMAX )Y ENCTMA X)) * NSMAX) *NCTMAX)
#ORDS S0 50 59 50 2 0 700 6 3 4
BY TES/WOAD 4 4 4 L] 4 L3 4 4 4 4
HEX ADDRESS Q00005ASS 00005SBGQ 00005C28 00005CF0 gocosoBs 000050NCAH 009050C0O aQousBso0 o0uo6esCs Q00C68ES8
41 42 43 a4 45 46 47 48 49 S0
ARRAY 102Z IKA ouT IR3 IrBC 1SBP isC 15V 17BR 1u
D IMEN- « 4 { 1 ( 1 « i { NAMAX { 1 { NAMAX t i < 4 { 1
STONS E*ENCTMAX) * NAMAX}) * NVMAX) ® NAMAX) * NSMAX) * NPMAX) * NSMAX] * MMAX) *NCTMAX) *MR3MAX)
wORDS 4 2 2 2 8 16 8 a 4 2
BYTES/ 4ORD 4 4 4 4 4 4 4 L3 4 4
HEX ADDRESS 000068F 2 00006902 00006910 00006918 00006920 00006240 00006930 000C059A0 0000€9A0 2000698¢C
51 52 53 S5a S5S 56 57 58 59 60
ARRAY 1v 1w 1z JAC JASV JAT JOTS Jourt JovV KASW
DEMEN -~ ( 1 { 1 { 13  NAMAX { 1 { 1 ¢ 1 C 1 ( 1 ( 1
S10ONS =NREBMAX) ENROMAXY HNRBMA X} * NSMaAX) * MMAX) ENGOSMAX ) *NOSMA X) * NOMAX) * MMAX) * M AXD)
WCRDS 2 2 2 8 Q 700 2 2 o ]
BYTES/WORD a 4 4 L3 4 4 4 4 4 4
HEX ADDRESS 00006988 000069C0O 000069C8 00006330 003 069F 0 Q00069F0O 000074EQ 000ON74ES8 0000740 000074F0
61 62 63 6a &5 &6 67 68 69 70
KP KPC KPS KQ KaC KQs LASY LBCI BC [ |
1 S 1 { 1 « 1 4 1 < 1 [} 1 « 1 { 1 C 1
< * NPMAX}) *NPCMAX) ENESMANY * NPMAX} ENPLMAX) *NPSMAYY * MMAX]) ENACMA XY *NDCMAK) * NPMAX)
wWORDS 16 4 12 16 4 12 [ 2 2 16
BYTES/WIRE 4 4 4 4 4 4 4 4 4 4
HEX ADDRESS 000074F0 00007530 Q0007540 00007570 Qo007SED 020075C0 00CO075F D 0Q0075F 0 J00075SF8 00007500
71 72 73 74 75 76 17 78 79 an
ARRAY MJ NAMZD NAMK NAMP NA AP NAMPX NAMS NOBS NOSS NOUT
DIMEN- « 1 1 ( 1 (4 1 4 1 { 1 { 1 C 1 < 1 1
S1ONS * NTMAXY * NAMAX) *NKAMAXY * NPMAX ) HFHECMAX) *NPXMAX) * NSMAX} ® NOMAX) ENOSMAXY * NVMAX)
WCOrRDS 16 2 16 4 [ 4 2 2 2
BYTES/ WORC 4 4 4 L3 4 4 4 L3 4 4
HEX ADORESS 00007640 00007680 00007688 00007690 000076D0 000076FEO0 Q00076EC 00007670 0C0076F8B Q0007700
ai 82 a3 B4 as 86 87 88 89 90
ARRAY i PEAMSE PC PCMN PCMX PCSV PD PL PMN PMX
o FLicIis 4 1 [4 1 { 3 1 [4 1 { i { 1 [¢ 1 < 1 ¢ 1
SIOMS * NEMAXY * NPMAX) ENPCMA XD ENPCMAX} ENMPCMAX ) ®NPCMAX} * NYMAX) =N AMA X} * NPMAX) * NPMAX)
WOPDS 16 16 a4 e a4 4 1 2 1o ié6
BY TES/wORD 8 8 8 B8 8 8 3 8 8 a8
HEX ADDRESS Q0007708 Q0007788 00007808 oocovazs 00007848 00007868 Q0007888 00007830 000078A0 00007920
91 92 93 EEd 95 96 97 38 99 100
ARRAY PSS PSSV PX PXMN PXMX PXSV Q REPT RSV RT
[ §2 0= « 9 1 « 1 { 1 4 1 4 1 ] 1 4 1 { 1 < 1
SIONS * NV MAXY * NPMAX} ENPXMAX) SNPXMAKL ) EKNPXMAXY ENPXMAX) ANKAMAX) EMGSMA X} *NG SMA R ®*MGSMAX )
WORDS 9 16 Q ¢ o 0 2 700 700 700
BYTES/WORG 8 8 8 8 8 a8 8 4 B8 4
HEX ADDRESS 00007%A0 000079ES 00007A68B V0DQ7A6E 00007A6S CO00Q7A68 0000L7AKS Q0037A78 o00085623 a0009%43
101 102 103 104 105 1086 107 108 109 110
ARRAY SAN SMC SsP SPw SRBT SSR STR SXR SYM SYR
D IMEN-- ( L { NAMAX (4 1 < 1 < 1 { 1 3 i [4 1 { 12 { 1
SI0NS ® NVMAX) * NSMAX) * NP MAX) *NOSMAX) ENGSMAX) *NREMAX) *NRAMAX) ENRBMAX * NSMAXY *NREBMAX)
®ORDS 1 8 16 1 700 2 2 2 48 2
BYTES/WDORD 8 4 i} 8 4 8 a 8 8 8
HEX ADDRESS 0000AR3R 0000A649 0000A660 0000A6Z0 O000A6EA Q0008108 Qu0OoBI1ES 000031F 8 0go08B208 90003388



111 112 113 114 115 116 17z 118 119 120
ARRANY SZR TMAT Ta TR UMAT YBEST VOWY WM N vsvy
D I MEN- [4 1 {NDSMA X { 1 4 INDSMAX [4 1 [4 1 [4 1 [4 1 [4 1
SIONS THREMAXY *NOSMAX ) * NYMAK)D ENREMAX ) NG SMAX } * NEMAX? ENGSMA XY * NVMAX) ® NMYMAX) ENGSMAX)
WORDS 2 1 1 3 1 16 760 1 1 700
BYTES/WRORD 8 el 8 8 8 B8 L 8 a 8
HEX ADORESS 0000R 393 0000B3A8 00208380 000OB3IBe 2000RSESD 000QB3IF0 GoRoB4e70 NVoCUBF60 000NSFBS oo00B~ 7o
121 122 123 1248 125 126 127 128 129 1306
WMAT whN e WSy XC XYz XEZC XYZD XY ZN XYIR
(NOSMAX [4 1 ( 1 { 1 { HAuAX [1 3 < 3 3 3
SIONS FNOSMA XY * NPMAX] ® NPMAXD L] MMAX ) ® NSMAX) * MNAMAX} * NAMAK) * NAMAX)Y * MAMAXY * MAMAX)
HQRDS 1 16 L5 ] a € ) ) 6 &
BYVESAMCRD 8 3 8 ] 8 8 a 8 8 8
HEX ADDRESS GONDBDSS9 Q0000558 J000DS08 naGeansss A0000638 0006DEIB S000DSCE Q020D8F A 20G0DT 28 [+ JoRede e rgots]
131 L322 133
ARRAY YC ZAM ZC
P IMEN-- ( NAMAX [4 1 ( NAMAX L4
SETNS * MSMAX) * NAMAK) * NSMAX) *
WORDS 8 2 8

SYTES, WORD -] a 2
HEX ADDRESS 000788 00Q0DTCH 0000CTDS

82315 A~RYTE STORAGE LOCATIONS HAVE BEEN REQUESTED. THE PROGRAM 15 DIMENSIONED FAOR 12000
COMMONS 5/ AND MST “MAY BE DECREASED 3Y 5085 WORDS. THIS WILL. REDUCE THE REGICN USED 8Y 39K BYTESa

TEST PROHLEY 18, ADJUST RepPLLSION PARAMETERS FOR MACI. 01-06-81
HOLE NG NeC ILSQ I%GT joi ] IPRT  MSTG iarg ARE SLIM CHMER XDRO EPSC
o 1 4 0 [+] ] 2 4 4] 0. 100003 2.100p-~03 a0 0. 200032 Q2000 02
NANFPC{1)
ARNS ARTCL HBRNA BRCL
PCLL)
1e23000 2443000 D.07900 0,22800
DAICLED
Q.0N100 F20L00 0.00010 0,000310
KPCig)
2 2 2 2
TEST PROMEM 1A. ADJUST REPULSION PARAMETERS FOR NAGL 01~G5-81
NALCL
is8
3
NA MK A NS ICENT HXNEG HYMNEG HZNEG NRB NEX MR ¥ CME IvDw IRERP MGl NCT IRSC 1ZaM 1GEN IRBA ISZTA
2 2 4 2 950 Q.0 2 Q 10 1 [} 1 ] [} [«] 9 0o 1 2
CK NQ NR
0+31000 2 2
GLEM{TY

Da64000 Qe 72000

RLIM{T}
£280000C 7.00000

ACL)

S« 62800 56628060 5.62800Q 0.0 0.0 0.0
NAMS TRANSFORMED X THANSFORMED Y TRANSFORMED 2
0.0 1a0%X  0,0%Y 0,047 0.0 0.0kX 1.0%Y 0Q,0%7 0.0 GaO*X  QoidxyY 1a0%Z
D0 108X Qe OXY  Do0D%2Z QaB000 D.Q&X 1.0%Y [P LrA Q5000 C.DEX D D&Y 1,0%Z
0.5000 ko OkX Dad%*Y 0a0%Z 0eQ Qud%X L o04Y Ca0%Z 0.50006 DeOEX  Do0EY laxZ
05000 1e0%X Oe0XY 0,047 0»5000  0a.0%X E20%Y  O0.0%Z V0 CGeD¥X  0L0%Y 1047
K NAMK o] PL AR aR AMASS
1 Na 1.00000 0.0 Bs0 0.0 0.0
2 =1,00000 0.0 040 0.0 ¢.0
J NANME TeA IRB Y
1 A 1 1 00 0.0 Ds0
2 <t 2 2 050000 0,506040 0-50000
I NANE ISC JAC SMC Frc IR3C XC ¥< zc
1 Na 1 1 1l 1.0 1 0.0 0.0 Owi2
2 i 1 2 1le 1-0 2 0«50000 0.50000 0.50000
3 Na 2 1 1le 1.0 3 0a0 N.50000 032000
4 Ci 2 2 1e 1.0 4 0N.50000 1.00000 L. 20000
5 Na 3 1 1e 10 S Qe50000 . Qe 50000
6 <L 3 2 1. 1.0 ] 1.00000 050000 1460000
TN 4 1 1. 1.0 7 N.50000 050000 09
8 CL e 2 1 1.0 8 1.00000 1.00000 0.50000
ABOVE ATOMS USED TO COMPUTE STRUCTURE FACTORS
ZMC
4.0
I NAME(I) ZAM{E)
1 NA o
2 cL 1.0
J OTZCIY TUCaY TVILD TW(D) SSR(J} STRY J) SXR( J) SYRL.J) SZRUJY TRE1+4) TRI2,43  TR(3,J)
1 1 o o 9 0.0 0.0 0-0 0.0 0sD 0.0 0.9 2.0
2 2 ] Q o 0.0 0-0 0.0 0.0 Qa0 0.0 0.0 0s0
KPNS KPwW wass SI1GWO0
1] [} 0,0 0.0
EST PROBLEM 1A, ADJUST REPULSIDN PARAMETERS FOR NACL 01 -06-81
I NawpP(I) 2{1) oP (1) PMNCT ) PMX(1)  KPLI) KalX) OKTIKD) 3P(I) IsBP(I)
1 ARNA 1.18G000 @a001000 0.0 Q.0 0 1 1.000 0.0 o
2 ARCL, 2.430300 0=001000 Qa0 0-0 o Q 0.0 0.0 Q
3 BRIA 0. 079000 ©.000100 a0 0.0 o 0 0.0 0.0 1]
4 BRCL 0.,238000 0.000100 2,0 0.0 Q o Q.0 0.0 ]
B A 5.628000 Ca000010 44628000 625628000 1 Q Q.0 0.0 3
] B 5.528000 0.000020 48028000 5.628000 ] ] 0.0 0.0 3
7 < 5.628000 B«0G0010 %.€28000 B HRBOLO Q <} (S 0.0 3
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a COSA 0.0 0000030 -~0.200000 Qe200000 0 o] 0.0 040
S CasB 0.0 04000010 -~ 00000 0.200000 Q [ Q.0 0.0
10 CJsG 0.0 0000010 —-0.200000 0.200000 o o] 0«0 0«0
1l X 0.0 0.,000010 -0.500000 0.500000 o Q 0.0 Ce.0C
[ TY -0 0.,000010 —0.5000900 0.500000 o Q 00 0.0
13 12 0.0 0.0GQ01C —0.500000 0500000 [ o] 0.0 G.0
14 TX [ ] 0.000010 -0.500000 0«500000 o 2 Q.0 00
19 Ty J.0 0.000010 -0.500000 0500000 Q o Q.0 00
16 Tz Q.0 0.,0G00i0 ~—0.500000 0.500000 0 o 0.0 0.0
NO NV NOV LS IwT
1 1 0 1 o
TEST SROBLEM LA. ADJUST REPULSION PARAMETERS FOR NACL o1-06-81
NACL
CYCLE 1
SF VsF QMAX NF
13.,126419 Q-0 0s640000 11
18, 126419 0.0 Ce720000 14
S0K SPILK SPPK
-205.945332 G0 00
SCK S5VYDW WwR HRMAX NG NSR3
-18.,467021 0.0 41.917623 6.400000 74
~18.466922 0.0 414997429 7.000000 122
GA &Y GZ 1 J GM R NAMES M vOw
-1 -1 -1 1 4 1.02CC0 2.81400 NA& L -1184.042 0.0
-1 =1 -1 1 6 1.00000 2.81400 NA cL -118.0482 0.0
-1 -1 -1 1 8 L .00000 2.81400 NA cL ~118.,082
-t -1 2 1 8 1.00000 2.81400 NA cL —118.042
-1 [ 1 3 1.00000Q 243138C NA Ci. —-118.,022
0 -1 -1 1 4 1.00000
-1 -1 Q 1 7 0.50000
-1 -1 Q 2 8 0.50000
-1 0 -t 1 5 0.50000
-1 c -1 2 6 0.50000
-1 0 0 1 S 0.50000
-1 e 9 1 7 0+50000
-1 o] o} 2 6 0.50000
-1 a0 2 8 0450000
0 -1 =1 1 3 0450000
Q -1 —1 2 4 050000
o -1 Q 8 3 0.50000
0 -t 0 1 T 0450000
Qo -1 Q 2 4 ¢-50000
o -1 J 2 8 0-.50000
0 0 -1 1 3 0:50000
2 o -1 1 S 050000
o 0 -1 2 a4 0.50000
0 o -t 2 6 0.50000
0 o0 ] 1 3 ©2.50000
a 2 (] 1 S 0.50000
a 0 o 1 7 0450000
0 o o 2 4 0.50000
o ol Q 2 6 0.50000
o 0 0 2 8 0450000
-1 -1 -1 [} 2 1.00000
-1 -1 [ 1 2 1.00000
-1 0 -1 1 2 L.00000
-1 0 Q L 2 £+00000
o -1 -1 1 2 1.00000
o -1 o 1 2 1.,00000
o 0 -t 1 2 1.00000
o 0 o 1 2 1.00000
-1 [O] 1 L Q0e50000
-1 0 0 2 2 0.50000
0 -1 o 1 1 0.50000
[N 4] 2 2 0. 50000
Q 0 -% 1 1 0.50000 S5.62800 NA NA
a 0 —t 2 2 cL cL
¢ 0 L 1 1 NA NA
o 0 1 e 2 cL cL
[+] 1 o] ¥ 1 NA NA
o 1 [+ 2 2 cL cL
L ] o] 1 1 NA NA
1 0 ol 2 2 CcL cL
-2 -1 -t 1 6 NA cL
-2 -1 =1 [} 8 NA cL
-2 -1 o] 1 8 NA cL
-2 0 -1 1 & NA L
-1 -2 -1 1 L3 NA cL
-1 -2 -1 1 a Na& <l
-1 -2 0 1 8 NA L
-1 -1 -2 1 4 NA cL
-1 -1 =2 L 6 NA cL
-1 -1 a 1 4 NA cL
-1 -1 ° 1 6 NA cL
-1t 0 -2 1 =3 NA cL
-1 o -t 1 4 NA cL
-1 o -1 1 8 NA cL
-1 0 0 1 & NA cL
-1 0 0 1 8 NA cL
0 -2 -1 1 4 NA cL
e -1 -2 1 4 NA cL
¢ -1 -1 L 6 NA cL
0 -1 -1 1 8 NA cL
9 -1 o 1 a4 NA cL
0 -1 o 13 8 NA cL ]
o o -1 1 a NA <L 4]
o 0 -1 1 6 NA i, 0
-F -1 -1 1 3 NA NA 4 Q
-1 -1 -1 13 S5 NA NA 484190 Qe 0 Q
-1 -1 -1 1 7 NA NA 484190 0.0 Qe
-1 -t -1 2 L3 cL <L 484190 0.0 0.0
-1 -1 -1 2 6 cL cL 48.190 C.0 00
~1 -1 -1 2 8 cL cL 484190 00 6.0
-1 -1 Q0 1 3 Na NA 48,150 0.0 0.0
-L -1 ] 1 S NA NA 486190 0.0 Q.0
-1 -1 [ 2 4 cL cL 484190 Q.0 0.0
o 2 6 6 cL CL 484190 0«0 0.0
1 1 7 0.50000 6.9%285 NA NA 4841390 0.0 0e0
1 2 8 0.50000 6.89286 CL cL 484190 0.0 0.0
-1 0 -t 1 3 0.50000 6489236 NA NA 484190 0.0 0.0
-1 o -1 1 7 NA NA 484190 0.0
-1 o -1 2 4 cL cL 484190 0.0
-1 Q -1 2 8 cL cL 48,190 0.0
-1 o] o L 3 NA NA “8e190 Te Q
-1 o o 2 4 Cu L 48.190 0.0
-1 90 L 1 7 NA NA 48,190 0.0
-1 "] 1 2 8 L cL 48,190 Qe 0
-1 T -1 1 =3 NA NA 48,190 Qe 0
-1 1 -1 2 6 (= CL 48.190 s }
-1 L Q 1 5 Na NA 484190 0.0
-1 1 0 2 6 cL CL 482190 0.0
o -1 ~1 1 ) NA NA 484190 00
0 -1 -1 1 v 0.50000 NA NA 48,190 0.0

4 o el o W



we
-206.2846

TEST PROJLEM 1Al
NAC

- WOBS
0.0

DERIVATIVES

U
0.0

L4

ADJIUST Rf:

Wi
41,997

131

T
OeD 164,288

AULSTON PARAMETERS FOR MNAGL 01-06-81

WCALC SEFURE LYCLE 1

—184.2884
BEFORE CYCLE

DDW/DP(L IDP{S) FOR I=
J  NAMP{J) OYC(J) 1 ARMA
5 A 28.2083 ~117.1807
- ROWS SDWS
0.2820830 02 0479570660 03

NUMEER OF PASSES AND TiME
NT SEC

£

SPENT ON VARIOQUS PARTS OF ENERGY CALCULATION FOR THIS CYCLE
AvT

INITIAL 5 0.1 90,0020
COORDIWATES 4 0aW0 0,0
SLOW RECIP i 0.0 ]
FAST 3 BNl 0. 0032
4 056 20
_T 1 QeiQ 01000
T 4 Q.05 G D25
CONF LG 1 0.0 0,0
CUNFIG 3 0.0 0«0
TOTAL TIME (SEC)H 017
LIMITS FOR MINIMUM TINME

SUMMAT JON
53

DEL ¥ PROFORTIONAL

PR

TO

RELATIVE ERROR GF RESULT

RECOMMENDED GL.IM
RECCMMENDED RI M
RECOMMENDED VALUE OF

PRQ PRR PREK PRY
0n55994 2420738 N.466562 0=01
DWT03I5 2.77513 087565 0,02
GaB2261 3424286 0.48106 0.03
092605 3850656 0,48434 .04
101937 4.01855 0.338774 G206
111007 4e37613 0.482302 0-07

a3
PREJICTED TOYAL TIME PER CYCLE FOR RECIPROCAL AND DIRECT SUMS

TEST PROGLEM 1A« ADJSUST REPLULSIGN PARAMETERS FOR NACL, 01-~06~-81
CYCLE 1
RGASY SOWST SIGUA
0+.2820830 62 0.795708D 03 0.282083D 02
SAN(I]
1 3 ARMNA
0:00853a
EVEC{1,4)
J EVALLT) 1 ARNA
1 0.1000 01 1+ 000000
H SANLIYAEVECI{TWd)
J EVALLJ) 1 ARNA
L 0.100D 01 0.008534
WMAT®BMA TESANSEVEC
J NAMPLJ)  OYC(JS)
s A 28.2083 -1 D000
PARAME TERS AFYER CYCLE 1
AMP oLs p CHANGE NEw P ERR
1 ARNA 1180000 -0.240725 0.939275 0. 240725
TEST PROBLEM LA, ADJUST REPULSION PARAMETERS FOR MHACL oi-08-81
NACL
CYQLE 2
CSF V5 QMAX NF
182126419 040 0. 640000 11
18. 125419 0.0 0720000 14
SQK SPLK SPPK
~205.945352 0.0 .
SGK SVDW wR RMAX NG N5R8
-18.467021 0.9 23426764 6400000 7% [o]
=18, 466922 00 29+506576 7.000000 122 )
GX GY GZ 1 J GM NAMES cmB VOu REDP
-1 -1 -1 1 4 1.90000 2.81400 A Ci. =-118.042 .0 1.827
-1 -1 -1 i 6 1.00000 2.81400 NA CL ~118.042 ~0 1.827
-1 -1 -1 1 8 1.00000 2,.81400 NA cL ~118,042 -0 1827
~1 =1 Qo 1 8 1.00000 2.81400 NA cL -118.042 =0 1.827
-1 0 -1 1 6 1.00000 2.8L400 NA cL -118.,042 -0 1.827
0 ~1 =i 1 o 1.00000 2.81400 NA cL —118,042 a 1.827
-1 -1 Q 1 T 04350000 JFe97960 NA NA «Q 0.000
-1 -1 a 2 8 0.50000 3.9798680 CL CL 0=0 3,026
-t 0 -1 1 5 0a53000 3497960 NA NA 0.0 0.000
=1 0 -1 2 & 0450000 3,497969 CL L 0.0 3.026
-1 0 0 1 5  0e.3B0N00 3.97950 NA NA 0.0 0a009
-1 4] Q t 7 0.50000 3.979680 NA NA 0.0 0.000
-1 0 © 2 b6 0450000 3.97960 Ci cL 00 3.026
. -1 0 0 2 8 0+30000 3.97960 CL cL 0.9 « 026
o -1 -1 1 3 0.50000 3.97950 NA NA Qa0 0+«000
0 -1 -1 2 a 0e3G0D00 3.97960 Ci <L 0.0 3.026
0 -t Qo 1 3 0.50000 3.97960 NA Na 0.0 0.000
0 ~i o4 1 7 0.50000 397960 NA A 0.0 0.000
o —~1 ] 2 4 0.350000 3.97960 CL L 0.0 3.0286
-1 0 2 8 0.50000 3.,97360 CL cL 0«0 3.026
o ¢ -1 1 3 CuS50000 3,97960 NA NA 060 Q«000
4] Qo -1 1 S 0.50000 3eFTIGH NA NA 0s 0 Q000
o 0 ~i 2 4 0.50000 3.97960 L (o[ 0,0 3.026
0 0 -t 2 6 0.50000 3.97960 CL Ch 0.0 3.026
¢ o 0 1 3 0.50000 3.97960 NA NA 0.0 0.000
a 0o o0 1 S QaS0000 3.97960 NA NA 0.0 G.000
9 0o @ 1 7 0.50000 3+37960 NA MA 0.0 N.000
o 0o o 2 4 0.50000 3.97950 CL L 0.0 3026
a ¢ o 2 6 050000 3JF.97950 <L cL o 3.026
0o 0 o 2 B 0.50000 3.97960 Ci. cy o 3026
-1 -1 -1 1 2 100000 4.87399 NA CcL 0.0 0-003
-1 -1 o 1 2 1.00000 4.,87393 NA (o1 0.0 4.003
-1 0 -1 t 2 1.900000 4.87339 NA cL 0.0 0.003
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-206.286
TEST PROSBLEM
NACL

ORrR,OOUORm"mR,OO0O0m~0~a

d.0

I-OOOOO

1.00000
1.00000
0.50000
Q50000
Q«50000
0450000
0«5Q0000
050000
50000
50000
050000
050000
Ce 50000
0.50000
1.00000
1.00000
1.00000
1.00000
1.00000
100000
1400000
1.00000
1.00000
1.00000
1.+00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
L.Q0000
1.00000
1200000
1.00600
1.00000
1+ 00000
1.00000
0450000
Q.50000
0.50000
0.5QC00
0+50000
0+50G00
0.50000
0.50000
0+50000
0450000
0450000

50000
050000
0.500Q¢Q
050000
0+50000
0450000
050000
0+50000
050000
2~50000
G«50000

50000
0+50C00
050000
0450000

D I 1 0 I D e 3 0 R NS b e 1 0 ) e ) ) 0 N 1 e D
qmOmommqbumbqumthmumobw@u@hmbm@bbmomboﬂkoommbm@mom—N-m—N—m—NuNNNNN

w
0.0
1A=

2945

o8s
~176-7793

DEH‘VAT[VES BEFORE CYCLE
Ji

5 A

NUMBER DF PASSES AND TIME SPENYT ON VARIDUS PARTS OF ENERGY CALCULATION FOR THIS CYCLE
N EC AVT

P{J] ovciy

B.2760

INITL AL
COQRCINATES

CONFI1G
CONF 16
TOYAL TIME (SEC)

SUHMAT!GN LIMITS
DEL IS

ME
PROPORTIDNAL TO RELATIVE

9.0

R = N G
3
.
°

0.15

FOR MINI#M

4487399

6489286
6489236
6.89286
©+89286
689286
639285
6€©.+839286
© 489280
6. 89266

wR
o7

2

uM T1

WX
Q40

PRQ IS RECOMMENDED 01.1IM
PRR IS RECOMMENDED RLIM
PRK 1S RECOMMENDED VALUE OF
PRT IS PREDICTED TOTAL
DEL PRQ PR PRK
1 «QE-2 Q +4870% 2,53751 O0ua03S31
La0E~3 0.61238 0.41377
140E~4 0.71559 0.41847
L +0E-S 0.,80557 0.,42177
1.0E-& Q-88675 2428
L «0E-7 0.96565 «42540
J  NAME IKA
1 NA i Oel
2 cCu 2 2 050000

EEETEREKN R RESF KRR RETT SRR EERE ERF IR X R RFE I RE R AR ST
TEST PROBLEM 1A,

0.0
0«50000

1eLM
e

WY
-176.,779

WO M. £ BEFORE CYCLE 2

ERROR OF RISULT

PRT
0.01
0402
0.02
0.06
0.07
0.10

z
0.0
0.50000

IPRT NSYG
2 4

BRCL
0.23803

PARAMETERS AFTER EACH CYCLE

KODE NC NPC n.sa 19GT
Q 1 a 0 [
ARNA ARCI. BRNA

0.93928 2.43000 0.,07300

NO NV NDY Ls IwT
3 1 o 1 [s]
4 NAMP oKT INITIAL
1 ARNA 1.000 1.180000
NVU

FESHAA R AR SRR RRRREE FEEERRRRR FEEEE AR AR R AR KRR I RFTEF

RD#S 0.28210 02

0939275

L

ADJUST REPULSION PARAMETERS FOR NACL

ADJUST REPULSIOGN PARAMETERS FOR MACL

180°C
o

CO0OCO0DEOCO

S h s s s st ss sV ea s s antus

COOLEEOOO000CE0OC0ODDDOO0RECOO00R00RO0E00

S earensanstetssrnannasws

C0O0GCo00a00A0RROCO0L00ODROD00OE00000000D000R0000000OC

©
N
=)

ARE
0.1000-03

cococooLobOoLOOODR

o
©
=3
°
=1 Y-T-Y-X-¥-1-}

Caw s reranevs

DOOCORDDADDDOOOOCOO

o

N

-3

©

©
[EE=T=F-T-T-F=1-2-7-F-Y=Y Y- F-Fo¥-T-1-]

o
.

©
°
©
o
.

CK
TIME PER CYCLE FCR RECIPROCAL AND DIRECT sSums

SLIM
0.100D-05

[

o1-06~81

01-06-81

CMPR

XoReD
0.200D-02

EPSC
01000 G2



DYNAMEC DIMENSIDMS FOR wMIN

NPCMAX NAMAX  NKAMAX NSMAX NRBMAX NPXMAX NCTMAX
4 2 2 4 2 ] 1
MMAX  NFSMAX  NGSMAX  NPSMAX  NPMAK  NOSMAX NOMAX
o e reoQ 12 16 1 1
1 2 4
ARRAY aCz AKE AM AMASS
O L ME N~ ( 9 4 [ € NVRAX [{

51085 FNRBMAX) * o ) o MY MA X} ENKANMAKY
WOEDD 18 o 1 2
BYTES/ WORG B 8 8
HEX ARDRESS [Jedvistedifcl] 00000020 000009a%0 00000498

11 1z 13 14
SRRAY CSY &P DEC oPx
O IMTH - 1 ] 1 < 1 < 1

STONS AMNGSMAXT * NPMax) EMPCMA K] ANPXMAK )
e 3 rToo 16 A o]
BYTES/WOR0 8 8 8 8
HEX ADDRFSS 00 0002ESR 00o021CH 000022548 c0aN2268

21 22 23 24
ARRAY EPS ERR EVAL EVEC
D IMEN- [S 1 ( 1 1 { NVMAX

SIGRS * NPMAK} * MVMAX) * NYMAX) * NV MAX)
WORDS 16 1 1 A
BYTESS WIRD -3 8 8
i ADDRESS ou0Q2328 000023A8 JoQnz3IB0

31 32
ARRAY HUT YT
DIHREN~ [4 1 r
S10NS ENFSMAY?
wMAX }
0
a B8
LD B0B NOOOD63S
132 133
ZAM ko
o AKX { 1 ( NAMAEK {
* MSMAX) * NA¥AX) * NSMAK) *
] 2 B8
. .2/ WORD 8 a bl
AEX ADGRESS oo oon788 0nNEDTLS agoonvRs

€915 8--BYTE STORAGE LCCATIONS HAVYE BEEN REQUESTED.

NBTMAX
1
NYMax
1

S
[ NWMAX
* PYMAX)
1
=l
000000AE
15

DwW

t 1
* NPMAX)
16
8
o00aT2E8

25
£ MC
{ Nams
»

-
XC

( NAMAX

#* NSMAX)

3

2
GOoBOPSSs

COMMDN/S/ AND NST MAY 35 DECREASED BY 5045 WORDS,
TEST FROBLEM 1B. MAP ENERGY OF NACL
MODE N MR TS IWGY PLM IPRT NSTG 18PC ARE
-1 [} a4 0 [} o 2 4 1 0 100D~03
NAMPE{T)
ARNA ARCL BRNA BRCL.
PC{L)
0S3928 2443000 0.97900 0,23800
DPC{T}
0,00130 ©.03200 0.00010 0,00010
KPC{1}
2 2 2 2
TEST PROSLEM LB. MAP ENERGY OF MACL
MAC!
 §:3-1
3
NA NK A NS ICENT HXNEG HYNEG HZKNEG NRB NP« NRP  1CMB
2 2 a 2 [+ 0. -0 2 [¢] 10 1
CK NQ NR
0.31000 2 2
QALIM{T)
D.84000 Q.720C0
SLIM{1)
£.40000 7200000
ACI)
5.62800 5.62800 S.52800 0.0 0.0 0.0
NAMS TRANSFORMED X TRANSFGRMED Y
0.0 120X Qo0%Y Q. .0%Z D40 020%X 120%Y 0D
0.0 §.0%X 0a0%Y  QuO*Z 0e3000 0.6kX 1,.0xY .0
0.5000 1.0%X Qe0O%Y D.0O%Z 4.0 Ba0%X 1~0%Y Qa0
-Sao0 1a0%X Q20%Y Q.0%Z 0+5000 Nal*X L.0¥FY w0
K NAMK Q PL AR bR AMASS
1 MNa 1200000 0.0 0a0 Q.0 0.0
2 <L =1.00000 G0 0.0 2.0 0.0
4 NAME IKA 148 Y
1 Na 1 1 0,0 00 Q.0
2 cu 2 2 0:50000 0.50000 O 30000
1 NAME 1sC JAC SMC FMC iRBC X< Zc
1 MNA 1 1 Le 1.0 1 0.0 0.9
2 <L 1 2 | X 1.0 2 050000 0,50060
3 NA 2 1 1 1.0 3 - De50000
4 CL 2 2 1 1.0 8 050000 1.00000
S Na 3 1 13 1.0 S 0.50000 G« S0000
6 Cr 3 2 1le 1.0 5 100000 100000
7 NA 4 i 1e 1.0 7 050000 0. Q
a ci 4 2 1. 1.0 a 1.00000 1.00000 0. 30000
ABOVE ATOMS USED TO COMPUTE STRUCTURE FACTORSE

ZH4C
4.0

133

6
AR

{ 1

*NKAMAX)
2
8

Qe0N00 20

L6
DWOQ

[{ 1
& NVMAX;
1

8
000022E8

e

126
A 2Z
{ 3
* NAMAX)
6

a8
Q0000698

THE PROGRAM 15 DIMENSIOMED FOR
THIS WILL REMCE THE REGION

SLIM
041002-0S5

TvDd IRER
<] 1
*Z 2.0
*Z 0.5
*®2 0.5
*Z 0.0

7
BR

{ 1
WNKAMA X)
2
8
o000000C0
17

DXQ

{ NvMAax
& NAMAX)
2

A
Goon-

ro0’
GOQORATO

127
A¥ZC

[{ K]
* NAMAXK}
[

8
NoQonaca

8
TR
( MVMAX
FNOSMAX])
i
;]
Q0009030
18
oYce
{ 1
x NOwA

. 1
® NYMAZY
1
8
20003F 50

123
XYZ>

]
* NAMAX}
&

a
QQoUNDSEFY

12000
USED BY 3K BYTE
oL-06-31
CHMPR XDRD
0.0 0e20060~02
01-06~81
ITMUL NCT IRSC TZAM
TRANSFDRMED 2z
DeO¥X  020%Y La0*Z
000 0-0%X 0a.0%Y 1.0%Z
voe 0~ EX Oa%Y 1.0%2
Ou(¥X  Qa0*Y 1,02

9
CHAR
< i
£ NSMAX}
4+
8
02000008

19
Fan

119

MM

{ 1
* HVMAX)
1
8
0DQORFES
129

XK€IN

{ 3
% NAMSX)
6

8
720000728

EPSC
C.100D a2

10
CM3 Y
[{ 1
ENGSMAX )
Foo

4
/00QoNFA

8
voQ0R3IAR
120
Y5V
[} 1
HNGSMAXY)
700
ONQOEFTO
13n
AYZR
{ 3
* MAMAKX}
<]

a3
acoanTse
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[ rMaveEdL) z2AaMi )
1 NA 1.0
2 L 1.0
J 1Z4J) IULd) IVLJ)Y IwiJ} SSRiJ) STR(J) SXR(J} SYR{J) SZR{J} TR{1sJ) TR(24J) TR{3,J)
1 1 o] o 0 0.0 . Oa 0.0 0.0 0 . 0.0
2 2 D) o o 0.0 0.0 0e0 0.0 0.0 0.0 00 0«0
KPW35 KPWw woBS SIGWD
Q o Cas0 0«0
TEST PROBLEM 18. MAP ENERGY QF NACt Gi1-0€e—-81
NACL
KP1 MPT LRI PINI PBL T PLMI
-1 a 16 0.0 0.0 0.0
KPJ hjcgt LPy PINJ POL. LMY
0 1 1 0.80000Q Q. 05000 1.20000
KEx MPK LPK PINK PDLK PLMK
1 L S 5.50000 0.10000 €.,00000
TEST PROBLEM 18. MAP ENERGY OF NACL 01-06-81
NACL
CYCLE o]
csE VSF GQMAX NF
13.126419 00 0640000 1L
18.126419 0.0 0. 720000 14
SQk SPLK 5PPK
-205.945352 00 0.0
SVOw wR RMAX NG NSRB
-18.,467021 Q.0 294226764 64400000 74 0
~18+466922 0.0 29.506570 7.000000 122 o]
GX GY GZ 1 J GM R NAMES CMB vD#H
-1 -1 -1 1 4 1.00000 2.81400 NA Cl. ~118+042
-1 ~1 -1 1 6 1.00000 2481400 NA cL -118.082
-1 -t =1 1 8 100000 2.81400 NA cL -118.042
-1 -1 o 1 8 1.00000 2.81400 NA cL L 3cd
-1 0 -1 1 6 1.00000 2.81400 NA cL 42
0 -1 -1 1 4 1.00000 2.81400 NA CcL —118,042
-1 -1 Q 1 7 0.50000 3.97960 NA NA B3.468
-1 =1 o 2 8 0450000 3.97960 CL cL 83.468
-1 Qo -1 1 S 050000 3.97960 NA NA 83.468
-1 o -3 2 6 0250000 3.97960 CL CL 834468
-1 c o 1 5 0450000 3.97960 NA NA B3.468
~1 Q Q 1 T 050000 3.97960 NA N4 834468
-1 0 0 2 6 050000 3.97960 CL cL 83.468
~1 o 0 2 8 0.50000 3,97960 CL CiL
0 -1 -1 1 3 0.50000 3.97960 NA NA
0 -1 -1 2 9 050000 3.97960 €I L
0 -1 [\ 1 3 050000 3.97960 NA NA
0 -1 o 1 7 050000 3.97960 NA NA
0 -1 ] 2 4 0.50000 3.97960 (L. cL
0 -1 o 2 8 0.50000 3.97960 CL cL
a 0 -1 1 3 0450000 3.97960 NA NA
o 0 -1 1 S 0250000 3.97960 NA NA
a 0 -1 2 4 0+50000 3,97960 CL cL
o 0 -1 2 6 0.50000 3.97960 CL cL
o 0 0 1 2 0.50000 3.97960 NA NA
¢ o0 0O 1 S NA NA
o 0 0 1 7 NA NA
o 0 o 2 4 cL cL
¢ 0 o 2 6 cu CcL
o 0 0 2 8 cL <L
-1 -1 -t 1 2 NA cL
-1 -1 a 1 2 NA <L
-1 a -1 1 2 NA cL
-1 & 0 1 2 NA cL
o -1 -1 1 2 NA ci
0 -1 o] 1 2 NA ct
o 9 -1 L 2 NA CL
g 0o o 1 2 NA <L 0«0
-1 o 0 1 L NA MA Ge 0
-1 0 0 2 2 cL [ 00
0 -1 o 1 1 NA NA 0.0
o -1 [ 2 2 cL cL Qe0
o 0 -1 1 i NA NA 0.0
a 0 -1 2 2 cL cL 0.0
o o 1 1 1 NA NA DeQ
o 0 1 2 2 cL cL 0.0
9 1 ] 1 1 NA NA o]
o 1 (4] 2 2 cL cL Q
1 0 0 1 1 NA NA Q0«0
r 0 o 2 2 0.50000 5.62800 CL CcL Qe 0
-2 -1 -1 1 6 1.00000 6429229 NA CL 0a0Q
-2 -1 -1 1 8 1.00000 6.29229 NA cL 0«0
-2 ~1 o 1 8 1.00000 6.29229 NA cL 0.0
-2 0 -1 1 &6 1 NA L 00
-1 -2 -1 1 4 NA cL Qe 0
-1 -2 -1 1 8 NA cL 0.0
-1 -2 0 1 8 NA cL 0.0
-1 -1 -2 1 4 NA cL 0.0
-1 -1 -2 1 6 NA CL 0.0
-1 -1 o 1 4 NA cL 0.0
-1 -1 ) 1 6 NA CL Qe 0
-1 0 -2 1 6 NA CcL Ge0
-1 © -1 1 4 NA CcL 0.0
-1 0 -t 1 8 NA cL 0.0
-t 0 o] 1 6 NA cL 0.0
-1 0 0 1 8 9 NA cL 0e0
0 -2 =1 1 4 9229 NA cL Os Q
0 -1 -2 1 4 6.29229 NA cL Q.0
¢ -1 -1 1 6 6429229 NA cL 00
o -1 -1 1 8 6.29229 NA cL Q0«0
0 -1 0 1 4 6429229 NA cL Ge0
0o -1 ) 1 8 NA cL 0.0
o 0o -t 1 4 NA cL 00
0 0 -1 1 6 NA cL 0.0
-1 -1 =1 1 3 NA NA 0.0
-1 -1 -1 1 5 NA NA C.0
-1 -1 =1 1 7 NA NA 0.0
-1 -1 -1 2 4 cL CL 0.0
-1 -1 -1 2 6 0.50000 L cL Qa0
-1 -t -1 2 8 0.50000 cL cL 0.0
-1 =1 ] 1 3 050000 6.89286 NA NA 0.0
-t -1 o 1 S 0.50000 6.89286 NA NA 48,190 0.0
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—2065.2
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220000 000O

@3 en 4D waNe6s o288 838 3 3E asdhas
VODI0D QV00DT CLOLRO CROIOY OI0VDO

OQCDBOY LOOVOY DVODO0D MLOODO DOVROO PVIO0OV VIO

Sis st

INITIAL
CUIRDIN

c
SLCW Di
FASY DI
SLow COo
FAasST Co

TOTAL T
SUMMAT T
DEL

PRO
PRR
BRK
PRT

135

o] 2 4 Ca50000 6.82285 CI. cL 484170 0.0 04007 Qa0
0 2 6 Q»30000 6.39286 CL cL a48.190 0.0 0aQ07 00
1 1 7 0+ 50000 6.592856 NA WA 384120 0-0 0.G00 0.0
i 2 8 0.500600 6.89286 Ci <L 484190 s 0 04007 0.0
~1 1 3 0sBUACGD 649286 A Na A3a k90 0.0 0.009 0.0
-1 1 7 0.50000 6.89286 NA NA 48,190 0.0 0.000 0.0
-1 2 4 0250600 6.89286 CL <L 484190 0.2 04007 C.0
-1 2 8 0.50000 &.89236 CL CL 484190 0.0 0,007 Qa0
0 i 3 0,50C00 6£.89286 NA NA 48,190 0.0 0000 0.0
Q 2 4 0.56000 6.8928% CL cL ABW 3 B0 0.0 D.00Y 0.3
1 1 T GeB0000 6.89286 NA A 484190 D.0 0.000 0,0
1 2 8 Q.90000 6.85286 CL [ 486190 0~ 0 0007 0.0
-1 1 5 0450000 6489285 NA NA 48,190 040 0.000 0.0
-1 2 & 0+3000Q 5489286 CL. [t 48,290 0.0 04007 0.0Q
)] 1 S Q30000 6H.85286 MA HA 484190 0.0 9.000 240
0 2 6 0.50000 €.892a88 CL Ct. 484190 [ 2] 2007 [ 23
~-1 1 S C«50000 6.49286 NA NA 48,190 D 0 04000 0.0
~1 1 7 0450000 5.89286 NA NA 484190 0.0 G. 000 0.0
WC wv WR W wWT
=6 w0 2G 307 0.0 -176.779
NONE 1 afMA 5 A wC wY WR WX
D+80000 S«30000Q —2L 120867 0.0 31.109 2,0
0.80000 Sa.60000 =207.317 0.0 204715 0.0
0.20000 Se70000 68 0.0 22,944 Q.0
0.80000 S.80000 0.0 19,708 0.0
0.80000 5490000 Qa0 164929 0«0
0,80000 6600000 -~193.4G6 0.0 14543 0.0
0.85000 $.50000 ~241.087 00 324589 0.0
N.35000 S 60000 -207.317 040 274979 0.0
C-85000 5270000 ~203.680 0.9 242024 0.0
0, 835000 5280000 ~200+168 0.0 204624 0.0
028500 5430000 ~196. 775 0 17716 0.0
0.85000 500000 193,496 0.0 152215 0.0
N.90000 5450000 —211.087 00 344323 D0
0.90000 S 260000 ~207431L7 0.0 294480 0.0
0,.90000 S5.70000 ~2034.680 0.0 254288 0.0
04920009 5480000 ~200~1563 0.0 21709 0.0
0« Q0000 $.20000 ~196.77% 0«0 184638 Ce0
0. 20000 6200000 -~193+436 0.0 164003 Q.0
0.95000 5450000 —211.087 0.0 364353 0+0
0. 95000 S5.60000 ~207,317 0.0 31.193 0.0
0.35000 572000 ~203..680 0.0 264768 o
0.63000 S#80000 ~200.168 0.0 22972 0.0
0.95000 5.90000 —1964 776 0.0 19717 0.0
095000 5.00000 ~193e496 0.0 164924 0.0
1400000 5450000 —241.087 00 3Be 730 0«0
1. 00000 5.6Q0000 —207-317 020 33.222 0.0
1.00000 5270000 —203.680 0.0 28.501 0.0
100000 580000 ~200.168 0.0 244352 0.0
1.00000 $aG0000 -196. 776 0.0 20+9€60 090
1.00000 6400000 —-193. 495 0.0 18,003 0«0
105000 S5+.50000 —211.,087 0.0 41512 Q.0
1.05000 5.60000 —207.317 0.0 352598 0.0
14035000 Se70000 -203,680 0.0 30a530 0.0
1.05000 580000 ~200.168 0a0 26185 0.0
105000 5+90000 ~196s776 Q.0 220460 Q.0
1,05000 € «00000 =193.4G0 0.0 19« 286 Q.0
1.10000 5.50000 —-211.087 0.0 4477 0x0
1.10000 5260000 -207.317 .0 38+.380 Qs0
1,10000 570000 ~203. 680 0a0 324905 Qa0
110000 5,80000 ~200s168 0s0 284213 G.0
1.10000 S5.90000 -196.776 040 2440192 Q.0
1.10000 £+ 00000 —193.496 020 20s 745 Qa0
1.15000 S.30000 -211.087 040 A 8. 5806 Qa0
1,13000 S+ 60006 ~207.,317 Q0 41.638 0.0
14150G0 5270000 ~203, 680 0.0 354686 0.0
1415000 580000 —200e 168 Qe 305648 0,0
115000 S 90000 ~1964778 0.0 26220 0.0
115000 &4 00000 ~193.496 0.0 22477 0.0
1.20600 550000 ~218,087 Q.0 53.082 0.0
1.20000 5.60000 =207.317 0.0 A5 .52 0.0
1.20000 5«70000 203,680 0590 38..943 0.0
1.20000 5,80000 ~2004183 0.0 334369 0.0
1.20000 530000 ~196.776 0.0 283595 Qa0
1.20000 6400000 ~193. 496 Q.0 24.505 0.0

OF PASSES AND TIME SPENT ON VARIOUS PARTS OF ENERGY CALCULATION FOR THIS
NT EC AVT

56 Q.03 0o 0005
ATES 56 006 0. 0011
P 1 0.0
e 55 Qe22
1. 55 B0
RECY 1 Q.10
RECT 55 DebO
HEIG 1 0.0
NFIG 5% 0.0
IME (SECH 1.07

Ot LIMITS FOR MINIMUM YIME

1 PROPORT {ONAL TO RELATIVE ERRUR OF RESULT

3 RECOMMENDED GLIM

1S RECOMMENDED RL1IM

13 RECOMMENDED VALUE DF CK

I3 PREDICTED TOYAL TIME PER CYCLE FOR RECIPRUCAL AND DIRECT SUMS

PRQ PRR PRK PRY
0243839 2.81943 0.36532 9:10
0255115 3.54462 0,37240 0.20
0.64303 4.14202 0.37663 0431
072502 4.66288 0.37959 0.45
0279809 S.13278 0. 38186 0.60

Je86910 558948 (.38286 077

wr

=179978
—-180.6G2
~180.736
~160.,451
~179.847
—17H.953

-178.497
~179.338
~1¥9. 656
~179.535
179060
-178.281

~L7Gs 764
~177.858

—177.394
~174e734
—-176e123

26
~177+059
“176%572

=~172357
~kT4a09%
—1732180
-175:716
=175 4795
~1734493
~16F2574H
~171.719
-i73.151
—173.984
—~174a.318
—174.230

1664316
~168+937

~172a751

—1624501
-165-580

—~1714019
-158.034

—168.991
CYCLE
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DYNAMIC DIMENSIONS FOR WMIN
NETMAX MAMAX NKAMA X NSMA X NRAOWMAX NP XMAX MNCTHAR N3CMAX
5 13 2 a8 1 [ 3 80
MM A MNESMAX MGSMAX MNPSMAX HPMAX NCSMA X NOMA X MY MNA X
0 [ 700 12 21 6 6 6
1 2 3 5 5 6 7 8 9 1o
ACZ AKE AMASS AN AR Br BTR CHAR cMe Y
4 9 ( NVMAX [ { NVMAX « 1 « 1 ( NVMAX « 1 < 1
*NRBMAX) [+ ) * NVMAX) *NKAMAX ) * NVMAX) ENKAMAX) ENKAMAX Y *NOSMA X) * NSMAX) ENGSMAX )
WaEGS 9 o 36 2 36 2 2 36 8 700
BYTES/WORD 8 8 8 8 8 8 ) 8 8 4
BN EiohAESs 00000000 00000045 00000048  00000L58 00000178 00000298 00000248 00000288 00000306  J0000a"
11 12 13 18 1s 16 L7 18 te
ARRAY CcsSyY oe ppPC oPA D DwWDQ DXQ DYC
D IMEN- ¢ 1 ¢ 1 ¢ 1 (1 [ ¢ 1 ¢ NVMAX « 1

SIAONS *NGSMAX) * NPMAX} ENPCMAX) ENPXMAX Y * NPMAX) ® NYMAX) * NAMAX) ® M7
WERDS 700 21 9 o 21 6 78
BYTES/WORD 8 8 8 a8 8 8 )
Y EabnatESs  00000F08  000023ER 00002590 00002538 00002508 02002680  ° B

" 8
21 22 23 24 25
ARRAY 313 ERR EvaL EVEC Fur -vOQEQ0  00005>3E0
DIMEN- « 1 1 ¢ 1 ( NYMAX ‘

SIONS $owmhaxs  ® onwiaxs  F nveax)  mvaaxe ohte it Ji2e
WORDS 21 6 6 N ¢ f i 3
BYTES/WORD 8 8 ~NGSMAX) * NVMAX) * NVMAX) #MGSMAX)
HEX ADORESS 00002630  0000PED3 00002 » AN s : e

n - 8 4 a 8 a
ARRAY s 0000D678  0000D720 D0DGDOE210  0000E240  0000EZ70
D;ng; oot 125 126 127 128 129 130
1o v XxC XYz xYZe XY20 XYZN XYZR
2o%22 - . 1 ( NAMAX t 3 ¢ 3 4 3 4 3 « 3
HE A * MMAX) * NSMAX) * NAMAX) * NAMAX) * NAMA X} * NAMAX} * NAMAX)
21 o 102 39 35 39 39 39
- 8 8 8 8 8 8 8 8
L-27G  DOOOFALB  OO00OFACO  O000OFACO  OOOOFEQ0  00DOFF38 00010070  000LO1A8  000L02EQ
$31 132 133
Y ZAM 2¢
{ NAMDX [4 1 ( NAMAX [4
- * NSMAX) * NAMAX) * NSMAXD *
PRLITS 13
BYVES/WORD 8 8 8
HEX ADDRCS5 00010418 00010758  000107C0
8544 S—8YTE STORAGE LOCATIONS HAVE BEEN REQUESTED. THE PROGRAM 1S DIMENSIONED FOR - 12000
CCMMON/S/ AMD NST MAY BE DECRFASED BY 3456 WORDS. THIS WILL REDUCE THE REGION USED BY 27K BYTES.
TEST PROGLEW 2A. MINIMIZE ENERGY BY NEWTONSS MCETHOD 01-06-81
HODE NC  NPC ILSG IWGT IPLM IPRT NSTG 18PC ARE SLIM cMPR XDRD £psC
1 2 S 0 0 o 2 a G 0.100D-03  0.100D0-05 0.0 0.200D-02  0.100D 02
NAMPC(I}
PLC PLH ace BCH BH cce ccH CHH
an
PCC1)
24.03372 5.70218 B8T7.80210 15.65620 2.79170 3.60000 3.67000 3.74000
0.15300
£eCi)
0o01000 0.01000 0.01000 0.01000 0.01000 0.01000 0.01000 0:01000
0.00100
KPCLL)
1 L 2 2 2 2 2 2
1
TEST PROOLCM 2A. MINIMIZE ENERGY 8Y NEWYON?®S METHOD o1-0s5-81
LENZEME. FOTENTIAL OF wILLIAMS AND STARR (1977). C—H BOND SHORTEMED.
1se
4
NA  NKA NS ICENT HXNEG HYSEG HZNEG  NRB  NPX  NAD  ICMB  IVOW IREP IMOL  NCT IRSC IZAM [GEM IRES L(SETZ
7 2 8 2 040 0.0 0s0 i 0 1 1 2 o 3 z 0 o 0 o
K NG N&

0.30060 2 2

QLIMCI)

0.44000 0451000

ALIM(T)

4.45097  5.20000

ALL)
7.44000 D.55000 692000 0.0 0.0 0.0
NAKS TRANSFORMED X TRANSFORMED Y TRANSFORMED Z

040 1.04X  040%Y 0.0%Z 0.0 0.0KX  L.0¥Y  0,0%7Z 0.0 0.0%X 0.0%Y 1.0%Z
0.0 ~1.0%X 0.0%Y 0.0%Z 0.0 0.0%X —L.OXY 0.0%Z 0.0 0.0%X 0.0%Y —1.0%Z
D.5000 1.0¢X Qe 0%7 Q.0%2Z 05000 O0%X —1.0%Y QD% [+ 144) Ve O%X DeGrEY ~1le0%Z
05000 —1.0%X 0.0%Y 0.0%Z 0.5000 0.0%X 1.0%Y 0.0%Z 0.0 0.0%X 0.0%Y 1.0%¢Z
0.0 1.0%X  0.0%7 0.0*Z 025000 0.0%X 1.0%Y 0,0%Z 025000 0.0%X 0.0Y —1.0%Z
0.0 1.05X  0.0%Y 0.0%Z 025000 0.0¢X —1.04Y G.0%Z 075000 0.0%X 0.0£Y 1.0%Z
0.5000 —1.0%X 0e0FY 0:0%Z 0.0 0.0%X —1.0%Y 0.0%Z 0-5000 0.0%X 0e0%Y 1.0%Z
0.5000 1.0#X 0.0%Y 0.0%Z 0.0 0.0%X 1o0&Y 0.0%Z 0.5000 0.0%X 0.0%Y —1.0%Z

K NANK a PL AR er AMASS

i C 0.0 0.0 0.0 040 0.0

2 H 0.0 0.0 0.0 0.0 0.0

J NAME  IKA  IRB x v z

1 c1 [y 0 —0.05690 0.13870 —0.00540

2 €z h 0 —0.13350 0.04600 0.12640

3 c3 1 0  ~0s07740 —0.09250 0.12950

2 Wl H 0 -0.09852 0.24030 ~0.00936



s wH2 2 o] ~0e23115 0.49766%
6 M3 2 Q ~0s13445 ~0415068
T XTRA 0 4] Ve -
1 NauME IsC JAC SMC FaC ARBC
1 ci [} 1 1 1.0 o -
2 C2 1 2 1. 1.0 o -
2 <3 1 3 Llae 1.0 o ~
4 Bl 1 4 1 1.0 [
5 M2 1 5 e 1.0 o -
€ 13 1 s e 1.0 2 -~
7T «TRA 1 7 2. 1.0 o
8 Ct 2 1 1. 1.0 1
9 C2 2 2 Xa 1.0 1
10 <3 2 3 1.0 1
11 HL 2 4 1.0 1
12 #H2 2 5 le Lan 1
13 H3 2 5 1. L.0 1
14 T4 3 1 1la 1.0 2
1S c2 3 2 1e 1.0 2
16 C3 3 3 1la 1.0 2
17 il 3 4 1 L.0 2
18 2 3 S 1e 1.0 2
19 H3 3 3 1 1.0 2
20 XTRA 3 7 1.0 2
21 C1 4 1 1.0 3
22 €2 4 2 1.0 3
23 <3 L3 3 j 1.0 3
24 H1L - 4 te 120 3
A% H2 4 S le 1.0 3
26 ©3 4 -3 1. 1.0 3
27 <1 S 1 1. 1.0 4
28 C2 5 2 1. 1.0 4
28 <3 5 3 te 1.0 4
z Hi 5 4 1e 10 4
31 #u2 5 S 1a 1.0 4
32 H3 S 6 1 X 1.9 4
A3 XTRA s 7 2 1.0 4
EL I | 6 i e 1.0 5 -
35 C2 L3 2 le t.o 5 -
38 C3 6 3 1a 1.0 S ~
37 Hi 6 4 1. 1.0 5 -
28 H2 6 S ia 1.0 s -
39 H3 5 6 1. 1.0 5 ~
A0 Ci 7 1 le 1.0 6
41 c2 7 2 le 1.0 5
42 <3 7 3 1a 1.0 3
43 M1 7 4 le Led ©
44 =2 7 S5 1e 1.0 5
45 w3 7 & 1. 1.0 o
A48 XTRA 7 7 2 1.0 6
47 C1 8 1 1e 1.0 7
48 €2 8 2 1e 1.0 7
49 €3 a8 3 1e 1.0 7
50 M1 8 & 1. 1.0 7
S1 H2 A 5 1. 1.0 7
52 Ha 8 6 1 1.0 7
ABOVE ATOMS USED TO COMPUTE STRUCTRRE Fac
REVISED AYOM LIST AFTER RELAXING SYMMETRY
Jo o NAMT IKA IRrR3 X Y
T Ci 1 i —0+05690 0.13870
2 cz 1 1 =0,13250 0.04600
2 C3 1 1 ~Qa. 0774 Q ~0. 159250
4 HI 2 i —0.09862 0.24020
5 H2 2 1 ~0.2251 S 0407965
6 H3 2 1 —0x33345 ~0.16068
7?7 XTRA [+] 1 0.0 0.0
a ci 1 1 0. 05690 ~0.43870
9 C2 1 1 D.13350 ~04 04600
14 C3 1 I3 0,07740 G.09250
11 H1 2 1 0e09862 ~0.24060
12 H2 2 1 0s23118 ~0.07965
13 H3 2 1 0.13445 0.15068
1 NAME 15C JAC SMC FMC  IRBC
1 C1 1 1 2 1. | L
2 <2 1 2 25 1.0 1 -
3 <3 1 3 2e 1.0 |
4 M1 1 < 2e 1.0 T -
5 H2 1 S Z2e 1.0 1 -
6 H3 1 6 2a 1.0 ) St
7 XF¥RA 1 7 2 1.0 1
g C1 1 8 2. 1.0 1
9 (2 1 2 2 1.0 1
10 C3 1 i0 2. 1.0 1
11 Hi 1 1 2a 1«0 1
12 A2 1 12 2« [s] 1
13 w2 1 i3 2 4] 1
14 Ci1 3 1 2e ] 3
15 &2 3 2 2, 1.9 3
16 <2 3 3 24 1.0 3
17 M1 3 4 2s 1.0 3
12 HZ 3 5 2. 1.0 3
e H3 3 6 2 1.0 3
20 XTRA 3 7 2. 1.0 3
21 Ct 3 8 20 1«0 3
22 <2 3 9 2 1.0 3
23 C3 3 10 2 1.0 3
24 H1 3 1% 2. 1.0 3
23 H2 3 12 Ze 1.0 3
2& H3 3 13 2s 1.0 3
27 CL 5 1 2. 1.9 S
28 ¢z 5 2 2. 1.0 5
29 €3 5 3 2s 1.0 S
30+ ) 4 24 1.0 5
31 H2 ) s 2 1.0 S
32 H3 s 6 2. 1.0 s
33 XTRA 5 7 2 1.0 5
24 cy 5 a8 2 s -
35 C2 5 9 2e 1.0 5 -
36 <3 S 1o 2s 1,0 5 -
37 Hi S i1 2 1.0 5 -
3a M2 5 12 2. 1.0 5 -
39 3 S 13 2 1.0 5 -
40 C1 T 1 2 1.0 7
a4y c2 7 2 2a 1.0 7
42 C3 7 3 Ze 1.0 7
43 1 7 4 Ze 1,0 7
44 w2 7 S 2» 1.0 7
49 3 7 6 2a 1.0 7
46 ATRA 7 7 2e 1.0 7
47 C1 7 8 2. 1.0 7
8 C2 7 9 2. 1.0 7
49 <32 7 10 2a 1-0 7
S5a M1 T 11 - 1.0 T
St H2 7 12 2e 1.9 7
52 M3 7 13 2 1,0 7
ABOGVE ATOMS USED YO COMPUTE STRUCTURE FAC
ZMC
450
1 MAME(T) ZAMCTY
1 C1 -0

2

cz 1.0

Oe«21886
9.0
xc ¥C
C.05490 0.13370
0413350 0.04500
0s07740 ~0a 09250
Ced9BE2 0» 24030

Qa23118 007965
0e13445 ~0.16068
.0 0.0

0.05620 -0, 13870
0u13350 ~0.04600
007748  0.09250
02023862 ~0.24020
0a23L15 ~0e U965
0513845 0a L8066
0+44310 0.35130
Da365650 0a45400
D«42260 0.59250
0,40138 0.25960

0. 54600
0e40750
Qo 74080
CaS796%
D,63445 Gae339032
0+ 0SEI0  0.63B70
De 13350 De 53600
0,07740 030750
009862 0.7404Q0
0a2311S  0.57965
Us13445 Qe33922
*0

0405690
0413350
0. 07740
0., 09862
Da23LL5
Oa 13445
D

“0s 28040
~06 07965
0.165068
0.0
0.13870
0.04600
e DHZ50
06 240410
Qa26B888 0. 0¥7965
0.3E6555 —~0.16068
T10RS

CONSTRAINTS

~0.00540
De12640
0+12980
—~0.00928
DaZ2l BES
Qu224

~0,22495

X< YT
0. 05690 0443370
0.12350 0.04600
0407740 ~0.39250
0.09862 0.24040
023115 007965
0013445 ~0.16068
0.0 0.0
Ou05690 -0.13870
0+ 13350 —0u (4600
0407740 0.09250
0509862 -0.24040
0e2311 85 ~0e07I6S
0a13485 0,15068
044310 0.36130
Qe36650 0.45400
0:-22260 059250
BalQ138  0.25960
0a26885 0.4203%
0.3563555  0.65068
0250000 D.50000
053690 Ga63870
0.&83350 VuS6600
0457740 0,40750
0a59362 Qe TRO4Q
0473115 Qa57965
0~03545 0.33932
0403690 0.63870
013350 G- 54500
N297740 0.40750
0.09362 Cs 74040
0+23118 0N.57965
0.13%45 0,33932
0.0 Ce50000
005590 0.36130
D13350 0.456¢00
007730 Qa59250
0409862 0.25260
0623115 0.32033
0,13345 055068
G«55690 -0.13870
0463350 ~0.04600
0.57760 0409250
0.359362 —0,24040
0+73115 ~Da07T96S
0.63845 ov16068
0.50000 0.0
N.84310 D LIETY
0.36H650 0.04600
0442280 ~0.09250
040138 0s 24040
0626885 0007965
0433355 ~0:15063
TORS

zc
~0a.0G540
0e12640
0x 429959
~0s GUGISH
0e2l 886
Oa 22495
040
0. 00540
~0a12840
~02a12950
0400935
~0¢21386
Qe 228953

~D.12950
0.00%36

~0.21886
—~0e 22495
[ 0]

~0. 00540
Pe12640
0. 12959

-0, 00936
0.21885
0w 22995
G2 50540

Qe T2495
0.50000
0450540
037360
037080
0.30936
Qa2B114
De 27505

zc
~0a. 00540
Qat2640
312950
~0.00936
021886
Qal2495
Da0
0000540
~0e 128540
=0, 12950
0.00938
~0.21886
~0.22495
8,00540
~0sl2640
~-Q.123%50
0.00935
~0e 21886
~0. 22495
DeC
~Qa Q0S40
Qe 126480
0412950
~0.00936
021886
Du 22495
050540

Q7186
0. T2495
0550000
Ja 50540

05275085

137



3 <3 1.0
4 HL 1«0
) H2 1.0
) H3 1.0
7 XTRA 1.0
a Cci 1.0
9 c2 1.0
10 c3 1.0
11 H1 1.0
12 HZ 1.0
12 H3 1.0
J 12¢a) TU(J) IV(J)Y TW(J) SSR(J} STR{J)
1 7 o 0 [} 0.0 0
TACT 1CT D2
1 2 4 10 ) V] 4] 0 [+]
2 1 3 5 Q o 0 o] 3
3 2 6 8 [ o [+] o] 0
8 3 9 1t o o] o Q o]
9 a 10 12 Q o [s] 0 [o]
10 1 b 13 o o o o o]
L8CI LBCJ
1 2 4 i 10 2 3 2
KP&S KPW wOoBs S1GHWO
0 o] .0 .0
I NAMPLT) P DP(1) PMNCL)
1 2.C 244023720 0.010000 0
2 PLH 5.702180 0,010000 Ge O
3 BCC B7.802100 0.010000 2.0
4 3CH 15656200 0+010000 Ds 0
S B 2,791700 0,010000 0«0
© cCcC 3.600000 0.010000 Q.0
4 CCH 3.670000 0.010000 0.0
a CHH 3.740000 0.010000 0.0
9 an 0.L53000 0.001000 0.0
10 A 7+440000 0,0000t0 64440000
11 8 9.550000 0003010 Be55Q000
12 C 64920000 0000010 5920000
13 COSA 0.0 0,000010 —0.200000
14 cos8 0.0 Q.000010 - 00900
15 cOsG 0.0
16 RX C.0
17 RY 0.0
18 RZ 0.0
19 TX 0.0
20 TY 0.0
21 Y2 0.0 0,00001¢ -0.500000
[]a) NV NOV LS IWT
& 6 4] o

TEST PROBLEM 2A.

CYCLE 1

CSF
4.471021
44475676

SOK
-27.992757
SGK

89748
81217

NN
-
.e

-

I3}

G000 00CR00OO000D0000000DOOX
I

0000000 0ECDOBR0OCO00R00000000R00X
@

CO000000R00ROD000000OVONC0DRROO00CD0ON
oL

-

-
PR APUNNUR O~ P UONOWR=OND= W= ONONT @™
- -

-

-
NQO=ENNDWWOONDPOOWNUIW

-

.-
NhOa=WOOUdOW

-

[
U
occor0OO=000
1

OMMeOEmm=O00R0a000

co0Qo=a

coowo~oO0OOOG™

|
I
OmO=QOOMAmOQ ™
-
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MINIMIZE ENERGY BY NEWTON®S METHI
SENZENE. POTENTIAL OF WilLLIAMS AMD STARR (1977} »

VSF
-4 ,840258
-4 ,842977

SPLK
-36.108733

SVl
16.9206048
16842313

GM R
1.00000 1.02000
1.0Q0000 1.02000
1.00000 1.02000
1.00000 1.02000
1.00000 1.02003
1.00000 1.02003
100000 1.38713
1.00000

2409681
2409681
2.09790
2.09790
2409930
2003930

1.00000 3.18100

1.00000 318100

QMAX
0.240000
Ce.510000N

SPPK
6e830180

WR
7+004175

7.093283
NAMES
Ct H1
Cc3 H3
c1 H1
c3 H3
ca H2
c2 H2
c2 c3

c3

c3

c1

c2

c2

H3

H3

H3

Ci

H2

HZ
c2 H1
c2 H1
c3 H1
H1 c3
c1 H2
c1 H2
C1 c3
c1 c3
H2 H3
H2 H3
<2 c3
c3 c2
i H3
H3 H1L
cl c2
c2 cy
Hi H2
H1 H2
H3 H2
H2 H3
H1 H2
H2 H1
H3 H1
Hl H3
c3 c3
ct ct
H1 H3
H1 H3
c2 c2
H1 H3
H1 H3
Ci H3
Ccl1 H3
Cc3 H1
H1l Cc3
<1 H3
Cc1l H3
c3 H2
c3 H2

SXR(J)
0.0

T1AZ
[

[SX-T-X-11

PE-Y-X-2-1-3
[2X-X=X-1-7=}
coecoo

ngll) KP{ 1

04200000
0.200000
0200000
0500000
0+500000
0.500000

NE
3a

MAX
4.450000
5200000

CMD Dw
~Te623 -121.643
~7Te623 -121+643
=7e623 ~121.643

=T.623 —1214643
—7+623 -121.617
~74623 -1214617

06 -81.016

-3.710
- (o]

—2e440

SYR{J)
[

[oY-X-Y-Y-1-)

138

SZRLJ}
0

C-1-2-1-T-}

Ka(1

np
C-H BDND S3HORTENED.

POOMR=mOOORHROO00000O0~

TRl
0.0

DKT(KQ}
!
0.0
0.0

0«0

J) TR(2.)
0.0

[ Q 0
o o Q
o 0 o
[ [+] Q
0 [} 0
o 0 o
8 1L
sPOLy
0.0
0.0
040
0.0
0.0
Q.0
0.0
-0
0.0
«0
0«0
0.0
0.0
0«0
0.0
0.0
De0
Q.0
0.0
Qe 0
00
01-086-81
NSRB
66
66

TR{3+J1}
0.0

IS3P(1}

PPPPPPPPPPRPPOOOCOOORD



-1 ¢ 0 S 47 1.00000 3,18174 H2 c1 —20434 —0s132 002133
o 0 0 1 51 1.00000 3181734 C1 H2 —2.442 -0s 132 0.133
-1 o 0 5 a8 1.00000 3.19544 H2 c2 —2.433
Q o [«] 2 51 1.00000 3.19544 C2 H2 —2s433
-1 0 -1 2 a4 1.00000 3.22604 C H2 —2.410
o 0 Q9 9 S1 1.00000 3.22604 (2 H2 —2a410
-1 0 0 5 49 1.00000 3.23114 H2 c3 —2.407
o 0 o 3 S5 1.00000 3.23114 3 t+H2 ~244G7
-1 0 -1 1 &4 1.00000 3.23663 (1 M2 —20402
o 0 0 8 51 1400000 3.23663 <1 H2 ~2o402
0o 0 -t 4 25 1200000 3425293 w1 ca2 =24320
o 0o 0 2 37 1.00000 3.25293 cC2 Hi ~2a0390
o 0o 0 1 6 1.00000 3.32387 <1 H3 ~2e339
o 0 o 8 13 1. 00000 3.32387 C1 H3 ~2,33%3
9 0 0 3 4 100000 3.32499 C3 H1 —2.339
o 0 010 11t 1400000 332493 C3 Hi
0 0 0 213 1400000 3.32943 (2 H3
g 0 o9 & 2 1.00000 3J.32983 M3 ce
e o o 3 12 1400000 333109 C3 H2
a o o0 S 10 100000 3.32109 H2 3
g 0 o 2 1t 1,00000 3,33456 C2 H1
0o 0 0 4 9 5.00000 3.334S5 HI1 c2
o o0 [¢] 1 12 100000 3.33512 <C1y H2
BOND DISTANCES
IA JA WD
c1 c2 1 2 0+0Q
ci HL 1 4 0.0
c1 <3 1 10 D.0
[o5-3 c3 2 3 0.0
[o¥4 H2 2 S 0.9
c3 H3 3 6 0.0
c3 c1 3 8 0.0
<1 c2 8 9 0.0
< H1 8 11 0.0
c2 c3 9 10 00
c2 HZ g 12 0.0
c3 H3 10 13 19200 0.0
BOND ANGLES
1A JA KA ALK WA
c2 [o3 ) H1 2 1 4 119.588 0.0
c? c1 €3 2 1 10 113,381 0.0
1 Ci <3 4 1 10 120430 0.0
c1 c2 €3 1 2 3 11G.354 0.0
c1 c2 H2 13 2 5 120,12 0.0
<3 c2 H2 3 2 S 120433 0.0
cz c3 H3 2 3 6 113457 0.0
ce <3 Ci 2 3 a8 120.84 a.0
H3 c3 (91 [ 3 8 119.79 0.0
c3 [} c2 3 8 2 113.81 0,0
c2 c H1 3 8 11 120430 0.0
c2 c1 H1 9 a 13} 1134388 Qa0
c1 c2 <3 8 9 10 11554 0.0
c1 ce H2 8 9 12 120a32 f.0
c3 c2 Ha2 i0 9 12 120433 Qe 0
cl1 c3 c2 1 10 9 120,84 G.0
c1 c3 =3 1 10 13 11979 Q.0
c2 <3 3 9 10 13 119457 Q.0
CONFORMATION ANGLES
IA JA KA LA CHNF wWLCF
H1 ct cz c3 4 1 2 3 173.32 €-0
M1 Ci c2 Hz 4 i 2 5 —0400 0«0
c3 <1 cz2 c3 10 1 2 3 ~ta37 0.0
c3 c1 c2 H2 10 3 2 S L79a31 Q.0
cz2 c1 C3 c2 2 1 10 9 1.38 0.0
c2 i <3 H3 2 1 10 13 -179.31
H1 ci 3 c2 4 1 1G 9 —179.30 0.0
H1 ci <3 H3 L4 1 30 13 0a 00 -
ct c2 c3 H3 1 2 3 6 ~t79.31 0.0
c1 cz 3 i 1 2 3 8 1+38 0.0
2 2 3 H3 S 2 3 (4] 0200 Qe 0
H2 c2 <3 [of § 5 2 3 8 ~179.30 0.0
c2 c3 ct c2 2 3 8 9 —-1.38 0.9
c2 €3 c1 H1l 2 3 B8 11 179.30 0.0
H3 <3 <1 c2 -] 3 8 ? L7931 0.0
Hi c3 Ci H1 & 3 8 11 ~0.00 0.0
c3 ci c2 €3 3 8 @ 10 1437 Q.0
ca ci €2 Ha2 3 8 3 12 ~179.31 0.0
Hi <1 cz2 3 11 8 2 10 -~179.32 0.0
Hl Cci c2 H2 13 8 9 12 0.00 0.0
c1 ce c3 c1 8 9 10 1 ~1.38 0.0
Cl ca €3 H3 8 9 10 13 17931 0.0
H2 cz2 c3 C1 12 9 10 1 179.30 D0
H2 e 3 H3 12 9 10 13 ~0s 00 0a0
wC wv WR wX WY
~2:335 -~17.219 7093 0.0 —12.462
TEST PROBLEM 2A. MINIMIZE ENERGY 3Y NEWTON'S METHCD 01-~06-891
BENZENE. POUTENTIAL OF WILLIAMS AMD STARR (1977). C-H BSOND SHORTENED.
wDas WCALC BEFORE CYCLE 1
aG ~12.4518

DERIVATIVES BEFUORE CYCLE 1
ODW/DP{1IDP{J) FOR 1I=
12 A 1

J O NAMPL ) DYC(d) 12 ¢ 16 RX 17 RY 18 RZ
10 A —~0. 3839 3.8350 1.0349 2.3891 118948 ~5,3282 Sa1128
1t B ~0 459563 1.0349 2. 1567 te1361 208062 0n5¢74 ~1.8993
12 C —0e. 5161 2.3891 1,1361 33,5939 =3.0774 2.6013 1.6005
16 RX D+ L3587 18946 2.8062 =3+0774 8343360 ~0.0504 13.8940
17 RY ~0.6006 ~S.3282 0-5174 2:.8013 ~0.0504 39.1510 ~8a4989
18 RZ 0a2906 S5.%128 =1.8993 1.6005 13.8940 —8.,4989 23.6989

RDWS SDYS
0.1110510 01 021233230 01
NUMSER OF PASSES AND TIME SPENT ON VARIOUS PARTS DF ENERGY CALCULATICN FUR THIS CYCLE
N SEC AVT

¢
INETLAL 28 0.0 0.0
COORDINATES 28 008 060021
SLOW RECIP 1 0407 00700
FASYT RECIP 27 171 0,05633
UNIT CEL, 15 0.0 00
SLOW DIRECT 1 0,32 0. .3200
£ AST DIRXCT 27 1.04 0. 0385
310w CONFIG 1 0.03 0, 0300
FAST CONF LG 27 0.0 Qa0
TATAL TIME (SEC) 3,23
SUMMAT ION LIMITS FOR MINIMUM TIME
DEL X PROFPORT ICKNAL TN RELATIVE STRROR ©F RESULY
PRQ (5 RECCMMENDED QL IM
PHR 1S RECOMMENDED RLIM
PRK 1S RECOMMENDED VALUE OF CK
PRYT IS PREDICTED YOTAL TIME PER CYCLE FOR SECIPROCAL AND OIRECT SUMS
PRQ PRR PR PRT
7 .33230 3,71285 D.27742 V.99
JaAlB832 A,56784 0,26279 1.97
D.408%525 5.45454 (0.28600 3,16
0.55056 5614046 0.28825 4048
0. 00804 Ga 75926 0,28997 Se97

1057 0265997 7+36067 0.25073 771



SANCT)
A

140

16 RX Y 1

10 11 8 12 C 17 R 8 RZ
0.510640 V680233 0.527497 0,109543 0«159819 Q0205417

EVEC{1:J)
] A

J EVAL(J) 11 8 1% C L6 RX 17 RY 18 RZ
1 Qa2140 01 —0+660896 ~0.296303 —0.467945 ~0.,15718B3 04242572 -0,815814
2 0Q.1570 01 —-0.021752 0,507740 0.466600 =~0,225982 0.493374 ~-0.479089
3 0e113D 01 =0.127748 0.394547 -0.,242188 0.855316 04193757 -0.015843
4 0.934D 00 0.093833 0.,240561L -0.301581 ~0,128775 -00682440 -0.473120
S 0.1680 00 -0.2123856 0+546L84 —0.348162 =-0,405108 D=144143 04589271
6 0.617D-01 0699487 —0.,079537 =-0.540822 —~0.109387 Vs 416778 -0s.1619885
SAN{I?*EVEC{ 1,9)
J EVaAL(J) 10 A B 12 ¢ 16 RX 17 RY 18 RZ
) 0.21aD 01 —-04337480 —0,20L762 =-0,24683%9 -~0.017218 0.038768 -0.085415
2 041570 01 -0,011109 0,345736 0.246130 ~0.024755 0.078850 ~0.,098413
3 0.LL30 01 -0.065233 Qe268660 —0.127752 0.093694 Qe 03INDFGE  ~0.0032354
4 0.9340 00 0047915 0,299992 -0,159083 ~0.013106 =—0.1090567 -0.097187
S 0.,168D 00 =-0,112267 0371915 -0,183654 ~0.068377 0023037 0e1210%6
5 0617001 0357186 —0.054159 -0.285282 <~0.011983 0. 066608 —0.033275
SMATEBMATHSANSEVEC
4 ONAMPTLLY LrC(d) 1 2 S 6
10 A —~0. 3839 —247687 ~0.0670 ~0.0723 0.084%
11 B ~0.5963 —-0.9309 1.1720 Q1348 —040072
12 C —Qe5161 L.3904 —0.1109 —0.0632
16 RX 01367 =3.2426 ~Q0.6214 ~0.0616
17 RY —-0.6005 4.8523 Gel515 Oe1608
18 RZ 0.2900 —~4.3303 ~3.6659 Qed 820 ~De0486
FARAMETERS AFTER CYCLE 1
4 NARMP oLD P CHANGE NEW P ERR
10 ?.4200600 —0.054042 7. 385958 2¢446508
Ty 8 9,550000 -0.,308500 94241500 1,250818
12 < 20000 0036751 60236751 1,808869
i6 RX 1] 18533 0. 018533 0.025089
17 RY ~0+025348 ~-0.026348 0.103647
18 RZ -0.023601 —-04023501 Oy 138643
TEST PROUBLEM 2A. MINIMIZE ENERGY BY NEWTON®S MZTHUOD 01-06-81
DEWZEME. POTVENTI AL OF WILLIAMS AND STARK (1977j. C-H BDHD SHORTENED.
CYCQLE 2
wC wy wWR wX wT
-2,480 —18.795 8,731 0.0 -12.545
TEST PRUSLEM Z2A. MINIMIZE ENERGY BY NEWTON®S METHOD 01-06-31
AENZENESs POTENTIAL OF WILLIAMS AND STARR (1977}s C-H BOND SHORYTENED.
w0oss WCALL BEFORE CYCLE 2
00 —12.5%45
DERIVATIVES BEFORE CYILE 2
DOW/DP{13IDP() FOR [=
J NAMPI ) DY C(J) 10 A 11 ] 12 < 16 RX 17 RY 18 RZ
10 A 0.0809 4.7457 1.5652 25881 246514 ~T7+2697 642370
11 B 041602 L5652 3.2909 19977 2.8943 144934 —3.3430
12 C Qs+ 1S30 2.5881 19977 4.5370 ~#a2327 5535¢C 11577
16 RX 0.0082 2+6514 2+8343 -%4.2327 95.8958 —0.8017 20.6461
17 RY 042626 -742697 14934 545350 —0.8017 S8. 0556 ~102936
18 RZ ~0«1549 642370 ~ 332440 1.1577 20.6461 -10.2936 3le4228
ROWS S50wWs
0.385504D 00 0.148613D 00
PARAMETERS AFTER CYCLE 2
1 NAmMP oLD P CHANGE NEW P
10 72385958 0005352 74321309 Ce 734726
11 ] 9.241500 0.038753 9,.,280253 0.505158
L2 c 6.956751 04009379 66966130 0.568261
1€ RX 0.018533 -0.000618 0.017915 0.010377
17 RY ~0.026348 0003156 -0.023192 0.030664
[} RZ -0.0235601 -0-000773 -0.024373 0.055802
TEST PROBLEM 2Ae MINIMIZE ENERGY BY NEWTOM'3 METHOOD QL~06-81
BENZENE. POTENTIAL UF WILLIAMS AND STARR (1977)e C-H BOND SHORTENED.
CYCLE 3
C VSFE GMAX NF
44316946 -4 ,570555 0s 440000 19
4,323045 -4.,573151 0.510000 32
SQK SPLK SPPK
—27.992757 —~37.155395 6-8230180
SGK S5VYDw WR RMAX NSREB
21.209902 16.425523 84308282 4.450000 66
21.207870 16336318 B+414729 5200000 56
GX GY GZ 1 J GM R NAMES CcMB vOow
o o O 1 4 1.00000 1.02000 C1 H1 =74623 -121 4643
o 0 [} 3 6 1.00000 1.02000 C3 H3 - -121.,643
g 0 a 8 it 1.00000 1.02600 C1 H2 ~7.623 ~1214643
¢ 0 4 10 13 1.,00000 1.02000 C3 H3 ~7.623 ~121+643
o 0 a 2 5 1.00000 1.02003 C2 H2 —7.623 1214617
o 0 o0 9 12 1.00000 1.02003 (2 H2 ~7.623 -121.617
9 0 ¢ 2 3 c2 3
0o o0 0 9 10 c2 c3
[ o [ 1 10 ct c3
Q o o 3 8 c3 c1
¢ o0 0 1 2 Ci cz
o 0 ] 8 9 c1 c2
0 0 0 2 6 c2 H3
¢ 0 90 913 cz2 H3
o 0 Q L 13 C1 H3
o 0 0 6 8 H3 c1
o 0 0 3 5 €3 H2
0 0 0 10 12 €3 H2
9 O O 2 4 c2 H1
g 0 0 9 11 c2 HL
o 0 ¢ 3 11 c3 Hl
o 0 0 4 10 HL c3
o 0 0 1 S il H2
o 0 9 8 12 Ci H2
o 0 Q 1 3 Cc3 <3
¢ ¢ 9 8 10 <L c3
6 o 9 5 6 H2 H3
0o 0 0 12 13 H2 H3
o 0 0 2 10 1.0000C 2440730 C2 ca
o 0 0 3 9 1.00000 2.40730 C3 c2




o 0 Q 4 13 160000 H1 Qa0 1.0
a o0 o0 5 11 1.00000 H3 1 00 1.0
¢ 0o o 1 ? 1.00030 T 2.0 1.0
o 0 0 2 8 1.00000 c2 D0 1.0
e ¢ 0 4 5 1.33000 1 0.0 1.0
0 0 0 i1 i2 1.00000 M1 0.0 1-0
R M 3 ] 5 25 1,2G000 H3 De171 [+ ]
-1 2 0 s I5 1aGo0nn 12 Dal?} Qa9
a 0 -1 4 38 1. Go0u0 H1 2. LE3 N0
0 0 © S 2¥ 4500000 HZ 0.3 Qa0
-1 -t Q & 24 1.G3000 H3 Ga101 0-0
=1 [I ] A Z6 1.Q0000 H1 Yo i1 2.0
0 -1 =1 1% 2% 1-00000 H1 0. 0U% C-0
a o ¢ 4 3z 12 G000 Hi DaGww 0.0
e 2 o0 3 10 1. 00000 <3 w0 ta0
-1 0 -~ 4 45 14030000 HU 0089 0.0
0 0 0 11 52 1.Q0000 Ml Lo 0839 0,0
¢ o O 1 8 100000 (o ] Dald »
a o 0 2 2 1200G0 ce Q.0 10
-1 0 -1 1 = 1203000 (o5} Do 307 020
o o 0 a 100000 2.95398 C1 2a307 Da0
-1 -1 0 3 106000 297495 C3 D.288 6.0
~1 2 0 4 Q0000 2.3T749% #H1 Dazl4 0.0
¢ -1 -1 a 1.00000 2.97671 c1 Fa282 0.0
a 0 0 1 140800608 2.97671 cti 8,232 0.0
[ A 1. 02000 315995 i1 0. 839 0:0
0 ¢ o 2 v 100000 33,1639 C2 Qs 33 0.0
-1 [+] o 5 2<00000 3417209 HE Do 136 0.0
o 0o o 3 FaQ00n0 317209 C3 Oal33 9,0
~1 0 0 S P-00000 J.1727u M2 D137 2.0
o 0 o =2 1.90030 3.,17279 C2 D147 0.2
-1 0 -1 L 1.30000 3.19029 i Val2w 0.0
¢ 0o o 3 = 100000 2.0w025 1) Do A3 0.0
-1 0 [ 5 {10000 3.20384 RH2 0,120 0,0
¢ o0 o 1 t.G3000  3.2488% C1 Dalza 0.0
-1 0 -i 3 1.00a300 Bo 22055 L3 D118 D20
0 ¢ 010 1,30000 3,22055 €3 Dedil 0,0
-1 0 -1 2 2. 00000 FLP2G03 <2 Qaliz2 0.0
¢ ¢ ¢ 9 100000 3,22903 2 0,112 0.0
-t -1 [+] 3 00000 3a29G04 0-0386 0.0
~1 ¢ 9 2 1.00000 JACUY0S Q0B 0.0
g -1 s 3 1.00000 331124 Qo082 2.0
¢ 0 -1 0 12 3C0060 3.31t24 D33 0.0
o o 2 1 6 1.0GL00  3.3L3IBT -0 1.0
o o o 8 13 1. 00200 3.32387 2 20 1.0
o 0 o 2 A 100000 3432499 81 Q.0 1.0
e 0 0 10 12 t,00000 Je3E399 191 0.0 1:0
g 0 O 2 13 1.00000 3a32943 « 101 B0 1.0
9 0 0 6 9 1.30200 3432943 -Za 3385 =05 103 DEY:] L.0
o o o 312 1. Q0000 3.3300¢ ~2,334 =0 1G0 9.0 iSO
BLHD DISTANCES
1A A wo
c1 2 3 2 Qa.Q
C1 i) 1 4 5.0
c1 c3 L 19 2.0
cz 3 2 3 [T
ce HZ 2 5 1,0200 Gan
Cc.x H3 3 6 120200 0-0
c3 (251 3 8 L3098 Ga0
c1 c2 a 9 13920 Ga 2
(b § “e 2 11 1.0200 Qs 0
cz2 c3 2 10 1,387 0.0
Tz H2 9 12 1.0200 Ca.0
C3 43 10 13 1,0200 G0
BONG ANGLES
1A JA KA L3 WA
c? c1 2 1 4 3 0.0
ce Ci 2 i 10 i Ce0
H1 Cct 4 1 19 a 0.0
ci cz 13 2 3 & Qa2
c1 2 1 2 S z 00
c3 c2 3 2 S 3 Jal
ca €3 2 3 & w Sy 0.0
c2 w3 2 3 a - Ha 0.9
H3E c3 ) 3 8 Pl a0
cx (55} 3 8 9 »81 0.0
c3 <1 3 8 11 9. 30 Ca0
cz i 2 2 1 -85 Da0
cl1 c2 B8 9 10 ¢ 0.0
c1 c2 8 9 12 2 C. 3
cz2 c2 10 9 12 33 o s]
cl c3 1 10 9 % Q=0
ci €3 1 ig i3 4 2.0
cz <3 b2 10 13 7 Dald
CCNPORMATT CN ANGLES
1A A KA LA wWCF
H1 c1 4 1 2 3 0= C
H1 c1 4 1 2 ) Qs
c3 i 19 1 2 3 a0
c3 i 10 1 2 5 Qo0
cz Ci 2 1 1o 9 Ga
cz ci 2 1 10 13 Gul
=1 ci 4 1 i 9 0eQ
H1 c1 <3 4 1 30 13 Qe
(=% ce C3 i 2 3 & 0.0
c1 c2 ©3 1 2 3 a 2 234)
42 2 <3 S 2 3 ] [cERe]
H2 ce <3 5 2 3 B T»0
ce c3 <1 2 3 8 k] 0.0
ca2 c3 (o § 2 3 B8 i1l 0.2
H3 c3 i € 3 a 9 0.0
M3 <3 <1 6 3 3 11 3.0
c3 ci c2 3 8 9 10 Qe G
c3d [} c2 3 8 3 12 00
H1 c1 2 11 a 9 10 2.0
H1 ci <z i3 8 k4 12 G0
c1 cz2 8 9 10 1 C=0
ct c2 [ ] 9 i 13 [ 2]
H2 cz2 < 12 < 10 1 0.0
M2 c2 <3 12 9 1a 13 e 0
a v WR wX LN
—2:452 - i8.502 Ba415G G0 -12:354%9
T PROBLEM 2A. MINIMIZE ENERGY £Y NEWTONTS METH 01-06--81

THOO
MY ZOVENTIAL 0% WILLIA AND STARR {(1977). C~H BOND SHORTENED.

wOBs WCALD Bia
2.0 125492

HEFRLS CYCLE 3

NANPL JG
A

OF PASSES i ! » ), i} TN CTALCULATIN FOR THIS CYCLE
AVT

THATES
fFCLP

(e}
&1,
1
B



FAST RECIP 12 0e72 Ges 0600
UNTT 8 0.0 0.0
SLCwW 1 0433 Qe 3300
FAST 12 0.49 Q. 0808
SLCW 1 0.02 Ge.026C
FAST 12 Qa0 0«0
TOTAL TIME (SEC) 1464

SUMMAT 10N

LIMITS FOR MINIMUM TI®
P

ARRERR KRR AR ERR KRR RR R KRR ER R ARK IR C BT KR KL FH S KRR TR R

2

i3 ROPORTIONAL. T RELATIV ERROR QF RESIAT
1S RECOMMENDED QLLIM
IS RECOMMEND RLIM
iS5 RECOMMENDED VALUE OF CK
1S PRECICTED TOTAL TIME PER CYCLE FOR RECIPROCAL AND DIRELT SUMS
PRG PRE PRK PRT
0435108 3.52052 0.29257 0+51
3 D+44139 4,42608 G.22823 1.01
A 0.,51578 S5.17122 0,30162 1.61
5 058064 S+ 82239 Q.30400 2430
g 0.63915 640913 0.30581 2.07
7 0.69602 6.97939 0.30562 3.97
J NAME 1KA IR8 X Y 4
1 Ci i 1 ~0.06180 0.1641488 -0.,00736
2 c2 1 L -0.13309 0.045645 0. 12765
2 C3 i 1 -0.07215 ~0.05487 0.13278
4 H1 2 i -0.10711 Fe28522 -0401275
< H2 2 1 ~-0.23043 0.08043 0w 2210%
& H3 2 1 —0a12532 -0.16480 023064
7T XTRA o 1 [ 0.0 0.0
A Cl 1 1 0206180 -0.14148 0.00736
g C2 [} 1 013309 -0.04645 —0.1276%
10 C3 i i 0.07215 0.09487 -0,13278
11 Hi 2 1 0.10711 -0.24522 0.01275
12 H2 2 1 0e23043 ~0.08043 -0.22109
13 H3 2 1 012532 0.16480 ~0.23064

TEST PROBLEM 2A. MINIMIZE ENERGY B8Y NIWTON'S METHOD 01-06-81
BENZENE. POTENTIAL OF WILLTIAMS AND STARR (1977}, C—H BOND SHORTENED.
¥OOE NC  NPC  ILSQ IWGT IPLM IPRT NSTG IBPC ARE SLIM CMPR XDRD EPSC
i 2 s o o [ 2 4 0 0.1000-03  0.1000-05 0.0 0.200D-02 0.1000 02
fLC SLH ec BCH BrH ccce cCH CHH
aH
24.02372 S.70218 87.80210 15.65620 2.79170 3.60000 3,67000 3.74000
0.15300
A NK A NS ICENT HXNEG HYNEG HZNEG NRB  NPX  NRP ICMB IVDW I1REP IMOL NCT [RSC TZAM IGEM IRBA
13 2 8 2 0.0 0.0 0.0 1 o 8 1 1 2 [ & 2 0 0 0
X} NV NOV LS INT
6 6 6 0 °
PARAMEYERS AFTER EACH CYCLE
4 NAMP DKT INITIAL 1 2
10 A 1,600 7.440000  7.385958
11 8 1.000 9.550000  9.241500
12 ¢ 1.000 6.920000 64556751
16 RX 1.000 0.0 0.018533
17 RY 14000 00 ~0.026348 -
18 RZ 1.000 0.0 —0.023601 -—0.024373
NVU [3 6
ROWS 0421110 01 0.3B55D 00
w ~12.4618 -12.5445 ~12.5492
HERREEREL D E TR KA RRFE LR AR REFEE R MR RN E R R I LK
DYNAMEC DIMENSIONS FDR ¥WMIN
NPCMAX NAMAX NKAMAX  NSMAX NREMAX NPXHMAX NCTMAX NSCMAX
9 13 2 8 ) 0 1 1
X NFSMAX NGSMAX NPSMAX  NPMAX  NOSMAX  NO®AX NVMAX
[ 50 700 12 21 6 3 6
1 2 3 a s [3 7 8 9
ARRAY ACZ AKE AM AMASS AN AR BR B8YTR CHAR
O [MEN- ¢ 9 [{ 0 ¢ NVMAX { NVMAX 4 1 4 ) NVMA X ( 1
SIONS *NRBMAX} * 0 ) * NVMAX) *NKAMAX ) * NVMAX) *NKAMAX ) FNKAMAX ) *NOSMA X} * NSMAX
wCRDS 9 [ 36 2 36 2 2 36 8
BYTES/WORD 8 8 8 a 8 8 ES 8 8
HEX ADDRESS 00000000 00000048  Q00GO04S8 00000158 06000178 00000298  0J00002A8  000002B8 00000308
11 12 13 14 15 16 17 18
ARRAY csv op oPC oPX oW DwDa oxa nv-
I IMER - 4 1 ¢ 3 { 1 ( 1 { 1 4 1 ( NVMAX .
srans £NGSMAX) NPMAX) HNOCMAX) FNPXMAX ) £ NPMAX) = NVMAX]) x NaMa~
WCRDS 700 21 9 0 21 6
AYTES/WORD a 8 8 8 8
HEX ADDRESS  00Q0OFO08  000024E8 00002590 00002508 00002508 000N~
119
21 22 23 24 - VN
ARRAY €Ps ERR EVAIL EVEC R ¢ 1
D IMEN- ¢ 1 « 1 ( 1  NVMAY r NVMAX) £ NVYMAX}
SIONS * NEMAX) * NVMAX) * NV MAX) * o o 6
PEEDH 21 6 & 3 8 a
8YT=S/WORD 8 e v 0000033 000DE23 Q000D S8 Q
HEX ADDRESS  00002E30  00002EDA - 8  00000EZ =
. 126 127 128 129
" X XYzC XYZD XYZIN
ARRAY HMT ( NANAx 1 § 4 3 { 3
D IMEN- ¢ P * NSMAX} * NAMAX! * NAMAX ) * NAMAXY * NAMAX
Stovs ° 104 39 39 39 3
#CRDS - 8 8 8 8 a 8
8y .ur630  000CFSD8 0000F6508  0GOOFAL8  DOOOFRSD 0009FCB8  000OFDCO 0O
132 133
ZAM zC
AR 4 1 { NAMAX C
NEMAX) x NAMAX) * NSMAX) *
104 13 104
4UR0 8 3 8
A ADDRESS N0N10030 Q0010370 00010308
8419 B8-BYTE STURAGE LOCATIONS HAVE BEEN REQUESTED. THE PROGRAM [S DIMENSIONED FOR 12000
CCMuIN/Se AND NST MAY BE DECREASED BY 3581 WORDS. THIS WILL REDUCE THE REGION JSED BY 27K BYTE

ISETA
[}

10
cmeY

< 1
ANGSMAXY
7"

3
+JOCFF8
120
VSV
4 1
*NGSMAX)
700
8
ao03E88
130
XYZR
[ 3
* NAMAX}
39

a8
OOOFEFSB



143

TEST PACHBLEM 28, MINIMIZE ENERGY BY MODIFIED ROSENBROCK SEMRCH 01-03-81
MCGRE NC NPT it.50 TwsT TrLM IPRT N3 18pC ARE SLIM CHMPR

3 2 9 o o o 2 L 0 05 100D-03 0.1000-0% DeQ
NAMPCCT )
PLC

] aco acn Bt4t4 CCo CCH CHr
Qid

PCLY)
2&»?5572 SuTOZL8 87.80210 15.65620 2.79170 3.60000 367000 3.74000
015300

oPCLId
Q01000 V.08000 0D.010G0 0.01000 001000 D.0t0200 001000 GeD100D

Q. 26888 0.07955 0.28L14

X2RD
B,200D-032

T PROBLEM 29, MINIMIZE ENERGY SY MUDIFIED ROSENBROCK SEARCH 0Ll-06-31
ZENE. POTENTIAL OF WILLIAMS AND STARR (1977). C~H BOND SHORTENE
153
4
MA N A N3 ICENT MXNSG HYNEG HINES MR MPX MRO 1oMB IvDw IREP ITMOL NCT IRSC
7 2 a8 2 d.0 0.0 0.0 1 8 1 1 2 Q [} 2
K NG R
0.22060 2 2
QL ImM{I)
24200 243000
FLINIT)
4,55000 5.43000
ACI)
7444000 DL 5000 &£.92000 0.0 0.0 0.0
NAMS TRAMSFORMED X TRANSFORMED Y TRANSFORMED Z
00 B 0%Z D0 Da0%X 1,04y CeO%Z Q-0 Da0%X Q-0%Y
2.0 B0%Z «0 Q.0%X —14,0%Y VeD#Z Cal UGe%X  GaGeY
045000 0aQ*Z QuS0GD 0.04X --1.0%Y V0% Qol V. 0%X  0.0kY
Q-5300 Fn0%Z Q5000 0W0%X 1,047 Dal&Z [ORe] Ba0%X  Qa0%Y
0.0 o=y 025000 0Q.0%X 1.0%Y VaO%/7 0.50090 CecO®EX  QolxyY
0.0 3 VaOnZ 0»5030 Da0&X ~1a.0¥%Y Qa0 RL 0«5000 Vs DEX QoDxY
0e3000 --1a0%X Qo 0%Y  Qo0%*7 NeQ 0a0%X —1.0%Y 0,057 05000 GadxX  0.0%Y
Q-5000 LaO%X Da0¥FY  D.txZ 0.0 Q0% X 1a0%Y 0eO¥T 045200 DaQ%X  DoO%Y
K Nawg Q PL AR B& AMASS
1 C 0<0 0.0 Q.0 0.0 0.0
2 0.0 0.0 0.0 0,0 0.0
J Ixa 1RB X Y 4
1 1 o ~0208690 0,13870 ~0,00540
2 1 [\] ~02 13350 0.04500 Qal2640
3 1 Q —0s07740 ~0.09250 Q412950
4 2 0 —0.09862 2.24040 -9.00938
s 2 4] ~3,23115 0.0798S 0218886
€ 2 Q ~0413445 ~U. 16068 0.22895
7 [} [} [} 0.0 0.0
T Isc Jac SMC FMC j§{-1w xC YC 7C
1 1 1 1 1.0 0 =0:05620 013870 ~0.00540
2 1 2 1. 1.0 0 ~041335Q GC. 04600 T4 12640
2 1 3 1a 1.0 Q —-0.07720 —~0a 39250 Jai2950
4 1 4 1. 1.0 0 ~0.09862 0.24040 -0.060936
) I3 S Lo 1.0 Q —0a2311% 0.07965 V«21888
=) 1 6 1. 1.0 0 0213445 -0.16068 0.22495
7 1 7 2e 1.0 ] 0n 0e0 @«
8 2 1 la 1.0 1 005690 ~0,143870 0a00540
9 2 2 le 1.0 1 0213350 «~0a04600 ~0,12640
10 2 3 1. 1.0 1 D-07740  0.09250 -~0. 12950
11 2 4 1. 1.0 1 Qs 0VEH2 -0.28040 000938
w2 2 S le 1.0 1 Da23115 ~0.07565 «N,21886
13 2 -3 le 1.0 1 0213425 0.16068 ~0.22495
1a 3 t 1le 1.0 2 Qas8317 0. 356130 0200540
[ 33 3 2 1. 1,0 2 0.365650 0.45400 —0.12640
16 3 3 1. 1.0 2 0,42260 N,59253 ~0.12950
17 3 4 1. 1,0 2 Oen0138  Q.25950 T+ 00936
18 3 S le la0 2 0-26885 042035 -0.21886
19 3 a 1 1.0 2 0.36555 0,66068 -0.22495
20 3 7 2. 1.0 2 0.30000 Gald
2i 4 1 1. 1.0 3 0.556920 ~ 0. 06540
22 4 2 le t.Q 3 D.63350 OBa12640
23 3 4 3 1. 1.0 3 Ba37740 012930
24 H1 4 4 1le 1.0 3 059882 ~0.,00%36
28 H2 4 S le 1-0 3 N=T311 5 Q.218806
26 H3 4 o 1l 1.0 3 0« B3445 0222465
27 <1 S L 1 1.0 4 0a.05630 D250540
28 2 s 2 1e 1a0Q 4 2.133%0 0«37 I60
23 C3 S5 3 1. 1.0 & 007740 D37 050
30 Wi 5 4 1l 1.0 [ 0,09862 0. 50936
3 w2 5 S 1. 1.0 4 0,23118 028110
32 H3 5 6 1e 1e0 a4 Oe13445 Da 27505
22 XTRa 5 7 2n 10 ° 0sQ Q350000
3a 1 6 1 1. 1,0 5 ~0,05690 0249460
1% c2 & 2 1 1.0 5 -0.13350 Ve 85400 Na62640
36 €3 6 3 1a LeQ S ~0.07740 0.59250 0. 62950
37 HIL 6 4 le 1.0 S -0.09862 0+25960 0249064
28 H2 ) S 1. 1.0 S 023118  0.42035 0.71886
39 H3 6 6 1.0 S —0a12445 Rat6063 Ca?2495
40 C1 7 1 1.0 % D.5569C ~0.13870 Qs 4IREQ
41 C2 7 2 1lse 1«0 6 0.HA335C ~0.04600 B 62640
42 <3 7 3 1as 1.0 6 0.57740 0.092350 Ge 52950
432 H1L 7 4 1a 1.0 6 D.5398562 ~0.26040 0249C64
44 H2 7 S 1 1.0 6 073118 -0.07065 0.713d6
A5 H3 7 6 1. 1.0 6 0.630435 0a160568 Q.72495
45 XTRA 7 T 2 1.0 6 Da50000 Q.0 G.530000
47 Ct 8 I3 1. 1.0 7 0.3331C 0.13870 0-50540
48 C2 8 2 1. 1.0 7 0.36650 0,09500 0a 37360
49 C3 8 3 1le 1.0 7 Ds42260 -0.09250 Va37080
S0 H1 8 4 1le 1.0 7 0.40138 0.24040 02 50936
Ha 8 5 1.0 7
H3

B 6 le 1.0 T 0236555 ~Ce16068 0.27505
ABOVI ATOMS USED T COMPUTE STRULCTURE FACTURS

REVISED ATOM LIST AFTER RELAXING SYMMETRY CONSTRAINTS
NARE IKA 1IR3 X Y

€ =0 0S620 0,13870 —-0,0054G

—0s 13350 0.04600 0.126%0

=0+ Q7740 -0 (I250 0,12950

~D,231L8 0.0796%5 021886
~0.13443 ~0,160868 D.22455
- 0.0 B

NON P LR -

X

=
QNN == =
- 1

i
o) o

&

Q

@

o

)

]

N

I

Py

<

rS

=)

©

by

©

1

D
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&>

1ZA

le
~1le0

]
o

oxz

*Z
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CalDd N2

1654
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8t i 1 0.05090 —0.13870  0.00540
9 2 1 L 0.13350 —0.02600 -0.12640
10 C3 1 1 2.07740 0409250 -0.12950
11 H 2 i 0.09862 -0.24040 0+00930
12 M2 2 L 0e23115 —0,07965 ~0.21886
12 H3 2 1 0.13445 0.16068 -C.22895
1 NAME 15C Jac SMC Fe  IRBC xC YC zC
1 <1 1 i 2 1.0 1 —0.05690 0413870 ~0,00540
2 c2 1 2 2 1.0 1 -04133250 0.02600 Ce12640
3 3 1 3 2. 1.0 1 —0.07740 —-04G9250 0.12950
a4 M1 1 4 2. 1.0 1 —0.09862 0.24040 —0.00936
S H2 1 5 2. 1.0 1 —0.23115 9H5 0.21308¢
& M3 1 6 2. 1.0 1L -0.13845 ~0.16068 0.22495
? XTRA 1 7 2 1.0 1 0.0 Qe 0.0
g2 <1 1 a 2 1.0 1 0.05690 ~0.13870 0a20540
9 C2 1 s 2. 1.0 1 013350 -0.04600 —-0.12640
16 < 1 10 2. 10 1 0,07740 0.09250 -0.12%50
11 L L L1 2. 1.0 1 0.09862 -0.24040 0.00936
12 H2 1 12 2. 1.0 1 0623115 —0.07965 —-0.21886
13 #H3 1 13 - 1.0 1 013445 0.16068 ~0.224S5
14 C1 3 4 2 10 3 0.44310 0.36130 0.00540
1z < 3 2 2 1.0 3 0.36650 0.45400 —0.12640
16 €3 3 i 2 1.0 3 0a4226C 0-.59250 ~0.12950
17 Hi 3 4 2 1.0 3 04401328 ~25960 0400936
18 H2 3 S 2 1.0 3 0426885 »42035 -0.21886
15 =3 3 6 2. 1.0 3 C:66068 ~0.22495
20 XTRA 3 7 2w 1.0 3 0.50000 0.0
21 1 3 8 2. 1.0 3 0-63870 —0.00540
22 €2 3 9 2. 1.0 3 0.54£00 Ge12640
22 €3 3 10 2a 1.0 3 0+30750 0e12950
24 HL 3 11 2. 1.0 3 0eT4043 ~0.C0936
25 H2Z 3 12 2. 1.0 3 0.579635
26 H3 3 13 2. 1«0 3 Q.33932
27 €1 5 1 2e 10 5 Q+63B70
28 c2 5 2 2. 1.0 S 0.54500
29 C3 S 3 2. 1.0 S 0.40750
30 HL s a 2. 1.0 5 0.74040
3t H2 S 5 2 1.0 S 057965
32 H3 3 =3 2a 1.0 5 n,33932
23 XTRA 5 7 2 140 5 0.50000
38 i ) 8 1.0 s 0.36130 0.424£0
e c2 5 9 2 1.0 s G.45200  0.62640
36 C32 5 10 2 10 S Q.59250 0. 62950
37 H1 5 11 2 1.0 S Ca2526¢ e 4920564
38 H2 5 12 2 1.0 S D+42035 0.71886
39 H3 5 13 2 10 5 0. 66068 Dae72%9%
40 C1 7 1 2 1.0 7 -0.13870 Qe4S2E0
ai cz2 7 2 2 1.0 7 - Qa6 00 062640
a2 C3 T 3 2 1.0 7 0.09250 0e 62950
43 M1 7 4 2 1.0 7 —0.24040 0.4506%
44 H2 7 5 2 1«0 7 -£.07365 C.71886
45 H3 7 & 2 1.0 7 0.16058 072495
a6 XTRA 7 7 2 1.0 7 0e 0 0.50000
47 C1 7 a 2 1.0 7 0.13870 050540
48 C2 7 9 1.0 7 Qe Q4000 037360
49 C3 7 10 1.0 7 0.42260 -0.09250 0437050
50 H1 7 11 1.0 T 0.40138 0.24040 0.50936
St H2 7 12 1.0 7 0.24385 0.07965 0.28114
52 H3 7 13 1«0 7 036555 ~0-16068 0a27505
ABCVE ATOMS USED TQ CO%FU STRUCTURE FACTORS
ZMC
4.0
T NAME(LY ZAMLE)
1 [3) 1.0
2 c2 1.0
3 <3 1.0
4 HL 1.0
< H2 1.0
£ H3 1.0
7 XTRA 1.0
3 (o | 1.0
9 2 1.0
10 1 1.0
11 H1 1e92
12 H2 1.0
13 H3 1.0
2 1z€5) TUCIY IVIJ) ERtg) SSROJ) STR{J} SXR{J} STR{J}
7 o o 0 0.0 0.0 0.0 Qe0
KPS KPw woos SIGWC
o Q [ d] 0.0
1 NAMT T P(L) oPii} PMM{T PUX{L} LGIR P K
1 L C 24.02372 0.010000 O. 0.0 o
2 PLH 5.702180 0.010000 Qe G 0.0 <
3 BCC 87.802100 0« Q10000 0e 0 0.0 Q
A 3CH 15.656200 0.010000 0.0 0.0 "]
5 Bt 2.791700 0.010000 9.0 0.0 Q
s cce 3.600000 04GL00060 De0 0.0 Q
4 CCH 3.670000 0.010000 0.0 0.0 o]
a Crirt 3.740000 0.010¢00 0e0 0.0 [
9 et 0.153000 0.001000 0. 0.0 [
19 A 72440000 @.00Q0010 64480000 B4440000 1
11 3 94550000 0.00001G 8.550000 10550000 1
12 < 62920000 0.000010 5.920000 7.920000 i
13 COSA 0.0 0.00001C =0.2GG000 0200060 [V
14 cQs8e 0.0 0.,000010 —0.200000 2200000 o
[B=3 COSG 0.0 0.000010 —-0.200020 Ge.200000 ]
L1e RX 0.0 0.000010 +—0.200000 Q.200000 1
17 RY 0.0 0.000010 —0.200000 0.200000 i
18 RZ 0.0 0«000010 =0.200000 0.2000C0 1
19 TX 0.0 0.00001C -—0.500000 0500000 o
20 TY 0.0 0.00C010 =-0.500000 0500000 o
z1 TZ [ ] 0000030 —0.500000 0.500000 [
NG NV NGOV L3 INT
L) © 6 0 [¢]

TEST PRDBLEY

AENZENE.
CYCLE 1
CSF
3.931619

3.,935607
S
~27 059665

K

20.785827
20.7R842%

GX GY GZ 1 J
o 0 ] 1L 4
o o o 3 6

2B

MINIMIZE ENERGY BY

POTENTIAL OF WILLIAMS AMD STARR

MODIF TED ROSENBROCK SEARCH

(19771,

C—H BOND SHORTE

SZR(J) TR(Le«J} TR
. 0.0 O
atl DKY{KQ)

Qe

0«0

0.0

0.0

VSF QMAX NFE
~3.5668453 C.420000 19
—3.66943% 0«430000 28
SFLK SPPK
—32.616885 54622002
SVDw wR RMAX
134519360 7039483 4.,650000 2
13.,239722 7.102872 5430000 4
GM R NAMES CMB vDw REP
1.000600 1.02000 C1 H1 —74623 —1214643 0.0
1.00000 1.02080 C3 H3 ~74623 ~121.6%3 0.0

EREREDY

0000000000000 ROLOO00
CO0000000RCROO00C00VO

{2.4)
[+

ELARS)

01-06-81

TR{3,J)}
0.0

1sePil)
a

PP EPPPPPPRFOOCOOCOO



11 1.00000 1.02000 C1 -
1 i3 100000 1.02000 C3 °
b 1400000 1.02002 (2 »
e LeQQQGco 102003 €2 -
3 1.00000 1e337L3 (2 ] .
10 1.00060 1.38713 (2 <3 -
- 10 100020 138944 (1 3 -
bl a 1-00020 1e38924 (<3 (o8 { -
2 1.030G0 139297 Ci c2 >
G 1..00000 139297 C1 <2 -
(] 1006000 2o 08830 12 3 -
13 1 =00000 208830 C2 H3 A
13 100000 2,06262 C1 T =
B8 1. 00000 2.09262 H3 -
S 1. 00000 2.00512 C3 -
10 12 1.00000 2.09612 C3 »
n 1.U0000 2a.09685 2 .
It 2.D0000 2.05681 C2 .
1 La8O0DN 2.09790 <3 13
10 i200000 2.09790 Hi -
= 1.00000 2.09930 Ci -
iz 1.00000 2.09930 Ct -
3 1.,00000 2.40204 Ci
(34 1.00000 2,40204 C1
& 1,00000 2.40%64 2
1 13 2+ 00000 2040564 H2
10 L.00000 2.40730 €2
S 1,00000 2.40730 <3
12 1200090 2.41086 #1
it 1.00000 2.4310686 H3
] L200G00 241225 <1
a 1.00000 2edl228 C2
5 1.00000 2-%1311L Hi
1 12 100000 2.3131%1 Al
-1 = 25 1.00000 2467419 H3
- 25 1.00000 Z.67419 H2
- 36 e 00000 2.T3 79 i
37 1.000008 2.7317Y H2
~ 24 1.00000 2,.73230 3
- 26 }.00000 2.73230  H1
10 TaQ0000 Z.76THY (3
a 1.00000 2.78216 Ci
-1 - 1 a9 L. 00000 2473798  H1

00000000 ACR0OrOmOmOMOHO=00MHMOmMOMODOORMeEOOrR=000000000000000R000000MNINTA0RDODO0C

COLVVOVOVIIVO OGO OUDRO~O-OQR0~O 0000 NRAmO008000000000N000RERAREDRGRCROV00TIBT

-
PERUWINOWERR PR RUSONNG = OWr IR UR == AN P W R ININC=IN=OSWNNND= D= PWONCWR = OND W= SN ONO®

S22 1.00000 2,811 41 H1

1
OOO0UORNODLEVYRTINGADROARNOII=I=DNRAIPOrRORAOrOIR~0000000R0000DORIVN0ERILOILOOOISDROE
CHOOVODOOODNOVNIDOONVOROV0C000DDODIDOORLVOERRDORDICOD000ODVVUODIOVOVOOCO00R0OD0

e, e, 000D 000U0V0ODOOOVODDO0 = O m D OO D D O o 1 m 1t i b ok 28 bt 1 b ol 1 1 et 4 4 7 o P o 0 O b o B ok B 1 ek o

» 3 650 0348 8 8o 6 5w AN LA A5 % EN0 Lra 3380 a8 NG N2t oo 3ase sy

-0:%500Q0000~04
-~ 0.1500000~03
~0+450G000~03

- - 45 1400050 2.96634 C1
52 1.00000 2.9863& 1}
-1 - 24 1.00000 3.04631 C3
- 23 2200000 3,04631% 3]
-1 - 39 1. GO000 3.07634 1
32 1.20000 3.07634 (1
- - A4 1.000660 3.18100 C3
1 54 100030 3.18100 €3
- 7 L.00000 348174 H2
St t.0%0000 3.08172 1
- 43 1.00000 3,.19544 H2
St L.00000 3.19%44 2
N - - a4 L.000600 3.22504 (2
51 100000 3e22604 2
- 49 1.00000 3.23114 H2
53 120000 3423114 (3
- -~ 4% LaQ0000 3.23663 C1
51 1. 00000 3.23663 1
- 35 1200800 3,25293 H1
37 1.00000 325293 (2
5 1. 03000 3.32387 Ci
13 1+20000 J.32387 {1
4 1.006620 3a32499 <3
1 i3 1.00000 332499 €3
13 2.08C00 3J.329043 C2
G L.00000 3432943 i3
12 100000 3.331069
10 LaD0000 3J.3ELOT
i 1.G0000 3.334556
G 1.00000 3332456
¥4 L.00000 3.33%512 —P«33L ~0a100 a0
wC W wR wX T
—2e336 —1T.22% Tel03 0.0 —12.457
TEST PROBLEM 28. MENIMIZE ENERGY BY MODIFIED ROSEMBROCK SEARCH Q1--06-81
BENZENE. POTENTIAL OF WILLTAMS AND SYARR (1977)e C—H BOND SHORTENED.
w0BRS WLALC BEFORE CYQLE 1
0.0 ~12.8574
SEARCH FOR MINIMUM ENERGY
¢ EPS{I} Pe{L) WTR
10 0«1000000-03 7-440100 —12.43731%
10 ~0,500000G2~04 7« 439950 —12,457376
11 N-10060000~0G3 9550100 ~12,457317
11 =~0.5000000-04 Qs 549950 ~12,457405
12 0. 4000GOD~03 $+920100 ~12.487354
12 ~0»5G00000~04 6919950 ~12.457431
16 0e1000005-03 0000100 =12.457445
16 0-300000D-03 0+0G00400 —i2.,357482
16 0.9000000-03 Q0.0G1300 ~12,487547
1& 0. 270000002 0.004000 -12.457338
17 Q+100000D~03 0.000100 —12.0657487
i7 =~ 0. 5000 000~04 —0.00005G ~12,457577
18 Ge 1000060-03 0090100 —12.437506
18 0.200000D-03 C«000400 ~124452692
18 D300000D~03 0.001300 ~12,85793G
18 0 2700000-02 0.004000 ~12.458%%4
13 0. 810000D-02 De012100 ~12.8594256
13:] 0«243000D~01 0036400 ~12,454221
L] 0a2800000 00 ~12.4539385
* -0.1250006D 00 ~12.459375
* D.635000D~01 ~12.45%430
3 —0.3000000L~-04 7439897 ~12.45G452
o —041S0000D=-03 7 ~12.459519
4] = 04500000~03 ~12.459718
aQ =063 35000002 —~12.460313
Q ~0+405000D~02 ~12«462055%
4 —021215000~01 —12,4856907
- ] —0.3645000~01 ~12.477991
[+ -~0.109350D0 00 ~12.a77017
i
1
1
1 ~0.1353000D~02 ~L2.4790L3

1 ~0.4050000~-02 ~12.,48L053

1 ~L2.486946

1 —L2.502493

1 ~12.5283106

1 : ~12 4366892

2 6 a 919897 =12 .528324

2 5 e Q13747 ~12.528349

2 6919297 —12.528425

2 60917947 “12.328645

2 =0 ©.913807F 29261

2 ~0+3121500D~01 Ha90LTLT SN6RS

2 ~0.3645000~-01 B .BOES22T ~12.531047

2 ~0+109350D 00 6 WTHEGAT ~12,8G4G31

6

R it 3 2 ko ot e o e o e e 74

Q=30000GD-03 De002281% ~12.532202




02500000 00
—0,122000D 0O
06250090001
-0.3125000-01

NOO RN~ QO**# A XDONNNNNNC

1 0.2700000-02 0.004981
1 -0.5000000-04 ~0.000103
1 ~041500000-03 —~0000253
1 -0.450000D0-03 -0:000703
1 ~0.1350000-02 ~0.,002053
1 ~0.4050000-02 —0.006103
1 -0.12i5000-21 -0.018253
t 0.81C0000--02 20956
1 -0.4050000~-02 0.008806

1 =0e3645000-01 7+350555
1 0.1822500-01 74405230
1 -0.109350D0 GO 9.2B1722
L 0+546750D~01 94245747
1 ~0.2733750-01 9.363734
1 ~0.364500D-01L 64830555
1 0,18225€0-01 6 885230
i 0.9000000--03 0.003151
1 0«270000D0-02 0005851
1 048100000-02 0.013951
1 =0.4055000-02 —0.009964
17 -0.121500D-01 ~Qa022114
18 -0.405Q00D~02 0.004859
18 -0.1215000-01 ~0..007291
i8 -0+364500D0-01 -0.043741
* 0.250000D0 00
* 047500000 QO
* 0.2250000 01
10 0.182250D-01 7.443388
10 ~0.911250D0-02 74416050
10 0+4356250~-02 7.429719
10 -0.22783i20~-02 7 .422885
10 0.1139060-02 7 4426302
10 69531D-03 7.424593
11 T33730-01 9.314185
11 20125D-01 9e232172
12 82250D—0C1 6.923388
12 0586750001 6.978063
16 0.2700000-02 0,012120
16 0.81000060-02 0.020220
17 —0.,405000D0-02 -0.017875
17 04202504QD--02 -0.011800
17 -0.101250D~02 —0.014837
18 -0.1215000-01 -0.0355386
18 0.6075000--02 ~0.017313
PARAMETERS AFTER CYCLE
1 NAMP Lo P CHANGE
10 A 7.440000 -0,014837 7
11 8 9.550000 =—0.23581S5 9
12 [ 64920000 04003388 =]
16 RX 0.0 0.012120 o
17 RY 0.0 ~3.014837 -0
18 RZ 0.0 -0.017313 =0

146

-12.531182

-12.533448
—-12.532771
—12.533915
-12.527490
—12.5324771
—-12.521381
~12.527653
-12+535014
-12.528952
-124535742
~12.535957
-12.536135
—12.532471
~124536534
—12.532484
—-12.537555
~12.538054
-12.512184

-12.537427
~12.541453

NEW P
3425163
+316185
29233838
«012120
*014837
+ 017313

NUMBER OF PASSES AMD TIME SPENT ON VARIOUS PARTS OF ENSRGY CALCULATION FOR THIS CYCLE
NT SEC AVT

INITIAL 97 0403 0.0003
CCORDINATES 97 Q.19 020
SLOE RECIP 1 0.05 0. 0500
FAST RECIP 956 4,399 0.0520
UNIT CELL 61 0.0 0.0
SLOW DIRECT 1 0e34 Qe 3200
FAST DIRECT 96 4046 Qo Q465
SLO¥ CONFEG 1 Q0«0 0«0
FAST CONFIG 96 0.01L 0.0C01
TCTAL TIME (SEC)H 10.07

SUMMAT ION
DEL. S

LIMITS FOR NINIMUM TIM
PROPORTIONAL TO RELATI

3
YE ERROR OF RESWULT

PRG 1S RECOMMENDED QALIM

PRR 1S RECOMMENDED RLIM

PRK IS RECOMMENDED VALUE OF CK

PRT [S PREVICTED TOTAL TIME PER CYCLE FOR RECIPROCAL AND DIRECT SUMS

DEL. PRQ PRR PRK PRT
1.0E-2 0433126 3.73116 0.27605 3a.11
1.06-3 0.41647 4,69006 D.28140 6.19
1.0E-4 0488656 538144 0428460 9.88
1.0E-5 0+54786 6417075 (.28684 14.09
1.0E-6 0.60307 6.79259 0.28855 18479
1.05~-7 0+65673 7.39698 0.28931 2627

TEST PROBLEM 28,

BENZENE «
CYCLE 2

we
-2.442

TEST PROBLEM 28

MINIMIZE ENERGY

SOTENTIAL OF WILL IAMS AND STARR (1977},

wyv WR
~18.,404 8304 [}

MINIMIZE ENERGY

8Y MODIFIED ROSENBROCK SEARCH
C—~H BDND SHDRTENED.

WX wr
«0 -12.582
Br MODIFIED ROSENBROCK SEARCH

BENZENE. COTENTIAL 0OF WILLIAMS AND STARR (1977). C-H BOND SHORTENED.
woBs WC AL C BEFQRE CYCQLE 2
040 —~12.5423

PARAMETERS AFYTER CYCLE 2

1 NAMP n_op P CHA NGE NEW P
10 A 7.4251631 -~0.025620 7399542
11 B8 9«314185 ~0.031930 Q9e282255
12 c 62923388 0037197 6060585
16 RX 0.012120 0005443 0.017563
17 RY ~0.018B37 ~0.0056815 -0.021652
18 RZ —0.017313 =-0,007517 -0.024830

TEST PROBLEM 2Be

MINIMIZE ENERGY BY MODIFIED ROSENBRGCX SEARCH

BENZENE. POTENTIAL OF WILLIAMS AMD STARR (1977). C-H BOND SHORTENED.
CYCLE 3
CSF VSF QMAX NF
3.734069 -3.455749 04420000 17
3,789477 ~=3.457902 0.490000 28
SOK SPLK SPPK
—27¢ 059665 ~33.544459 5. 622002

01-06-81

a1-06-81

01-06-81
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Q.0

SGK SVDwW wR RMAX
20808611 124987590 Be326237 4:650000
204310386 12897322 84398328 5.430000
GX GY GZ 1 J GM R NAMES T MB vou
0 0 ] 1 a 100000 1.02000 C1 Hi ~T»623 —121.643
o 0 o 3 & 1.908000 1.02000 C3 H3 ~74623 =121,643
Q 0 0 8 11 1.006000 1.02000 C1 H1 ~T+623 ~121.H43
0 O 0 10 i3 1.00000 1,02000 3 H3 ~Ta623 ~121.643
¢ 0 o0 2 5 1.00000 1.,02003 C2 H2 ~74623 =121.617
o o 0 9 12 109000 1.02003 cC2 H2 ~Te623 ~1214H617
e 0 o0 2 3 t.00000 ie38713 (2 <3 54606 —81.016
g 0 o0 S 10 1.000060 1.38713 €2 Cc3
9 0 o0 1 190 1.00000 1.328944 C1 c3
a 0o o 3 8 1.000600 L.38944 C3 Ci
a o0 o 1 2 100000 31239297 C1 c2
¢ 0 o 8 9 1.00000 1239297 <C1 ©2
o 0o o 2 6 L.0000CG 2.086394 C2 H3
o 0o o0 9 13 L.00000 2.,08830 <C2 H3
0 o0 o 1 13 1.00000 2.09262 C1 H3
o o Qe 6 B L.00000 2.09262 M3 Ci
0 0 ¢ 3 S 1,00000 2+00612 C3 H2
0 0 0 10 12 1L.00000 2.098612 <3 H2
o 0 o0 2 4 1,00000 2.096381 C2 H1
o o 0 9 11 1,00000 2a0%641 c2 H3
o 0 o 3 11 1,00000 2.09790 3 H1
0 ¢ 0 4 10 L.00000 2.09790 H) 3
0o o ¢ 1 S 100000 2.09930 (1 H2
o o 0 3 12 1.00000Q0 2.0993 c1 H2
o 90 ] 1 3 1.,00G600 2,40204 (1 €3
0 0 o 8 10 1.00000 2.40204 C1 €3
9 ¢ o 5 6 1.00000 2.a0564 H2 3
0 0 0 12 13 1.00C00 2.405864 M2 H3
o 9 o 2 10 1.00000 2.40730 C2 €3
o 0o 0 3 9 100000 2.4073 c3 c2
o 0 © 4 13 1.00000 2.41086 M1 H3
9 90 [ 6 11 1.00000 2s410846 43 Hi
o 0 a 1 9 1.006000 241228 C1 c2
c o o 2 8 1.00000 Ze#l228 (2 <L
c 0 o 4 5 100000 2,41311 #H1 H2
QO Q0 0 t1 12 100000 24,4131%F HYL H2
-1 -1 2 6 25 1.90900 2259554 M3 HZ
-1 90 0 5 H 1.00000 2259554 H2 H3
o 0 -1 4 38 1 .00000 2.H2599 H1 Ha
c o 0 5 37 1.00000 262599 H2 1
-1 =1 9 6 24 100000 2.73564 H3 HL
-1 0o 0 a z6 1200000 2.73564 1 H3
0 -1 -1 1t 33 1-006000 274207 1 3
a 0 0 4 32 1200000 2.74207 H1 H3
o 0 0 3 10 1200000 276769 C3 Cc3
-1 0 -t 4 45 1.00000 275827 i +H3
e 0 9 i1 52 1.90000 2.76827 H1L H3
0 0 0 1 8 1.00000 2.78218 Ci c1
o o0 o 2 g9 1.00000 2.78897 C2 c2
-1 0 -1 1 45 1.00000 2.954862 C1 H3
o 0 9Q 8 52 100000 2.25492 <1 H3
-1 -t D] 3 24 1L«OR000G 2.,97679 C3 11
-1 Q0 0 a4 23 L.00000 2.97679 Hi c3
e -1 -1 8 39 1.C0000 L2e97748 <1 M3
0 0 0 1 32 1.00000 2.97748 C1 #H3
0 0 -t 4 35 1.00000 3.16990 H1 c2
o 0 0 2 47 100000 3.16990 C2 Hi
-1 0 o 5 a9 1.000008 317387 H2 c3
o o ¢ 3 5t 1.00000 3.17387 C3 H2
-1 2 0 5 43 1.00000 3.17582 H2 c2
o ¢ 0o 2 35t 1.00000 3.17582 L2 M2
-1 0 -1 1 44 1.,00000 2,18931 C1 H2
o 0 0 3 51 1.00000 3.1B8934 C1 H2
-1 0 0 5 47 1.00000 3.21036 H2 <1
¢ 0 0 1 5% 1200000 3.21036 C1 HZ
-L 0 -1 3 44 1.00000 3.,21933 C3 H2
0 0 9 10 51 1.00000 3.21838 C3 H2
~1 0 ~% 2 44 1.00000 3.22663 (2 M2
0 0 0 9 51 L« 00000 3622663 C2 H2
-1 -1 0 6 22 1+00000 3.29993 H3 <2
-1 o 0 2 26 1.00000 3.29993 C2 H3
o -t I+ 3 30 1.00000 3.31129 C3 H1
¢ 0 -1 16 37 1.Q0D00 3.3112% C3 HL
o 0 0 1 6 1.00000 3.32387 C1 #3
o 0 0 8 13 1.00000 3.32387 (1 H3
¢ 0 0 3 4 1.00000 3.32499 C3 i
0 ¢ 9 10 11 1200000 3,32499 C3 H1l
0 0 V] 2 13 100000 3.32943 C2 H3
e o0 © 6 9 100000 3I.32943 ¢33 ce
e 0 0 3 12 1,00000 3.33109 C3 HZz
wC Wy wR "X w7
~2260 18483 8439 0.0 ~12.545
TEST PROBLEM 2B« MINIMIZE ENERGY 8Y MADIFIED ROSENBROCK SEARCH
BENZENE. POTENTIAL GOF WILLIAMS AND STARR (1977). C~H BOND SHORTENED.
wWOoRs WCALC BEFGRE CYCQLE 3
0«0 —12.5445
4 NAME IKA 1IR3 X Y r4
1 C1 1 1 ~Q0eD6180 0414143 —0,00739
2 cz 1 13 ~Q0. 13315 0.04635 0.,12780
3 c3 1 1 ~0e 07220 ~0.09492 0.13271
4 H2 2 1 ~0e10711 0N.24513 -0,01281
5 HzZ 2 3 ~0.23054 0.080256 22093
& H3 2 1 —0.12542 -0.16488 Ca23053
7  XTRA o ) Q.0 D0 0a0
8 c1 1 1 0,06180 ~0.14143 0,30739
9 c2 1 1 0a13315 ~0, 04635 ~0.12760
19 C3 1 I3 Ge 07220 09432 ~0a1327T1
11 H1 2 i 0.10711 «24513 0.01281
12 H2 2 [} 0623054 ~0.080268 ~0a22093
12 M3 2 1 Qs 12542 0.156488 ~0,22053

EEREEEEEE R TR SER SR L TR RRRE R EEEER PR IR TR KRR K Rk ke

TEST PROBLEM 28
BENZENE .

MINIMIZE ENERGY BY MODIFIED RDSENBROCK SEARCH
3

MODLE HC NEC
3 2 S
pLC PLH
aH

Z24.02372 S70218
0.1t5300

MA NiKA NS

13 2 a

NO NV NGOV

& 6 6

ILSQ  IWGT PLM
o o ]

BCC BCH

87.80210 15,65620

ICENT HMXNEG HYNEG HZM
2 Q.0 ]

LS

IWT
4] o

POTENTIAL OF WILL IAMS AND STARF (1977)s

C~H

OND SHORTENEOD ~

IPRT NSTG i8pPC ARE
2 4 +] 02 1000~03
BHH ccg CCH CHH
2479170 2.50000 3.567000 3.74000
EG NRS NaX NRP  1CMB vow
0.0 1 o] 8 1 1

n
=1s]

e 7 % 1A B A & 1A P ANSILeio 00 ed s s ad

03 1o 1t o 1 D Bk D B D P 0 Bk R0 e ot e e P e 2 1 ()
»
ROODODDOODODD00DVO0DODDODOC0I00C0020D

3
v
=3

0.
1]

SLIm
0-1000-05

NSRB
66

01-06-81

01-06-81

TR0
0

MR

NCY
a

XDRD
0a2000-02

[RSC
2

TZAM
o

EPSC

J3s1000 02

IGEM
o

IRAA ISETA
[ [
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PARAMETERS AFTER EACH CYCLE
1 2

J NAMP DK INITIAL
10 A 1.000 7«4A0000 T«425163 7399542
11 B 1.000 9-550000 9.314185 9.282255
12 C 1.000 6920000 6.,923388 64960585
L6 RX 1+000 0«0 0.012120 04017563
17 RY 1000 0.0 ~0.014837 -0.021652
18 Rz 1.C00 0.0 —0.017313 ~0.024830
w ~12.84574 —12.5423 —12.54A45

P R L L e sl 2

10,2

DYNAMIC DI
HOCMAX
17

MMaAX I3t
a6

% ADDRESS

BYTES/WORD
HEX ADDRESS

ARRAY

D IMEN~
SI0ONS

wORDS

BYTES~ ™

HE"

eS/AW0TD
HEX ADDRESS

7586 8-BYTE STORAGE LDCATIONS HAVE BEEN REQUESTED.
COMMON/S/ AND NST MAY BE DECREASED BY

Ethane ana Propane, Mode C and Moce 4

ENSIONS FOR wMIN
MAVAY NKAMA X NSMAX NRBMAX NPXMA X NCTMA X
8 2 L2 8 0 3
FSMAX NGSMA X NP SMA X NPMA X NOSMAX HNOMA X
o 30 30 s0 24 24
1 2 3 4
ACZ AKE AM AMASS
S 9 4 Qo ¢ NVMAX
FMNRIMAXY * o } £ NVMAX) ENKAMAX)
72 o 2
a8 8 8 8
cco0Qoce 90000240 00000240 000014340
11 12 13 14
csv De DeC DR X
[ 1 { ! ¢ L { 1
*NGSMAX} *® NPV AX) ENPCMAX } ENPXMAX }
30 50 17 o
a 8 3 8
000n33an Q0003A38 000038C8 00003C50
21 22 23 24
EPS ERR EVAL

4 1
® NPRAX)

a8
00005160

31t
HMT
'

~AMAX
* NGHAX)
86

8
000CZ6D0

(« 1
* NVMAX)
24

a8
000052F0

132
ZAM

[{ 1
* NAMAX)
8

8
QOO0CESDC

TEST PRODLEM JAs ADIUST ENERGY
MODE NC NPC ILsa IWGT IPLM
[} L7 L] Q [¢]
NAMPC (1)
ARC ARH BRC BRH
KCC DCH KIH ACCC
KHCH
PC{1)
1.71100 1232400 0414070 0Qe145%0
4.,26800 1.00000 6.351001G2.00000
001799
ALl
0.00100 0.001090 0.00010 04002010
0.00100 0.00t00 0.00100 0+10000
0.00010
KRC( 1)
2 2 2 2
3 3 3 3
3

TEST PROBLEM 3JA.

ADJIIST ENERGY PARAMETERS

< 1
* NVMAX)
24

oon~

8
wogooD1l0

133

zC
{ NAMAX
* NSMAX)
96

8
0000EA10Q

FARAMETERS FOR ETHAMNE.,

4414 WORDS.

EVEC
€ NVMAX
* NV

MMAX )
46

8
0Q00DEAD

NETMAX
10

NVMAX
24

S
AN
t NYMax
x NVMAX)
576

a8
00001450

15
Dw

{ 1
* NPMAX)
50
8
00003C50
25

.S
XC
{ NAMAX
* NSMAX)}
<6

8
000QEOQLQ

THIS WILL REDUCE THE

6
AR

{ L
ENKAMAX )
2
8
00002650

16
DWOG
4 1
* NVMAX)
24

8
00QQ3DF”~

~w208

126
XYZ

¢ 3
* NAMAX)
26

8
000023 L0

THE PRUGRAM IS DIMENSIONED FOR

PROPANE MOLECULES

IPRT NSTG IBPC ARE SLIM
2 a o 0.1000-01 Qe GOD~-05
PLC PLH TR pCC
KCCC ACCH KCCH AHCH
2262000 4494000 0.28167 1.40000
0+01169103.50000 0.01673110.00000

-

FOR

ETFANE. TOTALLY SYMMETRIC
158
1
NA NKA NS ICENT HXNEG MYNEG HZMNEG
2 2 6 2 1.0 . 0.0
oK NG MR
0.0 1 1
QUIMITY
0.0
ALIM(I)
10.00000
ALY
1.00000C 1.00G00 1.0000¢C 0. 0 0.0

001000
0410000

[

ETHANE »

NRB NPX
Q
—0450000

00010
0«00

NRP
10

W

IcMB
o

Ivoyw
1

0 0.00100
10 0.10000

[

PROPANE MOLECULES

IREP
1

REGION JSED BY

7
B3

( 1
*NICAMAX)
2

8
000026K0
17

DxXa

{ NVMAX
& NAMAX]Y

<A

30

a
0C00C698
127

XYZC
3

® NAMAX)
24

8
0000E300

01--06-81

CMPR

T

01-06-81

T800.
1

NCT
2

8

87%
{ NwWMAX
ENISMAX)
576

8
00002670

18
GvC

v 1
= NV X}
2a
8
0030€¢710

128
XYZD
& 3
NAMAX)
24

a
0000E490

12000
36K BYTES.

XDRD
G.2000~02

IRSC 1ZAM
0 2

9
CHAR
[{ 1
* NSMAX]
12

a8
00003870

1t9
N

< 1
* NYMAX)
24

10
CMBT
1

¢
FNGSMAX)
30

3
a
00009F 0B

L2e
VSV

C 1
EMNGSMAX)
30

8 8
0000C7DO  0000CB9D
129 130
XYZN XYZR
3 [{ 3
x NAMAX) * NAMAX)
24 24
a 8
00C0ESS0  0000DES1LO
E2SC
0.100D ©Z
IGEM IRSA ISETA
o 1 0
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NANS TRAMSFORMED X DRMED Y TRANSFORMEDR T
0-0 N-0%Y  G.Q%Z 0.0 Oa0&g 0.0FY 1a0%Z
0.0 0.0%7  0a0%¥Z 2,0 0,0%X  0a0kY 1.0%Z
0:0 Q%Y  DL0FL 0.0 D.OXX So0EY Lo Q&Z
0a0 Da0kY Q0&L CeQ QaQFX  0NA0XY -1a0%Z
.0 D20%Y  Qe0%Z 0.0 Q0K QalRY S 1,0%7
00 D.0%Y  O,0%Z 2.0 BaBEX  DaORY ~1a0&Z
K HAMK [ L AR BR AMAGS
1 C 0.0 0.0 0.0 0.0 12. 00390
2 H [£PR] ©.0 0.0 0.0 1.00810
A NaNE i 23 X Y Z
[} 1 1 0.0 0.0 0,75700
2 H 2 1.02162 0.0 1.16110
I AAC SMC FHC RAC X T Zc<
1 1 3. 1.0 1 0.0 000 0. 75¥00
Fd 2 1e 1-0 2 1,02142 0a0 1.28&110
3 2 1e 1.0 4 0.0 1. 52162 el lin
* 2 1e 1.0 6 ~1oA2162 ~1. G232 l.26110D0
kel 1 3. 1.0 7 GaQ 0. -0, THETOY
& 2 1 1.0 8 —1.02162 Q.0 —la G110
¥ 2 1s 1-0 19 0.0 —1.0Z0 A2 —1.08110
8 2 la 1L-0 12 1.02162 1902162 -1.163100
ABOVE ATIMS D YO ZOMPUTZ STRUCYURE FAL 31
I ZAMI T}
1 220
2 L
J IV gy twea) SIRE(J) STRE.0) SX&{ 4} SYRCIDY SLRLSY TR{La ) TR{2,4) TR(3.0)
1 ] 0 0.0 -0 0.0 - 0.0 0.0 Bs0 0.0
2 ° o 240 0.0 D0 G0 0.0 Q.0 Qe .0
A0 IDZ IAZ 1T8m
3 4 a 10 10 10 14 14 4 14 16 19 -1 ] ¢ @
7 -] 8 10 to 10 14 14 1% 16 16 -1 ] o o]
LB
2 1 3 1 a4 S & 5 7 S 8
KOWSG KEW wWiBs S16GHWD
a Q.0 0.0
TEST PHOBLEM A, ADJUST THERGY PARAMETERS FOR ETHANE, PROFANE MCLICULES 01—-G56--81
PROPANY. TOTALLY SYMMETRIC
158
2
NA A NS ICENT HXNEG HYNEG HINE NRB NPX NRPICME  IVOW  IREP TMOL NCT  IRSC  RZAM  QiGEM  IRBA IBETA
5 2 % 2 1- 1.0 0.0 S 0 10 [+] 1 1 1 3 Q o 0 1 ko]
<K MR MR
0.0 1 1
QAIMETT
RELIMITY
10,000060
ALY
1.00000 130000 1.000600 0.0 Qa0 0.0
NAMS TRANSFORMED X TRANSFIRMEDR Y TRANSFORMEY Z
0.0 1a0%X Ga D&Y  0.0%Z 020 DaGFX  La0XY QeNZ Q<0 DaO®X  0a0%7 Lo Q%7
0.3 1 204X Ga0%Y 0.0%Z Du} To0%X ~2,0%Y 002 D20 D0%X  D.L0kY 1.0%Z
0.0 ~1.0%4 Qa0XY 0.0%7 020 Qn0¥X 1.0FY ©0.0%7 0.0 0.0%X  DWDFY R.0%xZ
00 =1e0%X 00T QA 0%xL 0.0 QataX ~1a02Y 0047 00 0«0%X  Da0xY 1.0%Z
K NAMK Q oL AR R AMASS
1 C Da0 0.0 Qa0 Q0 1200390
2 H 0.0 0.0 0.0 ¢.0 1.,00810
J o ONAMZ 1KA 138 X
L Cy 1 1 00 Q.0 Qa0
2 L2 1 2 1.26808 0.0 ~0. 84891
2 ML 2 3 0a N,B7S8E  Q.H5883
4 HZ1 2 4 2486177 0.0 ~3s 22315
S H22 2 5 1-.31390 30 88030 149101
1 NAME 18C JAC SMC FMe IRBC xC Yo zc
i i i 1 4. 1.0 1 Da Gall 0.0
2 C2 1 2 2. 1.0 2 120808 0.0 ~0,84891
3 Hi 1 3 24 1,0 3 [} 0.37568 N.65663
4 HM21 ) 4 2o 1,0 4 216177 0,0 -0s 22315
5 1422 1 S 1. 1.0 5 1.31300 0+88090 —~1,4%9101
& Hi 2 3 2 1.0 B °Q ~0.87568 Do 55883
7 w22 2 5 le 1.0 10 1,31300 ~0.88090 —1.49101
a8 <2 3 2 2. 1.0 12 ~1.286308 0.0 —0.84891
3 H2L 3 4+ 20 1.0 14 ~2.18177 0.0 ~Da.22315
10 H22 3 S 1. 1.0 15 ~1«301300 088090 -~1,4G101
i1 22 4 5 1a 1.0 20 ~1231300 —G.88090 —~1.49101
ABCYE ATOMS USED #0 COMPUTE STRUCTURE FACTORS
2ZNT
1.0
T NAMELD) Zame 1)
L <i -0
2 2 220
3 -2 240
a =21 2.0
S H22 a0
JOTZESY TULD) IVIJY Iwid? S3R(J) STR(J} SAR{ I SYRC M) SZRC.A) TR 1,4 TR{24+J1} TR{3+)
1 1 Q o [} a~0 - - 0.0 0.0 Ow 00 0.0
z 2 0 0 [} D40 [ E3] 0.0 0.0 0.0 0.0 0.0 Ga.0
2 3 o 0 Q0 0.0 0.0 Ba 0 0.0 0.0 0.0 e.0 G0
4 4 ] 0 Q 0.0 0.0 0aG Qe Q Na0 00 0.0 Qa0
B3 5 o ) o 049 Q.n 0.0 C.0 0.0 00 0.0 0.0
TACT 1T Dz IAZ ITBR
1 2 B8 3 3 8 -3 10 10 12 14 14 14 14 1% -1 =1 o Qo
2 1 4 5 7 a8 19 19 10 14 14 14 16 16 14 -1 ] o 24
8 1 ? 10 11 a 10 10 10 14 14 1a 16 16 16 -1 o ) 0
1 a 1 3 1 6 2 4 2 5 2 7 8 9 8 10 2 11
wiB3 SiGWD




TEST PR
NA

OOBNOANDUNmOO® NN LN =

Ay 1= bt ot

21

TEST PROZILEM 3A,

OBL &M 3A. ADJUST
ML 1D PLI}
ARC 1.711000
ARH L+234000
BRC 0,140700
BRH 0.145900
eLC 22 .640000
PLH 4.940000
¥8R 0.281667
pCC 1.400000
KCC 4,268000
DCH 1.000000
KC 64351000
ACCC 102.000000
KCCC 04011630
ACCH 102.50000
KCCH 0.016730
AHCH 110.000000
KHTH 0. 017990
A 1.000000
B 1.800000
[ 1.000000

COSA Qa0
coss -0
CO0SG ~0.5S009000
LB 0.0
Ty 0.0
TZ 0.0
TX 0.0
Ty 0.0
TZ 0.0
A 1.000000
a 1.000000
C 1.000000
COSA 0.0
cos8 0.0
casaG Qe0
X 0.0
TY 0«0
TZ 0.0
TX 0.0
TY 0.0
TZ 0.0
TX 0.0
TY 0.0
TZ 0.0
TX 0.0
TY 0.0
Tz 0.0
TX 0.0
TY 0.0
Tz 0.0
NV NOoV Ls
4 [ 1

ENERGY PARAMETERS FOR ETHANMNE,

N2 L1}
0.001000
Q4001000
0.0001020

0.00N010
04000010

0000010
0.00001Q
0000010
Q g0010
00010
0.000010
Q0.0000QL0
04000010
0.0000L0
0.000C1Q
0000010

IwY
o

PM

NELD}

—04200000
~0.200000

—~0e«700000

—~0.500000
-=0.500000G
~0.500000
—0.500000
~0.500000
=0.500000

0.0

0. 0
—06200Q000
~0.200000
=04200000
-04500000
~0.500000

~0.500000
~0.500000
—0e 500000
=0+500000
=0+500000

PMX(T}

0.200000
0.500000

0.500000

ADJUST ENERGY PARAMETERS FQR E THAMNE,
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PROPANE MOLECULES

KP{I) Ka(r})

0
]
[
0
o]
[o]
[+]
o
[
[o]
o
o
"]
o]
"]
V]
4]
Q
o
o
0
0
Q
0
o
1
i
0
1
o
o]
o]
o
[
0
)]
a
1
1
[
1
[s]
1
1
1
o
1
1
1
1

CLOOO00D000COODRbO0O0R0V00000CE000RDOO=0mOmr0000000

PROPANE MOLECULES

ETHANE . TOTALLY SYMMETRIC
CYTLE 1
SGK SVOW wR RMAX
G0 ~11.619650 45.300624 10.000000
GX GY GZ 1 J GM R NAMES B VDW
0 90 O 2 3  3.00000 176950 H H ~0.795
¢ O o0 2 4 3.00000 176950 H H ~0s795
G 0 0 1 6 2.00000 2,18203 C H -1.036
o o o 1 7 2400000 2.18203 C H =1.036
c 0 o 1 8 2.00000 2018203 C H -14036
c 0 0 2 7 3.00000 2.53699 H —-0,092
e o0 0 2 8 3.00000 2.53699 H H ~0e022
a o0 0 2 6 3.00000 3.09313 H H -0.023
BOND DISTANCES
LA JA DIJ wD
c < 1 S 1.5340 3.83L8
c H 1 2 1.0950 2486358
C H 1 3 1,0950 2. 36508
< H 1 4 1,9950 208658
[+ H 5 6 1.,0950 2486358
C H 5 7 1.,0950 2.85658
C H 5 8 1.0950 2. 8658
BCND ANGLES
1A JA KA AT JK WA
C C H S 1 2 111.09 0.0213
C C H 5 1 3 111.09 0.02123
C c H 5 1 4 111,09 0.0213
H C H 2 13 3 107.80 0. Qn35
H C H 2 1 a4 107.80 0. 0435
ad C H 3 1 4 107.80 00435
C < H 1 S 6 111,09 0.0213
C c H 1 S 7 111.09 0.0213
C < H 1 5 8 111.09 00213
H C H 6 S 7 107.80 0.Q0435
H C o] 6 5 8 107.80 0. 0435
H C H 7 5 8 107.80 0.043S
COMFORMATION ANGLES
IA JA KA LA CNF WCF
H C C H 2 1 S o 180.00 0.0000
H C < H 2 1 5 7 60400 0+ 0000
H < < H 2 1 S a ~50400 0«0000
H C < H 3 1 5 6 —-60.00 Q. 0000
H c C H 3 1 S 7 180.00 0.0000
H C C H 3 1 5 8 60+ 00 0.0000
H c < H 4 1 5 6 60400 0. NO00
H C < H 4 1 S 7 —60.00 Q.0000
H c c H 4 1 5 8 180.00 0.0000
wC wv wWR wX wT
0.0 =~11.620 45,3201 21.415 554096
TESYT PROBLEM 3A. ADJUST ENERGY PARAMETERS FOR ETHANE, PROPANE MOLECULES
ETHAME. TOTALLY SYMMETRIC
woss WCALC BEFORE CYCLE 1
- 5540965
DERIVATIVES BEFORE CYOLE 1
DOW/DP{1)DP(J) FOR I=
J NAMP(J) DYC(J) 8 oCcC 9 OCH 12  ACCC 16  AHCH
26 TZ 96,8350 -853.6000 1371.45a4 0.0 ~545752
27 TX -210.2888 O =3555.24840 040 =241507
29 vz —82.,9369 Oe0 ~1371.4847 040 $5e5752
RDWS SDOWS
0.245921D 03 0.604769D 05

OKT{KQ)
0.0
0.0

0ed

01-06—

O000VO0UDOOOLO0DROCOO00TO
R R R R R R

00000000V ERODLORR0C0000R0

0.0

81

S5P(T1)

01-06-81

01-06—-81

I1s8P{1}
Q

NRNRNARNRN NN NN NN R RS - —————————— - e GO OGO COTC 000000



151

NT
23 0.0 0.0
10 0.01  0,0010
° 0.0 0.0
0 046G 0.0
0 0.0 0.0
1 0.01 09,0100
9 N 0a
1 Ca01 0.0100
CAaMFIG 22 0.10  0.00a8
TOYAL TIME (SEC) 0,13
EST PROSLEM 38, ADJUST ENERGY PARAMETERS FOR ETHANE, PROFANE MOLECULES
PREPANE. TOTALLY SYMMETRIC
[ 2N
56K SV Wi RMAX
0.0 ~20.677452 77.608281 10.000000
GX GY GZ 1 g s R NAMES cHs vou REP
0 0 9 3 6 1.00000 1.75176 H1 i1 0.0 3.397
0 0 0 4 5 2,00000 1.76178 H21 H22 9.0 3.282
0 0 0 4 T 2.00000 1.76173 H21 H22 0.0 3.282
0 © 0 5 7 2.00000 1.76180 H22 H22 0.0 3.282
0 0 0 2 3 2.00000 2.13603 C2 M1 0.0 4,496
0 0 0o 2 6 5 c2 oM 0.0 Fopeas
9 ¢ 0 1 & c1 H21 0.0 4.234
c 0 0 1 9 cr H21 9.0 6,230
0 u °0 1 5 €1 Hg2 9.9 4,234
o 0 0 1 7 28 H2Z Ga0 4,234
9 0 0 110 c1 M2z 0.0 4.23a
0 0 o 1 11 €1 H22 0.0 4,234
0 0 0 3 a H1  H2% 0.0 04267
0o 0 8 3 9 HL  HZ) 8.0 0.267
¢ 0 0 3 5 HL  H22 0.0 0,245
2 2 0 3 1p H1 M2 0.0 0.245
°c 0 o 2 8 cz €2 040 54553
0 0o o0 5 10 Hz2 A2z 0.0 0,170
o 4] ] 2 10 cz Ha2 0.0 Bad?2
0 90 o 211 <2 W2z 0.0 0,472
°c o 2 3 7T HE W22 0.0 0,037
s o o 31t Hl o M2z 0.0 0,037
9 0o 0 5 11 H22  H22 0.0 0,027
a 0 0 2 9 c2 Mzl 9.0 04043
0 0 0 4 10 2.00000 3.80230 H21 22 0.0 9.003
0 0 0 4 11 2,00000 3.80230 H21 H22 0.0 0.003
0 0 0 4 9 L.00000 4.32354 H2s4 H21 8.0 0.001
DOND DISTANCES
1A JA DIJ WD
€1 a2 1z 15260 343879
¢t 2 1 8 1.5260  3.387%
cL M1 13 1.0960  2.9267
c1 w1 1 & 1.0960  2.9267
cz2 21 2 A 1.0910  2.6290
2 w22 2 s 1.0910  2,6300
¢z w22 2 7 1,0910  2.6300
cz  Hzy 8 9 1.0910  2.5290
ca Hz2 3 10 1.0910  2.6300
c2 H22 8 11 1.0310 2.6300
BLONEC ANGLES
IA  JA KA ALK WA
cz ¢t ¢2 2 1 8 112.40  9.8322
c2  Ci  Ht 2 1 3 10956  0.0000
€2 Ct H1 2 1 6 103.54 0.0000
€z C1  Hi 8 1 3 169.54  0.0000
€2 ¢l Hi 8 1 & 199.54  0.0600
H1  CL w1 3 01 6 106.10  0.1368
€1 c2  r21 1 2 a 11:.20  0.0242
€y ca  HZz t 2 s 1t1.20  0.0242
€1 c2  wea T 2 7 111.20  0.0242
H21 c2  Haz A 2 5 107,69 040481
M2t €z H22 4 2 7 107.68  0.0481
H22 < m22 5 2 7 10769  0.0480
ci ¢z Hai 1 8 9 111.20  0.0242
€1 L2 Hez 1 8 10 111420  0.024%
€1 €2 maz 1 8 1 11L.20  0.0242
H2L Cz  Mzz 5 8 10 107.69  0.0481
M2l €2 H22 2 8 1 107.69 0.0481
Hzz cz M2z 100 8 1t 107,59 06,0480
CONFORMATION ANGLES
A JA KA LA CNE ce
€2 1 cz  Hzy 8 1 2 4  180.00  0.0000
€z ¢1 <z H2z 2 1 2 s 60400  0.0000
€2 €1 ¢z Haz 8 1 2 7 -50.00 0.0000
H1 €L ¢z nH21 3 1 2 a4 57.99 06,0008
Ml cl  Cc2  H22 3 1 2 5  -62.00L  0.0008
H1 €1 €2 Hzz 3 1 2 7  177.99 o©0.000g
HL €1 cz2 H2 6 1 2 &4 ~87.99 90,0008
41 CL €2 mH22 6 1 2 5 ~177.99 0.0008
Hl  CL ¢z H22 6 1 2 7 62,01  0,0008
cz2 <1 ¢z w21 2 1 8 9  130.00 0.0000
€z €1 ¢z wnz2 2 1 8 10 -60.00 0.0000
€2 ¢l c2 M22 2 1 8 11 60.00  0.0000
HL €1 cz H21 2 1 8 9  -57.95  0.0008
HL  Ci  CZ w22 2 1 & 10 €2.0L  0.0008
HL €1 ¢z uz2z 3 1 g 11 -177.99 €.0008
HL €1 C2 u21 5 1 8 9 57.99  D.0008B
Hl €1 c2  H22 6 1 8 10 177.99 0,0008
Hi €1 c2 Haa 6 1 8 11 -62.01  0.0008
we wv WR WX wY
0.0 —20.677  TT.608 29,619  86.550
TEST PROBLEM 24, ADJUSY ENERGY PARAMETERS FUR STHANE, PROPANE MOLECULES
PROPANE. TOTALLY SYMMETRIC
woBs WCALC BEFDRE CYCLE 1
0.0 86.5496

DERIVATIVES BEFORE CYCQLE 1
DODW/DPL{LIDP(J) FOR 1=
DCeC 10

MAMP (¢ J3 oYLy CC oCH 12 ACCC
TZ S2a 3063 ~474.8576 T63.5397 D+7295
™ B840 ~T0O2.3281 1145,0739 —0.4383
TZ 636117 AT4.8537 -TH6.5862 =0,7295
Y -53., 6806 0,0 ~1015.0930 040
TZ ~&41.1278 0.0 ~763.5471 0.0
T4 56 7585 00 ~L040,4935 G0
TZ =394 0350 Qe0 7285541 0.0
X ~3.31328 Qa0 ~L04. 6075 0aG
Ty =112.1700 Qe ~2051.1729 0.0
TZ Blaeasa2 ~0:0000 14951173 00

16 AHCH
—145032
—4.5624

3.1213
~1-1307
1,5032
1-.1506
-1.6432
3a5119
~1.256%
~1a4781

NG
27

X

CODVOVO0OROCODOORRY
CODDOPOOOO00V00R0OS

R IR

0.0

01-06-81

NSRB
]

01-06-3¢



RDWS
0.21a014D 03

NUMBER OF PASSES AND TIME SPENT GiH YARIOUS PARTS OF ENERGY
NT SEC AVT

INITIAL 65
COORDI{MNATES 3t
SLCW RECIP [o]
FAST RECIP [+]
UNIT CELL o
SLCW DIRECTY 1
FAST DIRECT 30
SLOW COMFIG 1
FAST CONFI1G &ea
TOTAL TIME (SEC}

TEST PROSLEM 3A.
CYCLE 1

RDWST
043260040 23

0.01
0.08

0.0
0.0
a0

0.02
0095
0.03
0.43

Qa2

SAN(I)Y
.

SDWST
0102562790 06

SOWS
0.458015D CS

0,03002
0o Q026
0.0

Ga 0067

ADJIUST ENERGY PARAMETERS FOR ETHANE, PRUOPAND

SIGMA
0.108568D 03

CC 10 DCH 12 ACCC
0.000771 0.000187 0.87614S
EVEC(I,J)
3 EVALLDY 8 DCC 10 OCH 12 ACCC
1 0.201D 01 ~0.639035 0.432201 0s 238136
2 049540 0C 0.042958 —0.150624 0.960308
3 0.774D 00 -—0.211690 - 0.672449 =-0.025196
4 0.2680 00 -—0.738225 -0.130708 ~0142789
SANG T IXEVECH{I,3)
4 EVALL.) [s ol 1 DCH 12 ACCC
1 L2010 01 =0.000493 0,000081 0.208685
2 54D 00 0,000023 —0.000G28 0.841369
3 0.7740 00 —0.000iG3 —-0.000165 —0.022951
4 0.264D0 00 =0.000562 =—0.000024 ~0.125104

WMAT #BMAT*SAN*EVEC
1

152

CALCULATION

MOLECULES

i6 AHCH
0. 289734

16  AHCH

~0.530003

0.230813

—Q.425525

06456182

16 AHCH

—0.4052923

0.020712

-0.038184

0.057984

J NAMPLU) DYC{J) 2
26 T2z 96,8350 0.8266 —0.1824
27 TX -210.2888 —0.1738 0.05857
29 T2 ~82.33869 0.1541
38 7T1Z 6243053 0.5854
39 TX 988410 -0.5632
41 TZ ~63.6117 -0.5118
43 TY -53.6806 0+0052
44 YZ -41.1278 0.0527
45 TX —~56. 7685 0.0532
47 T2 -39,0330 ~0.0135
a8 TX -3.1328 0.0757
49 TY ~110.1700 0.0318
50 TZ el .4682 0a1992 -0.0727 ~0218%96
PARAMETERS AFTER CYCLE 1
£ NAMP oLD CHANGE NEW P ERR
8 occ 1.400000 -0.034140 1. 365860 0.127765
10 DCH 1.000Q0020 04057124 1.057144 0.02208B9
12 ACCC 1022000000 =-0.078455 101.921534 98,599658
16 AMCH 110.000000 «030182 L09.959818 13.93958%0
TEST PROBLEM 3A. ADJUSYT ©erERGY PARAMETERS FDR ETHANE » PROPANE MOLECULES

ETHANE «

TATALLY SYMMETRIC

CYCLE 2
SGK SVD¥ wR
0,0 =11.6196590 45.30062%
GX GY GZ 1 J GHM R NAMES
0 0 0 2 3 3.00000 1475950 H H
9 O o 2 4 3.00000 1.76950 H H
9 0 9 1 6 2.00000 2418203 C H
o 0 O 1 7 2.00000 2.18203 C H
o 0 o 1 8 2.00000 2.18203 C H
¢ 0 0 2 7 3.00000 2453692 H H
Qo 0 Q 2 8 3.00000 2.53692 H H
o o ) 2 6 3.00000 3.09313 H H
30ND DESTANCES
1A JA
C C 1 S
C H I3 2
C H 1 3
< H 1 4
[ Lal =3 &
< H ) 7
C H S 8
BOND ANG
1A JA KA
c C H S 1 2
< c H 5 1 3
C C H S 1 4
H [= H 2 1 3
H < H 2 1 4
H c el 3 1 4
C c H 1 5] 3
C C H 1 5 T
< C H 1 £ 8
Lal < H 3 s 7
el C H € 5 8
H C H 7 S 8
CONFORMATION ANGILES
IA JA KA LA CNE
H C < H 2 1 3 6 180.00
H C C H 2 1 S 7 60400
H < < H 2 1 S a ~60.00
H < [+ H 3 1 5 6 —60.00
H < < H 3 1 S 7 180.00
H < < H 3 1 S 8 60.00
H < [« H 4 1 5 & 60,00
H C C H 4 1 5 7 —60.00
H C < H 4 1 5 8 180.00
wC wyv R WX Wi
0s0 -11.620 454301 Se145 A2 . 826

RMA&X
10.000000
REP
3.197
3.197
44106
4,106
44.106
0.230
0«230
0038
wD
©.0330
0.4550
04550
04550
05,4550
0.4550
02,4550

Q.0213
0.0213
0.0223
00423
Q.0423

WCF
0.0000
Q. 0000
0.0000
0.0000
0.0000
0.0000
0.0000
040000
©.0000

TOR THIS CYCLE

01--06-81
oL=-06—-81
NSRS
0



TEST PROBLEM 3A» ADJUST ENERGY PARAMETERS FOR ETHANE. PRDPANE MOLECULES 01--06-at
STHANE . TOTALLY SYMMETREC
w3nG wCALD BEFORE CYCLE 2
0.0 28260

DERIVATIVES BEFORE CYCLE 2
4 NAwR(J) DY<ed)

26 T12Z -iDs 3457
27 TX ~T« 1937
29 TZ —4.3976

NUMBER GF PASSES AND TIME SPENT oN VARIOUS PARTS OF ENERGY CALCULATIONM FOR THIS CYGLE
N SEC AVT

INITIAL 7 Vel 0.0
CONGDINATES 7 0.0 0.0
SLOW RECP o D0 0.0
FASY nec1e [+] 0.0 0sQ
UNIT CEL 0 0,0 0.0
SLOW OIRECT 1 0.0 Ne0
6 [+ 0s0
SLOw CGrF TG 1 Q.02 0. 0200
FAST COnFIG 6 0.03 Do 0B850
TCTAL TIME (SEC) 0.05
4 NAME XA IR8 X Y z
1 T L 1 00 0.0 0«76700
2 H 2 2 102162 0,0 1+16110
TEST PROBLEM 3A. ADJUST ENEIGY FARAMETERS FOR ETHANEs PROPANE MOLECULES Ol--n5-81
FROPANE. TOTALLY SYMMETRIC
TYCLe 2
SGK SVDW ¥R RMAX NG NSRa
00 —20.677452 T7.606231 10026000 27 [+]
GX GY 7 r 9 GM R MAMES cMB VDo RER SRB
¢ 0 ¢ 3 6 L. 00000 1.79%76 w1 M Na0 “0e845 3.397 0.0
o ¢ a 4 5 ZLa2000G0 1.78178 H21 ™22 Qa0 ~0sB16 3.282 0.0
2 ° 0 4 7 2,00000 La76178 H21 Ha2 0.0 ~0. 818 32282 0.0
9 o o 5 7 2.0£000 1.76180 22 w22 0.0 sl PR-) ¥t 3282 Da0
o o 2 2 3 2200000 215603 Cz Hi Gel ~1lell3 42896 0.0
¢ ¢ 0 2 6 2.00000 2a13503 <2 H1 0.0 ~1a.123 AaRUH Uedd
a o9 9 1 4 2«00000 2.17326 C1 H21 0.0 ~1a052 4.234 N0
0 o o 1 9 1:000600 2417326 C1 H21 0.0 —1.0E2 4.234 Dald
9 o o 1 5 1400000 2.317325 (1 Haz2 0s0 “LleQb2 40234 0.0
0 o0 o 1 7 200000 2417326 C1 H22 0.0 ~la062 40233 0.0
a o o 1 10 1.00000 2417325 C1 Ha2 00 —l.062 44234 Dol
9 0 0 1 11 1.00000 2.1732&5 1 H22 Ja O =1.062 45234 0.0
o 0 4] 3 34 2,00000 20,43365 H1 H21 0.0 —0a101 D.267 Q.G
¢ o 2 3 2 2.00000 2449365 Hi Hz1L 0.0 ~0.101 V=267 0.0
o o ] 3 5 251 Hi H22 0.0 08095 Qe85 .0
0o o g 3 to 2aS1 1 Haz Dw ~0 4095 Ox 245 Ds0
[+ 2] Q 2 a3 - 53 <z <2 0.0 =1,926 62553 Q0
G 0 2 5 10 H22 H22 N.0 e 074 UDel70 0.0
o 0 o 2 & cz H 0.0 ~0»231 Cna72 Q.0
o o o0 2 11 2 HM22 a.0q Q234 0,472 Qa0
o 0 90 3 ¥ a1 H22 Gl ~0a 029 G037 Qa0
0 ¢ 92 3 1t Ht Ha2 Oa U —C0.029 0.037 2.0
a o o 5 11 H22  H22 0.0 =0a.024 0,027 .0
0 ¢ o 2 9 [ H21 0.0 ~0a052 Co043 0.0
9 o o 4 10 H21 H22 0.0 —0.008 0.003 0.0
0 o ¢ 4 11 H21 H22 0.0 ~02008 0.003 Qe
a o 2 & 9 1.00000 4432354 H21 H21 6.0 ~0a4004 Ce004 0.0
BOND DISTANCES
IA  JA D14
c1 c2 1 2 LaS250
c1 c2 1 B 15260
ct H1 1 3 140950
ci 1 1 -3 1+ 09580
c2 H21 2 4 te0910
€2 M2z 2 5 1.0910
c2 HeZ 2 7 1.0910
c2 H21 3 k4 1.0010
ca H22 a i0 l.0810
c2 H22 8 11 1.0910
BAND ANGLES
IA JA KA AY.JK WA
c2 (= cz 2 3 8 112,40 0.6417
c2 c1 HL 2 1 3 109,354 00000
c2 c1 M1 2 1 6 109,54 Q0000
c2 c1 Hi 8 1 3 109654 0» 0000
c2 c1 H1 8 1 6 109.34 0.0000
Hi c1 HL 3 1 5 105,100 N.L347
ct we H21 1 2 A 111.20 050292
<t e H22 1 2 s 111,20 0.0282
(o | c2 H22 1 2 7 11,20 VD242
421 <2 H22 a 2 5 107469 0.0463
H21  C2 H22 4 2 7 107469 f.04568
H22  Ccz H22 5 2 7 107,489 e C468
ct c2 H21 1 8 9 11%.20 0.0242
c1 c2 Haz 1 -3 10 1i1«20 0.0242
c1 c2 H22 1 8 i1 111,20 0. 0282
HZ2L €2 Hz2 9 8 10 137,69 00466
H21 <2 HaR 9 8 it 107 .69 Q008268
H22 2 H22 10 8 11 107.69 Ba0454
COMFORMATION ANGILES
TA  JA KA LA wWCE
c2 c1 c2 H21 8 3 2 4 0.0000
cz2 ci (o3 H22 8 1 2 5 020000
c2 c1 c2 H22 8 1 2 7 D.0000
sl ci c2 H21 3 1 2 4 0.0008
a2 ) Ci 2 H22 3 1 2 5 0.0008
=1 ci cz H22 3 1 2 7 0.0008
=1 [958 <2 +H21 6 1 2 a4 C.0008
H1 <t c2 H22 6 13 2 S 0008
Hi c1 c H22 [ 1 2 7 0a0208
cz2 (5 ) c2 H21 2 1 8 2 0. 0000
c2 (o) § <2 H22 2 1 8 10 DaNCOC
cz [} c2 Haz 2 1 2 3t 0. U000
H1 <1 <2 2L 3 1 8 9 a.0008
H1 ct Lo H22 3 i 8 19 Gs0008
H1 ci Cz 22 3 1 a 11 D¢ GOOA
Hi (=5 <2 H21 (] 1 8 9 0.03308
Hi <1 C2 H22 [ 1 8 10 0a 0008
H1 [of } e H22 -] 1 8 11 —62.01 Ga.0008
Wi WY Wi WX wT
Qe —20.677 T7.508 15.300 T2aZ231
TEST PROSLEM 3A. ADJUST ENERGY PARAMETERS FOR ETHANE, PROPANE MOLECULES 01-08&-31
PROPANE, TUYALLY SYMMETRIC
#N3S WCALC BEFURE CYCLE 2
V-0 T2u2307



154

OERIVATIVES BEFORE CYCLE 2
J NAMP(J) DYC(J)
re

38 2.4751
39 Tx 9e0L12
41 TZ ~3.5583
43 Ty 4.2914
44 T 2+5493
45 TX 2.7239
47 T2 2+5475
48 TX 209502
as TY 7.0036
50 Tz -fo0136

NUMBER OF PASSES AND TIME SPENT ON VARIOUS PARTS OF ENERGY CALCULATION FOR THIS CYCLZ
N SEC AVT

T

INITEAL 21 0.02 0. 0010

CCCRDINATLCS 21 009 Oe Q024

SLCW RECLP ) 00 0«0

FAST RECIP 0 Qa0 0.0

UNIT CELL 0 0.0 0.0

SLDW DIRECT 1 D02 0. 3200

FA3T OIRECT 20 0401 G, 0005

SLCW CONFEIS 1 0.02 0. 0200

FAST CONFIG 20 0e10 C. 0050

TCYAL TIME (SEC) Oe.22
J  NamE IKA IRB X Y z
1 C1 1 i 0.0 0.0 0.0
2 c2 3 2 1.26808 0.0 ~0+84891
3 HL 2 3 0«0 0. 87588 0.65883
a H21 2 4 2416177 . ~0.22315
5 H22 2 ] 1.31300 0.88090 —1.49101

R FRT AN NEREF TR TR AR AR I KRR R R IOK Aok xR kR ko ok

TEST PROBLEM 3A. ADJUSY ENERGY PARAMETERS FOR ETHANE s, PRUPANE MOLECULES 01-06-81
MODE NC NPC ILsn IWGT IPLM  IPRT NSTG IBPC ARE SLINM CHMPR XDRD
o [} 17 ] o [+ 2 4 ¢ 0e100D0~0 ¢ Qel GOU—=0S 0.0 0,2000-~02
ARC ARH BRC BRH PLC PLH T8R 0cc
KCC OCH KCH ACCC KCCC ACCH KCCH AHCH
KHCH
1.71100 1.23400 0G.14070 0414590 22.64000 4.94000 0.28167 1.36586
4.26800 1.05714 6.35100101.92153 0.01169109.50000 0.01673109.96982
0,017
NO NV NOV LS IwY
13 4 0 1 0o
PARAMETERS AFTER EACH CYCZLE
4 NAMP DKT INEVIAL
8 DcC 1,000 1.400000 L 3658460
16 DCH 1.000 1000000
12 ACCC 1.000 102.000000 101
16 AMCH 1.000 110.000000 109.969818

NVU 4
ROWS 0e3260D 03

P LI L e R St R TE S s L LS Rl ]

DYNAMEC DIMENSIONS FOR WMIN
NECMAX NAMAX NKAMAX NSHMAX NRBMAX NP XMAX NCTMAX NBCMAX
17 8 2 12 8 1] 3 10

MM AX NFESMAX NGSMAX NPSMA X NPMA X NOS MA X NOMAX NVYMAX
46 0 30 30 50 24 24 24

EPSC
0.1000 02

9
CHAFR
( 1
* NSMAX)
12

119
N

3 1
*x NVMAX)
24

8
0000C7D0

129
XYZN

(C 3
* NAMAX)
24

8
0000ESSO

1 2 3 4 s 3 [ a
ARRAY ACZ AKE AM AMASS AN AR BR 8TR
D IMEN~ ( 9 « [ ¢ NVMAX 4 1 ( NVNAX ¢ 1 { 1 { NVMAX
S TONS *NFBMAX) e 0 * NVMAX) *NKAMAX ) * NVMAX) ANKAMAX ) ENKAMAX) *NDSMA X
wORDS 72 [ 576 2 576 2 2 576
8YTES/ WORD 8 8 8 8 8 8 8 a
HEX ADDRESS 00000000 00000240 00000240 00001440 00001450 00002650 00002660 00002670 00003870
1 12 13 1a 15 16 17 18
ARRAY csv oP oPC oPX DW 0%DQ 0Xq oYC
D IMEN~ 4 1 4 1 ¢ 1 « 1 4 1 ¢ 1 € NVMAX [
S10Ms FNGSMA XY * NPMAX} ANPCHMAX) *NFXMAX ) * NP#HAX}Y * NVMAX} * NAMAX)
WORDS 30 50 17 [ 50 24 .
BYTES/WORD 8 8 8 e 8 8
HEX ADDRESS 00003948 00003438  000038C8  C0CO3CS0 00003CSG 0000307~
21 22 23 24 2=
ARRAY €PS ERR EVAL EVEC -
D IMEN- ¢ 1 t o , ¢ Nviax R
SIONS * NPMAX) * NVMAX * NVMAX g at M
#ORDS 50 24 24 ~t * NVMAX)
B8YTES/WORD 8 8 . - 32 23
HEX ADDRESS 00005180  000052F0 00 0B 0000C69E  0000C710
31
_eo 126 127 128
quéﬂﬂ ¢ HaT xC XYz XYzZe XYZD
{ NAMNMAX { 3 { 3 { 3
SICNS >
WORDS MAMAX ) * NSMAX) * NAMAX) * NAMAX) * NAMAX)
Byate - a6 96 24 24 24
8 8 8 8 8 8
Lu0ODDI0  GOOODEAD 0C0CE010  O0O00OE310  0OO0QE3DO  0O0DOEA90
132 133
ZAM z2C
L AMAX 4 1  NAMAX {
* NSMAX) * NAMAX) * NSMAX) *
96 8 96

~2/WORD 8 a 8
“EX ADORESS 000 0ESDO 0000E?D0 O0Q000VEALO

7556 8-BYTE STORAGE LOCATIONS HAVE BEEN REQUESTED. THE PROGRAM 1S DIMENSIONED FOR 12000
COMMON/Z3/ AND NST MAY BE CECREASED BY 4414 WORDS. THIS WILL REDUCE THE REGION USED BY 34K BYTES.

10
CMBT
{ 1
ENGSMAX)
30

P

B3
V0 00%F 08
120
vev
< 1
ANGSMAX}
30
8
00003C390
130
XYZR
[ 3
* NAMAX)
24

3
000QEB10



YEST PROBLEM 38a. MINIMIZE ENERGY AND CALCULATE FREQUENCIES OF MOLECULES 01—-06~81
MODE NC NEC 1.sa IWGT 1PLM IPRT NSTG 18pC ARE SLIM CHPR XDRD EPSC
1 17 o 0 [+] 3 4 1 0»1000D-01 Cs1600-05 0.0 0.2000~02 0.1000 02
N&MPCCT)
ARC ARH BRC BRH PLC PLH TBR [=]ele)
KOG DCH KCH ACCC Kece ACCH KCCH AHCH
WHCH
ec(L)
1e71100 1.234040 0414070 00145920 22.64C00 4.34000 0.28167 1.365806
A ,26800 1.0571¢ £.35100101.92153 0.01169109.50000 0.01673109.96582
0.0179%
oRCiL)
Q200100 0.001L00 0.00010 0« 00010 0.01000 0.G1000 0+00100 G3.00100
0,00100 G+ 00100 G.Q0100 G~ 10000 0.000t0 G.10000 G.00010 0al0000
0.0C0t0
KPC{T)
2 2 2 2 1 1 3 3
3 3 3 3 3 3 3 3
3
fbaf PROBLEM 38. MINIMIZE ENERGY AND CALCULATE FREQUENCIES OF MOLECULES Gl1-06~
HANE » NO SYMMETRY RESTRICTIONS. PARALLEL CARTESIAN SYSTEMS.
Is8
1
NA NKA NS ICENT HXHWEG HYNEG HZNEG NRB NPX NRP ICMe IVDW IREP IMOL NCT IRSC iZan 1GEM IRBA I
2 2 12 1 1.0 1,0 0.0 8 o 10 0 1 1 1 2 4] [¢] a 1
LK NQ NR
a.0 1 1

ALIMET )
0.0

RLIM( D)
10.00000
ALT)

1.00000 1400000 100000 00 0.0 ~0.50000
NAMS TRANSFORMED X TRANSFORMED Y TRANSFORMED Z
£ de0 1,0%X Ge 0 DLO%X  1.0%Y 0.0%Z 0.0 Q-0%X 0.0*%Y 1.0%7
<3 [+ 2] Da0%X Qe 1,0%X ~1.0%Y Q.07 0.0 0e0%X O0a0%Y 1 0%Z7
c3 0«0 =3 L0¥X 0.0 —1.,0%X 0.0%Y 0.0%Z 0.0 OaQ*X D0.0%Y 1o0Q%2
c2 0.0 —1 e kX 040 Dal%X  120%Y Oa.0%Z 0.0 DaDEX Val0&Y -140%Z
c2 0,0 0a0%X [oZ%:] “10%X 0O,0¥Y 0a0%Z 0.0 Os0%X QeO%XY =1o0%Z
c2 0.0 1.0%X 0a0 140%X —1a0%Y 0.0%Z 0«0 0ea Q%X DadxY ~1.0%Z
1 0.0 —1 e 0%X 0.0 Da0%X =1a0%Y Co0¥Z Da0 0s0¥X 0.0kY =1.0%Z
S6 Ds0 D20%X 0.0 —1le0*X 1,0%¥Y  0.0%Z 0.0 C.0%X 0.0%Y ~1.0%xZ
S€ 0.0 1.0%X Qa0 140%X 0.0%Y .0.0%2 0.0 Da0%X  000%Y =1.0%2Z
“ Ca0 1 .0%X 0«0 Da0%EX —~1a0%Y CeQ*Z 0a0 DuvQ*X Q.0%Y 1eD%Z
M 0.0 0 0%X 0e 0 LaDkX 0,0%Y 0.0%Z 0a0 Q.0%X 0.0%Y 1a0%Z
M 0.0 ~1a0¥X Q.0%Y 0.0%Z G0 ~1o0xX 1.0%Y 0.0%Z 0.0 Qs 0D¥X  0.0%Y 1 0%Z

K NAMK Q PL AR 3R AMASS

1 C Qe 00 Qa0 0-0 1200390

2a H 0.0 Qa0 00 a0 12008190

J NAME 1KA ir3 z

1 C 1 0 Q.0 [ Q0«TETOO

2 H 2 4] 1.02162 0.0 1a16110

T HAME IsC JAC SMC EMc IRBC XC YC zC

1 cC 1 1 Ee GeS g 0.0 0.0 Q. 76700

2 H 1 2 2a Q-5 0 1.02162 0.0 ie16110

3 H 2 2 2. 0.5 8 0.0 1,02162 l.16110

4 3 2 2e 0«5 16 ~1.02162 ~1,02162 1.46110

s C 4 1 He 0e5S 24 0.0 Q.0 ~0s 76700

5 H 4 2 2e [ -1 24 —1002162 0.0 ~1.16110

7 H s 2 2 0.5 32 -1,02162 —~1.16110

a H 5 2 02\62 1.02162 ~1.16110

2 S 1.
ABOVE ATOMS USED T COMPUTE TQUCTURE FArTDRS
REV‘SFG &TCM LIST AFTER RELAXXNG SYMMETRY CNHSTRAINTS
b )

J o NA a
1 C l 1 Qe Qs 0 0-76700
2 H 2 2 1.02162 [N ] 1.16410
I 2 3 Oe 1.02162 1.16110
4 H 2 4 —1.02162 ~lo0£16’ Le16110
s C 1 -3 Ge «0 ~0.T6E700
& M 2 6 —1-02162 DaO ~ts156110
7 H 2 7 (12 ~1,02162 ~1.16110
8 # 2 ] 1.02162 1,02162 ~1.16110
1 NAME 15C SAC SMC FMC IRBC xC ¥C ¢
1 C i 1 12 0.5 1 Qa0 Q.0 Ba76700
2 H 1 2 i2a 0ae5 2 1.02162 0.0 1.16110
3 M i 3 124 05 3 0. 1,021 Le161140
4 H 1 4 12. 9.5 4 ~1.07162 -1,02162 1.16110
s C 1 s 12. 045 5 - 0.0 ~0s 76700
6 H 1 & 124 05 6 ~1.,02152 6,0 ~Lla16140
7T H 1 7 iZ2a 05 7 Ds0 —1.0 ~1e16110
a 1 8 120 05 8 t.02162 1.02162 -1.16110
ABQVE ATOMS USED TO COMPUTE STRUCTURE FACTORS
ZMC
1.0
1 NAME(T} ZAM( 1)
1 c 20
2 H 1e0
3 bl 1.0
4 H 1.0
S [ 1.0
6 H 1.0
k4 H 1.0
9 H 1.0
J IZESr TULY) IVviJg) IWiS) SSR{SD STR{ J} SXKR(.J) SYR(J) SZR(IY  TR(1sJ) TR(2.3) TR{3.J)
i 1 o ] 0 0.0 0.0 [ 2] 0:0 - 0.0 0«0 Qe
2 2 o Q 0 0.0 00 040 0+0 0.0 [ 2] 0.0 040
3 3 o o Q0 0.0 QeO 0.0 040 000 0.0 0.0 0.0
4 4 4] 0 9 0.0 0.0 0.0 Q.0 0.0 0.0 Da0 G.0
S S [ 0 o Qa0 0.0 0.0 0.0 0.0 0.0 Qe 0 0.0
6 6 Q [} 9 0.0 0.0 0.0 0.0 0»0 0«0 0.0 0.0
T 7 o aQ o 0.0 0.0 0.0 D.0 0.0 0.0 U0 Da0
8 8 o o 0 Gs0 0.0 0e0 G0 00 G.0 .0 0.0
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I MAMPIL) I8¢ oP(1)
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z ARH 1.234000  0,001000
3 3RC 0.1840700 0.000100
a aRH 0.145900  0.000200
5 PLC  22.640000 0.010000
& 2CH 4.960000 0.0L0000
7 TER 0.281667  0.,001000
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9 KEC 4.258000 02001000
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11 KE 6.351060  ©.001000
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19 8 1.000000
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a3 Ty 0.0
43 Tz 0.0
45 T 0.0 0.000010
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a7 Tz 0.0 00010
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24 2a 24 o 0
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ENERGY AND CALCULATE FREQUENCIES OF MOLECULES
CTIONS. PARALIEL CARTESIAN SYSTEMS.
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FREQUENC IES OF MOLECULES
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Eistaa HCALLC BEFURE CYCLE 1
0,0 42,8260
CERIVATIVES RIFORE CYAE 1
DOW/DR(IINEL{.J]) FOR =
3 NAMEL ) DY C{ 2% T 25 2% TZ 27 TX 28 Ty 2% T2 a0 ¥R 32 ¥z
33 TX 34 TY 35 Yz 36 T Fr Yy 38 Tz 39 T a4l TZ
12 TH 43 7Y 44 rz 45 TX 4& TA &7 T2
2% TX ~Qs03C0O .7196 --0.07Q8 CeQ027 ~5&4 . 0379 ~0«03823 ~3B87 403 =“230.5659 93,7308
3 93 ¥309 7 - 65205 CARLBSLE
24,796l
25 i ~0.0000 La0G2T 122+3861 162.,3385
16263455 <G .0000 ~0a GUOO
82,9388 5
28 TZ ~S.8229 109‘1',\334/ a7 84,1743 ~185.7933 --190,2702
AP0 2702 o i ~1G #0752 D-000% ~30.7a09
3G, 7409 95375 1643195 =30 .7%09
27 TX ~1o19%0 1683474 210,532 00020 198.,6381 =26 25333 11.5832 -5.0022
102z 69205 0001 —~19.0755 ~0.,1105 -0 LADO
221313 25,1639 ~0u 8301
28 Y 0. 0000 0.0020 VT 270895 0.0007 BBETEE 19,8293
-l'?qBOQS a0 S5+ 0886 ~0.06G1 0.G001 2,1000G
~GnTRGO 12156 —D. 66351 Ow?eGL
2% TZ —0,732% -39 0s2702 198.65818 Q0007 188-8318 197066 17.3943
17,8943 DeDB0E6 Q0 “~30L7410 ~R .90 Qs 14BY
-t . 7297 DsH5307% Da?7451 —La 7297
30 L4 05925 Baalfal -20,5933 28DT4D 19.7T06HS 225 .8357 - AT 3L
1406040 S5.5312 ~0sB 020 DB 38 Da4313 04301
0a0Q725 —-1.,053a 045259 Q.8504
3L TY —1.0353 —L2 G 7933 115 8172 524860 - 1-9154 A12.0261
—14,3232 -’GCB(‘A‘) S 2VEG ~1H451%9 2 1539 ~0 . 7HE0
021290 Ba5295 G.00061
32 Tz —~0,7322 < ~EQULRTO2 19.80%3 17,5943 —9% . 31235 183683156
—leoOQJ 14,3235 1728243 ~42n Q351 ~30,7410 ~0A8302 ~10 7297
DaOTAD ~0a129Q -0s1489 Ba0001 ~ia. 17297
33 (I8 05935 23024699 ~192,86497 83«1 743 48,6742 19,7065 25.5558 —14. %045
2258458 221.8518 39,3135 0w7303 Y5378 Qa1312 ~0e8 302
=1.,063% QG258 28603 —~0 .+ 6486 0.57205
38 TY 1,03832 ~192.H532 -482.87H% 1857943 8.1726 ~544861 ~1B8.565& 4323772 14,3235
221.3518 38240952 ~LTZ.0276 6. 4295 1665201 0s16372 ~0.5652 07350
0.3259 2.52360 Qs BC0) 02258 051220
39 Tz -Q,7 322 23,7309 16234065 -190.2702 19,8095 17.683943 ~l4ab04a -1¢,3232 178543
~9Y. 3195 ~17R.027H 138,8316 229379 ~-3G.F4LD ~0 2301 C-T251 -1.729%
0o 8503 Q0001 —1.72956 Csl 291 0. 1883
35 TX Q. 3000 ~151.9540 —0.0530 Qe 00GT 0.0 ~39.5805 5.5312 Q8020 2427302
S.5311 0-7351 24,7902 ~02CE0B ~Q.0028 ~568 0372 0.Q022 -~i87,4593
23046956 1825861 GEaTIOT <192.6501% P3.73I0T
37 3Y D. 0000 “(a 0567 -151.9540 2,0007 Sa0886 0a0 ~0 8020 G2 W 42,9381
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38 T2 S.4229 -0 0007 ~ 3.0 007 -426G.8000 —0.0003 -30.,7410 9.3374 ~16.5199 -30,7410
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1.2157 ~119.2600 00002 Q0029 97 TBIS ~0.0008
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04302 ~190.2712 178.43388 —0,05006 LEBLE31E
12+ 7069 17.069328
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~12063% B4 41708 ~26.5940 38,6735 1970369
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0.8405140 01 072558320 22
NUMBER OF GASSES AND TIVE SPENT ON VARTIOUS PARTS OF ENZRGY CALCULATION FR THIS CYCLE
NT SE AVT
INITIAL 3235 0.08 2.00072
CUCPU‘INATFQ 325 | 00 G043
(o 0.0 0,0
0.0 0.0
0.0 0.0
Qa 02 0. 0260
Gala 5.0004
0.1 00100
0-67 Q,2521
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EvEC{T.J)
J TVALIJ)D 4 TA 25 Y TZ 27 X 2=l T 29 Iz 35 Tx 2 Ti
33 1% 34 Y TE 36 X 37 vy 33 TZ 2% > 41 iz
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-Q.017495 Ce0O098L 2 —-0.414542 Qe 017492 0009423 0414552

13 0.58S0 00 0100770 ~0.000001 0.264298 —0.238549 ~0,600000 0.423585
0.210743 -0.083001 0201336 ~-0.10078B1 ~04000001 -0.264234

~0a4210726 =0,082979 =-0,201335 =-0.210727 Oe 482930 =~0.201334

t4 0.53a4D 00 0.084232 0.000079 -0.044330 0alB7730 —040800122 ~0.077349
~0.233914 0.406587 0.09L883 Qs 0REQ45 0000091 ~0e04%32128

233734 -0.406356 G, 032000 0.406590 0.09L 851
44515 04000001 04123763
—-0.168741 04388213 Qe 243854

15 045170 GC

-0

—00000001L ~04,123765

—0.388230 -0.243868

—04140066 04000029
00220083 0.,000008

=0+1390684 <-044326151

—0e000007 -0,494047

t€e 0.3740 00 0.0000 32 0220097 0. 000006
—-0.080385 -0.,132076 -0.436169

0. 080403 —0.138947 0.436039

17 03570 U0d =—0.266144 0.0000448 Q.016137
0.123120 -0.043771 0227566 02000042 0.016136

0«123120 0.043703 0.227712 —0.043781 0227551

18 0.4530-01 ~04000425 —04175547 0. 000021 —0.000309 =04320169 =~0.000002
- 72928 Q - 00422 -0,175557 0000020

0.372715 0.2105tS -0.,008803 +» 372945 0.008771

19 0+761D-02 —0.000018 ~-0.265161 ~0.000013 =~0.000011 =0.000002
—0.353078 0.033643 ~0e123563 =-0.000003 -0.000013

-0353049 -0.038651 -0.123559 0.353052 0.123552

20 0.373D-02 0375745 -0.00001{0 0.,000026 04413019 -0.2022489
0,251348 ~0.000190 0.100835 -~0.375521 =-0.000023

~0e231262 -—0.000181 ~0.100844 -0.251253 -0.100834

21 04320D0-02 -0.000001 =04301166 0.000025 =0.000001 0.000012
04134269 —04407995 ~0.140296 0.,00C012 Q.000025

34273 ~0.140292 - 34253 04140313

22 04157D-04 73080 —~0+005382 -0 .002209

0. 163792 ~00224428 ~0.,002251 02373200 =0.3491%90 -0.003382

0165712 -0,2244332 -0.002229 0.163864 ~0.224427 -0.002220

23 ~0.345D-006 0.,003643 -040031i7T 0.,573550 0.002642 =—0000920 0.238743
0.001588 -0.001921L 0. 238743 0.003647 =0.003129 0.573554

0001603 =-0.002027 0.238748 0.001618 —0.302027 0.238741

24 ~0.8600~-03 -0.348715 -0.373413 0.000265 =-0.252899 =-0.,108962 0000037
-0+4154550 =0.240316 0., 000088 -—0,34B820 =—0,373%16 0.000262
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ONLY FIRST 18 VARIED

TEST PROBLEM 38, MINIMIZE ENERGY AND CALCULATE FREQUENCIES OF MOLECULES
ETHANE . MO SYMMETRY RESTRICTIONS. PARALLEL CARTESIAN SYSTEMS.

CYCLE 2

wC wyv wR wX wT
0«0 -11.875 464519 8.130 42,775

TEST PROBLEM 3B, MINIMIZE ENERGY AND CALCULATE FREQUENCIES OF MOLECULES
ETHANE : MO SYMMETRY RESTRICTIDNS. PARALLEL CARTESIAN SYSTEMSe

WOBS WCALC BEFORE CYQE 2
0.0 42,7753
DERIVATIVES BEFORE CYCLE 2
NAuMPLJ)  DYCLJ}
X 0.0001

R
4
£9
ZC TY =0~0000
26 YZ 0.0221
27 TX 0-0053
zZE TY =0,0009Q
25 YZ 09,0083
20 TX -0.0029
a1 TY 00,0050
32 TZ 0.,0087
32 TX —0.0029
34 7Y ~05 0050
35 TZ 0.0087
3E TX -0.0001
37 TY —=0.0000
ELI 4 =0e.0221
36 TX -0, 0054
40 Tvy =0.0000
41 TZ -0,00813
42 TX 00,0029
43 v —~0s 0050
44 TZ —0.0087
45 TX 0.0029
46 TY 00050
47 TZ —-0,0087
FREQ( 1) CARTESTAN NORMAL CUORDINATE
2963.76 ATOM DX DYy bz
1 C 02000087 ~0,000209 -0.037266
2 H 06370661 ~0.00000%9 0.147516
3 H -0 .186584 0323219 Cel148718
4 H -0.,185061 04320659 Ce147511
5 C 04000085 —~0.000220 -0,037271
6 H 0.370726 =-0.,000012 0.147541
7 H —0s:185643 0.323318 0.148761%
a H ~0+185043 ~0,320630 0.147495
CHARACTER OF IBRATION WITH RESPECT TO SYMMETRY OPSRATION 1
1 1 2 3 4 5 [} T 8 @
i1 12
NAMS (1) E c3 c3 <2 c2 cz2 I S6 s6

M M
CHAR(I) 1.0000D 1.0C000C L0000 ~140000 =1.0000 —1+0000 =140000 -140000 -~1.0000
£.00C0 i «0000

FREQ( 2) CARTESIAN NORMAL COORDINATE
2954.33 ATOM DX DY DZ

1 C ~04000215 —-0.,000018 0.032112
2 H -0.371707 -0.000002
3 H 0.187096 -0.32410
4 H 0e187223 0s324322
5 C 0.000207 =-0.,000014
& H Q371723 ~Q.000002
7 H -0.187170 06324231 0,147953
8 H —0.187071 -0.324060 0,147871

CHARACTER OF VIBRATION WITH RESPECT TO SYMMETRY GPERATION [

1 i 2 3 4 5 & 7 8 9
11 12

NA¥S(L) E c3 Cc3 cz2 c2 c2 1 S6 56
L M

CHAR{T) 1.0000 1.0000C 1.6000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000

1.0000 1.0000

FREQGU 3) CARTESIAN NORMAL CONRDINATE
2946, 24 aM Dz
0.030498 ~-0.055590 0.000128
~0:24433S5 -0.001561 —-0.100861
0.436183 0.208166
27286 -~0.108813
« 055592 04000140

EEAFISES
AIIIN»
[
]
o
N
N
5]
@
(M)
W

04030508

0210744
0«238535

~0a233727
Do 67727

-0+ 168740
=~ 0s063769

0080409
~0+000080

Qe123119
G.216918

0.3726%2
=0.000313

Q+353061
0+030003

Qs251359
—0.413863

-0«134266
C.0000214

0. 165632
0.270840

0.001627
0.002648

—0e153520
—0. 253024

01-06-81

01—06-91

M
1.0000

M
1.0020

0.03300%
—~0.000000

~0.406376
-0.000124
-0.383223
—-0.000001
-0.138937
~0.140069
Je0A3700
-0.0000C9

0.210504%
-0.320185

0.0386473
D.383232

0.000179
0.000008

~04807988
00030881

~0a224430
-0.122214

~0.001993
-0.000205

—0e2240431
—0,108983

04201334
—0.423586

0«09201L8
— 04077365

0+243B67
~0.0206292

0.436046
0.000098

0.227717
—0e494029

—-0.008809
~0.000003

C.l123548
—-0.000010

0.100845
Ce202260

0.1l40310
0000005

—0.002265
-0.002275

0.238738
0238743

0.000094
0+000102



ce

v
1

159

8
56

6 H —0.244564 ~0,00159% -~0.1009%1
7 H =0+251799 0,4 36106 2208130
8 H 0-132999 0227383 -0,108859
CHARACTER QF VIBRAYIDN WITH RESPECT TO SYMMETRY OPERAYION I
1 13 2 3 4 5 &
11 12
NAMSE 1) = c3 <3 2 c2
L) M
CHAR(Y) 10000 ~0.5000 ~0.5000 0.5370 0:3620 --0+9%991 -1,0000 0.5000
—0-46 VP93 1
FREQC 4) CARTESIAN MORMAL COORDINATE
2946417 ATOM DX oY DZ
1 C ~0.055599 ~0.030520 0. 00023
2 H 0d42862 ~0,0008%L 0.182840
3 H 0-.003962 ~0s010412 ~0.204544
4 H C.ZLSi5a 2.374643 Q173564
S < —0a055535 -0, 030503 Q.DDO03S
6 H 0.442620 ~0.GQ035SE 0.L827Fa46
T H 9.004059 ~0,010581 0004621
8 H 0.215139 Q374511 ~0,1785492

CHARACTER Of VIBRATION WITH RESPECT T0 SYMMETRY OSERAVION [
1 2 3 4 s ]

11 12
NAMS{I) E Cc3 €3 R o2 c2
M M
CHAR{I} 1.0000 ~02.5000 ~0e5000 ~0.5371 —0.4€620 0.9991
028520 —049991
FREQY 5? CARTESIAN NUORMAL COORGINATE
2538, 74 ATOM X oY oz
1 C ~0.000381 02063650 -0.000003
2 H D.003095 ~0.0GNS61L 9,001206
3 M —0.219685% G.360293 171417
4 H 0221328 0,282845 ~0.8 V2564
5 C 0.0003G6 Q. GEHIBSE --0,000002
6 H —0.003158 0000563 ~0.,0061232
7T M 0219819 -0a.380221 ~Qasi 713837
8 H —0«2214%2 ~0,3829%91 0172631

CHARACTER OF VIBRATION WITH RESSECT TO SYMMETRY OPERATION I
T 2 E 4 S L)

1L 12

RELEINS ] £ <3 (o} «? cz Lo
L

CHAR(T) 120000 =0+5000 ~0x5000 ~0.%999 0.5105 044894
«3105  0.4524

FREQ{ 6} CARTESTIAN NORMAL COORGINATE

2933 .66 ATOM DX DY Dz

[ ~0.063653 00003497 ~0.000098
2 H 0.510292 0. 000006 0.193933
3 H 0.L27524 ~0.22L866 -D.099654
4 = 0»3124776 Ga287102 -~ Q57T0%
s C 0.063660 -0.0G00331 POVISE
6 H ~0,510334 ~0a000001 -0»198%51
7T H 01274920 2,221806 V- 099825
8 H —0,224850 -0.217239 0 09T VED

L

~1.0000

1
1.0000

CHARACYER NF VIBRATION ¥WITH RESHPECT YU SYMMETRY OPERATION 1
1 2 3 4 5 &

11 12
NAMS(I]} E <3 3 c2 <2 <z
bl M
CTHARCT} 13000 ~0.5000 ~0.5000 0:9999 —0.5105 -0,4844
~0,5105 -0.2894
FREQ( 7) CARTESIAN NMORMAI. COORDINATE
1277.03 ATOM DX oy 0z
1 C —0.000033 0 Q000060 -0.107329
2 H ~Qp188686 ~0.000009 0307615
3 H Qe QFY25T  ~0,1368%56 0397503
4 H 0e Q7928 D 136851 0307507
S5 C 02000033 ~0s0QGO0O0C D«ROT33G
65 H 01568095 -0.000001 ~0.307637
7 o —0.9792586 Ns136883 —0,307548
8 H ~0,079255 ~0«136B85 ~0.30755)

1

18000

CTHARACTER F VISRATION WITH RESPECT TO SYMMETRY OPERATION I
1 1 2 3 4 S ]

NaMs{1}
CHARCI)

FREGL

a3
1466a.01

CHARACTYER NF VIBRATION WITH RESPRECT TU SYMMETRY OPERATION
I 2 3 4 S €

11 12
E 3 3
[ M
1,0000 140000 1,000
10000 150000

DNONAD W

—0,082336

c2
Q@ 1+0009

COURDINATE
Y

0.000066
~0.000582
0w 13401
~Dai43480
0000067
~0.000604
0e1 43365
~De 143483

c2
1.0030Q

DZ
Q.083632
~0,331506
~0.332198

~0.331695

2

120000

11 t2
NAMS{1) E <3 Cc3 cz2 c2 c2
M M
CHARCI) 10000 1.0000 10000 ~1.90000 =1,0000
1.0000 1.0000
FaEQ( 23 CARTESIAN NORMAL COQROINATE
1331351 ATOM X DY oz
T C =0 4041659 0 020629 ~003008&
2 H ~Cs118536 -0w222518 0.190348
3 o 0185218 Du233861 ~0s1 76352
4 H G2429029 -—0.257203 ~0.013273
5 < ~Qa04185G 0,020636 —-0.000086
6 H ~0a2116527 0.1903386
7 A 04185108 ~Da17T6347
8 H 0229019 ~0.013215

1

1.000¢

1

1

~10000 ~140600

CHARACTER F VIURATION WITH RESPECT 7O SYMMETHY CSERATION I
1 2 3 a S 6

NAMS{ T
CHAR{1}

E

11

12

c3 3

ce

M M
1.,0000 ~0,3C00 ~0.5000 ~0.,6051

~0.9920

0.3869

c2
2220

c2

1

—0238569 =10000

S6
2-5000

S6
~0e5000

56

~0e35000

56
10000

Sé

~1e 0000

o o
©
°

05

36
0~5000

6

0+35000

56
-0 »50090

S6

-025000

S6
1.06090

56

-1.0000

56
045000

M

~DeS370

25371

~0.39%9Q

M

10

09999

~

1.0000

M

10

1.0000

10

Q6051



FREQ( 10) CARTESTAN NCORMAL CUORDINATE
1433-.36 ATDM DX oY z
1 C 0.020665 0a081676 --0.000084
2 ] D+058583 —0.449052 ~0.093987
3 = -0.398052 -0.145423 -0.117105
4 H 93509 0.098673 0.212087
5 C 20642 040615639 -0.000083
€ H 0058522 =—04448641 —0«093896
7 H -0.397642 -0.145243 -0.117032
8 H 02093469 0.098569 0.211915

CHARACTER OF VIBRATION WITH RESPECT TC SYMMETRY OPERATION
1 1 2 E] 4 5 ]

1

7
11 12
NAKG{I} E c3 c3 cz2 c2 e I
M M
CHAeR{I) 1.0000 —0.5000 —-0.5000 0.6052 —0.9920 043303 -L+0000
0.9920 -2,3869
SREQ( 11} CARTESIAN ND2MAL COOURDINATE
1426.65 ATOM DX oY D2
1 C -0.001143 Q.04n008 0.00000¢
2 H -0.002961 -0.515882 0.004727
2 M -0.034600 -0.163274
4 ~0. 048555 0.158509
5 < 0.001120 44933 -0.000000
6 H 0.002920¢ 04516200 —0.004631
7 M 0.265084 04036769 0.163328
8 H ~04282540 0.048423 -0.158699
CHAEACTER OF VIBRATION #ITH RESPECT TO SYNMMITRY CPERATION [
1 1 2 3 4 5 6 7
(N3 12
MNAMS(1) 13 c3 c3 c2 2 2 1
M “
CHAQ(T} 1.0000 ~0+5000 -0,5000 -Q.9987 04557 0.%5620 1.0000
044557  0.5430
FREOC 12) CARTESIAN NORMAL COURDINATE
1426.5 ATOM ox oY
1 C —-0e4344902 -0.001122
2 H ~0+116437 Ce Q12906
3 0+ 0+364503 0274354
4 H 0330908 —-0.272846
5 C G.02822 2001142
6 H 04116500 —0.013108
7 H —Qe361850 ~0.275062
8 H -0.350342 0.272964
CHARACTER OF VIBRATION WiTH RESPECT TO SYMMETRY OPERATION 1
1 i 2 3 4 ) & 7
11 12
NAMSI 1} E <3 c3 c2 c2 cz2 1
M M
CHARLT}Y 1.0000 =045000 -0.5000 049987 —0.4558 —0¢5430 1.0000
~0.4558 ~0.5430
FREG( 13) CARTESIAN NCORMAL CNORDINATE
1070 .45 ATOM DX DY DZ
1 [ 0003800 —0.111838 -0.000002
2 H ~C.002373 0105577 0.015754
3 H 0.012016 06078302 -0.409378
4 H -0.018592 0.079355 0.393627
5 C ~0.003800 0.111841 0.00000Q1
6 H 04002373 ~0.105595 15753
7T H ~0.012026 =-0.078315 02393
8 H 0018598 ~0.079359 —0.393646
CHARACTER OF VIBRATIDN WITH RESPECT TO SYMMETRY OPERATION 1
T 1 2 3 4 5 6 7
ti 12
NAMS(I) E c3 c3 2 c2 cz2 1
N M
CHAR(I) 1.0000 —0.5000 —0.5000 -0.9977 0.4401 Ve 5576 1.0000
0.4401 05576
FREQ{ 13) CARTESIAN NORMAL CNORDINATE
1070.45 ATOM o oY oz
1 C -0.,111838 -0.003800 04000038
2 H 0.069823 0+003590 -0.463630
3 8B 0097234 n.018114 0218141
4 H 0.09G194 -0.012756 0.245625
5 C D« 003801 -0.000038
6 M -0e0035%9C 0.463645
7 H ~0.018116 -0.218147
8 H ~0e096202 0.012762 -0.265431
CHARACTER OF VIBRATION WITH RESPECT TO SYMMETRY OPERATION T
I 1 2 3 4 5 6 7
i1 12
NAMSETR € C3 Cc3 c2 c2 cz I
™ M
CTHARCL Y 140000 —0e5000 ~0.50GG 049977 -~0e%401 -0.5576 1.0000
-0.4401 -0.5576
FREQ( 15} CARYESIAN NORMAL CUORDINATE
AL .37 ATOw DX DY Z
1 c -0,0000%52 =04000000 -0.170592
2 H 0.029149 0«000001 ~0.221307
3 H -0 «014655 0025295 ~0.221274
a H ~0 4014656 =0,025294 —0.221269
5 C 0.000051 ~0.000000 0+170591
6 H « 02321426 00002 0.221298
7 H 0«014656 =0.025292 Qe22127¢
8 H De014658 0025294 0.221278
CHMARACTER OF VIBRATION WITH RESPECT TO SYMMETRY OPERATEION 1
1 1 2 3 4 5 5 7
11 12
NAMS(I) E c3 €3 ca c2 c2 1
M L)
CHARCL) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.00C0

1.0000 140000

CARTESIAN NORMAI. COUROINATE
ATU DX oYy (24
-0.027141 0.038287 0«000008
0,090640 =~0.175500 —0.284700
0.09E690 -0.125638 0.489891
De136602 —0e154£35 0205290
2 0.038282 0.000008
0+090936 -0.175501 —-0.284689
0095681 —Ce12563% Ge489872
0.135598 -04154631 ~0e20S278

WNOA RGN~
ITITINTIITIO
1
Q
»

3
N
~
+
o

160

S6
0.5000

Se
—-0.5000

S6
—0.5000

S6

—05000

S6
—045000

S6
1.0000

36 “

0+500C -0.6052

s& ™
~0.5000 ~0.9937

56 M

-0.5000 0.9987

S6 -
~0:8000 -0e93977

S6 M
—045000 09277

S5 L

1.0000 1.0000
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CHARACTER 0OF VIBRATION WITH RESPECY TO SYMMETRY OPERATION I
1 3 4 S 6

1 7 8
11 12
NAMSIT} £ <3 c3 <2 c2 fee-3 ¢ s6
M b
CHAR{T? 1.0000 ~QeS000 -~0,S008 Qe3306 [.6320 -0.9026 —1.0000 0+5000
~ 08520 FeR326
FREQL 17) CARTESIAN NORMAL CDNORDINATE
408.08 A YoM Ox DY DZ
1 c ~0,038321  ~0.32T200 02000011
2 H 0.128149 0124409 ~0.401378
3 H Gs1T8217 Na119794 ~0.045688¢
4 H 0,145332 Ga 379830 0.457155
S C ~0 033321 ~0,027197 ¢.380009
¢ H 0.128148 0124500 ~0.401369
7 H Ba17B215 0. 419734 <Q.045863
8 H Qs 149329 D. 73629 Q.aa7128
CHRRACTER OF VIBRATION WITH RESPECY TO SYMMETRY OPERATION |
1 1 2 3 4 ) 6 7 a
1 12
NANSLT)? 3 c3 3 ca 2 cz 1 56

[ M
CHARILY 1.8000 ~0.5000 ~0.5000 -0 3307 —0.5512 0,2826 =1a0000 0,5000
06519 ~0.9826

FREQ( 182 CARTESTAN NORMAL COURDINAYE
309.92 ATCM [52:4 oy DZ
| S} 0000397 ~0,80023% -~0.000002
2 H c.00038¢0 Ga&QOALT Da00004 1
3 0 ~0.351813 --0.200581 GeDDD04E
4 = 0.352393 ~Dy, 203419 --0,000085
5 C D.000395 -0« 000240 ~0.0009002
&6 H 0.000381 040683546 Ge 000044
7 H ~0.351837Y ~0.2C3597 G.N0UR3G
& H 0.352410 —0,203429 -—0,0000853

CHARACTER (OF YIDRATION wITH RESPECT TO0 SYMMETRY UPERATION I
1 2 3 4 5 =3

11 12
NAMSCT ) c3

3

L L)

CHAR{I} 10000 1-0000 1,0000 1.0000 1-0000 1.0000 --1.0006 ~1.3000
10008 ~1.0000

c3 c2 T2 c2 1 56

FREQL 194 TARTESIAN NORMAL CUUORDINATE
34489 ATOM b oy nz
1 C DA0CAAYT Q027738 —0.006080
2 M 0.001824 Ouit81793 ~0.0G01719
3 H 06344353 ~0.1377T4  --0,031443
4 H 0.3668028 ~0.157774 0.032908
5 C “0aQ2YBYL  ~0.30008%
6 H ~0a 441903 0s001548
7 H 0., 1572638 Da0312382
8 H ~0.348045 DelB7629 —~0D.03306Y
CHARACTER OF YIBRATION WiTrh RESPECT TO SYMMETRY OPERATION I
1 i 3 4 S & 8
11 12
NAMS{1} E <3 <3 <z <2 [or-] 3 56
CHARTT Y 1,0000 049748 0,3748 —~0a$999 097306 ~ 09761 1.0000 0.9748
~0.9FIE ~N.9T61L
FREQC 20} CARTESTAN NORMAL CCORDIMNATE
19.07 ATOM j2.8 DY (174
i C ~0,009426 0149115 0000236
2 H ~0.01a2a8 Qe 152047 Q2012525
3 N 0+ 069839 0.263252 ~0.L79246
4 H ~0.078327 0263251 01666839
5 C 02009200 ~0.148928 09,000031
6 M G.Q0RA01S -0,151861 ~0.012455
T H ~0.050068 ~0.263062 02793153
a H 0.078091 ~0«2A3054 ~0,166769
CHARACTER OF VIGSRATION WITH RESPTCT TO SYMMETRY CGPERATION I
1 1 3 L3 3 6 7 8
1 12
MAMSCT ) E €3 <3 c2 2 c2 1 56

)
CHAR(I} 140000 ~0+%4024 —~0+8023 ~0.9927 02979 00,4995 10000 —0.4020
D297 04995

FREQL 21} CARTESIAN NORMAL CODRDINATE
18.44 ATOM DX Y Dz
1 C ~0.152172 ~0,008646 2.000095
2 H ~0.230566 «0,005506 0.203322
3 H ~0e237282 ~Q.01711la -0.091095
a4 H =0 2223819 ~0.037184 ~0.111846
5 C 0150954 0.003222 ¢.000018
6 H 0.229351 00006091 ~0.203220
7 o e236028 0047686 02091209
8 H Q.222611 0. QL7752 0.111958

CHARACTER OF YIBRATION WITH RESPECT TU SYMMETRY DPERATIgN 3
I 3 L s

11 12
NAMS(I) € <3 c3 cz2 (-3 <2 1 36
M M
CRARLTI) 10000 ~0.4989 ~0.4989 0.9916 —0.,3952 —0.5986 1.0000 —0.4989
—~0.3952 09986

FREQ{ 223 CARTESIAN NGRMAL. COORDIMATE
5020 TOM DX DY nz
1 C 0132061 -N.125050 ~0.000289
2 H DW1Z1iBBL —0c 126137 -0.000261
3 DL13ZTBD  ~0.124473 ~0s001457
4 H Qe3130975 00124471 ~(.001252
5 C DW133242 ~0.125219 ~0.,000290
6 H 04133520 ~0.126184 ~2,001713
7 H Ca134234 --0,124837 -—0,000535
8 H 04132793 ~0s124833 —0a000T724
CHARACTER DF YIBRATION WITH RESPECT YO SYMMETRY COPERATION T
1 2 3 4 5 & 8
t1 12
NAMS(T) E c3 c3 c2 cz <2 1 36
L)

b
CHARCT) 1.0000 ~0.4999 ~0:4999 ~0.0585 048337 ~0.8352 ~1.,0000 0.4599
~0e8937 0.8352

s6

0,-5G00

56
0.5900

S6
“1:0000

&6
09748

Sé
~0 e 4024

56
~Q04282

S6
024999

M
~0.3365

M
0=3307

10
M

—~10020

M
02995

M
—0.8927

M
0.99LC

L]
0.05885



FREQ( 23}
G.aa

CARTESTAN NORMAL COORDINATE

ATOM oX Dz
i C 0-,000838 —0.00061S 0182400
2 H 0000862 =0.000442 0.182337
3 H 0,000707 =-0.000711 0.182444
4 H 04001018 —0«000711 0.182415
S < 04000747 =0.000590 0.182401
6 H 04000723 -0.000778 041824863
7 H 0.000891 ~0.000487 0.1B823586
8 H 0.000555 ~0.000488 0.182384

CHARACTER OF VIBRATION WITH RESPECT 7O SYMMETRY OPERATION I
1 i 2 3 4 5 o

162

8 s Lo
11 12
NAMS(1) E 3 cz2 c2 c2 cz 1 sé 56 M
B
CHAR{ T} 1.0000 1.0000 1.0000 —L+0000 —0.9999 ~1.0000 -1.0000 —140000 -1.0000 1.0000
049999 1.0000
FREG{ 24} CARTESIAN NORMAL COQRDINATE
27 .54 ATOM DX by bZ
1 c 0.12494S5 0.132694 -0.000109
2 H 0.124876 0 22732 0.000059
3 H 04125090 32846 -—-0.000252
4 H 0.124933 «132762 -0.000077
5 C 0.125291 0.132682 -0.0001082
6 ™ 0125404 0132437 -0.000412
T H 0125860 0s132970 =0.000007
8 M 0.125221 O.132880 0.000140
CHARACTER OF VIBRATION WITH RESPECY TO SYMMETRY OPERATION [
1 3 4 5 6 8 9 10
11 12
NAMS(T) E c3 c3 cz c2 <2 14 56 SE L
CHAR(Y) 1.0000 —0.5000 -0.5000 00,0585 —0.8938 0.8353 —1.0000 0.5000 0.5000 —-0.0585
0.8938 —0.8353
J MAME IKA 1RB ra
1 < 1 0-7610S
2 N 2 2 1.15462
3 2 3 1.15501
4 2 4 5501
5 C 1 5 - 6105
6 H 2 6 -1.02054 00 5862
7 M 2 T —-0.00030 -1.02024 -115501
8 H 2 & 101994 102024 —1.15501)
FRREERK KR REAREKE T RRERR LT LR T RRRE KRR SRR RR AR R KRR RN X
TEST PROBLEM 3B, MINIMIZE ENERGY AND CALCULATE FREQUENCIES OF MOLECULES 01-06-81
STFANE. NO SYMMETRY RESTRICTICNSe PARALLEL CARTESIAN SYSTEMS.
MOGE NC NPC iLsa IweT IPLM  IPRY NSTG 1I8BPC ARE SLIM cMPR XORD EPSC
4 1 17 0 o o 3 4 1 0+1000--02 0«100D-05 0.0 G«200D~02 0.100D 02
ARC ARH 8rC SRH PLC PLM TBR occ
Keo DCH KCH ACCC KCCC ACCH KCCH AHCH
KHC
171100 1.23400 0.14070 0. 14590 22.64000 4.94000 0.28167 1.36586
4.26800 L«05718 6.35100101.92153 0.01169109.50000 0.01673109.96982
0.01799
NA NMA NS ICENT HXNEG HYNEG MHZNEG NRB NPX NRP  ICMB IVDwW {REP IMOL NCT IRSC 1ZAM IGEM
8 2 12 1 1.0 1.0 040 8 o] 10 o 1 1 i 2 6 4] Q
NO NV NOV Ls InT
24 24 24 [} [}
PARAMETERS AFTER EACH CYCLE
J  Namp INYTIAL
24 TX 0.0 0+000196
25 TY 0.0 0.0000N00
2¢ TZ 0.0 -0.005947
27 TX 0.0 -0.0010B4%
28 TY Q.0 0.000000
29 T1Z Q.0 -0.006483
30 TX 8e0 0000987
Ty 0.0 -0.001196
32 Tz Q0«0 -0.006091
23 TX G0 0.000987
s TY 0.0 0«001196
s vZ 0.0 —0+006091
36 TX Qa0 -0.00019%
37 TY 0.0 0.000000
28 T2 0.0 04005927
29 TX 0«0 04001084
40 TY 00 04000000
41 T1Z 0.0 0.006483
42 TX 040 ~0.000987
43 1Y G.0 0 .001L98
44 TZ 6.0 0006091
A  TX 040 -0.000987
46 TY 0+0 ~0.,001196
47 T2z Qe0 0.005091
NvVU 18
RDYWS 0.84060 O
w 42,8260 42,7753
FREQ{T)
2963.76 2954.33 2946.24 2946417 2938.74 2938.66 1477.03 1466.01
1433.51 1433,.36 1426.65 1426.54 1070.45 1070.45 981.37 908415
<08.08 309.92 34.89 19.07 18.44 Se20 Oess —27.54

APRKAKTER AR A AR S RSB ERREREE AT ARk R R SR TRk X R X xrx

IRBA [SIZT
1
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