MARTINMARIETTA ENE“GY SYSYEMS LIRRSAIES

L

3 445k 0323142 9




LEGAL NOTICE - e

This repurt was prepared as on ceount of Goverment sponsorsd work. Neither the United States,

nor the Connnission, aer dny persen acting on behal of the Commission:

A. Makes any warranty of fepresentution, expressud, of implied, with respect fo the asccuracy,
caompleteness, or usefulness of the informotion sontained in this weport, or thot the use of
any infermution, appacatus, methsd, or process disclessd in this report may not infringe
privataly owned rights; or

Assumss any liabilities with respect to the use of, or for dumages resulting from the use of

any informution, apparatus, method, or precess disclased in this report,
85 vsed in the above, ““pevson cating on kehalf of the Commission™ included uny empluyee o
contracter of the Commission, o »mployee of such contractor, to the extent thot suck employee
ot controcter of the Commission, or empleyes of such contractar prepures, disseminutes, or
provides mecess fo, any inforration putsuant to his employmant ar contract with the Corunission,

or hisimmployment with sueh cohiractor.

1
I




ORNL-TM-306

Contract No. W-7405-eng-~26

OR FFE,
A FORTRAN CRYSTALLOGRAPHIC FUNCTION AND ERROR PROGRAM
by

W. R. Busing, K. O. Martin, and H. A. Levy
Chemistry Division and Mathematics Division

MARCH 1964

OAK RIDGE NATIONAIL LABORATORY
Oak Ridge, Tennessee
operated by
UNION CARBIDE CORPORATION
for the
U.S. ATOMIC ENERGY COMMISSION

FIN MARIETTA ENERGY SYSYEME LIBRARIES

I

3 4455 0323142 9

1

|






CONTENTS
Abstract. . . o o & o s & 4 o s 5 s e s @ ¢ o e« « ¢ « = o X
Introduction, « ¢ » & « « ¢ o s o 2 s a & o o < 8 s 2
Mathematical Method . . . . . . . . . + o + « &+ « & « . . 3

Constraints on the Parameters . . + « - o s s« o « & » o« - 6

Atom Designation and Symmetry Transformations . . . . . . 7
Data Input = . . v o o ¢« ¢ © & e s s e s e s e e e o« = . 9
Instruction Input . . . . . . & ¢ ¢ & &+ o « o o o s 5 & o L4

Tapes Required. . . . o . .« s 2 o o o &« o o .+ s o o 2 o » 25
Error Indicators. . o o« o + o ¢ o 5 o o o s o a « & o o . 26
Specifications for Subroutines to Compute

New Types of Functions . . . .+ o & o = 2 a4 o « « = . - 26
Arithmetic Subprograms Available. . . . - « « + . . .+ « . 29
Discussion of ExampleS. « - - o o o « s = s o o « » + + o« 33
Card Decks Provided . . . . - + « &« « o o « o s+ « o+ » = . 35
Glossary of Symbols . . . . . .+ . . « & o s o « = + . . . 40
Flow Charts - . . . o o « o o o o o = o & & 5 o o « o o . 44
Symbolic Program Listing. . . « . ¢ ¢ « + « o « « « o . . 49
Subroutines for Examples. . . . . , « o « .+ & « .+ « « . 2 T7
Data for Examples . . . « « & o & o & o s s e a w2 17
Program Output for Examples . . . . < o > o o s o o « = = 76

Distribution. . . . . . « & &« & 4 o o s « 5 o s +« s s+ . . BE






ABSTRACT

This report describes a computer program which calculates
interatomic distances, bond angles, principal axes of thermal
motion, and other functions of the unit cell parameters, the
atomic coordinates, and the temperature factor coefficients of
a crystal structure. The standard errors of these functions
are computed from the variance-covariance matrix of the
parameters if this is known. The program may be used inde~
pendently, or the input may be taken from a magnetic tape
prepared by the crystallographic least-squares program OR FLS.

The program is written entirely in Fortran, and detailed
instructions for its use are included. The necessary card

decks may be obtained from the authors.



INTRODUCTION

Given the unit cell parameters of a crystal together with
the atomic coordinates and/or the anisotropic temperature
factor coefficients, this program computes various functions
of these parameters, such as the distance between two atoms,
an angle defined by three atoms, the principal axes of the
anisotropic temperature factor, etc. I1If the errors of the
input parameters are available to the program in the form of
a variance-covariance matrix obtained, for example, from the
inverse matrix of a least squares refinement, the program will
also compute the standard errors of the functions with and
without the contribution of the cell parameter errors. This
program may be used independently, with all input data read
from cards, or it may be used in conjunction with the least
squares refinement program OR FLS, in which case much of the
input is taken from a magnetic tape produced by that program.

The types of functions which can be evaluated are
defined by subroutines, of which fifteen are included in the
present program. The detailed specification of each function
or group of functions to be computed is made by means of an
instruction card which will be described below. 1If functions
are desired other than those already included, the user need
only write a Fortran II subroutine for the function, compile
it, and add it to the deck. To facilitate such programming,
several subroutines for the manipulation of matrices and

vectors are included in the program, and descriptions of these



will be given below together with detailed specifications for
writing subroutines for new functions.

This program is a revision of the earlier OR XFE
(W. R. Busing and H. A. Levy, "A Crystallographic Function
and Error Program for the IBM 704," ORNL-CF 59-12-3 (1959)).
It is now written entirely in Fortran I1 and comments have
been added to facilitate any modification which may be
desired. Card decks are available from the authors on

request.

MATHEMATICAL METHOD
The functions which the program computes are of the form
f = f(py, P2, P3 svevo By, A2 .... Bg)

where the p's are the atomic parameters and the a's are the
unit cell parameters. Each kind of function is computed by a
special subroutine for this purpose, and the mathematical
expressions used are best obtained from the Fortran language
listings of these subroutines designated FUN1l, FUNZ, etc.

The standard error of £ 4is given by
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Here Vij is an element of the variance-covariance matrix
which describes the errors of the atomic parameters, and Uij
is an element of a similar matrix for the unit cell
parameters. Cij =1 if i = j; otherwise Cij = 2,

When errors are to be computed the user has the option
of obtaining V from a tape produced by OR FLS. 1In this case
the program stores

Vij = [3w(OBS - CALC)2/(m-n) ] b5
where bij is an element of the inverse matrix of the normal
equations, and the constant in brackets is the weighted sum of
the squares of the residuals divided by the number of degrees
of freedom. The other option available to the user is to read
Vij directly from cards.

The unit cell errors may be put in in two ways. If no

covariances are known then the user may supply the six

standard errors o(ai)q The program then sets
= 2
U,; =0 (ai)
Uij =0, i # j.

Alternatively the 21 independent values of Uij (i < j) can be
read from cards.

The necessary derivatives are computed numerically by
adding an increment Api to Py and re-entering the subroutine

for £f. The derivative is then

af - f(pl,p2s°-’pi + Apis-°’aly-'°) - f(plyp29'°’pi’-°:als"-

Bpi - Api

/2

The increment used is 4Ap; = (O.Ol)Vii The derivatives



with respect to the cell parameters are obtained similarly.

The program is arranged so that it computes derivatives
only with respect to the parameters actually involved in f.
The information as to which these are is provided by the
subroutines PRE1l, PRE2, etc., which are supplied for each type
of function. Derivative computations are also omitted with
respect to fixed parameters which are not represented in the
variance-covariance matrix. If this situation arises because
certain atoms are in special positions, then the errors are
computed correctly. However, if parameters have been fixed
for other reasons, it is poessible that important terms are
omitted from the calculated errors.

Note that for the derivative computation tc be correct
all symmetry transformations must be made after Api has been
added to P;- Similarly all constraints on the parameters
must be set after incrementing. (See the section entitled
“Constraints on the Parameters'".) In other words, the
function f is always computed directly from the fundamental
parameters, the errors of which are described by the matrices
¥V and U.

The output of the program includes a description of the
function, the value f of the function, the standard error e
cf the function, and the standard error e’ not including the

effect of unit cell errors.



CONSTRAINTS ON THE PARAMETERS

In order to insure that this program correctly computes
the errors of various functions, it is necessary for the user
to consider whether the symmetry of the crystal introduces
constraints either on the cell parameters, aj, or on the
atomic parameters, pia A simple case occurs when the symmetry
forces a parameter to have a fixed value, and this situation
is correctly treated by specifying that the error of this
parameter is zero. A more complicated procedure is required
when the symmetry imposes a relationship between two or more
parameters. 1In this case one of the intervrelated parameters
is chosen as independent and a Fortran II subroutine is
written to set the values of the dependent parameters in terms
of it. The main program will enter this subroutine immedi-
ately before each entry to the function-computing subroutine
so that the derivatives needed for the error calculation are
correctly computed. In the input data the errors associated
with the dependent parameters should be set to zero. (When
the atomic parameters are taken from a least-squares refine-
ment these errors are automatically zero, since the dependent
parameters would not have been varied.)

Specifications are given here for subroutines SETA and
SETP which establish these constraints, and examples are
included in the sample calculations. The statements regquired

are summarized as follows:



'SUBROUTINE SETA(A)
DIMENSION A(6)
Include statements to set the values of the A(I)'s
which are taken as dependent in terms of those chosen
as independent.
RETURN
END
SUBROUTINE SETP(P)
DIMENSION P(300)
Include statements to set the values of the P(I)'s
which are taken as dependent in terms of those chosen
as independent.
RETURN
END
These routines should be compiled and substituted in the

binary deck for the dummy routines with the same names.

ATOM DESIGNATION AND SYMMETRY TRANSFORMATIONS

In the course of preparing an instruction card to specify
a function to be computed, it will be necessary to define the
one or more atoms involved in this function. This is done by
means of an atom designation consisting of the two integers a
and 100¢c + 8. Here a =1, 2, 3, .... is the number of the
atom in the parameter list, s = ¢, 1, 2, .... is the pnumber of
the symmetry transformation to be applied, and ¢ = 0, 1, .....

7 defines the unit cell translations as described below.



The program obtains the coordinates of an atom in the
following way:

1. The integer a is used to compute the location of the
coordinates in the parameter list and x, y, z are picked up.
If a = 0 the program sets x =y = z = 0.

2. These coordinates are then transformed to x', y', z’
according to the symmetry information punched on symmetry card
s. If s = 0 no transformation is made.

3. The cell translations are then made according to the

following table:

c z ba X
0 z' y' x'
1 z' y’ x' -1
2 z’ y' -1 x’
3 z’ y' -1 x'" -1
4 z' -1 y’ x’
5 z' -1 y' x' -1
6 z' -1 y' -1 x’
7 z' -1 y' -1 x' -1

(As a memory aid, note that the 1's in this table correspond
to the binary representation of c.)

For example, atom (3,208) is atom 3 in the parameter list
transformed to symmetry position 8 of cell 2, while atom (5,0)
is atom 5 just as it appears in the list of parameters. 1In a
subsequent section we will refer to atom 3 in asymmetric unit

208 or atom 5 in the basic asymmetric unit (unit 0).



Note that transformations such as x’ = -x and x’ = 1-x
are not in general equivalent for purposes of this program.

The program obtains the matrix of the anisotropic temper-
ature factor coefficients of an atom in a similar way except
that the elements of this matrix are transformed as the corre-
sponding products of the coordinates. This procedure is valid
for an atom in either a special or general position provided
that the symmetry cards are written for general positions.
(See H. A. Levy, Acta Cryst. (1956). 9, 679). The trans-
lational part of the symmetry transformation is irrelevant in

this case as is the cell translation ¢. If a = 0, a null

matrix will be generated.

DATA INPUT
1. Title card. FORMAT (12A6)
Columns
1-72 Title consisting of any desired Hollerith
information. This will be printed
unchanged on the ocutput.
2. Control card. FORMAT(913)
Colunns
1-3 IPM, the atomic parameter error indicator.
The variance-covariance matrix and
parameter selection information will
(IPM = 0) not be used.
(IPM = 1) be used to compute errors.
4-~6 NP, the input indicator. If NP = 0, the

structure parameters will be read from the
private tape written by OR FLS. (If the
variance~covariance matrix and parameter
selection information are to be used, they
will also be read from this tape when NP =
0). If NP > 0, data will be taken
entirely from cards, and NP is equal to
the number of structure parameters to be
read from the cards.

¢ g NP § 300.



10

Columns
7-9 IAM, the cell parameter error indicator.
The cell parameter errors are
(IAM = 0) not to be used.
(IAM = 1) to be read in the form of
standard errors.
(IAM = 2) to be read in the form of a
variance~covariance matrix.
10-12 NS, the number of symmetry cards to be
read.
0 < NS S 48,
13-15 NV, the order of the variance-covariance
matrix, PM, if it is to be read from
cards. If the matrix is to be read from

the OR FLS tape, NV will also be read
from this tape and this field is
irrelevant. If the variance-covariance
matrix is not to be used, set NV = 0.

0 < NV ¢ 200.

The following parameter arrangement integers must be
supplied if the structure parameters are read from cards.
They are supplied automatically by the program if the
parameters are read from the private output tape of

OR FLS. For more details see 3 below.

Columns

16-18 JXP, the period of the position parameters
in the parameter list. If no position
parameters are included in the list, set
JXP and J¥X = 0.

19-21 JX, the position of the first x coordinate
in the parameter list.

22-24 JBP, the period of the temperature factor
coefficients in the parameter list. If no
temperature factor coefificients are
included in the list, set JBP and JB = 0.

25-27 JB, the position of the first temperature
factor coefficient in the parameter list.

Atomic parameter cards. FORMAT(8F9.4)

If NP = 0, the atomic parameters will be read from the
private output tape of OR FLS, and the atomic parameter
cards are omitted from the card input. Otherwise NP
parameters must be punched eight per card. The arrange-
ment of these parameters is subject to the following
restrictions:
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a) For each atom the position parameters x, vV, Z
must be in sequence.

b) Position parameters for successive atoms must
appear periodically in the order of the atom
designation.

¢) If anisotropic temperature factor coefficients
are included, they must be in the sequence
Biis Bzzs Bsss Brzs, Brss Bzs, for each atom.
These f's are defined by the following expression
for the temperature factor:

exp[-(h2By; +k? B, ,+02 B3 3+2hkB; , +2hLBy 3 +2kLB,5) ].

d) Temperature factor coefficients of successive
atoms must appear periodically in the order of
the atom designation.

Thus the position parameters of atom I start with P{J)
where J = JXP*{I-1) + JX, and the temperature factor
coefficients of atom I start with P(K) where K = JBP*{(I-1)
+ JB.

4. Parameter selection cards. FORMAT(7211)
The purpose of these cards is to identify those parameters
which are associated with the elements of the variance-
covariance matrix PM. They are exactly the same as the
parameter selection cards used with OR FLS.

These cards are not to be supplied unless the control card
integers IPM and NP specify that the variance-covariance
matrix and parameter selection information will be used
and will be read from cards (IPM = 1 and NP > 0).

Each column of a parameter selection card corresponds to
one parameter. The first card is associated with
parameters 1 to 72, the second with parameters 73 to 144,
etc. If a parameter is represented in the matrix a one

is punched in the corresponding column; otherwise a zero
or blank is punched. The total number o©f one punches must
be equal to NV, the order of the matrix. The first
parameter in the list for which a one punch is found is
assumed to correspond to the first row and column of the
matrix, the second with the second, etc.

5. Variance-covariance matrix, PM, for structure parameters.
FORMAT(6E12.6)
These cards are to be supplied only if the wvariance-
covariance matrix is to be used and is to be read from
cards (IPM = 1 and NP > 0).
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First card

Columns

1-12 A scale factor by which the matrix will
be multiplied. This could be unity or
Zw(F - FC)Z/(m - n), for example.

Subsequent cards

The NV(NV + 1)/2 unique elements of the matrix PM punched
six per card in the order PM(1,1), PM(1,2),..... , PM(1,NV),
PM(2,2), PM{(2,3),...., PM(2,NV), PM(3,3),...., PM(NV,NV),
where NV is the order of the matrix. The parameters with
which this matrix is associated are defined by the para-
meter selection cards.

Cell parameter card. FORMAT(6F9.4)
These six direct unit cell parameters must always be
supplied.

Columns

1-9 A(1l) = a
10-18 AC2) = b
19-27 A(3) = ¢
28~36 A(4) = cos «
37-45 A(5) = cos BB
46-54 A(6) = cos y

Cell parameter error cards.

If the effect of the cell parameter errors is not to be
considered (IAM = 0), these cards are omitted. If it is
to be included, the cell parameter errors must be supplied
in one of two forms as specified by the control card
integer IAM.

a) Standard error form (IAM = 1). FORMAT(6F9.4)
If this input is used the covariances between
the cell parameters are assumed to be zero.

Columns

1-9 c(a)
10-18 o(b)
19-27 o(c)
28-36 c(cos a)
37-45 c(cos B)

46-54 o(cos y)
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b) Variance-covariance matrix form (IAM = 2).
If information on the covariances between
cell parameters is available, the 21 unique
elements of this 6 x 6 matrix should be
punched on three cards.

FORMAT (8F9.4)

Card 1: AM(a,a), AM{(a,b),...., AM{a, cos y), AM(b,b),
AM(b,c).

Card 2: AM(b, cos a@),...., AM{(b, cos y), AM(c,c),....,
AM(cos o, cos ).

Card 3: AM(cos @, cos B),...., AM(cos y, cos y).

8. Symmetry cards. FORMAT(F11.6,212,F11.6,212,F11.6,212)
The number of symmetry cards to be read is given by NS on
the control card. There must be a card for each symmetry
transformation which will be called for by an instruction
card (see the section "Atom Designation and Symmetry
Transformations"). If the functions to be computed
require no symmetry transformations, then no symmetry
cards need be supplied.

These symmetry cards have the same format as those for

OR FLS.

Columns

1-11 Translaticnal part of xj or blank.

12-13 ; i, 2, 3, -1, -2, -3, or blank for x, y,
Z, =X, =y, -z, or blank, respectively, as
used in the expression for the trans-
formed x_.

J

14~-15 ' i, 2, 3, ~1, ~2, ~3, or blank for x, v,
z, -X, -y, -z, or blank, respectively,
as used in the expression for the trans-
formed x,. {(Columns 12 and 13 are exactly
equivaleﬁt to 14 and 15. Also, note that
an expression such as x, = 2x must be
treated as Xy = x + x.)

16-26 Translaticnal part of Y or blank.

27~30 Integers representing plus or minus x, y,
or z in the expression for the trans-
formed yj as described above.

31-41 Translational part of zj or blank.

42-45 Integers representing plus or minus x, vy,

or z in the expression for the trans-
formed Zj“
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9. Instruction cards. FORMAT (2413)
See the next section, "Instruction Input," for the
specifications for this input.

10. Instruction termination card. FORMAT (2413)
Columns
1-3 0 (zero) as a sentinel for the end of the

instruction deck.

INSTRUCTION INPUT

Each function to be computed by the program is specified
by a sequence of integers, IN, which are read from one or
more instruction cards. The first integer in this sequence,
IN(1), defines the type of function to be computed, and the
interpretation of the remaining instruction integers will in
general be different for different types of functions.
Details of the instruction integers for each type of function
are given below.

Each instruction card is read with FORMAT(2413). Of the
24 integers on this card only the first 23 are considered to
be part of the instruction, IN. Usually one card will suffice
to specify a function, but if a function requires more than 23
integers to define it, up to ten cards may be used with 23
integers on each card. Punching a one (or any non-zero
integer) in field 24 of an instruction card indicates that the

instruction is continued on the next card.
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Function 1

One interatomic distance.

Columns
1-3 1
4-6 ay
atom designation 1.
71-9 100c; + s
10-12 a,
atom designation 2.
13"15 10002 + S,

Function 101

All distances (less than d{(max)) between atoms in two

asymmetric units.

Columns
1-3 101
4-6 a(max), the number of atoms in the parameter list.
7-9 100¢c; + s;, designation of first asymmetric unit.
10-12 -
13-15 100c,; + s,, designation of second asymmetric unit.
(This may be the same as the first.)
16-18 The integer 10d{max). If this is left blank,

d{max) = 4.0A.

Function 201

All distances (less than d(max)) between atoms in the
basic asymmetric unit and atoms in all asymmetric units
(i.e., all combinations of ¢ and s).

In order to cause this instruction to compute all
possible distances less than d{(max), the basic asymmetric
unit should be chosen close to the origin, and the symmetry
transformations specified should generate asymmetric units
to fill out a unit cell on the positive sides of this basic
unit. Even so, for certain symmetry situations or for small
unit cells, some of the desired distances will be omitted if
the atoms involved lie outside of the eight unit celils
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generated. The user may prefer to use instruction 101 and to
select in advance the asymmetric units likely to be involved
in these contacts.

Columns
1-3 201

4~6 a(max), the number of atoms in the parameter list.
7T-15 —_———

16~-18 The integer 10d(max). If this is left blank then

d(max) = 4.0A.

Function 2

Angle defined by three atoms.

Columns

1-3 2

4-~9 Atom designation 1.

10-15 Atom designation 2 (vertex).
16-21 Atom designation 3.

Function 3

Angle between normals to planes each defined by three
atoms.__ The direction of the normals is that of (1,2)x(173)
and (4, 5)x(4 ,6) where 1,2 is the vector defined by atom
designations 1 and 2, etc.

Columns
1-3 3
4~-9 Atom designation 1 )
10~-15 Atom designation 2 Plane 1
16-21 Atom designation 3
22-27 Atom designation 4
28~-33 Atom designation 5 Plane 2

34-39 Atom designation 6
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Function 4

Difference between two interatomic distances.

Columns
1-3 4
4-9 Atom designation 1
Distance 1
10-15 Atom designation 2
16-21 Atom designation 3 )
Distance 2
22-27 Atom designation 4

Function 5

Difference between two angles each defined by three

atoms.
Columns
1-3 5
4~-9 Atom designation 1
10-15 Atom designation 2 (vertex) Angle 1
16-21 Atom designation 3
22-27 Atom designation 4
28-33 Atom designation 5 (vertex) Angle 2
34-39 Atom designation 6

Function 6

The sum of several angles each defined by three atoms.

Colunns

1-3 )

4-6 n, the number of angles to be summed.
7-12 Atom designation 1

13-18 Atom designation 2 {(vertex) Angle 1

19-24 Atom designation 3
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Columns

25-30 Atom designation 4

31-36 Atom designation 5 (vertex) Angle 2
37-42 Atom designation 6

etc.

Function 7

The RMS component of thermal displacement of one atom

along principal axis r.

Columns

1-3 7

4-9 Atom designation
10-12 r (=1, 2, or 3)

Function 107

Same as Function 7 computed for each of the three values

of r.
Columns
1-3 107
49 Atom designation

Function 207

Same as Function 7 computed for each atom of a given

asymmetric unit, each with the three values of r.

Columns
1-3 207
46 a(max), the number of atoms in the parameter list.

7-9 Designation of the asymmetric unit.
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Function 8

Angle between principal axis r of atom 1 and a vector

defined by atoms 2 and 3.

Columns
1-3 8
4-9 Atom designation 1
10-12 r (=1, 2, or 3)
13-18 Atom designation 2
Vector
19-~-24 Atom designation 3

Function 108

Same as Function 8 computed for each of the three values

of r.
1-3 108
4-9 Atom designation 1
10-12 -
13-18 Atom designation 2
Vector
19-24 Atom designation 3

Function 208

Same as Function 8 computed for each atom in a given

melecule, each with the three values of r.

Columns
1-3 208

4-6 a(max), the number of atoms in the parameter list.
7-9 Designation of the asymmetric unit.

10-12 _—

13-18 Atom designation 2

Vector
19-24 Atom designation 3
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Function 9

The RMS component of thermal displacement of atom 1
along principal axis r, projected on a vector defined by

atoms 2 and 3.

Columns
1-3 9
4~-9 Atom designation 1
10-12 r (=1, 2, or 3)
13-18 Atom designation 2
Vector
19-24 Atom designation 3

Function 109

Same as Function 9 computed for the three values of r.

Columns
1-3 109
4-9 Atom designation 1
10-12 e
13-18 Atom designation 2
Vector
19~24 Atom designation 3

Function 209

Same as Function 9 computed for each atom in a given

asymmetric unit, each with the three values of r.

Columns
1-3 209
4-6 a{max), the number of atoms in the parameter list.
7-9 Designation of the asymmetric unit.

10-12 e
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Columns
13~18 Atom designation 2

Vector
19-24 Atom designation 3

4

Function 10

Angle between principal axis r of atom 1 and axis i of a
cartesian coordinate system. The latter is defined by atoms
2, 3, 4, and 5 as follows: Axis 1 is in the direction of
vector (2,3). Axis 2 is in the direction of (Axis 1)x(4,5).

Axis 3 is in the direction of (Axis 1)x(Axis 2).

Columns
1-3 10
4-9 Atom designation 1
10-12 r (=1, 2, or 3)
13-15 i (=1, 2, or 3)
16-21 Atom designation 2
Vector
22~27 Atom designation 3
Vectors defining axes
28~33 Atom designation 4
Vector
34-39 Atom designation 5

Function 110

Same as Function 10 computed for the nine combinations

of r and i.

Columns
1-3 110
4-9 Atom designation 1

10-15 -



Columns
16-21
22~27
28-33

34~39

Atom designation 2 )
Atom designation
Atom designation 4

5

Atom designation

Function 210

Same as Function

asymmetric unit, each

Columns
1-3
4-6
7-9

10-15

16-21

2227

28-33

34-39

210
a(max), the

Designation

22

}
‘f Vector

W

N Vectors defining axes

|
~ Vector
J

10 computed for all atoms in a given

with the nine combinations of r and 1i.

number of atoms in the parameter 1list.

of the asymmetric unit.

Atom designation 2

Vector

Atom designation 3

Vectors defining axes

Atom designation 4 3
Vector
Atom designation 5

Function 11

The RMS component of thermal displacement of atom 1

along principal axis r, projected on axis i of a cartesian

coordinate system defined by atoms 2, 3, 4, and 5 as

described under Function 10.

Columns

1-3
4-9

10-12

11

Atom designation 1

r (=1, 2,

or 3)
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Colunmns
13~15 i (=1, 2, or 3)
16-21 Atom designation 2

Vector
22-27 Atom designation 3

Vectors defining axes

28-33 Atom designation 4

Vector
34-39 Atom designation 5

Function 111

Same as Function 11 computed for the nine combinations

of r and i.

1-3 111
4-9 Atom designation 1
10-15 -
16-21 Atom designation 2 )

Vector
22~27 Atom designation 3

Vectors defining axes

28-33 Atom designation 4

Vector
34-39 Atom designation 5

Function 211

Same as Function 11 computed for all atoms in a given

asymmetric unit, each with the nine combinations of r and i.

Columns
1-3 211
4-6 a{max), the number of atoms in the parameter list.
7-9 Designation of asymmetric unit.

10-15 ———
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Columns
16~-21 Atom designation 2

Vector
22~27 Atom designation 3 J

Vectors defining axes

28-33 Atom designation 4

Vector
34-39 Atom designation 5

Function 12

The RMS component of thermal displacement of atom 1 in

the direction of a vector defined by atoms 2 and 3.

Columns
1-3 12
4-9 Atom designation 1
10-15 Atom designation 2 )
Vector
16-21 Atom designation 3

Function 13

The RMS radial thermal displacement of an atom.

Columns
1-3 13
4-9 Atom designation

Function 14

Interatomic distance averaged over thermal motion.
Second atom is assumed to ride on the first. The function
is E = Ro + (;g —Agg --;? +‘g?)/ZRO where R  is the
uncorrected interatomic distance, ;E is the mean square radial
thermal displacement of atom i, and Eg-is the mean square

component of displacement of atom i in the direction defined

by the interatomic vector.
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Colunns

1-3 14

4-9 Atom designation 1
10~15 Atom designation 2

Function 15

Interatomic distance averaged over thermal motion.
Atoms assumed to move independently. The function is R = Ro +
(?§'~ E? + ;?‘~ g?)/ZRO where the symbols are defined as in

Function 14 above.

Columns

1-3 | 15

4-9 Atom designation 1
10-15 Atom designation 2

TAPES REQUIRED

Listed here are the monitor control cards required for
operation at the Oak Ridge Central Data Processing Facility.
At other installations the necessary tapes should be specified
appropriately.

*TAPE(3, Reel Number, SAVE)

This tape is required only if NP = 0, indicating that
information is to be taken from the output of OR FLS, It
will be rewound before being read and may be file protected
if desired.

*TAPE(9, OUTPUT)

This is the monitor output tape to be listed.

*TAPE(10, INPUT) |

This is the monitor input tape prepared from cards.
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ERROR INDICATORS
If an error is detected in the course of computing a
function, an indicator is put out in place of the result, and
the program proceeds to compute the next function. The form
of the indicator is "*¥**NG" where NG is an integer, the

meaning of which is tabulated here.

NG Subprogram Meaning
1 ATOM, BETA The symmetry position specified is out
of range of the symmetry cards supplied.
4 BETA The temperature factors are not in
anisotropic form. Either ITF = 1 on

OR FLS tape or JBP < 6 when parameters
are read from cards.

5 ATOM, BETA The atom specified is out of range of
the parameter list.

6 STOBB A cell parameter A(1), A(2), or A(3)
< 0.
~

7 EIGVAL The eigenvalues are complex.

8 EIGVEC Only null eigenvectors are found.

9 COSVV One of the vectors is null.

10 FUNX1I The vector used to specify the direction
is null.

11 FUNI The function specified is out of range.

The program requires
0O < XMODF(IN(1),100) < 15.

SPECIFICATIONS FOR SUBROUTINES TO COMPUTE
NEW TYPES OF FUNCTIONS
To program a new type of function the user selects a
function designation integer, i. Function designations 1-15
have already been assigned in the program as written so that.

normally new designations would be 16, 17....
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Subprograms HEDI, PREI, FUNI, and OUTI must each be
modified as follows:
1. Change the second IF statement to permit the
new functiion designation.

2. Add a branch to the computed GO TO.

3. Add a CALL statement for the new routine followed
by a GO TO 160.

The user then writes four Fortran I1I subroutines named
HED1i, PREiﬁ FUNi, and OUTi as described below. All these
subprograms are compiled and added to the binary deck removing
the original routines where necessary.

The programmer should refer to the symbolic listing of
functions 1-15 for examples of the following routines.

HEDi

The user may omit this subroutine if desired. Its
purpose is to put out an over-all heading which defines the
type of function. It is entered each time the function
designation IN(1) is changed.

1. The subroutine has no arguments.

2. No COMMON or DIMENSION statements are needed.

3. Put out the heading on tape 9.

4. The first Hollerith character should be zero to

cause double spacing.

5. More than one line may be put ocut if desired.

This subroutine need be included only if standard errors

are to be computed. Its pufpose is to instruct the program as
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computed.
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parameters are involved in the function to be

The program thus avoids computing unnecessary

derivatives.

1.

2.

FUNi

The
function
storage.

1.

2.

The subroutine has no arguments.

Include the standard COMMON and DIMENSION statements
used throughout the program.

Enter the subroutines SETKX and/or SETKB once for
each atom involved in the function. See the section
“"Arithmetic Subprograms Available" for details of

these routines.

purpose of this subroutine is to compute the desired

when given the various input data found in common

The subroutine has no arguments.

Include the standard COMMON and DIMENSION statements
used throughout the program.

The significance of the instruction integers IN(K)
except for IN(1) is at the discretion of the
programmer.

The necessary atomic coordinates or temperature
factor coefficients are called for by means of
subroutines ATOM or BETA.

If the metric tensors AA or BB are to be used, the
subroutines STOAA and/or STOBB must be entered.
See the section "Arithmetic Subprograms Available"

for a description of these routines.
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6. Store the function at FX in COMMON and RETURN.

OUTi

The purpose of this subroutine is to put oup the detailed
description of the individual function computed. Its
inclusion is optional but certainly desirable.
1. The subroutine has no arguments.
2. Include the standard COMMON and DIMENSION statements
used throughout Segment 2.

3. The description which probably includes the relevant
instruction integers, IN, should be put out on
tape 9.

4. The first character of the first line of this
description should be a Hollerith zero to cause
double spacing.

5. More than one line may be put out if desired.

ARITHMETIC SUBPROGRAMS AVAILABLE
1. CALL SETKX (IN(X))
Instructs the program to calculate derivatives with
respect to the coordinates of the atom designated in IN(K).
This subroutine is used by the preliminary subroutines, PREi.

2. CALL SETKB (IN(K))

Instructs the program to calculate derivatives with
respect to the anisotropic temperature factor coefficients
of the atom designated in IN(K). This subroutine is used

by the preliminary subroutihess PRE1.
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3. CALL STOAA

Stores the 3 x 3 metric temnsor g (where 855 = giugj)
at AA in common storage.
4, CALL STOBB

Stores the 3 x 3 reciprocal metric tensor g“l (where
(g"‘n)ij = Eiogj) at BB in common storage.

5. CALL ATCOM(IN(K),Z)

DIMENSION Z(3)

Steores at Z the coordinates of the atom specified by
the instruction integers IN(K) and IN(K+1). These coordinates
refer to the triclinic axes. They have been transformed
according to the symmetry specified.

6. CALL BETA (IN(K),Z)

DIMENSION Z(3,3)

Stores at Z the 3 x 3 matrix of the temperature factor
coefficients of the atom specified by instruction integers
IN(K) and IN{(K+l). The matrix has been transformed according
to the symmetlry specified.

7. CALL MM (X, Y, Z)

DIMENSION X(3,3), Y(3,3), Z(3,3)

Perfcrms the matrix multiplication XY = Z. The location
of Z must be different from X and Y.

8., CALL MV (X, Y, Z)
DIMENSION X(3,3), Y(3), Z(3)
Performs the matrix-vector multiplication XY = Z. The

location of é must be different from X,
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9. CALL VM (X, Y, Z)

DIMENSION X(3), Y(3,3), Z(3)

Performs the vector-matrix multiplication X'Y = 2" .
The locations of Z must be different from X.
10. Function VV(X, Y)

DIMENSION X(3), Y(3)

Performs the vector-vector multiplication XY = %
(a scalar).
11. Function VMV (W, X, Y)

DIMENSION W(3), X(3,3), Y(3)

Performs the vector-matrix-vector multiplication E?EZ =Z
(a scalar).
12. CALL DIFV (X, Y, Z)

DIMENSION X(3), Y(3), Z(3)

Performs the vector subtraction X - Y =

g

Z may have
the same location as X or Y.
13, CALL SUMV (X, Y, Z)

DIMENSION X(3), Y(3), Z{(3)

Performs the vector summation X + ¥ = Z. 74 may have
the same location as X or Y.
14, Function COSVV (X, Y)

DIMENSION X{(3), Y(3)

Computes the cosine of the angle defined by vectors X
and Y. These vectors are assumed to refer to the triclinic
coordinate system, and it is also assumed that the metric

tensor has been stored at AA in common storage.



15, Function ARCCOS (X)

Computes #, the arc cos of X in degrees. 0 <0 < 180.
16. CALL NORM (X, Y, Z)

DIMENSION X(3), Y(3), Z(3)

Stores at Z a vector (not a unit vector) perpendicular
to both X and Y. The sense of Z is that of the vector product
X x Y. All vectors are referred to the triclinic coordinate
system, and it is assumed that the reciprocal metric tensor
has been stored at BB in common storage.

17. CALL AXES (U, V, X)

DIMENSION U(3), V(3), X(3,3)

Stores three mutuall& perpendicular vectors (not unit
vectors) at X(I,1), X(I,2), and X(I,3). X(I,1) = U(I).
X(I,2) is normal to U and V, i.e., in the direction of U x V.
X(I,3) is normal to X(I,1) ana X(I,2) so as to yield a right-
handed coordinate system. All these vectors are referred to
the triclinic coordinate system, and it is assumed that the
reciprocal metric tensor has been stored at BB in common
storage.

18. CALL EIGVAL (W, Y)

DIMENSION W(3,3), Y{(3)

Stores the three eigenvalues Y of the matrix W.

The method used for solving the cubic determinental

equation is that described by R. S. Burington, Handhook of

Mathematical Tables and Formulas, (Handbook Publishers, Inc.,

Sandusky, Ohio, 1956), 3rd ed., pp. 7-9.
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19. CALL EIGVEC (W, Y, Z)

DIMENSION W(3,3), Z(3)

Given an eigenvalue Y of the matrix W, this subroutine
stores the corresponding eigenvector Z.

Solving any pair of the three available equations would
yvield a vector in the desired directicn. Because of special
symmetry situations, however, the pairs chosen could be
redundant so that a null vector would be obtained. The
subroutine therefore repeats the calculation with each of the
three possible pairs, and the vector of largest magnitude is
taken as the correct result. If all three pairs yield null
vectors, the subroutine sets an error indicator, because this
implies that the direction of the eigenvector is indeterminate.
20. Function TRACE (X)

DIMENSION X(3,3)

Computes the trace of the matrix X.

DISCUSSION OF EXAMPLES

Data for two test problems are inciuded with the card
deck for OR FFE. Both are extensions of the hypothetical
problem based on alpha quartz which was included with the
program OR FLS. Example 1 uses card input only, and tests
the present program independently. Example 2 takes part of
its input from a tape produced by OR FLS, and tests the two
programs together. To obtain the required magnetic tape from
OR FLS it is necessary to modify the test data card FLS 1414

by substituting 1 for 0 in column 18.
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It should be emphasized again that this problem is a
hypothetical one. Although the structure considered is
gualitatively that of alpha quartz, the observations used in
the OR FLS test are synthetic. and the parameters which result
are nct related to the true structure of this material,

Silicon atom (2,300) lies on a single twofold rotation
axis and has oxygen atoms (1,2), (1,3), (1,300), and (1,305)
as four nearest neighbors in an approximately tetrahedral
configuration. Example 1 computes the independent distances
and angles of this group. The dihedral angle computed is a
measure 0f the distortion of the tetrahedron. The differences
computed show how the program can be used to determine whether
chemically equivalent but crystallographically distinct
distances or angles have significant deviations from each
other.,

Example 2 includes computations relating to the aniso-
tropic temperature factor coeificients. First the root-mean-
square displacements in the principal axis directions are
obtained. Then the angles which principal axes of the O
atom {(1,2) make with the Si-0 bond (2,300) (1,2) are computed.
Next a cartesian coordinate system is defined in terms of the
Si-0 vectors (2,300) (1,2) and (2,300) (1,3) so that the
principal axes of O can be related to this. Note that the
axis with I = 1 is just the Si-0 bond direction used above
80 that the angles with I = 1 repeat those computed earlier.

Because the Si atom is located on a twofold axis, one of

its principal axes is constradiuned to lie in that direction.
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By choosing a coordinate system based on Si atoms in different
cells, cartesian axis 1 is made to fall on the twofold axis,
axis 2 lies in the x,y plane and axis 3 is parallel to =z.
Principal axes 1 and 3 are both seen to make angles of 90°
with cartesian axis 1, as expected. Principal axis 2 should
therefore make angles of 0° (or 1800)1 900, and 900 with
cartesian axes 1, 2, and 3, respectively. Unfortunately, the
results are only approximately correct in the present test
problem. The parameters from the hypothetical OR FLS test
problem represent atoms which are nearly isotropic, and it is
believed that this situation permits round-off errors to cause
the observed discrepancies.

Finally three other types of functions are computed to

complete the test.

CARD DECKS PROVIDEDY

Symbolic Column
card binary card
Subprogram numbers numbers*

Calling program 1 -~ 246 2051 - 2103%x
SUB8 247 - 300 2104 -~ 2109
SUB10 301 - 321 2110 - 2112
SUB11 322 -~ 347 2113 ~ 2115
SUB13 348 - 491 2116 - 2133
SUB19 492 - 508 2134 - 2136
SUB21 509 -~ 581 2137 ~ 2145

HEDI 582 ~ 637 2146 ~ 2155



Subprogram

PREI
FUNI
OuUT1I
SETKX
SETKB
STOAA
STOBB
ATOM
BETA
MM

MV

VM

Vv
VMV
DIFV
STUMV
COSVV
ARCCOS
NORM
AXES
EIGVAL
EIGVEC
TRACE

FUNA
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Symbolic
card
numbers
638 - 678
679 - 746
747 - 786
787 - 803
804 - 820
821 ~ 840
841 ~ 874
875 - 927
928 -~ 987
988 ~ 999
1000 ~ 1¢10
1011 -~ 1021
1022 - 1031
1032 - 1040
1041 - 1049
1050 - 1058
1059 -~ 1075
1076 ~ 1081
1082 - 1101
1102 ~ 1113
1114 - 1160
1161 - 1195
1196 - 1204
1205 - 1224

Column
binary card
numbers*
2156 ~ 2162
2163 ~ 2172
2173 -~ 2179
2180 - 2182
2183 ~ 2186
2187 ~ 2190
2191 -~ 2197
2198 -~ 2209
2210 -~ 2224
2225 ~ 2228
2229 - 2232
2233 - 2236
2237 - 2239
2240 -~ 2242
2243 -~ 2245
2246 - 2248
2249 - 2253
2254 - 2256
2257 ~ 2260
2261 - 2265
2266 - 2277
2278 - 2284
2285 —~ 2287
2288 - 2292
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FUND
HED1
PRE1
FUN1
oUT1
HEDZ
PREZ
FUN2
ouT2
HED3
PRE3
FUN3
ouT3
HED4
PRE4
FUN4
OUT4
HED5
FUN5
HED6
PRE6
FUN6
OUT6

FUNB

Symbolic
card

numbers
1225 1241
1242 1248
1249 1261
1262 1273
1274 1286
1287 1293
1294 1306
1307 1318
1319 1331
1332 1339
1340 1352
1353 1377
1378 1391
1392 1398
1399 1411
1412 1423
1424 1437
1438 1444
1445 - 1456
1457 1463
1464 1477
1478 1492
1493 1507
1508 1527

Column
binary card
numbers*
2293 2296
2297 2299
2300 2302
2303 2305
2306 2308
2309 2311
2312 2314
2315 2317
2318 2320
2321 2323
2324 2326
2327 2333
2334 2337
2338 2340
2341 2343
2344 2346
2347 2350
2351 2353
2354 2356
2357 2359
2360 2362
2363 2365
2366 2369
2370 2374
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Subprogram

FUNC
FUNX
HED7
PRE7
FUN7
our7?
HEDS
PRES
FUNS
Ors
HEDS
FUN9
HED1O0
PREILO
FUN10
ouT 10
HED11
FUNI11
FUNR
FUNCR
FUNX1I
HED1z2
PRELZ

FUN12
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Symbolic
card
numbers
1528 1548
1549 1573
1574 -~ 1581
1582 1593
1594 1606
1607 1619
1620 1627
1628 1641
1642 1654
1655 1668
1669 1677
1678 1690
1691 1699
1700 1713
1714 1726
1727 1741
1742 1751
1752 1764
1765 1780
1781 1799
1800 1824
1825 1833
1834 1847
1848 1860

Colunn
binary card
numbers*
2375 - 2379
2380 ~ 2386
2387 ~ 2390
2391 - 2393
2394 ~ 2396
2397 - 2399
2400 -~ 2403
2404 - 2406
2407 - 2409
2410 - 2413
2414 - 2417
2418 - 2420
2421 - 2424
2425 - 2427
2428 ~- 2430
2431 - 2434
2435 - 2438
2439 - 2441
2442 -~ 2445
2446 - 2451
2452 -~ 2457
2458 - 2461
2462 - 2464
2465 ~ 2467
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Symbolic Column

card binary card
Subprogram numbers numbers*
oUT12 1861 - 1874 2468 ~ 2471
HED13 1875 - 1881 2472 - 2474
FUN13 1882 - 1894 2475 -~ 2477
OUT13 1895 - 1907 2478 - 2480
HED14 1908 - 1915 2481 -~ 2483
PRE14 1916 - 1929 2484 - 2486
FUN14 1930 ~ 1943 2487 - 2489
HED15 1944 ~ 1951 2490 ~ 2492
FUN15 1952 - 1965 2493 — 2495
ASIN 2496 ~ 2499Xx*x*
SETA (Dummy) 1966 - 1970 2500 -~ 2501
SETP (Dummy) 1971 - 1975 2502 ~ 2503
SETA (Examples 1 and 2) 1976 - 1982 2504 - 2506
SETP (Exanmple 1) 1983 ~ 1989 2507 - 2509
SETP (Example 2) 1990 ~ 1998 2510 - 2512
Transfer card and

data for Example 1 1999 ~ 2022
Transfer card and
data for Example 2 2023 -~ 2050

¥*The column binary cards provided were compiled cn an
IBM 7090. Most of the subprograms must be recompiled
if they are to be used on an IBM 704.

**Card No. 2051 is a control card for the Oak Ridge monitor
system. It may not be appropriate at other installations.

k¥*¥*kThe ASIN routine is included because it is not available
from the Oak Ridge library tape. It may not be needed at
cther installiations. Library routines SQRT, CO0S, and EXIT
(which terminates the job) should also be inserted here if
they are not supplied by the monitor system.
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fUsers who received a temporary card deck during 1963 will
probably find that the only change has been to add identi-
fying numbers to the final version. The most recent modifi-
cations fo the program were made in the cards now numbered
FFE 072, 073, 162, 939, 940, and 1140-1143. 1If these cards
are verified and corrected where necessary, then the
temporary deck will conform to this report.

GLOSSARY OF SYMBOLS

The following list defines the symbols used in the main
parts of the program. Some of the independent arithmetic
subroutines repeat certain symbols with different meanings,
and these are not included in this glossary.

Arrays are represented by symbols followed by their
minimum allowable dimensions. All other symbols refer to
single~storage variables. Those marked with an asterisk (*)
are sometimes read as input data.

*A{6) Direct cell parameters a, b, ¢, cos «, cos f,
and cos y.

AA(3,3) Metric tensor g where g.. = a_.-a_.-
T, BRI
AM(21) Upper triangular part of the variance-

covariance mairix associated with the six cell
parameters. AM(1l) = Uy, , AM(2) = Up,, .00,
AM(é) = Ulé) AM(?) = UZZ,-aua, etc.

BB(3,3) Reciprocal metric tensor g-! where {g“l)ij =
b.-b. .
It |

C Factor Cci used in computing variances 1in
SUB13. €Y. = 1 if 1 = j; otherwise C,. = 2.

ij ij

DA(6) Increments Na, = {0.01) Uiil/zo

DFDA(6) Derivatives af/aaig

DFDP{NV) Derivatives Bf/apic

DMAX Maximum distance which will be printed when
using instructions 101 or 201.

DP(NV) Increments Ap, T (0.01) Viil/z.

E Standard error, e, of the function including

contributions from cell parameter errors and
atomic parametfer errors.
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El Standard error, e’ , of the function including
only contributions from least~squares
parameter errors.

F Computed value of functicn f to be put out.

FX Computed value of function f as stored by the
subroutines FUNi,

*1AM Cell parameter error indicator. If IAM = O,
cell parameter errors are not to be used.
If IAM = 1, they are to be read as standard
errors. If IAM = 2, they are to be read as
a variance-covariance matrix.

1H Hundreds digit of the instruction number,
INCL) .
*IN(231) Array of integers used to define the function

to be computed. IN(1l) specifies the kind of
function.

INSAVE IN{1) saved from the previous instruction
integers. The function beading is put out
if IN(1) # INSAVE.

*1PM Atomic parameter error indicator. If IPM = 0,
‘these errors will not be used in computing the
standard error cf the function. If IPM = 1,
they will be used.

*IS(2,3,N8) Integers representing the non-~translaticnal
part cf the syvmmetry informaticn. For
example, if the Jth symmetry transformation is
y-x, =%, 1/3 + z, this information would be
stored as follows:

TS(1,J) = 0.0
1S(1,1,Jd) = 2 {(for y)
18{2,1,J) = ~1 (for -x)
TS(2,J) = 0,0
18{1,2,d) = -1 {for -x)
18(2,2,J) = ¢

TS(3,.3) = 0.333333

1S(1,3,J) = 3 (for z)
18(2,3,J) = 0

ITF Temperature factor indicator. ITF = 0 if
parameters were read from cards. Otherwise
ITF is read from the private cutput tape of
OR FLS and is 1 or 2 for isotropic or aniso-
tropic temperature factors, respectively.



*JB

*JBP

*JX

*JXP

*KI1(NP)

KI2(NP)

9.4

KKD

LNZ

NG

*NP

NQ
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Position of the first temperature factor
coefficient in the parameter list.

Period of the temperature factor coefficients
in the parameter 1list.

Position of the first x-coordinate in the
parameter list.

Period of the coordinates in the parameter
list.

Parameter selection integers. KIL(I) = 1 if
P(1) corresponds to a row-column of the
variance~covariance matrix, PM. Otherwise
KIi(1) = o.

Integers set by subroutine PREi to specify
the parameters involved in the function being
computed. KI2Z(I) is set to 1 if P{I) is
involved in the function. Otherwise Ki2(1) =
0.

Index used so that PM{KK) is a diagonal
element of the variance-covariance matrix.

Increment to be added to KK to step from one
diagonal element of PM to the next.

Integer saved to record that DFDP(LNZ) is the
last non-zero derivative in the array.

Number of atoms in the parameter list as
specified by the instruction integers for
certain wmultivalued functions.

Error indicator set to a non~-zero integer
when an error is found in the course of
calculating a function or its derivative.
See the section "Error Indicators™ for a
list of these errors,

NV(NV+1) /2, the number of elements in the
upper triangular part of the variance-~
covariance matrix, PM.

Number of parameters in the parameter list.
Number of scale factors in a parameter list

which has been read from the private output
tape of OR FLS.



*NS

NSP

*NV

*P{NP)

*PM(NM)

ROW(6)

SAVEA

SAVEP

*SCALE

*TITLE(12)

*TS(3,NS)

VARA

VARP

43

Number of symmetry cards read.

NS+1, the number of symmetry positions
including the basic asymmetric unit.

Order of the variance~covariance matrix for
the atomic parameters.

List of atomic parameters read either from
cards or from the private output tape of
OR FLS.

Upper triangular part of variance-covariance
matrix associated with the atomic parameters
PM(1) = Vy,;, PM(2) = V;,, ...., PM(NY) =

Vi NV PM(NV+1l) = V,,, ...., etc.

Auxiliary array used in putting out the matrix
AM,

Temporary storage for a cell parameter which
is being incremented during the derivative
calculation.

Temporary storage for an atomic parameter
which is being incremented during the
derivative calculation.

Constant used to scale the variance-covariance
matrix if it is read from cards.

Alphanumeric title read at the start of the
problem and transcribed to the output.

Translational part of symmetry information.
(See IS for an example.)

Variance of f based on the cell parameter
errors only.

Variance of f based on the atomic parameter
errors only.
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CAaLL EXIT CALL HEDI to
to end job put out heading
A
Read input =0
Read - #0
and make . .
— oreliminary instruction ——(IN (1) Y22(IN (1) - INSAVE )
calculations array, =0
| CALL SUBi9| <0 - | INSAVE
“ for single - IN(1)-100 = IN (1)
valued >0
function
cAaLlL suBR24
|| for multiple-
valued N
function

Figure 1. Schematic flow diagram of the main program showing the
subprograms called by it.

NG =0 CAalLL SUB13
CALL FUNI
—> fo clear to evaluate 3 F=FX »—-a-?o comp‘ufe error > RETURN
error function if required and
indicator put ouf results

Figure 2. SUBI19 which controls the calculation and output for a single-valued
function.



to put out
description
of function

CALL OUTI

NG )=l
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#0

Output
the error
indicator,
NG

Output
F and NG

#0

NG
=0

Loop to Loop to
#0 CALL FUNI compute
> IAM )} in calculation variance due
=0 of derivatives to the cell
with respect to parameters
cell parameters
_O >
= ‘\2”‘
#0
Loop to
Loop to CALL FUNI CALL PREI
compute in calculation to set KI2
;mmnc: of derivatives SpQCIflen?S
ue fo the with respect to paramere
least-squares least squares involved in
parameters parameters the function

Qutput the
results F,

or F, E,
and El

< or Fand E,

RETURN

Figure 3. SUBI3 which calculates the error if required and puts out the

results.
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RETURN]

CALL SUBII to
compute functions
of 3 principal axes >
and 3 cartesian
axes

Loop thru all

kinds of atoms
and CALL SUBII

to compute functions
of 3 principal axes
and 3 cartesian axes

Remove the
hundreds digit, [
IH, from the

instruction, IN(4)

éther

CALL SUBIO to
compute functions
of 3 principal axes

L.oop thru all

kinds of atoms

and CALL SUBIO

to compute functions
of 3 principal axes

CALL SUBS to

i compute inferatomic
m—@—a distances between
2 atoms in two
asymmeftric units

Loop thru cell and
symmetry positions
and CALL SUBS to
compute distances

Figure 4. SUB21 which controls the calculations for multiple-values functions.
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Jrs J21and CALL FUNI
are both atoms to calculate
N S:; y D(_) D_O1 Na [l in the same e FX, the distance
DMA I=1,NA J=t, asymmetric between atoms
Unif? I and J
Yes
>OFX-DMAX)
<0
Y
F=FX
CALL sSUB13
v ; D\ to calculate
RETURN CONTlNUE)é'@ONTlNUE = error and
put out
results

Figure 5. SUB8 which calculates all distances less than DMAX between atoms
of two asymmetric units.

CALL SUB19
to compute
—i D9, function of CONTINUE RETURN
? principal
axis I

Figure 6. SUBI0O which controls the calculation of funtions of each of the
three principal axes of thermal motion.
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CALL suBie
to compute

3 DO DO 5| function of
I=1,3 J=1,3 principal axis
I and Cartesian
axis J

( CONIm,-{ CONTINUE )

RETURN

Figure 7. SUBTI which controls the calculation of functions of each of the
three principal axes and of three axes of a specified cartesian coordinate system.

~—3 GALL FUN{ |73 RETURN
1

(1)>—[CALL FUNZ }->
etc

Is IN(1)
between

1and 157
umNo >
Set error
indicator
NG = 14

Figure 8. FUNI which transfers control to the appropriate function-calculating
subroutine. HEDI, PREI, and OUTI are almost analogous to FUNI.
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SYMBOLIC PROGRAM LISTING

*TYPE ( TORTRAN) FFE
C 03 FFE. FORTRAN CRYSTALLOGRAPHIC FUNCTION AND ERROR PROGRAM FFE
c CALLING PROGRAM FFE

FFE

COMMON NG IPMsNP s IAMsNS o NV s UXP 3 JX s 3P s IBsNMs SCALES ITF s NQs» INSAVE FFE
COMMON DMAX o NASF» FXaLNZ s KK s KKD 9 SAVEA s SAVEP 9y VARASVARPSE ! sE» IHsNSP  FFE
COMMON TITLFE sPMeDP s DFRP s AMDASDFOAS INsTSs ISsLsAASRRIPIROWSKT I 9KI2 FFE

DIMENSION TITLE(E2),PNM(20100),.DP(20N) »BFOP(2N0) sAM(211sDA(6) FFE
DIMENSION DFDA(S) sIN(231)575(3548)515(223548)sA16)5AA(353)sBB(353)FFE
DIMENSION P(390)5R0W(6) »KI 11300 ,KI2(300) FFE

FFE

C READ AND PUT OUT TITLE AND CONTROL CARD FFE
READ INPUT TAPE 1000102 (TITLEC(E)»1#1512) FFE

00102 FORMAT (1246) FFE
WRITE QUTPUT TAPZ 9,00104s (TITLE(L)51#1512) FFE

NN (Y4 FORMAT (IHII2A8) FFF
READ INPUT TAPE 11500202+ IPMsNP s TAM,NSsNV s JXP s UX s JBP 5 JB FFE

N0202 FORMAT (2413) FFE
[F(NP)O0297,00294,00297 FFE

FFE
on294 WRITE OUTPUT TAPF 9,01295 FFE

0029% FORMAT (39HNINPUT DATA TO BE READ FROM OR FLS TAPE) FFE

GO TO 00301 FFE
FFE

00297 WRITE OUTPUT TAPE 9,00298,NP FFE

an29s FORMAT (33HDINPUT DATA TO BE READ FROM CARDS/ FFE
! 34HONUMBER OF STRUCTURE PARAMETERS 1514) FFE

FFE
n0201 WRITE OUTPUT TAPE 9,00302 FFE

03302 FORMAT {68HIVARIANCE=COVARIANCE MATRIX AND PARAMETER SELECTION INFFFE
TORMATION WILL) FFE
IF(IPM)00308,00305,00308 FFE

FFE
0n30s WRITE OUTPUT TAPE 9,0n306 FFE

00306 FORMAT (12H NOT BE USED) FFE

GO To 00310 FFE

FFE

00308 WRITE QUTPUT TAPE 9,01309 FFE
na3ne FORMAT (8H RF USFD) FFE
FFE

00210 WRITE OUTPUT TAPE §,00311,NS FFE

00311 FORMAT (28HNNUMBFR OF SYMMETRY CARDS IS513) FFE
WRITE OUTPUT TAPE 9,00314 FFE

NO03'4 FORMAT (26HNCELL PARAMETFR FRRORS ARE) FFE
IF(IAM=1)N0216,07319503322 FFE

FFF
po316 WRITE OUTPUT TAPE 9,00317 FFE

0317 FORMAT (I5H NOT TO BE USED) FFE

GO TO 00401 FFE

FFE

00319 WRITE QUTPUT TAPE 9,00320 FFE
o320 FORMAT (42H TO BE READ IN THE FORM OF STANDARD ERRORS) FFE
GO TO Nnan| FFE

FFE

00322 WRITE OUTPUT TAPE 9,0n323 FFE

0n322 FORMAT (48H TOQ BF READ IN THF FORM OF A VARIANCF-COVARIAMCF FFF
! TH MATRIX) FFF

FFE
00401 IF(NP)OIO01,01001,00501 FFE
FFE

c READ PARAMETERS AND VARIANCE-COVARIANCE MATRIX FROM CARDS FFE

0as501 WRITE OUTPUT TAPE 9,700502 4NV FFE

NC5a? FORMAT (44HTORDER OF THE VARIANCE~COVARIANCE MATRIX FOR FFE
i Z8H THE STRUCTURE PARAMETERS I1513) FFE

IF(JUXP)YDO509,00529,00505 FFE
FFE

nad
anz2
oos3
004
nns
nne
anT
ons
noo
o
nit
D12
o3
ER RS
ors
6
ni7
nis
ol1eo
020
0zi
022
023
024
02s
nzs
n27
n28
nz29
030
n3i
n3z2
133
034
035
036
n37s
038
139
D40
g4t
&2
043
Dad
045
n46
047
48
049
050
051
ns2
153
054
0%5
056
nsv
158
ns9
160
06l
né2
063
né4
165
066



nases
00506

g0s5009
0asin
0a51
|
2
2
n06d1

20602

onsny
0osnz

00905

048952

C
C
01001

0in0a

nynnz

01301

0ragl

01501

D171

Dz2032

02121
021192

02104
02115
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WRITE OQUTPUT TAPE 942Nn5065JXP,JX

FORMAT (4 IHOPERICD OF THF POSITION PARAMETFRS IN THF
18H PARAMETER LIST ISI3/22HNPOSITION OF THE FIRST
38H X COORDINATE IN THE PARAMETER LIST IS13)

ITF#0
IF(JRP)YONGNI 00601520510

WRITE QUTPUT TAPE 9,0N0511,JBP,JB

FORMAT (46HOPERIOD OF THE TEMPERATURE FACTOR COEFFICIENTS
25H IN THE PARAMETER L 1ST ISIZ/16HOPOSITION OF THE
44H FIRST TEMPERATURE FACTOR CCOEFFICIFNT IN THE
184 PARAMETFR LIST [S13)

READ INPUT TAPE 1Q,00602,(P(I)sI#1yNP)
FORMAT (RF944)
IFCIPMYNNBNLS02101,00801

READ INPUT TAPE 10+30802,(KIT(IYsI#TsNP)
FORMAT (7211)

NM# (NV#(NV+1)) /2

READ INPUT TAPE 10,02905,5CALE

READ INPUT TAPE [0+00905(PMIT)sI#1,NM)
FORMAT (6E1246)

nNC A0952 T#| sNM

PM{T)#PM( 1) %SCALE
GO TO Q2101

READ PARAMFTERS AND VARIANCE~-COVARIANCE MATRIX
FROM OR FLS TAPE

REWIND 3

READ INPUT TAPE 2,002N2sITFsNGsNP

WRITE OUTPUT TAPE 9,01004sNP

FORMAT (246HONUNMBER OF STRUCTURE PARAMETIRS 1514)

READ INPUT TAPF 2,010075 (P(I)sI#]4NP)

FORMAT (INF{2,8)

JXHNQ+4

JBRFENO+T

IFCITF=1)01301,01301,01401

JIXP#6
JBP#6
GO TO 0ts501

JXPHELI
JRe#l

WRITE OUTPUT TAPE 9,005M6,JXP,JX
WRITE OQUTRPUT TAPF 9,0MN511,J8P,JB
IFCIPMYDITOl 02101 ,01701

READ INPUT TAPE 3,00802s(KII(IYsI#IsNP)
READ INPUT TAPE 2,00202,NV

WRITE OUTPUT TAPE 9.C0502sNV
NM#INV*INV+EY ) /2

READ INPUT TAPE 302002, (PM(K) sK#] s NM)
FORMAT (BET1548)

PUT OUT INPUT PARAMETFRS

WRITF QUTPUT TAPF 9,02102

FORMAT (1 1HTINPUT DATA/21HO 1 P(IYy KIN(IYy/IH
DO 02104 1#|4NP

WRITE OUTPUT TAPE 9s02105sIsP(1),KII1(])
FORMAT (IH 13sF10eb4s14)

RFAD AND PUT OUT CEl L PARAMETERS
READ INPUT TAPE 13502202 (A(1)s1#1+6)

FFE

FFE
FFE

ne7
nes
ne6o
Q73
o7l

nee

098
n9e
100
1ol
1n2
In3
14
Ins
176
107
Ine
109
o
[
12

12

4

]

17

18

)
121
121
122
123
124
125
126
127
128
129
120
131
132
133
134
132

136
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02202 FORMAT (6F9%,.4)
WRITE QUTPUT TAPE 9,001704 - (TITLE(L) »I#1512}
WRITF QUTPUT TARF 94N22008s (ALT1s1#146)
12208 FORMAT([6HOCELL PARAMETERS/IHIGF 1 a4)
IF(IAM=-1)N3401,02401,02771

c READ STANDARD ERRORS OF CELL PARAMETERS
o240t DO D2402 1#1221
f1zatz AMUTY #0617

READ INPUT TAPE 1002202, AM1 Y sAMIT) 4 AM{12) AMLUIL6Y
1 AMUTI) sAMI21)
WRITE QUTPUT TAPF 94025034 AMI) s AMITIAMII2)sAM{1A)
! AMETGY yAM{D 1)
n2s02 FORMAT (49HNSTANDARD FRRORS, RFESPECTIVFELY, OF THE ABOVE CELL
! IIH PARAMETERS/IHO6F 1 144)
PO 02602 T#ls21

02602 AM{TYRAMIT)®XAM(T)

GO TO 03201

C READ VARIANCE~COVARIANCE MATRIX FOR CELL PARAMETERS
n2771 READ INPUT TAPE 1000603 (AM{T)sI#1421)
WRITE QUTPUT TAPE 9,27013
32773 FORMAT (4 T7THIVARIANCE~-COVARIANCE MATRIX FOR CELL PARAMETERS)
1.J#1
DO 03101 I#1s6
DO 02902 J#1+6
g2902 ROWI(JI#0Da0
DO 03003 J#I»6
ROW(JY#AMIT )
n3n02 TJ#1J+!
g31n1 WRITFE QUTPUT TAPE 9503102 (ROW(J) s J# 1 96)
03102 FORMAT (IHOGF 1| «4)
C COMPUTE CELbL PARAMETER INCREMENTS USED TO OBTAIN DERIVATIVES
£3201 K#L
L#E
DO 03303 I#1+6
DACIY#L 01 *SARTF (AM(K))
KHK+L
02302 L#L~]

N3471 IF(NS)IO3T701,02701,03601

C READ AND PUT QUT SYMMETRY TRANSFORMATIONS
03601 READ INPUT TAPE 1003602t (TS(IsI)olIS(KaTod)aK#HI32)s1#193)
| JH#TANS)
03602 FORMAT (Fl1e6:212sF11e65212sF11a6,22312)
WRITE QUTPUT TAPE 9,03504
03604 FORMAT (21HOSYMMETRY INFORMATION/ {9HD TRANSFORMED X
| 48H TRANSFCORMED Y TRANSFORMED Z/1H )
WRITE QUTPUT TAPRPE 9403608 ((TS{IsJ)s(ISIKsIsJ)sKH#I92)1#1431)
I J#1TANS)
032608 FORMAT (IH Fl3e69212:F20:6s2125F20e6+212)
03701 IF(IPY)I03801,.04001,0380!
C COMPUTE PARAMETER INCREMENTS USED TO OBTAIN DERIVATIVES
03801 K# |
LAENY

DO 32903 I#I1sNV

FFE
FFE

FFE
FFE
FFE
FFE
FFE
FFE

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FEF
FFE
FFE
FFE
FFE
FFE
FFE
FFE

137
138
139
140
14t
142
1473
| 44
145
t46
147
148
149
150

159
160
161

162
163
164
165
1654
167
168
169
170
171

172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187
188
189
120
19t

192
193
194
195
196
197
198
199
200
201

202
203
204
205
206



03903

84071
04002

C
04101

n&ast

04601

04701

04801

04901

05001

C
05171

05201
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DP({I )1 #( 0«01 )*SQRTF(PMI(K))
KHEKHL
L#L-1

WRITE OUTPUT TAPE G,04002s(TITLEC(IYI#I112)
FORMAT (IHII12A6/1H )

READ ONE SET OF INSTRUCTICNS
K # Y
DO 04501 I#!1s10
L#K+23
READ INPUT TAPE 1000202, LINCJ) s JHK L)
IFCIN(L))YO4501-04601,04501
KL
TFCINGYYYD4RDT 04701 ,04801

END OF JOB
CALL EXIT

IFCINCI)-INSAVE)DR4901 0500104901

PUT OQUT HEADING FOR NEW TYPE OF FUNCTION
CALL HERT(INCI))

INSAVE#IN( )
ITFCINCIY=10amnsint 051 01,05201

COMPUTF SINGLF-VALUED FUNCTION
CALL SURI19
GO TO 24101

COMPUTE MULTIPLE-VALUED FUNCTICN
CALL suez!
GO TO p4alC!

END(TQs 1500,

#TYDF (FORTRAMN)

C
C
107
[
b3
C
[
C

COMPUTE ALL DISTANCES BETWEEN TWC ASYMMETRIC UNITS
SUBROUTINE suBg

COMMON NGs IPMyNP s TAMINS s NV s UXP s X s JRP 3 By NMy SCALFE o I TF4NOy INSAVFE
COMMON DMAX s NAsF 3 FXsLNZyKKsKKDsSAVEASSAVEPSVARASVARP S ] sE9sIHINSP
COMMON TITLE sPMyDP sDFDPsAMSDASDFDAsINs TSy [S59AsAAEBsP ROWSKITZKIZ
DIMENSION TITLE(12)sPM(20100),DP(200)sDFDOP (200 sAM(21)sDA(6)

DIMENSION DFDA(G) sIN(2311sTS(3548)s15(0292548)5A(6)AA(253)sBB(343)

NIMENSION P(30N)sROWIAYSKI 1 (20D0),,X12(20N0)

SET MAXIMUM DISTANCF ACCEPTEDR
IFCIN(EIY 10T, INTs 11!

DMAX#4 o 3
GOTOI13

DMAX#FLOATF(IN(6)) /100

NAHIN(2)
IFINAY2TT 2175117

START LCOP FOR FIRST ATOM
DOZ2ISI#]sNA

IN(21#1

START LOCP FOR SECCND ATOM
DO213J#1 4NA

FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
Fer
FFE
SFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFF
FFE
FFE
FFF
FFE
FFEC
FFE
Fefp
FFE
FeF
FRE
FFEE
FFE
FEE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FEF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE

207
208
209
210
211

213
214
215
216
217
218
219
220
221

222
2232
224
225
226
227
228
229
230
2314

232
233
234
235
236
237
238
239
240
241

242
2473
244
245
246
247
248
249
25n
251

252
253
254
255
ELY2
257
258
259
26N
261

262
263
264
265
266
267
268
269
270
271!

272
273
274
275
276
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C TEST TO AVOID DUPLICATION FFE
IFCINE3)-IN(5) 2011255201 FFE

FFE

1725 IF(J-1120142155215 FFE
FFE

201 INCaYHS FFE
NG#0 FFE

FFF

C COMPUTE AND TEST DISTANCE FFE
CALL FUNICINCI) FFE
ITF{FX-DMAX)209,2009,213 FFE

FFE

C COMPUTE ERROR AND PUT OUT RESULTS FFE
279 F#F X FFE
CALLSUBIS FEE

FFE

213 CONTINUE FFE

C END LOQP FOR SECOND ATOM FFE
FFE

215 CONTINUE FFE

C END LOQOP FOR FIRST ATCM FFE
FFE

217 RETURN FFE
END( St 0500 FFE
*TYPEA(FORTRAN) FFE
C MULTIVALUED FUNCTIONS 7. 8. AND 9 FFE
SUBRCUTINE SURBIO FFE

FFE

COMMON NG IPMsNPs IAMINS s NV s UXP o JX s JBP s JB+NMsSCALES ITF s NQs INSAVE FFE
COMMON DMAX s NASF s FXsLNZ s KK s KDy SAVEA»SAVEP sYARASVARP S 1 s E51HsNSP  EFE
COMMON TITLE sPMaDPsDFNP s AMeDASDFDASINITSy IS AsAARASRR WP IROWSKII,KI2 FFF
DIMENSION TITLE(12)sPMIZOI0N} 000200 sDFDPI2N) s AML2 1) sDA(S) FFE
DIMENSION DFDALS) s IN(231 )75 (35481 21S(2s3,48)19A06)sAA(2:3),BB(343)FFF
DIMENSION P(3NN)sROWIB)sKI (3200} 4KI2(20M) FFE

FFE

C START LOOP THRU PRINCIPAL AXES FFE
YOINST#1,.3 FFE

FFE

INC4Y#I FFE

FFfE

C COMPUTE AND PUT QUT FUNCTION AND ERROR FFE
oo CALLSUBIS FFE
FFE

RFTURN FEE
END(Ds 150,00} FFE
*TYPE(FORTRAN) FEE
C MULTIVALUED FUNCTIONS 10 AND 1| FFE
SUBROUTINE sUBI1I FFE

FFE

COMMON NG s IPMaNP 3y TAMINS s NV UXP s JX s JBP s JBsNMy SCALE S TTF 4 NQ» INSAVE FFE
COMMON DMAXaNAsFsFXaLNZsKKsKKD» SAVEASSAVEP s VARASVARPsE | sEs IHsNSP  FFE
COMMON TITLFsPMsDP»DFDPsAMaDASDIDAS INSTSsISyASAASRBIPIROWSKI 1 yXI12 FFE
DIMENSION TITLF(I12)PMI201001sDPI2O0)sDFRPL2NN) sAM(21)sDA(S) FFE
DIMENSION DFDA(E)IsIN(23118TS(2548)51S(2+3:48)A(6)3AA353)sBRB{2s3)FFF
DIMENSION P{311N) sROWIE) s KT [ {20N) 4K I2 (300 FFE

FFE

C START LOOP THRU PRINCIPAL AXES FFE
DOFI3TIAH! 3 FFE

FFE

IN{&YI#T FFE

FFE

C START LOOP THRU REFERENCE AXES FFE
DOLI3U#R] 3 FFE

FFE

IN(S)Y#J FFE

FFF

C COMPUTE AND PUT QUT FUNCTIOM AND ERRGCR FFE
1= CALLSUR[D FFF
FFE

RETURN FFE

277
278
279
280
281

282
283
284
285
286
287
288
289
290
291

292
293
294
295
296
297
298
299
300
301

302
303
304
305
306
N7
308
2309
310
311

312
313
314
315
216
317
318
319
32N
321

222
323
324
325
326
327
328
229
330
331

332
3373
334
335
336
337
338
239
340
340

342
343
3hh
345
346
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END(O»1:0,0,0) FFE 347
*TYPE(FORTRAN) FFE 348
C ERROR CALCULATICN AND OUTPUT FFE 349

SUBROUTINE SURIZ FFE 350

FFE 351

SOMMON NG IPMaNP s TAMSMNSsNV s JXP s JX s JBP s JB s HM s SCALE s ITF 3 NQ s INSAVE FFE 252
COMMON DMAX s NASF s FX3LNZ s KKsKKD s SAVEA S SAVEPSVARASVARPSE [ sEs IHsNSP  FFE 353
COMMON TITLFE sPMaDPsDFDRPsAMIDADFDRAS INs TS, ISsA,AA, 3R PLROWLKIT,KI2 FFE 354

DIMENSION TITLELI2),PM(20100)sDP (2N sDFDPLZ2NTD)sAM(21)sDA(A) FFE 355
DIMENSION DFDALGE)Y s INI231)sTS{2,48)91S(252:4B)3A16)sAAI232)3BR(2,2)FFF 356
DIMENSION P(30N)1,ROWIE) KT (30N ,KIZ(3N0) FFE 3RT7

FFE 358

C PUT QUT FUNCTION DESCRIPTION FFE 359
CALL OUTICINCIY) FFE 360
IF(NG)YIO7s 1135107 FFE 361

FFE 362

C PUT OUT ERROR INCLICATOR IF NOT ZERO FFE 363
107 WRITE QUTPUT TAPE 95 109sNG FFE 364
109 FORMAT (IH B5IXe3H%*%%]3) FFE 365
GO TO 722 FFE 366

FFE 367

112 VARAHT 4N FFF 368
VARP#(.0 FFE 369
IF(IAMYI195212,119 FFE 37N

FFE 371

C COMPUTE NDERIVATIVES WITH RESPECT TO CELL PARAMETERS FFE 372
Ite DO 211 I#1s6 FFE 373
FFE 374

[FIDACLIYY2D 1,123,201 FFE 375

FFE 376

122 DFDA(TI)#0a0 FFE 377
GO TO 21! FFF 378

FFF 379

201 SAVEAXALT) FFE 380
ACTI#ALTI+DACT) FFE 281

CALL FUNTUINUI)) FFE 382

Al{TIHSAVEA FFE 3813
DFDACIVH#(FX-F)/DA{I) FFE 384

FFE 385

211 CONTINUF FFE 2386
FFE 387

C COMPUTE VARIANCE BASED ON CELL PARAMETERS Fre 388
K# 1 FFE 389

L#6 FFE 390

RO 3T T#I A FFF 291

FFE 1302

TF(NFNA(T))225,22147225 FFF 3973

FFE 394

271 K#K+L FFE 399
GO T 311 FFE 396

FFF 297

225 C#1 .0 FFE 398
NO 3N9 JET 46 £ 399

FFE 400

IF{NFDA(J))Y3N5,3N7,3N05 FFE 4n1

FFE 4002

30= VARAFVARA+CHDFDA(IIADFEDA(J) *AM(K) FEF 403
FEe  ang

307 K#K+1 FFc  4ns
210 C#D N FFFE  4n6
FFE 407

311 L#L- ! FFE  4n8
FFE 409

313 JF({IPM)3154615,315 FFE 41D
FFE 411

C SELECT DERIVATIVES TO RE COMPUTED FFE 412
315 DO 319 I#14NP FFE 413
FFeE  alg

3fo K12 {1y #n Fee 415

FFE 416



403

407

409

513

523

6037

609
&1

612
612

618

617
6519

7172
70"
737
799

713
715

CALL PRET(INM{IIY)

COMPUTE DERIVATIVES WITH RESPECT TO STRUCTURE PARAMETERS

JHED
DO 513 1#!1 NV

NESES
IFIKTI (U407 54035407

IF(KI2( ) )4134+409413

NFNP(II#N.D
GO TO 513

IF(DP(INIS01 409,50

SAVEPRP#P(J)

PN #P(J)I+DP (1)

CALL FUNICINGCTY)
P{UY#SAVEP
DFOP(II#{FX~F)1/DP(T)
LNZ#1

CONTINUE
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COMPUTE VARIANCE BASED ON STRUCTURE PARAMETERS

KK#1
KKD#NY
DO 613 I#14LNZ

IF(DFDP{I1)15234+612+523
K#KK

CHtan
DO A1l J#LsLNZ

IFIDFDP(UNIADOTs609,607

VARP#VARP+CH*DFDP (1) ¥DFDP(J) #PMIK])

K#K+
C#20

KKHKK+KKD
KKD#KKD~1

IF(NGIAI T 96234417

PUT QUT FRRNAR INDICATOR IF NOT ZERO

WRITE QUTPUT TAPE 946104 F,

NG

FORMAT (1H 48XsF9ahs6Xs3HX¥%]3)

GO TO 723

COMPUTE STANDARD ERRORS AND PUT OUT RESULTS

ET#SQRTF{VARP)

E#SQRTF{VARP+VARA)

IF(IPM)IT03,705,703
IF(IAM)TOT 712,707

IF(IAMYTI3:7195713

WRITE QUTPUT TAPE 9s709sF-EsE!

FORMAT (IH 48XaF9elsbH +OR~FTa4y2H

GO TO 723

WRITE OQUTPUT TAPE 9s715sF»C

FORMAT (1H 48XsF9e4s5H
GO TO 723

+OR-F7e4)

(FT7etts 1))

FEe
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFE

417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
4373
434
435
436
437
438
439
440
a4
442
443
444
445
446
447
4nsg
449
450
a5 |
452
453
454
455
458
457



56

719 WRITE QUTBRUT TABE 94,721 ,F FFE 487
721 FORMAT (1H 48XsF9.4) FEE 488
FFFE 489

723 RETURN FFE 460
END(s1,0,0,0) FFE 491
¥*TYPF(FORTRAN) FFE 492
C FUNCTION AND ERROR CALCULATION FFE 493
SUBRCUTINE SsURI9 FFE 494

FEE 495

COMMON NG9 IPMyNP 3 TAMINSaNV s UXP s UX s JBP s UBsNM 3y SCALE» ITFoNQ s INSAVE FFE 496
COMMON DMAX s NASF s FXsLNZsKKsKKDsSAVEA S SAVEP s VARASVARP s | s F 5 THaNSP FFE 467
COMMON TITLE sPMsDP sDFDPsAMsDASDFDAS INsTSsIS3sAsAAIBR D ROWSKI I 4KI2 FFE 498

DIMENSION TITLE(I2)sPM(20100),NP(2000) sDFDPI2NN) s AM(2()sDA(E) FFF 4939
DIMENSION DFDA(G) s IN(231)sTS(3548)515(253548)sA16),AA(353),BB(243)FFF 500
DIMENSION P(3N0N)yROW(6) +KIT({3MN] 4KI2(3NM) FEE 5T

FFE 502

NG#0 FFE 503

CALL FUNICINCTI)) FFE 204

FHEEX FFe 505
CALLSUBI3 FFE 506
RETURN FFE 507
IND(Os+s390,M) FFE 508
*¥TYPF(FORTRAN) FFFE 5109
C COMPUTFE MULTIVALUFDY FUNCTIQNS FFFE 51D
* SUBROUTINF SUR2I FFE 5l
FFE B2

COMMON NGs IPMyNP s TAMI NS NV JXP s JXs JBP s JBSMM SCALE S ITF s NG s INSAVE FFE 513
COMMON DMAXsNASFsFX L NZsKKsKKDs SAVEASSAVEP SVARASVARPsE [ 955, IHsNSP  FFF 514
COMMON TITLEsPMsDPsDFDPsAMsDASDFDAS INsTSsI1S>A>AASBRIPIROWIKI1SKI2 FFE 515

DIMENSION TITLE(12)4PM{2CI00)YsDP(200)sDFDPI2N0)»AM(21) 4,DA(6) FFE 516
DIMENSION DFDACG) s IN(231)sTS(3548)915(29354815A(6)sAA(333)sBB(3s3)FFE 517
DIMENSION P(3200),ROW(6)-KII(300),KI2(300) FFE 518

FFE 519

C UNPACK INSTRUCTION NUMBER FFE 520
IH¥INUIY 7107 FFE 521
INCUIHINCI) = I00*IH FFE 522

FFE 523

C TRANSFER TO APPROPRIATE SECTICN fFF  B24
ITFCINCIY=1I s i 4210 FFFE 528

P11 TFCINCTY=9) 113,113,305 FFE 526
113 TF(IN(I)=631158,115,215 FFE 527
LIS TFLINCIY=13 11751175319 FFE 528
FFE £29

[ IF{IH~1)119,119+123 FFE 530
FFE 531

C COMPUTE ALL DISTANCES BETWEEN TWC UNITS FFE 532
I1o CALLSUBS FFE 5323
coT031Q FFF 534

FFE 5135

C COMPUTE NISTANCES INVCLVING BASIC UNIT AND ALL OTHERS FFE 534
1213 NAFIN(2) FFE 537
NSP#NS+! FFE 538

IN(3)Y#0 FFE 9539

DC2111#1,8 FFE 54D

FFE 54

DC2 1 I U#! oNSP FFE 542

FFE 543

IN(2)#NA FFE 544

INGSHY#HIOD* (T =1 Y+~ FFE  5ac&

21 CALLSURSR FFE 546
FEE 547

GOTO319 FFE 548

FFE 549

218 IF(IH-1)217,2174221 FFF 550
FFE 551

C COMPUTE FUNCTIONS INVOLVING THREE PRINCIPAL AXES FFE 552
217 CALLSURIAN FFF 553
GOTO2 19 FrE 554

FFE B85

C COMPUTE FUNCTIONS INVOLVING THREE PRINCIPAL AXES FFE 556



301

217

57

FCR ALL ATOMS

MA#INC(2)
DO30D 1 1#1 s NA

IN(2V#]
CALLSUBILD

GOTO319
IF(IH-11207,307,311

COMPUTE FOR ALL PRINCIPAL AXES AND ALL REFERENCE AXES
cALLSUBII
GOTO319

COMPUTE FOR ALL PRINCIPAL AXESs ALL REFERENCE AXES,
AND ALL ATOMS

NA#IN(2)

DOBITI#!WNA

IN(2)#I
CALLSURLI

3109 RETURN

END(Os | s0s0s)

*TYPE (FORTRAN)

C

4
8

10

20

40

50

60

m

1z2n

SELECT THE HED SUBROUTINE TO BE ENTERELD
SUBROUTINE HEDIL(I)

KEXMODF (Lo 100

SF(K) 160916094
IF{K~15)18s8,5160
GO TO (1Ds2093N940s50:60:70480+90s 1001051205130 14N0,157),K

CALL HEDI
GO TO 167

CALL HED2
GO TO 160

CALL HED3
GO TO 160

CALL HED&
GO TO 16N

CALL HEDS
GO TO 1600

CALL HEDS&
GO TO 160

CALL HED7
GO TO 160

CALL HEDB
GO TO 160

CALL HEDS9
GO TOo 180

CALL HEDID

GO TO 160
CALL HEDITI
GO TO 16N

CALL HEDI!2
GO TO 1610

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

557
558
559
560
561

562
563
564
565
566
567
568
569
570
571

572
573
574

576

585
586
587
588
589
590
591

592
5973
594
595
5396
597
598
599
600
ent

602
602
604
6015
606
607
608
609
610
&1

512
613
614
615
616
517
6518
619
620
621

622
623
624
825
626



13N

140

xTYPF

z2n

3n

%N

6N

81N

tono

12n

169

*TYPE

5

6

58

CALL HED|3
GO TO 160

CALL HED14
GO TO 160

CALL HEDIS

RETURN

END(Js15099,M

(FORTRAN)

SELFECT THE PRF SUBROUTINE TO BE ENTERED
SUBROQUTINE PREI(I)

IF(I)160s16Ns6

[F(I-15)84+8,160
GO TO (1020304030560 7080580100100 120570y 1405 1400),1

CALL PRET
GO TO tén

CALL PRE2
GO TO ten

CALL PREZ
GO TC 160

CALL PRE4
GO TO lén

CALL PRES6
GO TO 160

CALL PRF7
GO TO 1€éN

CALL PRESB
GO TC 16D

CALL PREIO
GO TO lé6n

CALL PRE}Z2
GO TO 60

CALL PRE'4

RETURN

END(Os1s0s0,0)

(FORTRAN)

SELECT THE FUN SUBRQUTINE TO BE ENJERED
SUBROUTINE FUNI(I)

COMMON NG IPMsNP s IAMsNSsNV s UXP s JX s JEP s JBsNMsSCALE S [TFsNQs INSAVE
COMMON DMAXsNASF s FXsLNZsKKsKKDs SAVFA s SAVFPsVARASVARPsF | sF s [HeNSP
COMMON TITLEsPMsDPsDFDPsAMIDASIDFDAY INsTSsI1SsAsAASBBIPIROWIKI |1 4KI2
DIMENSION TITLE(I12)sPM(20100)sDPI200)sDFDPI20N) s AM(21) sDNA(K)
DIMENSION DFDA(B) s IN(231)sTS13+48)915(2s3548)5A16)sAA1353)588B(3.3)
DIMENSION P(3001sROW(6)+KI (30N} ,,KI2 (30D

CALL SETA(A}
CALL SETP(P)
IF(1)6:655
IF(1~15)8s8,8&

NG#I |

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFFE
FFE
FFE
FFE
FFE
FRE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FEE
FrE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFF
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFre
FFE
FFF
FFF

6732
674
675
676
677
678
679
680
681
682
683
684
585
686
687
688
689
697
631
692
693
694
695
696



TO (1092030540250 960s70:80+9M81NNe i (MNsl2Ms 13Ny i1460,150)41

GO TO 16N
8 GO
10 CALL FUN{
GO TO 160
20 CALL FUN?
GC TO 160
20 CALL FUN3
GO TO 160
40N CALL FUN4
GO TO 16D
30 CALL FUN5
GO TO 16N
6n CALL FUNA
GO TO 160
70 CALL FUNT
G0 TO 60
80 CALL FUNB
GO TO 160
9n CALL FUN9
GO TO 16N
1an CALL FUNI!DO
GO TO 180
rin CALL FUNII
GO TO 160
120 CALL FUNI2
GO TO 160
130 CALL FUNI3
GO TC 16N
l4n CALL FUNI4
GO TO 1860
150 CALL FUNIS5
160 RETURN

END(O» 100501

*#TYPE (FORTRAMN)

C SELECT THE OUT SUBROUTINE TO BE ENTERED
SUBROUTINE OUTI(I)
4 TFLI)I60- 1606

& LF(I-151858,160

8 GO

40

TO (19209 3M40e30s60570:8080: 100 1001205130 MNs1M)sl

CALL OUTHY
GO TO l&C

CALL OUT2
GO TO 160

CALL OUT2
GO TO 160

CALL 0OUT4
60 TO 160

59

FEE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFE
FFE

FFE

FFE

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFE

FFE

697
698
699
700
701

702
703
704
705
meé
707
708
709
710
T

Ti2
713
714
715
716
Ti7
718
719
720
721

722
723
T4
725
726
727
728
729
739
731

732
733
734
135
736
737
738
739
740
74}

742
1473
T44
T45
746
747
748
49
75n0
751

752
753
754
755
756
757
758
759
760

762
763
764
765
766



60

81

100

120

130

160

60

CALL OUT6
GO TO 160

CALL QUT7Y
GO TC 16N

CALLL 0UTS8
GO 7O lén

CALL QUTI1
GO TO 160

CALL QUT12
GO TO 160

CALL OUTI3

RETURN
END(Ds1sMeyM)

*TYPC(FORTRAN)

C
C
[
Ite
*TYPFE{
C
C
1
by
19

SET KEY WORDS FOR ATOM COORDINATFES

SUBROUTINE SETKX{I)

I#IN(K)s THE INSTRUCTION INTEGER SPECIFYING THE ATCM NUMBER
COMMON NGs IPMsNP s TAMINSsNV» UXP s JX > JBPsJBINMsSCALE S ITFHNQs INSAVE
COMMCN DMAXsNAsF sFXsLNZsKKsKKDsSAVEASSAVEPsVARASVARPSE I sE5 IHsNSP
COMMON TITLEsPMsDP sDFDPsAMSDASDFDAS INsTSsI1SsAsAASBR,PsROWSKI K12
DIMENSION TITLE(12),PM(201iN0),DP(200)sDFDP{2N0)»AM(21)DA(6)

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFF
FFE
FFF
FFE
FFE
CFE
FFE
FFE
FFE
FFE

DIVMENSION DFDA(G)sIN{231)sTS(3548)515(2+3548)sA16),AA1252)3BB(3,3)FFE

DIMENSION P(300)sROW{6)»KII(300),KI2(300)

IFCI) L9 119t 1]

JHIX+AIXPH{I-1)

KI2(J)#1

KI2(J+1y#1

KIZ2(J+21#1

RFTURN

END{(Os150,0,0)

FORTRAN)

SET KEY WORDS FOR ATOM BETAS

SUBROUTINE SETKB(I)

I#IN(K)s THE INSTRUCTION INTEGER SPECIFYING THE ATOM NUMBER
COMMON MNGs IPMaNP» IAMSNSs MV JXP s JX s JBP s JEsNMs SCALES ITFsNQ s INSAVE
COMMON DMAX s NASF o FX s LNZsKKsKKDsSAVELA S SAVEP ZVARASYARP sF I 9F s IHsNEP
COMMON TITLE sPMsDP sDF P s AM»DASRENA S INsTSsISsAsAASRRIPHROWSKII4KI2
DIMFNSION TITLE(12),,PNMI201N),0P{200) 4DFOP(20N) 3 AM{2])sDNA(S)

FFE
FFE
FFE
FFE
[
FFE
FEF
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFF

DIMENSION DFDA(E) s IN(231)sTS(3548)515(253+48)5A(6),AA(353)sBB(3,3)FFE

DIMENSION P(300)sROWI6E)sKI (30N ,KI2(300)
IF(IY1I19el 1Oyt 1]

JHIBHIBP* (1)

DO 117 K#l1,6

KI2(J)Y#I

JHEI+

RETURN

TND(Cs 150sN,0)

*TYPE(FORTRAN)

C

STORE METRIC TENSOR

SUBROUTINE STCQAA

COMMON NG IPMaNP s IAMSNSINV s UXP s X s JRP s JBsNM,SCALE, ITE s NQ» INSAVE
COMMON DMAXsNAsFsFXsLNZsKKsKKDsSAVEAsSAVEFR sVARASVARPYE I s E5 IHINSP
COMMON TITLE sPMsDPsDFDP s AMsDASDFDOAS INsTSsISsAsAASRRsPsROWSKI I K12
DIMENSION TITLECI2)sPM(201iND)DP{20C)sDFOPI200C)sAM(21)sDALS)

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFF
FFE

DIMENSION DFDA(B) s IN(231)sT5(3548)515(293548)5A16)sAA(393)sBB(3431FFE

DIMENSION P(300)sROW(6)sKI1(300),KI2(320)
AALT s TYHALTYXALL)

AA(2s2Y#A(2V%A(2)

AA(393)H#A(3)*A(3)

AACTs2IH#ACI Y HA(2)1X*AL6)

AA(25 1 VEAAL]52)

AALL s 2VHFALEYRALZY)RA(R)

AA(3s I IH#AALL]) s3)

FFE
FFE
FFE
FFE
FFE
FFE
FEF
FFE

767
768
769
770
771
772
773
774
775
776
777
778
179
730
781
782
783
784
785
78€
787
788
789
790
791
792
793
794
795
796
797
7398
799
8nn
801
8N2
803
304
305
806
807
808
8N9
81N
811
812
813
8l4
815
816
817
818
819
820
821
B22
R23
824
825
826
827
828
829
830
831
832
8313
234
35
836



61

AA(2s3VHEA(2YVEA(ZIXA(L) FFE 837
AA(B92)#AA(293) FFE 838
RETURN FFE 839
END(Os 105001 FFE 840
*¥TYPE(FORTRAN) FFE 84!
C STORE RECIPROCAL METRIC TENSOR FFE 842
SURROQUTINE STORB FFE 843

COMMON NG s IPMaNP» TAMSNS s NV o JXP s IX s JRP s UBsNMa SCALE S ITF»NQs INSAVE FFE B4
COMMON DMAXsNAsFsFX L NZsKKsKKDaSAVEA,SAVEP,VARASVARP »E | o5 IHsNSP  FFE  B45
COMMON TITLE sPMaDPsDFDP sy AMsDASDFDAS INsTSs15sA9AASBRIPIROWSKI,KI2 FFE 8456

DIMENSION TITLFE2)ePM(2010M)sDP(230)sDFDP{Z2NN)sAM(21),DAL6) FFE 847
DIMENSION DFDA(S) s INI2311sTS(3:48)515(2:2448)sA06)5AA(353)15BB(3>3)FFE 848
DIMENSION P(300),ROW(6)sKIN(300),KI2(300) FFE 849
DIMENSIONAT(6)+CI(6)Y4BBIT(3),BBIKI(3) FFE 850
DOI2VI#1.2 FFE 851
TEOACTIY LI st 1t ll5 FFE 852

111 NG#6 FFE 853
GOTOZ25 FFE 854

P15 AL(IIAACTD) FFE 855
ALCI+3YHALT) FFE 856
CICIV#A(T+3) FFE 857

F21 C1OI+3)1#A01+3) FFE 888
H1aD/ZLATCIY*AT(2)¥ATU3 %1 0-CION)*¥CI ) ~CI2)*CT(2) FFF 859
P~CTO3Y*CT 3 ) 4+2,0%¥CT L1y *CI 2y 0T {(3))) FFE 860
DO2051#1,3 FFE 861
BRIT{II#XX (| &D~CIUII¥CICI I AT I+ XAT(T+2) /AT (1) FFE 862

275 BBUKCIYHXRAT (I ¥ (CI I+ »CICI+2-CL (I FFE 863
BB(Is 1)ABBITLT) FFE 864
BRI12)#B3IK(3) FFE 865
BRI s3)#BBIK(2) FFE 866
BBA(2 1 V#BRIK(3) FFE 867
BR(2s21#BBII(2) FFE 868
BB(2+3)#BBJK (1) FFE 869

BB (2 | YARBRIK (D) FFF 870

RB (292} #RBRJIK(T) FFRE 871
BB{(2,3)1#08211(3) FFE 872

225 RETURN FFE 873
END(TD gl 9004 0) FFE 874
#TYPE(FORTRAN) FFE 875
C ATOM COORDINATE SUBROUTINE FFE 876
SUBROUTINE ATOM(I,2) FFE 877

COMMON NG IPMaNP s IAMINSaNV s JXP s JX s JBP s JBsNMsSCALEs ITF s NQs INSAVE FFE 878
COMMON DMAXsMAsF s FXsLNZsKKsKKDs SAVEAsSAVEP S VARASVARPSE1sEsTHaNSP  FFE 879
COMMON TITLE sPMsDPsDFDPsAMsDASDFDAS INsTSs I1S5A2AASBRHPLROWLKIISKI2 FFE 880

DIMENSION TITLECI2)sPM{2CIC0)sDP(200)sDFOP (200 sAM{21)DAL16) Fre 881
DIMENSION DFDA(SIsIN(231)sT5(3+48)15(253948)5A(6)sAA(353)1BB(3,3)FFE 882
DIMENSION P(300).ROWI6Y»KII (300} ,KI2(200) FFE 883
DIMENSIONI(2)eX(3}aY(3)52(3) FFE 884
IFCICIYY 109,109 117 FFE 885
10e X(1)#3.0 FFE 886
X(2)#0.0 FFE 887
X(3)#3.0 FFE 888
GOTO125 FFE 889
117 KH#EIXPEICIY~1)+UX FFE 890
IF(K+2=NP) 11951199503 FFE 891
503 NGHS FFE 892
GOTO325 FFE 893
119 DOI22J#1,3 FFE 894
XLV #P LK) FFE 895
122 K#K+ | FFE 896
125 KC#1 (237100 FFE 897
S#T(2)~100%KC FFE 898
IF(KS~NS)203,203,403 FFE 899
433 NG#I FFE 900
GOTO0325 FFE 901
2713 TF(KS)I403+205+213 FFE 902
205 YUY #XOD) FFE 903
Y2)1#X(2) FFE 904
Y3 )HXA(3) FFE 205

GOTO3 ! FFE 906



308
307
309
3l

325

62

DO215J#1,3

YOOI HETS(JsKS)
DO309KH 53

DO3DTIHI 2
L#TIS{JaKsKSY
IF{L)225930752375

L#-L

YIKIXY (K)=X{L)
GOTO317

YIKIYEY (KY+X(L)
CONTINUE

CONTINUE

KC4a#KC/4
KC3#KC~4%KC4
KC2#KC2/2
KCI#KC3~2%KC2
ZLIYEY (L)Y =FLOATF(KC!)
Z(2YRY(2)-FLOATF(KC2)
Z(3)RY(3)~FLOATF(KC4)
RETURN

ENDICs 1909050}

*TYPE(FORTRAN)

C
C

1an
]

[
121

125
201
2013
277
211
215

219
221

313

319

403

STORE TRAMSFORMED ANISCTRCPIC TEMP FACTOR MATRIX
INS IS ATOM DESCRIPTIONs Z 1S TRANSFORMED

SUBROUTINE BETA(INS»Z)

COMMON NGsIPMsNPs TAMsNSaNVs UXPsJIX s JBPs JBsNMs SCALE S JTFaNQs INSAVE
COMMON DMAX s lNAsFsFXsLNZsKKsKKDsSAVEASSAVEP 2 VARASVARP sE | 4 E s THINSP
COMMON TITLE sPMsDPsDFDPsAMsDASDFDAS INeTSsI1S59sA»AABBsPsROWHSKI [ 4KI2
DIMENSION TITLF(12)sPM(2N100)+DPI20N)Y sl FDP(2MT) s AMI21)sDA(S)

FFE
FFF
FFE
FFE
FFF
FFE
FFE
FFE
FEF
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF

DIMENSION DEDALE) sIN(231)sTS(3548)515(253548)sA(6)9AA(353)5BBI(3,3)FFE

YIMENSION P(3MN)sRCW{6) K1 (30D) 4KI2{2NN)

DIMENSIONINSE2)52(3+3),B1(4)5,R2(9)

IFCITE=1) 1001t 1s 115
IF(JUBP-6) 11151155115
NG#4

GOTO423

KS#XMODF(INS(2),100)
IF(KS) 12151195119
IF(KS=NS) 125,125,121
NG# 1

GOT0O423

IFCINSCI))21 142015207
DO2N31#1 6

S1{(1)#0.0

GOTQ221

JEJR+JBOR (INS(])~1)
IF(J+5-NP1215+2155211
NG#S

GOTN&L22

DO21SI#146
BICIY#P(J)

JEJI+I

R2(1)I#R1 (1)
B2(21#B1(4)
B2(2)#R] (5}

B2 (4)#81(2)
RO(A)#R(K)
R2(9V#B1(3)
D042 | 1#1 53
NO&4I9J#] 53
IF(KSYI215313,319

Mg %)

BAXB2 (M)

GCTO415

B3#0.0

DOA I 3K#T 52
DO&4 I TL# 2
METS(K s I sKS)*IS(LsJsKS)
IF(MY40724) 15403
334B34+B2(M)

FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FEF
FFE
FFE
FFE
FFE
FFe
FFE
FEE
FFE
FFE
FFF
FFE
FFE
FFE
FEF
FFE
FEE
FFe
EFE
FFE
FFF
FFF
FFE
FFE
FFE
FFF
FFE
FFE
FFF
FFE
FFE
FFE

928
929
330
931
332
333
934
9135
336
937
938
929
940
Qu !
ou2
943
Quth
945
946
947
S48
Qu9
950
951
952
353
954
955
956
957
958
959

96 1
962
963
SeH
k5
9KHA
967
368
969
Q70
g7
972
Q73
OT4
975
376



437

41
413
415

419
421

422

63

GHTO4 T
M#~M
B3#B3-B2 (M)
CONTINUE
CONTINUE
Z(1,JY#B3
Z(Ss1YHR2
CONTINUE
CONTINUE
RETURN
ENN(Ds 1 5M,T,0)

*TYPF(FORTRAN)

C
pa

It7

MULTIPLY TWO MATRICES
Z{34+3)#X(3+3)%#Y (353}
SURRCGUTINE MM(XeYsZ)
DIMENSTIONX(3+3)sY(353)+2(353)
DOLITI#HI 3

DOTITK#H#1 3

Z(I,K)#0e0

DOMITI#13
ZATaKIH#Z (T oK) +X T J)¥Y(JsK)
RETURN

ENN( T 150,0,0)

HTYPEALFORTRAN)

C
C

112

MATRIX % VECTOR
ZI3)#X(393)%Y(3)
SUBROUTINE MV(XsYsZ)
DIMENSIONX{243)sY({3)+2(3)
DOI13I#13

Z{IVYED D

DOTI3UHIN3
ZCTI#Z2 IV +X{ T e ) %Y ()
RETHURN

ENN(De !l 2o0s050)

#TYPE(FORTRAN)

C
C

119
*¥TYPES
C
C

Lil

TRANSPOSED VECTOR TIMES MATRIX
Z3IHXA3)%Y(3572)
SUBROUTINE VMIXsYsZ)
YIMENSTONX(3)aY(393)s2(3)
DOLIS5J#1 .3

ZLYHD O

DOLISIHES3
ZAIVHZGUYy+X0IYRY LT )
RETURN

FND(Os 1 a0sNe)

FORTRAM)

TRANSPOSFED VECTOR # VECTOR
VVEX{3)*Y (3)

FUNCTION VVIXsY)
DIMENSIONX(3),Y (3}

VVHEN N

DOTIII#L 3

VYVHEVV+X(TI)*Y (1)

RETURN

END(Ds120sTs0)

¥TYPF{FORTRAN)

C
C

TRANMSPOSED VECTOR * MATRIX * VECTOR
VMYHW{3)¥X(242)%¥Y (3)

FUNCTION VMV{W,XsY)
DIMEMSIONW(3)sX(3+3)sY(3)s721(3)
CALLMVIXsYsZ)

VMY HVY (W Z)

RETURN

END(Ds140150,0)

~*TYPE(FORTRAN)

VECTOR -~ VECTOR

23y #X(3)=-Y13)
SUBROUTINE DIFV(XsYsZ)
DIMENSIONX{(2)sY(3)s2(3)
DOTIIT#I,3

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFE

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

977
978
979
980
981
982
983
984
285
286
987
988
989
990
99 |
992
593
594
995
994
997
998
999
1000
taoi
1naz
1003
1004
1115
1006
o7
1008
1119
1o
(N
o2
1013
(014
1615
i0te
(g7
118
1019
1020
1021
1022
1023
1024
1g2s
1026
in27
EE:
1029
1030
P31
1932
1033
034
10325
1026
1037
138
1039
040
1041
042
1063
1044
1045
1046
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ZLIYAX(TIY =Y (1)
RETURN
END(Cs 1 90s0,0)

*¥TYPE(FORTRAN)

C
C

I

COMPUTE THE SUM OF TWO VECTORS
Z(3)HEX(3)+Y(3)

SUBROUTINE SUMV{XsY»Z)
JIMENSTIONX (2} aY(3)9Z2(3)
DOITII#HIS3

ZUIY#X(IYy+Y L)

RETURN

FNP(Ts 15050,

*TYPF{FORTRAN)

C

COSINE OF ANGLF BETWEEN VECTORS X AND Y
FUNCTION COSVV{XsY)

COMMON NG IPMsNPs IAMINSsNV s UJXP s JX s JBP s UBsNMsSCALES ITFsNQs INSAVE
COMMON DMAX g NAsF s FXsLNZ s KKsKKDs SAVEA SAVEP»VARASVARPsE T 9E s THINGP
COMMON TITLEsPMsDPsDFDPsAMSDASDFDAs INsTS21S»AsAAIBBsPsROWSKI I 9KI2
DIMENSION TITLE(I2)sPM(20I1C0)sDP(200)sDFDP{2NNYsAM{21)sDALE)
DIMENSION DFDA(B) s IN(231)sTS(3548)s15(253548)sA(6)3AA(342),BB(3,3)

DIMENSION P(300)sROW(6)sKII(300),KI12(300)
DIMENSIONX(3)5Y(3)
DHESQRTF (VMV [ Xs AAsX)¥VMVIYsAA5Y))

IF(DYTEsbiisl 1B
NG#C

GOTO I 17
COSVVHVMV (X sAAY /D
RETURN

END(Gs!s3»0,0)

*TYPE(FORTRAN)

C

ARCCOS(X) IN DEGREES

FUNCTION ARCCOS(X)
ARCCOSH90a0-(57e29577951)%¥SIGNFIASINF (X ) s X)
RETURN

END(Gs 1 +0+0,03)

*TYPF{FORTRAN)

C

*7
C
C
C

STORE A VECTOR Z NORMAL TO VECTORS X AND Y
SUBROUTINE NORM(XsYs2Z)

COMMON NG IPMsNP s TAMaNSsNV s UXP s JX s JBP s UBsNMsSCALE S I TFsNQs INSAVE
COMMON DMAXsNASF s FXsLNZsKKsKKDsSAVEA S SAVEP »VARASVARPSE | 3E» IHsNSP
COMMON TITLE sPMsDPsDFDPsAMsDASDFDAs INsTSs ISsAsAASBBSPsROWSKI 1 »KI2
DIMENSION TITLE(I2)sPMI201N0)>DP(200)sDFDP(200)sAM(21)2DALS)

FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
EFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE

DIMENSION DFDA(6) s IN(231)sTS(3448)915(253548)5A(6)sAA13,53)sBBI3,3)FFF

DIMENSION P{300)sROWISYsKI (3001 sK12(300)
DIMENSIONX{33 Y (3)sZ(3)sX1(8)sY1(EYZ1(3)
DOIISI#]+3

Iy #X0T)

X1IUI+2 14X (1)

YIOIV#EY (D)

YILI+2IHY ()

DOIIT9I#I,2
ZICIVEXI(T+1)xY I 0TI42)=XT0TI+2)%Y 1 {I+1)
CALLMVIBBZ ! s27)

RETURN

END(Os1-0s0,0)

YPE(FORTRAN)

STORE THREE MUTUALLY PERPENDICULAR
VECTORS X(Isl)s XUIs2)s AND X{(1,3) GIVEN
VECTORS U AND V.

SURRCUTINE AXFS{UsVaeX)

DIMENSIONU(3) sV I(3)sX(343)

DOtIZTI#I1s3

XETs 1y#UD)

CALLNORM{UsVsX(1421))

CALLNORMUX {1 sl }aX(152)3X(153))

RETURN

END{Os15s30s0+01

*TYPE(FORTRAN)

C

FIND EIGENVALUES Y OF MATRIX W
SUBROUTINE EIGVAL(WsY)

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

47
1048
1n4a9
1050
In5t
1ps2
1053
10524
1055
1056
1057
1n&8
Ins9
1060
rast
1062
Ines
1064
1065
1oes
1067
1068
169
1070
N7l
1072
1073
1074
1075
1076
1077
1078
1079
1080
N8t
ing2
1083
1084
1085
1086
1os7
1088
1089
1090
1091
1092
1093
104
1095
10946
1097
1ns8
1099

a
[or]
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COMMONNG
DIMENSIONW(352)sY(3)3X{3)22(656)
DOV19J#1,3
NOJIST#HI 3
Z1#W(TDsd)
Z(IsJI#HZ]
Z(I+3s Y#HZ)
Z(Ts 4321 #21
2143 43421
PH0O,C

Q#3.0

R#1a0
DO2NTI#1.3
PHEP-Z (11}

QAHA+ZAT s 1Y ¥Z LT+ a 1+ ) =Z{T1s1+11%¥7 (14191
VHRAZAB T V¥ 2 (25 T+ 1) %2 01 s T+2)=Z 0 9 1V #2251+ 1) ¥2(35142)

P3#0 /3,0

AgQ-P*D3
B#2.O¥P3%¥P3API-QXPI+R
B2HB/ 2400

A3HA/300

BU#B2%¥B2

AZTHABXAZRAS
IF(B4+A2T)3M2,303,215
[F(R4+1.0031%A27)22042205225
AZTH-R4

GOTO3N3

NG#7

GOTO317

PHIZF(ASINF(SARTF (1 .0+(B4/A2711))/3.0

IF(B)Y307230553037

B#D.O
CH#-SIGNF{{2.,0%SQRTF(~A3)1sB)
X1 Y#C*COSF(PHIZ)
X{2)VHFCHCOSFIPHIA+44,188790205)
X3 )#CHCOSF (PHI3+2.094395103)
IF(BI311,3134313

HOLD#X (1)

XTIy #XA3)

X (3 )YH#HOLD

DO3I5I#1 43

Y{I)#X(I)~P3

RETURN

END(Os1s0s0-0)

*TYPE(FORTRAN)

C
C

223

COMPUTE EIGENVECTOR Z OF MATRIX
W GIVEN FIGENVALUE Y

SURROUTINE FIGVECIWsYsZ)

COMMONNG

DIMENSIONW(233)aX(656)2Z(3)2P(3)

NOI23J#1 43

DOI231#!1.3

X1#W(T s )

K1 Jdy#X!

(143 J)#X]

X(TsJ+3)#XI

X143 J+3)#X1

YL #Y

DO2NSI#14+3

XCLsIVHX(T 9T )=V

K{I43, 11#X0I+3,1)-Y |

XAT o I+ #X(Is143)-Y

XL1+3y I+3)1#X(I+351+3)-Y

SE#Ne0

DO30TI#1+3

S#0.0

DO223J#1+3

PURXAT s+ 1) EXCIH T o J+2)V=X (T, U+2)#X(I+1sJ+1)

Pl #PJ
SHS+PI*PY

FFE
FFE
FFE
FEE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
i
FFE
FFE

FFE

FRE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

186
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ITF(S~S1)307+3N7+301
301 SI1#S

NDO3NS5 KT 3
305 Z{JY#P ()
207 CONTINUF

IF(SII3 11431 1,313
311 NG#8
313 RETURN

END(Dsl 405050

*TYPE(FORTRAN)

C

COMPUTE TRACE OF MATRIX X
FUNCTION TRACE(X)
DIMENSICNX(353)
TRACE#0.0
DOTIII#LS3
11 TRACEH#TRACE+X!{Ts1
RETURN
END{Os15050,0)

*TYPE{FORTRAN)

C

ANGLE SUBROUTINE USED BY FUNZs» FUN5, FUNG6

FUNCTION FUNA(T)

COMMON NGs IPMaNP s IAMsNS I NV UXP 3 X s JBP s UBsNM» SCALES ITF s NQs INSAVE
COMMON DMAX s NASF s FXaLNZsKKsKKDs SAVEA s SAVEP sVARASVARPSE | sEs [HaNSP
COMMON TITLEsPMsDOPsDFDPsAMsDASDFDAS INsTSsISsAsAASEBIPsROWIKI T 4KI2
DIMENSION TITLE(I12)sPM{20130)1sDP(200) sDFDOP(2M0)sAM(21)sDA(6)

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

DIMENSION DFDA{G) s IN(231)sTS{2548)Y5s15(2+3548),A(6)sAA(3+3)sBB(3+3)FFE

DIMENSION P(300)sROWI6)sKII(3CN)SKI2(30M)
DIMENSIONI(A) o X113 aX202)sX3(3)sVIIR)sVZ(3)
CALLSETOAA
CALLATOMOI (Y s X 1)
CALLATOMII(3).X2)
CALLATOM{T(B),X3)
IFING)Y 12351175123
117 CALLDIFVIXaX2sV 1)
CALLDIFV(X3,X2,V2)
FUNA#ARCCOS(COSVVIVIV2Y)
123 RETURN
END(Os50+0,0)

*¥TYDE[FORTRAN)

C

DISTANCE SURROUTINE USFD BY FUN! AND FUN&4

FUNCTION FUNDI(I)

COMMCN NG IPMINP 3y TAMINSaNV s UXP s JX s JBP s JBsNM s SCALE S ITFsNQs INSAVE
COMMON DMAXsNAsFsFX st NZsKKsKKDsSAVEASSAVEP sVARASVARPE | sEs IHINSP
COMMON TITLF sPMsDP sDFDPsAMsDASTNFDAS INsTSsISsASAASERIPHIROWSKII4KI2
DIMENSION TITLE(I12)sPM(201C0)sDP(200)sDFDP(200)sAM(21)sDALE)

FFE
FFE
FFF
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FEE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

DIMENSION DFDA(E)»IN(231)sTS{3548)3515(2+s3548)5A06)sAA(3+3),8BB(3,3)FFE

DIMENSION P(300)sROWL6)sKIT(300),KI2(300)
DIMENSIONT (4)aX1(3)9X2(3)sVL(3)

CALLSTOAA

CALLATOM{IT (1) eXi}

CALLATOM(T(2)4X2)

CALLDIFVIX2,:X 15V

FUNDHESORTEF (VMY (Vs AASVY)

RETURN

END(DOs!4sDs0,0)

*TYPF(FORTRAN)

C

HEADING |
SUBROQUTINE HED]!
WRITEQUTPUTTAPES, 107
107 FORMAT(34HDINTFRATOMIC DISTANCE IN ANGSTROMR)
RETURN
END{Ds 1 sMeMNyMy

*¥TYPE{TORTRAN)

C

SET KEY WORDNS FOR INTERATOMIC DISTANCE

SHUBROUTINE PRFI

COMMON NG IPMINP s TAMsNS s NV s UXP s X s JBP s JBsNMs SCALE S ITF s NQs INSAVE
COMMON DMAX s NASFsFXsLNZsKKsKKDs SAVEASs SAVEP s VARASVARPSE | 9E 5 [iHsNSP
COMMON TITLE sPMsDP+sDFDPsAMSDASDFDAS INsTSs15sAsAABBsPHIROWIKI I 4KI2Z
DIMENSION TITLE(12).PMI20150),DP(200)sDFDP(20N)sAM(21)sDA(6)

FFE
FFE
FFE
FFE
FEE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE

DIMENSION DFDA(&)sIN{231)3sTS(3+48)515(253:4B)sA06)AA(3,3),BB13,3)FFE

196
197
198
199
1200
1201

1202
1203
1204
1205
1206
1207
1208
1209
1210
121t

1212
12132
1214
1215
1216
1207
1218
1219
1220
1221

1222
1223
1224
1225
1226
1227
1228
1229
12310
1231

1232
1233
1234
1235
1236
1237
1238
1239
1240
1241

1242
1243
1244
1245
V246
1247
1248
1249
1250
1251

1252
1252
1254
1255
1256
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DIMENSION P(300),ROW(&)sKI1(300),K12(300) FFE 1257
CALLSETKX({INIZ2)) FFE 1258
CALLSETKX{INC4)Y) FFE 1259
RETURN FFE 1260
EMD(Cs 1505057 FFE 1261
*TYPE(FORTRAN) FFE 1262
C COMPUTE INTFRATOMIC DISTANCE FFE 1263
SUBROUTINE FUNI FFE 1264

COMMON NGsIPMsnNP s IAMSNS NV s UXP s JX s JBP s UBSNMISCALE S« ITF yNQ s INSAVE FFE 1265
COMMON DMAX o NASF s FXsLNZ sKKoKKDsSAVEAsSAVEP SVARASYARPSE I sE» IMINSP  FFE 1266
COMMON TITLE sPMeDPsDFDP s AMaDASDFDAS INaTSe IS8 sAABRIPIRCWSKI I +KIZ2 FFE 1267

DIMENSION TITLECI2)«PM{20130)sDP(2001+DFDPIZN0)2AM(21) sDALE) FFE 1268
DIMFENSION DFDALS) s INI231 ) s TS 2+48)5150293048)5sA16)2AA(333)sBB(3:3)FFE 1269
DIMENSION P20 sROWIS6) K11 (300} ,KI2(300) FFE 1270
EXHEUNDCIN(Z)Y) FFE 1271
RETURN FFE 1272
END(Ds 150s0,0) FFE 1273
*TYPELFORTRAN) FFE 1274
C PUT OUT DESCRIPTION OF INTERATOMIC DISTANCE FFE 1275
SUBROUTINE OUTI FFE 1276

COMMON NG IPMaNP s TAMsNSa NV s JXP o JX s IBPaJBsNMsSCALES ITF s NQs INSAVE FFE 1277
COMMON DMAX s NAF 3 FXaLNZ 3 KKsKKD s SAVEA 2 SAVEP,VARALVARPLE I LE, IH,NSP  FFE 1278
COMMON TITLE »PM:DPsDFDOP s AMsDASDFDASsINITS»1SsAsAA BB IPsROWLIKI | oKI2 FFE 1279

DIMENSION TITLEC(IZ2),PMI201IN0)»DP(200) +DFDP{200) sAM (211 +DA(6]) FFeE 1280
DIMENSION DFDACE) s IN(231)oTS(3448)515(293548)sA18)sAA(3,3)sBBI3s3)1FFE {281
DIMENSION P{3MN),ROW(6),KI1(300),KI2(300) FFE 1282
WRITEQUTPUTTAPES s 107, {INCI)sI#245) FFE 1283

107 FORMAT (| 2HO (I251Hs1393H) (125 1Hs 135 1H)) FFE 1284
RETURN FFE 1285
END(Os 1900500 FFE 1286
*TYPE(FORTRAN) FFE 1287
C IEADING 2 ) FFE 1288
SUBROUTINE HEDZ FFE 1289

WRITE OUTPUT TAPE 9,107 FFE 1290

107 FORMAT(46HNBOND ANGLE IN DEGREES. CENTRAL ATOM IS VERTEX) FFE (291
RETURN FFE 1292
END(Ds 1904047} FFE 1293
¥TYPE(FORTRAN) FFE 1294
C PREL IMINARY SUBROUTINE 2 FFE 1295
SUBROUTINE PRE2 FFE 1296

COMMON NGs IPMaNP s IAMaNSs NV UXP 9 JX s JBP o JBaNMaSCALEs ITFaNQ» INSAVE FFE 1297
COMMON DMAXaNA»sFaFXaLNZsKKsKKDsSAVEASSAVEPSVARASVARPIE 1 2E»IHsNSP  FFE 1298
COMMON TITLEsPMsDPsDFDPsAMsDASDFDAs INsTSsISoAsAAIBRIPHIROWIKI I sKI2 FFE 1299

DIMENSION TITLECTI2)+PM(20100)DP(200)sDFDP 200 sAM(21) sDA(6) FFE 1300
DIMENSION DFDAIB)sINI231)sT5(3:48)1515(253548),A(6),AA(343)sBB(3s3)FFE 1301
DIMENSION P(30M)sROWIE)SKIT(300) 41 2(30M0) FFE 1302
DOINTIHZ29E92 FFE 1303

07 CALLSETKX(INCTII) FFE 1304
RETURN FFE 1305
END(Ds!3050,0) FFE 1306
*TYPF(FORTRAN) FFE 1307
C BOND ANGLE SUBROUTINE FFE 1308
SUBRDUTINE FUN2Z FFE 1309

COMMON NG IPMaNP s IAMsNS s NV s UXP s X s JBP s UB>NMsSCALE s ITF s NQs INSAVE FFE 131D
COMMON DMAX s NASF>FXsUNZsKKaKKDy SAVEAsSAVEP s VARASVARPSE [ o5 IHINSP  FFE 1311
COMMON TITLE sPMyDPsDFDP 2 AMsDASDFDAs IN»TSsIG2AsAASBRIPSROWSKI K12 FFE 1312

DIMENSION TITLE(IRZ) oPML20100) sDR200)sBFDP 2000 sAM21) sDALS) FFE 1343
DIMENSION DFDA(BEY s INC231)sT5(23548),15(2-3548)A06)3AA(39318BB(3,31FFE 314
DIMENSION P(300).RON(6YsKII(3007,.KI2(300) FFE 1315
FX#AFUNACING? Y FFE 1216
RETURN FFE 1317
ENDITs 1405050 FFE 1218
#TYPEALFORTRAN) FFE 1319
C OUTPUT DESCRIPTION 2 FFE 1320
SUBROUTINE 0OUT2 FRE 1321

COMMON NGsIPMyNPs TAMsNSs NV s JXP s X JBP s JBsNMH>SCALES ITFsNQs INSAVE FFE 1322
COMMON DMAXsNAsF s FXoLNZsKKsKKD s SAVEASSAVEP S VARASVARPsE s E5IHsNSP  FFE 1323
COMMON TITLE sPMsDPsDFDP s AMsDASDFDAS INsTS»ISsAsAASBBsPHROWSKITSKI2 FFE 1324
DIMENSION TITLE(I2).PM{201T0)sDP(200)sLFDPI20MN) sAMI21) sDA(S) FFE 1325
DIMENSION DFDALEY s [N(231)sTS{3248)515(2+3:48)sA(6),AA(35314B8B(3-2)FFE 1326
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YIMENSION P(30M0)ROW(E)sKI |1 (300} ,KI2(300)
WRRITE OUTPUT TAPE 9,107 (INCI)s1#2s7)

137 FORMAT {|2HO (I2s1Hs1353H)
RETURN
ENDI(Ds 1 s0s0s0)

*TYPE(FORTRAN)

C

HEADING 3
SUBRQUTINE HED3
WRITE QUTRUT TAPE 9,107

(125 1HsI3s3HY (12sHs 134 1HY)

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

107 FORMAT(58HAONIHFDRAL ANGLF BFTWFEN PLANFS FACH DEFINFD RY THRFF ATOFFE

IMS)
RETURN
ENDICs 13390,

*TYPE(FORTRAN)

C

PRELIMINARY SUBROUTINE 3
SURROUTINE PRF3

COMMON NGs IPMsMPs TAMSNSs NV s UXP»IX s JBP s JBsNMySCALES ITFaNQs INSAVE
COMMON DMAXsNASF s FX 43I LNZ s KKsKKD 9y SAVEA s SAVEP 3 VARASVARP sE | sE 5 IHsNSP
COMMON TITLE sPMeDPsDFDP s AMIDASDFDASINTSsISsAsAASBESPSROWIKIIKI2

DIMENSION TITLECI2)sPMI20100)sDP(200)sDFDPI20N)sAMI21)sDA(6)
DIMENSION DFDA(E)sIN(231)sTS(3+48)9151293548),5A(6)sAA(343)sBB{343)FFF
DIMENSION P(200),ROW(&)sK1II(3N0),KI2(3N0)

DOINTI#HZ2412,2
107 CALLEETKX(IN(I )

RPETURN

END(Js1sCs0,0)

*TYPE(FORTRAN)

C

DIHEDRAL ANGLE SUBROUTINE
SUBROUTINE FUN3

COMMON NGs IPMyaNP s TAMSNS NV s UXP 3 JX 53 JBP s JBsNMs SCALE s ITF ¢ NQs INSAVE
COMMON DMAXsNASF o FXsLNZsKKsKKDs SAVEA s SAVEP 3 VARASVARP SFE | ,E 5 THINSP
COMMON TITLFsPMsDPsDFDP s AMsDASDFDAS INsTSs IS 1A AASBRsPROWSKI14KI2

DIMENSION TITLE(I2)sPMI20138)+sDP(20N)sDFDP(2N0) sAM(21) sDALS)
DIMENSION DFNALE) s INI231)9TS(3448)1915(2+43948)sA16)3AAI343),,BB(353)1FFF
DIMENSICON P(200)sROW(6YsKI 1 (300)kI2(300)

DIMENSTONX(3396)sVI(3)9V2(2)4V2(3)sV4(3),V5(3),Ve(2)

CALLSTOAA
CALLSTORR
IF(NG)2075 113,207

113 DOI151#1 .6

15 CALLATOMUIN(Z2#I) s X{ 1))
IF(NGI207+1 19,207

119 CALLDIFVIX( 121X {1sl)sVI)
CALLDIFVIXU1s3)1aX{1al)aV2)
CALLDIFVIX (153 eX{1s4)5V3)
CALLDIFVIX (18 s X (1 yh)sVy)
CALINORM(VI4V24V5)
CALLNORM(V3,V4,VE)
FX#ARCCOS(COSVVIV5,VEYL)

277 RETURN
END(LDs 1 s0:0,M)

*TYPELFORTRAN)

C

QUTPUT DESCRIPTION 3
SUBROUTINE 0OUT3

COMMON NG IPMeNP s TAMoaNS s NV UXP s X s JBP s JBsNMy SCALES ITF s NQs INSAVE
COMMON DMAX aNAsFoFXsLNZsKKsKKDsSAVEA$SAVEP JVARASVARP sF | 3F s [HsNSP
COMMON TITLE sPMyDP s DFDP s AMIDASDFNAY INsTS» ISsAsAAIRESPIROWKI | 4KI2

DIMENSION TITLF(I2)sPM271720)4DPI2T0) sDFEDP (2NN s AMI21) 4 DALA)
DIMENSION DFDA(E)YsIN(231)sTS5(3548)915(253+48)A06)9AA(24+3)4BB(3,3)FFF
DIMENSION P{300)sROW(6)sKII300),KI2(300)
WRITEQUTPUTTAPESG, 07 (IN(1)sI#2,13)

107 FORMAT (12H0 (12, 1H,13,3H}

I
| (I2s1HsI393H) (I2s1HeI242H) (I251HsI3s1H

RETURHM
END(Os 1 s0sCs0)

*TYPE(FORTRAN)

C

HEADING 4
SURROUTINE HEN4
WRITFOUTPUTTAPFO, | N7

107 FORMAT L4SHAODIFFERENCE 2ETWEEN TwO

(I291HsI353H) (12,
13

INTERATOMIC DISTANCFS)

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFE
FFF
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FRE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFE
FFE

IHs I35 IH) /1 2HFFE

FFE
FFE
FFE
FFE
FFE
FFE
FFF
FFE

1327
1328
1229
1330
1331
1332
1233
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
| 344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1257
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
13873
1384
| 385
1386
1387
1388
138G
1390
1391
1392
12393
1394
1395
1296
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RETURN
FND (s [ alsMay

*TYPE(FORTRAN)

C

#TYDe

C

19

7

PREL IMINARY SUBROQUTINE 4

SUSROUTINE PRE4

COMMON NG IPMINP s TAMa NS s NV s JXP o JX s JRP 2 By WMo SCALE S ITF s NQ s INSAVE
COMMON DMAXsNAsF s FXalLNZ s KK s KKD s SAVTEA»SLVEP sVARASVARP 2 E | o E» THoN5EP
COMMON TITLE 3PMaDP s DFDP s AMDASDIDAS INa TS 1S5, ARDR P sREOWSKI [4KI2
YIMENSION TITLE(12)4PMI20100)sDP (200 sDFDP 2D+ AM(21) :DALE)

FFE
FFE
FFE
FFE
FFE
FFE
FFE
FFE
FRE

DIMENSION DFDA(S) s IN(231)sTS{248)215(253s48)A16)15AA13+93)-BB(3,31FFE

DIMENSION P{300)sROWI&) s KT 1 (3001 ,KI2(300)

POIMTLIHE? 3242

CALLSETKX(INCI))

RETURN

END{Ta10s340)

FOPTRANY

DIFFERFNCE RETWEEN BOND DISTANCES

SUBRRCUTINGE FUN4G

COMMON NG IRPMaNP s IAMs NS NV s JXP o X s JBP s JBsNMs SCALESITF s NQ» INSAVE

COMMON DMAXSNASF s FXsLNZsKKsKKDsSAVEA s SAVEP s VARASVARPsE 1 95 THsNSP
COMMONM TITLE sPMaDP aDFDP o AMs DA SDFDAS INSTSs IS AsAAIBRIPIROWSKI | ,KI2
DIMENSION TITLELI2)oPM(201I0C0) DR I200) sDFDPL2NM) s AM{ 211 »DA(A)

F'Cl"
FFE
e

[

FFE

DIMEMNSION NERALE)s INIZ21) s TS U348 5 I5(2:2448) 9 A LAY SAALTR3),BR(33)FFT

DIMENSTION PULANM)»ROWIE)T KT {202) KT 2(300)

EXMEUNDIIN{ )Y =FUNR{[M(&) )
RETURN

Fl“hlmqu oMy

FORTRAN)

OUTr“T DESCRIPTION 4

SUBROUTINE QUT4

COMMON NG IPMsNP s IAMo NG aNV s JXP 3 JX s JBP o JBsNM s STALE s ITF s NQ» INSAVE
COMMON DMAX s NAsFaFXaLNZ s KK sKKD s SAVEA s SAVEP SVERASYARPsE 19 E 5 THoNEP
COMMON TITLE sPMaDPSDFDP s AMsCASDFDA INaTE s i50AsAALBR P ROWSKI T 4KI2
DIMENSION TITLFCI2)$PM20100)sDP 20T 2 DFOPL2AN) s AMI21 s DALA)

DIMENSION DFDACGEI s IN(231)3TS{3548)515(2+3,48)sA06),AA(3.3) ',T(3;3)

DIMEMSTION P3N ,ROW(E) KT 1 (3071 ,KI2{2110)

WRITEOUTPUTTAPEDs 107 (INCT)s1#2,9)

FORMAT (1 2H0 (125 1H,1233H) (I12,1H,I3,1HY /121 [
s IH I353HY (I251Ms 135 1H))

RETLIRN

FAN{de12a0eT47)

*TYPE(FORTRAN)

C

10

4

HEADING B

SUBROUTINE HEDS

WRITEQUTPUTTAPFQ. INT

FORMAT (3SHEDIFFERENCE BETWEFN TWO RBOND ANGLES)
RETURN

IND (T 190,057

*TYPE(FIRTRAN)

-
L

DIFFIFRENCE RFTWERN POND ANCLES

SROUTINE FUNS

COMMON NGs IPMeNP s TAMANS NV s UXP s JX 2 JBP 3 JE s NMy SCALE» ITF s MQ o INSAVE
COMMON DMAX s NASF s FX s LNZ s KK KKD s SAVEA s SAVEP s VARASVARPsE | sEs IHINSP
COMMON TITLE sPMyDPsDF PP o AMaNASDFDA» INsTS» 1SsAsAASRRBsPIROWIKTTSKI2
DIMENSION TITLECIZ2)PML201003,DP(200Y-,DFOPL200)sAMIZ1)sDALAY

DIME
DIMENSION P3N sROWIHEY KT (3001 sK1I20300)
FXH#CUNACINCEY ) -FUNATINC2))

RETURN

FMNL T, a5, 0)

*TYPE( F()DTR/M‘])

C

10

T

HEADING 6

SUBQOUTINE HEDS

WRITEQUTPUTTAPES, 10T

TCQ‘A*(27HW'UM OF SFVERAL 30OND ANCLFS)
“TURN

END(D;I;U,D;D)

*TYPE (FORTRAN)

C

PRELIMINARY SUBRQUTINF 6
SUBROUTINE DPRES

N

M T R

MSTON DFDACGEY s IN(221)sTS{23548)015(253,48)5A06)5AA(353),B3(353)

FFE
FrE
FFE

T

M
-

-
MMM T T TR T T T T T ™

(AR I

o

T ST T R )

MM T TS
nm
oM om

FFE
FEE
FFE
FFE
FFE
FFE
EFE
FFE
FFE

1397
1298
1399
1400
taal
1402
1403
1404
1405
1406
14n7
14108
1409
1410
T4t
1412
1413
144
1415
14156
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1 42¢
1429
1420
ba3
1432
1433
1424
1435
1436
1437
1438
1439
l440
Vadal
442
14473
1464
445
la46
1447
1448
449
1450
1451
1452
14573
tasg
1455
1456
1457
V458
1459
460
Lanl
1462
1463
labh
1465
fa66
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COMMON NG IPM NPy TAM SNS s NY s UXP 3 JX s JRP 3 JR G NM 3 SCALF 3 ITF 3 NDs INSAVE FFFE
COMMON DMAX g NASF s FX s LNZ s KK s KKDy SAVEL s SAVEP 3 VARASVARP T 1 3 F 3 IHINSP  FFF
COMMON TITLF sPMsDPR 3 DFDP 3 AMIDASDEDAS INs TS IS5 A3 AASRR 4P LROWVSKI [ 4KI2 FFE

DIMENSION TITLE(12),PM(20100)sDRPI2M0)sDFNPI2NN) $AM(21),0A(6) FFE
DIMENSICON DFDALG6)sINI231)sTS(3s48)9[S(2+23548)sA06)3AA(333)13BBI343)1FFF
DIMENSION P(3NN),ROW(6)sKI (30N} ,KI2(23017) FrE
JEIN(2)*¥6+1 Fo
DOINGI#35Js2 FFE

119 CALLSETKX(IN(TIY) FFE
RETURN FEE

ENP (O 19050y FFE
*¥TYPE(FORTRAMY FFE
C SUM OF BOND ANCLFES FFE
SURROUTINE FUMA FrE
COMMON NG IPMyMND s TAM G ME s NV s UXP s JX s JRP 3 B s NM 3 SCALF S ITF o NGy INSAVE FEF
COMMON DMAX 3 NAsFaFXsLNZ sKKaKKD 3 SAVEL s SAVEP S VARASVARDSE | sEy IHsNSP  FFE
TOMMON TITLE sPMaNP sDFDP s AMsDASDFDAS IN s TSy ISsALAAPRGPLROMLKILZKI2 FFF
DIMENSION TITLE(12),PM(20100),DP(200) sDFDPI2NN)YsAM(2])43DA16) FFE
DIMENSICN DFDACA) s INL2311sTS(3:48)515(253548),A(6) AN (293)sBR{3,3)FFF
CIMENSION P(300)sROWI6)4KI 1 (300} sKIZ(3N0D) FFE
N#FIN(Z2)Y FFE
FX#Ce0 FFE

DOV IJ#L SN FFE

I FXEFX+FUNACIN(E*S=3)) FFE
RETURMN FFE
EMD(Oy 1 40s057) FFF
#TYPFE(FORTRAN) FFE
C QUTPUT DESCRIPTION 6 FFE
SUBROUTINE QUTS FFE
COMMON NG o IPMgNP s TAMGNS s NV UXP s JX s JEP» JBsNMySCALF s ITF s NQs INSAVE FFE
COMMON DMAX s NASF o FX 4 LNZ s KKsKKDsSAVEASSAVER SVARASVARPT 1 »E s IHINSP  FFE
COMMON TITLE sPMsDCPsDFDPsAMsDASDFDAS INITSs1SsAAABRIPSROWSKI | 4KI2 FFE
DIMENSION TITLECI2)sPMI2C1C0D) +sDPI2001sDFCPI200) sAMIZ21) sDALE) FFE
DIMENSION DFDA(H) sINI231)sTS(3548)51S(293548)5A(6)35AA(243)13BBI243)FFF
DIMENSION P({3700)sROW(6)-KI1(300),KI2(300) FFe
JHINI2) %642 FFE
WRITFOUTPUTTAPFEG . 100 (IN(T)sI1#35J) FFF

109 FORMAT(|2HN (1291HsI343HY (125 1Hs1353HY (1291HsI3sIH)/(I2FFF
IH (129 1HsI3s3H) (129 1HsI353H) (I2s1Hsi2s1H))) FFE
RETURN FFE
ENR(Cs 1 90+s0,50) FFE
*#*TYPE(FORTRAN) FFE
C SET UP MATRIX AND GET EIGENVALUS FFE
SUBRCUTINE FUNB(WsZs21) FFE
COMMON NGy IPMINP s TAMINS s NV s UXP s IX s JOBP s JE s NM 3 SCALE s ITF s NQs INSAVE FFE
COMMON DMAX 3 NASF s FXsLNZ s KK KKD s SAVEA s SAVEP sVARASVARP GE | yE 4 [H4aNSP  FFF
COMMON TITILEsPMyDPsCFDP s AMsDASDFDAS INos TS ISsAsAASBRIPyROWSKI 1 4XKI2 FFE
DIMENSION TITLFE(12)4PM{201700),DR(2OC)sDFDOPI2NAY s AM{21) 3DA(A) FFF
DIMENSTION DFDACE) s IN(23 1) s TSI3548)9s1S(293248)3A06)5AM(343)sRB2(2343)FFC
DIMENSIQON P30, R0OWIA)«KI T30 ,KI 23N FFE
DIMENSIONB(342)s%W(3:2)sY(3) EFE
TALLSTOAR FF=
CALLBETACIN(2),8) FFE
IF(NG)123s113,123 FFE

113 CALLMM(RAA W) FFFE
TALLEIGVAL{WsY) FEE
IHINC4Y FFE

ZRY (1) FFE
ZI1H#EQRTF{Z*¥0eN5056M5918) FFE

122 RETURN FFE
FNR (s 1305050 FFF
*TYPE(FQRTRAN) FFFE
C CCS ANGLE OF PRINCIPAL AXIS AND VECTOR FFE
SUBROUTINE FUNCICsZ) FFE

COMMON NGy IPMaNP s TAMoNSs NV s IXP o JX s JEP s JBsNMa SCALFE S ITF 4Ny INSAVE FiE
COMMON DMAX s NAsF s FXsLNZsKKsKKDsSAVEASSAVEP s VARASVARPsEZ 1 yEs IHINSP  FFE
COMMON TITLEsPMeDP sDFDP s AMsDASDFCAS INsTSs155AAASBBIPsROWIKI K12 FFE
DIMENSION TITLE(I2)sPMI20100)sCP(200)sDFDPIZON)SAMIZT) sDALG) FFE
DIMENSION OFDA(E) s INI231)sTS124548)51850253548B)sA16)sAA(353),BB(3+31FFE
DIMENSION P(3700)sRCWIE)sKII1{(200),KI2(2300) FFE

1447
16463
1469
la7n
Va7
1472
1473
1474
fa75
1476
fa77
1478
1479
1480
1481
1482
1683
484
1485
1486
1487
f488
1489
t49n
1491
1492
1493
| 4c4
1495
1496
1497
1498
F499
1500
1501
1572
[k
iena
1505
1506
1507
1508
1509
1510
511
1512
1513
1514
1515
I51A
1547
513
1519
1520
1521
1522
1523
1524
1525
1526
1527
16528
1529
1630
1531
1532
1533
1534
1535
1536



71

DIMENSIONW{253) X1 (3)sX203) V1 {3)sV2(3) FFE
CALLFUNB(W,Y,2) FFE
TFINGII2541 110125 FFE

PHL CALLEIGUEC W sY sV 1) FFE
ITFINGYI25,1154125 FEE

115 CALLATOMUIN(S)Y X1 cFE
CALLATOMUIN(T) »X2) FFE
IF(NGY 25,121,125 FFEE

121 CALLDIFVIX2,X14V2) FEE
CHCOSVVIVIE 5v2) FFE

125 RETURN FFE
END (sl 9l0s0s01 EFE

*TYPE (FORTRAN) FEE
C COS ANGLE OF PRINCIPAL AND CARTESIAMN AXES FFE
SUBPOUTINE FUNX(CsZ) FFE
COMMON NGs IPMaNPs JAMSNSa NV s JXP o JX s JBP s JBsNMsSCALE s ITF aNQ s INSAVE FFE
COMMOMN DMAXaNASF o FX s NZ s KK»KKD s SAVEASSAVEP o VARASVARP sE 1, Es IHNSP FFE
COMMON TITLE »PMsDPsDFDPsAMaDASDEDAS INsTS»ISsAsALSEBPHYROWSKII,KIZ FFE
DIMENSION TITLE (T2 »PM(201003.DPI200)-DFDP 2NN sAM(21),DA(E) FFE
DIMENSION DFDA(B) s IN(231)»TS{3968)1s15(293548)2A16)5AA(23:3),B8B(3,3)FFE
DIMENSION P{300),ROWIA)sKI (301 ,K12(300) FFE
DIMENSIONW(393)aVI{3)aX{3eh4)sVI{3)sV2(2])sAX(343) FFE
CALLFUNB(WsYsZ) FFE
CALLSTORB £FE
IFINGY200T 41 13,2007 FEE

113 CALLFIGVEC(W Y sV) FFE
IFING)I207 5117207 FEF

P17 DOTI9I#Iab FFE
1tg CALLATOMUINI2*I4+4)sX{1.1)) FFE
IF(NGY2NT 5 123,207 FEE

173 CALLDIFVIX(192YsX(1sl)eVI} FFEE
CALLDIFVIX (1 e4)sX (123)sV2) FFE
CALLAXES{VIZV2,AX) FEE
T#IN(B) FEE
CHCOSVVIVIAX(1s1)) FEF

277 RETURN FFE
EMD(Telalasd) FFE
#TYPE(FORTRAN) FFE
C HEADING 7 FFE
SURROUTINE HEDT rEE
WRITEQUTPUTTAPESG, 1 0OT FFE

107 FORMAT{T72HORMS COMPONENT OF THERMAL DISPLACEMENT ALCONG PRINCIPAL AFFE
IXI5 Re ANGSTROMS/25HN ATOCM Ry FFRE
RETURN FFE
END(Dslslseilall) FFE
¥TYPZ(FORTRAN) FFE
C PRELIMINARY SUBROUTINE 7 FFE
SURRQUTINE PRFY FFE
COMMON NG IPMaNP s JAMSNS s NV s JXPaJdX s JEP s JB s NMsSCALE s ITF s NQs» INSAVE FFE
COMMON DMAX s NAsF 3 FX s LNZ s KK s KKD s SAVEA s SAVEP sVARASVARP S E T o E 4 THsNSP  FFE
COMMON TITLE sPMsDP sDFDP s AMIDASDFLAS INsTEsISsAsARASRRSPyROWSKIIsKI2 FFE
DIMENSION TITLFC12)PM20INND)sDP 20N sDFDRPIZ2ON) s AM{21) 4 DALS) FFF
DIMENSICON DFDA{E) sINI231)sTS5(3548)s15(2523048)sA(6)5AA(203),8B(3,3)FFF
DIMENSION P(30M0),ROWIEY»KIT (30N ,KI2(300) FFE
CALLSFTKR(IN(2)) FFe
RETURN cee
END(Dol sMNyMa0]) FEE
*TYPE(FORTRAN) FEE
C RMS PRINCIPAL DISPLACEMENT FFE
SUBROUTINE FUNT FFE

COMMON NGe IPMaNPy TAMINS s NV 3 JXP o JX s JBP 3 B NMy SCALE s ITF o NQ, INSAVE FFE
COMMON DMAXsNASF s FX s ULNZsKKaKXD s SAVEASS/VEPSVARASVARPsE [ 2E s IHsNGP FFE
ZOMMON TITLE s2M4DP s NFDPaAMsDASDFDAs INs TS ISsAsAABRWPHSROWIKITsKI2 FFE

YIMENSION TITLE(I2)oPMI2TION) sDP(20N) oNFNP 2NNy s AM(21)5DAL1S) FEE
DIMENSION DFDALEY s IN(2311,TS103548)s15(253:48)sA(6),AA12:3)s8B(34+3)FFE
DIMENSION P30 sROW(EISKI (30T sKI12(3010) FFE
DIMENSIONW(353) FrE
CALLFUNB(WZ sF X} FEE
RETURN FFE
END(Os1+0+0,0) FFE

1537
1538
1539
1540
1541
1542
1543
[ 544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1657
1558
1559
1560
1561
1562
1563
1564
1565
15485
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
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1594
1595
1556
1597
1598
{599
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1601
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*TYPE(FORTRAN) FFE
C ouUTPUT DESCPlPTION 7 Fre
SUBQOUTINE ouT? FFE
COvMMON NG,IDN,NP,IAM,MS,NV,JXP,JX9JBPaJB,NM,SCALE,ITF;NO,INSAVE FFE
oMV OM ”MAX9Nbyﬁ;FXsLNZ’KKaKKpsFAVFAsSAVF99VfRA9VﬁpDac|9F91HsNSD FFE
COMMOM TITLF;DV9PD;DFDpsAWyDAsQF“A9IM;TSs15;Ay@A9899P,PﬂWyKI(QKIZ FFE
NIMENSTION TXTLV(\2)9DN(291GQ)9DD(ZQD395FHP(ZWH)9AM(2?)7DA(6) FE
DIMENSION DCDA(G)’IN(23|)575(3948)3I5(2539h8)1A(5)gAA(393)9BB(393)FFE
NIMFENSION p(B”C\sQON(é\sKIl(?@h)yKXQ(?”O) FFE
WRITEOUTPUTTAPE@,|G7a(IN(I)9I#29Q) FFE

g7 FORMAT (12HT (Iz,(H,IB,ﬁH) 1 FFE
RETURN FFE
END(U?‘,S»O;U) FFE
*TYPE(FOQTRAN) FFE
C HEADING B FFE
SURROUTINE HEMNE FFE
WRITEOUTPUTTAPE99|U7 FFE

07 FOP”ﬁT(&ﬁHQANGLE arTWEYN PRINCIPAL AX1S R OAND VFCTOR ~ATEINFD RY TWFFEF
10 ATOMS/40HT ATOM R VECTOR) FFFE
RETURN FEF
END(];IquWtP) FFE
*TYPE(FORTRAN\ FFE
C PREL IMINARY SUBROUTINE 8 FFE
SUBROUTINE pPREB FFEL
COMMON NG’IPM;NP’IAV’NSONV9JXP9JX’JBP’JB!NM,SCALEQ[TF;NQ;INSAVE FFE
COMMON DMAX9NA9FyFXyLNZ9KK’KKDs§AVEA95ﬂVEPsVﬂRA9VARDQElsEs[HsMSP FFE
COMMON TITLE9PM;DP9DFDP’AV95A9DFDAsIN?TSsISqA;AAsEB;P;ROW;KIl,KIZ FFE
DIMENSION TITLE(!2)0PN(29103)9D9(2FQ)’DFDP(Eqﬂlsﬁv(Zl)yDA\G) FFE
DIMENSION DFDA(é)aIN(23l)9T5(3948)915(2;3;48)9A(6),AA(3’3)’BB(3,3)TFC
nIMENSTON Pl}nﬂ)yROW(6)5KI|(BQP)yKIZ(BﬁQ) FFE
CALLSFTKBIEN(2)7 FFE
DO(”@I#S,792 FFE

{09 :ALLSFTKX(XM(X)\ FFE
RETURN FFE
END(Ds)§U;ﬂ;O) FFE

#TYPE (FORTRAN) FFE
C ANGLE RETWEEN PRINCIPAL AXLS AND VECTCR FFE
SUBRROUTINE FUnNg FFE
COMMON NG’ID“’NPsIAV’NSsNVsJXP’JX9JBP9JE’NM5SCALE~ITF;NGsiNSAVE FEE
COMMON DMAX9Nﬁ,F,FXsLNZ’KKsKKDafAVFA¢5AV§P’VﬂRA9VARP§Fl’EQIHJNSP FFE
COMMON TITLE’DMSDP3DFDD7AM9DA99FDA9INsYsy159A9AA93€9P3RCW3K1IgKlz FFE
niMENSTON T[TLP(72),PV(ZG[FO),ﬁP(?ﬂﬂ),ﬁFhP(?ﬁﬂ),ﬁM(Ql),hA(E) FEF
DIMENSION DFDA[B)9IN(23‘)’75(3948)315(293945)9A(6),AA(393)»BB(3931FFE
DIMFNSION P('EWY‘),PO\'Hé) sK11 (300) ,K12¢2n0) FEE
CALLFUNC(C;Z) FFE
EX#ARCCOS(C) FFE
RETURN FFE
END(Ug!;@sjs@) FFE
¥TYPF(FORTRANY FFE
C QUTPUT DESCRIPTION 8 FRE
sUBRQUTINE ouTs FF®
CQOMMCN NG’IPM9NP9IAMaNSsNVaJXPaJXqJBP,JB9NW’5CALE9[TF,NG51NSAVE FFE
COMMON DMAXsNAsF9FX9LN7’KK9KKD,5AVFA,5AVFP7VARA’VA9905i9¢,IH’M§D FEx
COMMON TITLE5PMsDP’DFDD9AMJDA9DFDA51N3T55ISSAaAA;BBypyRCWsKI|9K12 FFE
NIMENSION TITLC(12),PM(20iEO),ﬂPl2ﬁﬂ>,“FDD(?””BaA”<21),PA(A) FFF
DIMENSION DFTA(é)’IN(23l)9T5(3a48)915(2939h9)9A(6)yAA(E’B)aREIE!B)FFE
OIMENSTION P(qu),QOW(B)vKIl(3”h)9KI?(?nQ) FFE
WRITEOUTPUTTAPF@slD79(1N(1);I#2981 FFE

ta7 FORMAT (1 2H0 (lz;ﬁH;IB)SH) 11954 (12,‘H913’3H) (12sFFE
l’H,I?”‘H)\ FE®
RETURN FFe
END(U;lyg’ﬂ9ﬂ) FEE

®TYPE (FORTRANY FFE
C HEADING 9 FFF
QUBROUTINE HEDS FEE
WPITEOUTDUTTA9599IH7 FEE

107 FOQVAT(lV3HQRM? COMDONENT nE THERMAL DISPLA(FMﬁNT ALONG PRINCIPAL FEE
VAX1IS R PROJECTED ON VFCTOR DEFINTD BY TWO ATOMS. ANCSTPFVS/@DHD FFEE

2 ATOM R VECTOR) FFE
RETURN FFL

| 607
1608
1609
1610
16141
1612
16413
1614
1615
1616
Vet
1618
16165
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
{630
1631
{632
1623
{634
1635
1626
1637
1638
1639
16437
V64
leul
1643
1644
1645
1646
tea’l
1es®
| 649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1£59
1660
166
1662
1663
1 E64
1665
1666
1667
1668
V669
1670
1671
1672
1673
f4Th
{675
1676
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IND(Ids 10057 Fre
®*TYPE(TORTRAN) FFE
C PRINCIPAL AXIS PROJECTED ON VECTOR, FFE

SUBROUTINE FUN9 FFE

COMMON NG [IPMyNP 9 TAM NS s NV s JXP 2 JX 3 JRP,JB S NMa SCALE S ITF s NQy INSAVE FFE

COMMON DMAX s NASFaFX s LNZ s KK KKD,SAVEA» SAVEP S VARASVARPSE s Es IHsNSP  FFE

COMMON TITLE oPMaDPsDFDP s AMsDABFDAs [INs TS5 155A5AASBRIPSROWSKLE I ,KIZ2 FFE

DIVENSION TITLELIZ)oPMI20100),DPI200)sDFDRL2AT T, AM(Z1)sDA(S) FrE

DIMENSION DFDA(GEYsINIZ231)15TS(3,48)215(253+48)5A06):AA(3,3),BB(3,331FFE

DIMENSION P(30N)»ROWI&YSKII(30O0I-.KI2(300) FFE

CALLFUNCICs 7)) FFE

FXHCHZ FFE

RETURN FEE

END (s 19090, FFE
*¥TYPE(FORTRAN) FFE
@ HEADING 10 FFE

SUBROQUTINE HEDID FFE

WRITEOQUTPUTTARED, 1O7 FFE

107 FORMAT(B8BHIANGLE RETWFEN PRINCIPAL AXIS R AND AXIS I OF CARTESIAN FFF

ISYSTEM DEFINFN RY TwWO VECTORS/45HN ATOM R I PEFIFFE

PNINP VFCTORS) EFE

RETURN FFE

END(Os1,0s0,M) FFE
#¥TYPE(FORTRAN) FFE
C PRELIMINARY SURRQUTINE 10 FFE

SUBROUTINE PREIQ FFE

COMMON NG IPMaNP o IAMaMNS s NV s UJXP 2 JX s JBP > JByNMs SCALE» ITF o NQe INSAVE FFE

COMMON DMAXsNAST s FXSLMNZ s KK KED»SAVEA s SAVEP s VARASVARPsE L s F s IHsNSP  FFF

COMMON TITLEsPMsDPsDFDPaAMIDASDFDAS INI TS ISsA2AASBRIPSROWIKITHKIZ2 FFE

DIMENSION TITLECI2)»PMI201270)»DP(200 1 sDFDPL2OM) »AM(21) sDA(S) FFE

DIMENSION DFDALG) s IMN(231)19TS(3448)9150292548)3R(6)3sAA(343)9BB(342)FFE

CIMENSION P(307) sROWIAYKIT (3NN 4KI2(300) FFE

CALLOETERCINGZ)Y ) FFE

DOINITHES 12,2 FFE

109 CALLSETKX(INCIY) FFE

RETURN FEE

END(Os150+0.0) FFE
*TYPE(FORTRAN) FFE
C ANGLE RBETWEFEN PRINCIPAL AND CARTESIAN £XES FFE

SUBROUTINE FUNID FFE

SOMMON NGy IPMaNPy TAN s N5s NV s JXP s JX» JBP s JBsNMsSCALE S ITF s NQs» INSAVE FrE

COMMON DMAX 3 NAsF o FX s LNZ s KK KKDs SAVEA s SAVEP S VARASVARPSE 1 sE s THaNSP  FFE

COMMON TITLF aPMeDP o DFDP s AMaDASDEDA S INsTE s ISeAs AR RN PZROWSKI | 4KI2 FFF

DIMENSTION TITLFU12)ePM{20100) sDPI2NN ) sDFNP{20M0)sAM(21)aDA(S) Fre

DIMENSTION DFDACATsINI231) TS (344813 15(2:2048)3A0AYAA(233)3BBI343IFFF

DIMENSION P(30M)»ROW(6)KIT(30N).KI2(3N0) FFE

CALLFUMX(CsZ) FreE

FX#ARCCOS(C) FFE

RETURN FFE

END(UQs1»0e0s0) FFE
*¥TYPE(FORTRAN) FFE
C CUTPUT DESCRIPTION 10 Fre

SUBROQUTINE CUTID FFE

COMMON NG IPMaNP s TAMaMNSs NV s JXP o JX s JBP s JBsNMoSCALFE» [TF s NQ» INSAVE FFF

COMMON DMAXsMNA s F o F X oL NZ s KK KKD s SAVEASSAVEP sVARAWVARP sF [ s F o [HHNSP  FFFE

COMMON TITLE sPMyDP s DFEDP s AMDADEDA s INs TS IS AVAL PRSP L,ROWLKT I ,KIZ2 FFE

DIMENSION TITLECIZ2) PMI20100)sDP(200) »DFDRPL2O0)sAMI2]1)sDA(S) FFE

DIMENSION DFDALSE) s IN(231) s TS (2948 )1615(252048) AR aAA(332)sBRIBS3)FFE

DIMENSION P(200)-ROW(6)-KI (300} ,K12(300) FFE

WRITEQUTPUTTAPES, 107+ (INCI) s I42513) FFE

107 FORMAT (12H0O (121,513 44H) I1s13s4H (12511 I393MH) (I2FFEC

FIHS I35 1H)Y /730 (I2s1HsI3e3H)Y (I251Hs13239FFE

21HY) FFE

RETURN FFE

END(Us 1239141 FFE
FTYPE(FORTRAM FFE
C HEADING 1! FFFE

SURBRROQUTINFE HEDTI FFC

WRITFOUTPUTTAPFS, [ 17 CFF

107 FORMAT (IDIHNRMS COMPONENT OF THERMAL DISPLACEMENT ALONG PRINCIPAL FFE

1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688
689
1690
1691
1692
1693
694
1695
1696
1697
1698
16929
{700
1701
1702
1703
1 704
1705
1704
1707
1708
1709
1710
1711
1712
1713
V714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
17258
1727
1728
1729
1730
1731
1732
1733
1734
1739
1736
1737
1738
1739
1740
1741
1742
1743
| 7ah
1745
1746
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IAXIS R PROJECTED CN AXIS I COF CARTFSIAN SYSTEM/34H DEFINED BY TWO FFF

2VECTORSs ANCSTROMS/45HD ATOM R I DEFINING VECTORFFE

35) FFE
RETURN FFE
END(DOs19350,0) FFE
¥TYPF(FORTRAN) FFE
C PRINCIPAL AXIS PROJECTED ON CARTESIAN AXIS FFE
SURROUTINFE FUNT | FFE
COMNMON NG IPMONP s TAMNSINV s UXP s JX s JBP s JBsNMaSCALE s I TFsNQy IMSAVE FFE
IOMMOMN DMAX S NASF s FX st NZaKKsKKDs SAVEASSAVEP 3 VARASVARP o | 3F s IHNSP  FFE
COMMON TITLF sPMeNP s DFNP s AMaIDASDFNA s TNs TS ISaAsAASPR P RPOWSKI | 4KI2 FFF
DIMENSION TITLEC(I2),PM(20100)sDP(2T0)sDFCP(2ON) s AM{21)sDALE) FFE
DIMENSION DFDACGE) sIN(231)sTS (3481915029348 3A(86)+3AA0333)3B3(233)FFF
DIMENSION P({30D0)sROWIE)sKII(300),KI2{(200) FFE
CALLFUNX{CsZ) FEE
EXHCHZ FFE
RETURN FFFE
END(Js [ 90+0,0) FFE
*TYPF(FORTRAN) FFE
C MEAN SQUARF RANIAL DISPLACEMENT FFE
SURROUTINF FUNR(IsRSQ) FFE
COMMCN NGs IPMaNPs TAMINSINV s UXP s JX s UPP s JRsNM g SCALE s ITFsNQs INSAVE FFE
CCMMON DMAX s NASFaFX3LNZsKKsKKD s SAVEA» SAVEP 3 VARASVARP $F | 4F,IHsNGP  FFF
COMMON TITLE oPMeDP sDFDP s AMsDASDFDAS INs TS s ISsASAASRT,PIRON KT T 4KI2 EFE
DIMENSION TITLELI2)sPMI20100)DP(200) sDFDPI200) sAM(21) sDA(S6) FFE
DIMENSICN DFDA(S)sINI231)sTS(3548)515(253548)sA(6)3AA1253)3BR(3s3)FFF
DIMENSION P{30M),ROWIE)»KIT(300)sK12(300) FFE
DIMENSIONBI(333)sBAA(3+32) FFE
CALLSTOAA FFE
CALLBETA(I ™) FFE
CALLMY{(BsAA,BAA) FFE
RESQHTRACE(RAAYI*¥N,NENREN5018 FFE
RETURN FFE
ENN(Ty 14Ny FFE
¥TYPF{FORTRAN) FFF
C COMPUTE QUANTITIFS FOR MEAN BOND DISTANCE FFE
SUBROUTINE FUNCR(CsR) FRE
COMMON NG IPMsNP 3 TAMGNS s NV s UXP 3 JX s JPP s JBS3NM 3 SCALE S ITF L NR S INSAVE FFEE
COMMON DMAX s NASF 3 FXsLNZ yKKsKKD s SAVEA s SAVEP s VARASZVARPSE | 4 E,1HsNSP  FFF
COMMCON TITLEsPMeDPsDFDPsAMsDASOFDAS INSTS»ISsAAABISPHROWSKIT4K1I2 FFE
DIMENSION TITLFO12YsPM{20100)sDP(200)sDFDPI2N0) sAM(21) sDA(S) FFE
DIMENSION DFDA(H6) sINI231)sTSU3:48)1515(2+3,48)9sA(6)3AA(343)+8B(3,3)FFL
DIMENSION P(202)sROWIB)sKITI30D) sKI2(30M) FFE
DIMENSTIONC{?2) s X{242),V(3) FFFE
NOTIST#HI 2 S
CALLFUNRCIN(Z2%]1),RSQ) CFEE
CALLFUNXT CIME2%#]) 9 IN(2)sXISQ) FFE
CLIVH#RSO-X1SQ FFE

11s TALLATOMUIN(2%1)4X(1s1)) FFE
CALLDIFVIX{1e2YaX (] s1)sV) FFF
RHSQRTFIVMV(VsAALV ) FFE
RETURN FFE
ENDI(Os15s0,CH0) FFE
*¥TYPE(FORTRAN) FFE
C MEAN SQUARE DISPLACEMENT IN GIVEN DIRECTICN FFE
SUBROUTINE FUNXT(IsJsX1SQ) FFE

COMMON NGy IPY 3 NPy TAMHS s MV s JXP 3 X s JAP 3 JP s NM s SCALE s ITF 3 NQs INSAVE  FFF
COMMON DMAXsNASF s FX3LNZsKKaKKD s SAVEA» SAVFP S VARASVARP s F | sE5 IHSNSP  FFE
COMMON TITLFsPMsOPsOEPP, A DALRENA TN TSy TE, AL AL PR PyROMK11,K12 FFF

DIMENSION TITLECI2)PMI22100),DP(200) sDFDPL2NN) sAMI21),DALA) FFE
DIMENSICON DFDAIS) sIN(Z31 )3T SI3448)915(2,3548)sA15),AM(343)BRB(353)FFE
DIMENSION P{30MsROWIEY»XKTI I (3NN, K1 2(300) FFE
DIMENSIONI(2)5J04)sBU353) X[ (3)sX2(3)sVI3)8A103,3)5AA3AA(23,573) FFrE
CALLSTOAA FFE
CALLBETALISR) FFE
CALLATOM(JsX 1) FFE
CALLATOM(J(3)9sX2) FFE
IF(NG)Y2NT s [ 174207 FFF
CALLDIFVIX24X1,4V) FFE

DHEYMV LV 3 AA SV FFE

V747
| 748
P 745
1750
1751
1752
1752
1754
1755
1754
17857
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
F774
{775
1776
1777
1778
1779
1780
1781
1782
1783
1784
| 788
1786
b 787
1788
1789
1730
791
| 792
793
1754
1725
1796
1797
1798
1799
1800
180!
1802
1813
18304
1805
1806
1807
1318
1809
1810
1§11
1812
18172
1814
1815
1816



75

IF(DYI23s 122201 FFE 1817

122 NG#ED FFE 1818
GoT0207 FFE 1819

201 CALLMM(RB,AALBBAA) FFE 1820
CALLMMIAASBAASAABAAY FFE 1821
XISOHVYMV IV e AARAALVIHNO5N6605918/D FFE 1822

207 RETURN FFE 1823
END(Osl»040,0) FFE 1824
*TYPE(FORTRAN) FFE 1825
C HEADING 12 FFE 1826
SURBCUTINEG HEN 2 FFEF 1827
WRITEQUTPUTTAPES, [ 07 . FFE 1828

107 FORMATIBAHORPMSE COMPONFNT OF THERMAL DISPLACEMENT IN DIRECTION REFIFFE 1829
INED BY TWO ATOMS. ANGSTROMS/40HD ATOM VFFE 1830
P2ECTOR) FEE 1831
RETURN FFE 1832
END(Os1s040,0) FFE 1833
*¥TYPE(FORTRAN) FFE 1834
C PREIIMINARY SUBRODUTINE 12 FFE 1835
SHRROUTINE PRFEI2 FFE 1834

COMMON NGs IPMaNP s TAMeNSs NV UXP s UX o JBP» JBsNMsSCALE S ITFINQs INSAVE FEE 1837
COMMON OMAXaNAsF o FX s LNZsKKsKKDs SAVEASSAVEP o VARASVARP 9 E 1 9E2 IHINSP  FFFE 1838
COMMCN TITLEsPMsDPsDFDPsAM»DASDFDAS INs TS ISsAsAABS»PHROWIKT 1 HKI2 FFE 1839

DIMENSION TITLFRCIZ2),PMI2N107) 0P (200) sDENPI2ANT» AM{2 1) DA (A) FFE 1aa4n
DIMENSION DFDA(AE) o IN(231)sTS(3548)s15(2+34815A06)5AA0353)1sBB(343)1FFE 1841
DIMENSION PU3ON)sROW(E) s KI T (20M) ,KI2(31n0N) FFRE 1842
CALLSETKBUIN(2)) FFE 1843
DOINSI#42652 FFEE 1844

P39 CALLSETRX{IMN(IN) FFE 1845
RETURN FFE 1846
END{Os 1 aslTs0) FFE 1847
TYPE(FORTRAN) FFE 1848
C RMS DISPLACFMENT IN GIVEN DIRFCTION FFrE 1849
SUBROUTINE FUNI2 FEE 1R50

COMMON NG IPMgMP, TAMaNS s NV s UXP o JIX s JEP s JBWNMa SCALE s TTF s NO» INSAVE FEE 1851
COMMON DMAX s NASFaFXSLNZ s KK KKD s SAVEAS SAVEPSVARASVARD s 14 s THsNSP FFE 1852
COMMON TITLFE sPMyDP 4 DFEDP 3 AMsDASDFDAL INs TS IS sASARBRIPLROWLKI I ,KI2 FFE 18673

DIMENSION TITLECIZ) oPMI20100) 0P (200 sDFDPLZ2ON) s AMI21) sDALS) FFE 1854
DIMENSION DFDAIG) sIMNI231)15TS(3548)915(25s3+48)0A0E6)5AA343):BB(32,3)FFF 1855
DIMENSION P(AND)Y»ROWI6)Y s KT 1300 ,KI2(200) FFE 1886
CALLFUNXTICIN(Z2)sIN(4)sXIEQ) FFE 1857
FX#ESQRTF(IATSO) FFE 1858
RETURN FFE 1859
END(Ds 10500} FFE 1850
*¥TYPE(FORTRANY FFE 1861
C OUTPUT DFSCRIDTION |2 FFE 1862
SUBROQUTINE QUTI2 FFE 1863
COMMON NG IPMsNP s TAMs NS aNV s JXP s UX s JBRP s JBsNM SCALFE s ITF o NO» INSAVE FEE 1864
COMION DMAX s HNA»F 3 FX,LN7 s KK s KKy SAVEA S SAVEP s VARASVARP »F I s F 3 THoNSP  FFE 1365
COMMON TITLF oPMaDPaDFDP s AMIDASDFRAs INSTES [SsAsARIRB P SROVW,KITSKIZ FFE 18656
DIMENSIOMN TITLEC12),PMI20100).0P{200)sDFDP 2001 sAMI21)DA(E) FEE 1367
DIMENSION DFDA(GY s IN(231)sTS(3548)915(263+48)+A06)AA(2:31:8B(2343)FFF 1868
DIMENSION P(3M0)aROW(E) e KT (300),KI2(300) FFE 1869
WRITEQUTPUTTAPES 107 LINCL) s 1#2:7) FFE 1870

137 FORMAT (|2HO {12siHs12s12H) (129 1HsI3.23H)Y (124 1HFFE 1871
1135 1H)) FFE 1872
RETURN FFE 1873
ED(Os 100,01 FFE 1874
*TYDE(FORTRAN) FFE 1878
C HEADING 13 FFE 1876
SURROUTINE HEDI3 FFE 1877
WRITFOUTPUTTAPES . 107 FFE 1878

177 FORMAT(RIHTRMS RADIAL THERMAL DISPLACEMENT OF ATOM, ANGSTROMS) FFE 1879
RETURN FFE 1880
END(Tls o000} Fre 1881
*TYPE(FORTRAN) FFE 1882
C RMS RADTAL DISPLACEMENT FFE 18873
SUBROUTIME FUNI3 FFE 1884

COMMON NGs IPMsNP s IAMaNSs NV s UXP 3 JX s JBP s JBaNMy SCALE» ITF o NO» INSAVE FFE 1885
COMMON DMAXaNAsF s FXsLNZ s KKsKKD s SAVEA s SAVER s VARASVARP S | 3 F s [HINSP  FFE 1886
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COMMON TITLFsPMaDP oNFDP s AMaNASDEDA s TNaTSs ISsAsAAIERSPLROWSKISKI2 FFF

DIMENSTION TITLFCI2)sPMI271T0)sDR (200 sDFNPI20MY 3 AM (2 1) 3y DA(R) FEE
DIMENSION DFDA(HE) s IN(231)YsTS(2:48)918(2+3:88)3A(6)sAA(3,3)+sBB(343)FFF
DIMENSION P(2NN)ROWIE)sKI I (3N ,KIZ(300) FFE
CALLFUNREIN(Z2)Y,RSQ) SRR
FXH#SQRTF (RSN FFE
RETURN SFE
END(Os15s0s0,0) FFE
*TYPF(FORTRAN) FFE
C QUTPUT DESCRIPTICHN 13 FFE
SURRCUTINE NUTIZ FFFE
COMMON NGy IPMaNP s TAMONS s NV s UXP s JX s URP s UBsNM 3 SCALE s ITF S NQs INSAVE FFE
COMMON DMAX s NAsF 9 FX 3 LNZsKKaKKD s SAVEL 3 SAVFPSVARASVARP 3= [ 9E 9 IHsNSP  FFE
COMMON TITLEsPMsDP L DPs AN DA DFDA S INsTE e[S sAABRIPLRCWIKI | 4KI2Z FFE
DIMENSION TITLF(12),PVM(2010R)sDP{Z00)sDFDP 20T sAM(21)sDA(A) FFE
DIMENSTION DFDA(BYsIN(231)9TS(3948)3518(2+3+48)sA(8)3AA(293):83(3+3)FFF
DIMENSION P(3N71,ROW(E)SKII(2T0),KI12(3N0) FFE
WRITEQUTPUTTAPFS, 107 {IN(I)s1#753) FFE

107 FORMAT{12H] (125 1HSI351H)) FFE
RETURN FFE
END(Js 1 s0s0s0) FFE
*TYPF{FORTRAM) FFE
C HEANING 14 FFF
SURROUTINF HEDI4 FFE
WRITEQUTPUTTAPFGs 107 FFE

107 “ORMAT(88HDOINTERATOMIC DISTANCE AVERACED OVER THERMAL MCTION. SECOFFE
IND ATOM ASSUMED TO RIDE ON FIRST) FFF
RETURN FFE
FND{DOs143350,M) FFF
*TYPF(FORTRAN) FFE
C PRELIMINARY SUBROUTINE 14 FFE
SUBROUTINE PRE!4 FFE
COMMON NG IPMs NPy TAMS NSy NV o UXP 3 X s UJBP s JB s NMs SCALES ITF s NQs INSAVE FrE
COMMON DMAX s NASF o FXsLNZsKKsKKDsSAVEASSAVEP,VARASYVARPLE I sEsIHyNSP  FFF
COMMON TITLF sPMyDP s DOFOP s AMsDASDFDAS INsTSs IS AsAAIRRPL,ROWSKI1,KI2 FFE
DIMENSION TITLF(12)+PM(20100) NP (20C)sDFOPL2NTY s AM(2 1) sDALA) FEE
DIMENSION DFDA(GE) sINI23 1) sTS{2548)s1S5(292548)sA16)3AA(Rs3)93BB(293)FFF
NDIMENSION P(2MNM) s ROWIA) s KI T (20N} ,KI2(20N7) FFE
DOINGIHZ 44?2 FFE
CALLSETKX(INITY ) FeEw

1Na CALLSETKRIINCTIY)Y FFE
RETURN FFE
END(Js 10,0, FFE
*TYPE(FORTRAN) FFE
C MEAN BOND DISTANCE ASSUMING RIDING FFE
SUBROUTINE FUMI4 FFe
COMMON NGy IPMaNP s TAMSNS s NV s UXP o X s JPP s P s MMy SCALT s I TF 3 NG s INSAVE FFF
COMMON DMAXsNASF s FXsLNZsKKsKKDsSAVEASSAVEP s VARASVARP sE | sE s IHINSP  FFF
COMMON TITLF oPMsDPsDFDP o AMSDASDFNA S INsTEo IS A AASTRPIRPOWLKI | ,XI12 FFL
DIMENSION TITLECI2)sPMI200C0) sDPL21N) sDFDP (20 3 AM(21) sDA(E) FFE
DIMENSION DFEDNA(H)Y s IN(221) 9 TSH{B348) 5 1S{292 348 )Yy A0A) 9 MA(R93)sRB(A42)FFF
DIMENSICON P{3NT) sROW(E)KI | (300} ,KI2(30N) FrE
DIMENSICNC(2) FFFE
CALLFUNCR(CSR) FFE
FX#RH(C(2V~C 1))/ (2.0%R) FrE
RETURN FF=
END(Os!1s0s0sM) FFE
*TYPELFORTRAN) FFE
C HEADING 15 FFE
SURROUTINF HENTA FFF
WRITEOUTRPUTTAPES s 107 FFE

07 FORMAT(RTHNINT RATOMIC DISTANCE AVFRAGED QVFR THERMAL MOTION. ATOMFFE
IS ASSUMFED T MOVE IMNDREPENDENTLY) FFF
RFETURN FFFE
IND(Os 10550 FFE
#¥TYPE{FORTRAN) FFE
C MEAN INTERATOMIC DISTANCE ASSUMING INDEPENDEMNT MOTION FFE
SUBRQUTINE FUNIS FFE

COMMON NG IPMyNP s ITAMINS s NV s JXP s JX s JEP s JBsNMySCALE s ITF s NQs INSAVE FFE
COMMON DMAX s NAsF s FX 3l NZsKKsKKDs SAVEASSAVEP s VARASVARPSE I 9Es [HsNSP  FFE

1887
1387
18389
1390
1891
1852
1893
18G4
1895
1896
1897
1898
]899
lenn
190
fonz
1903
lon4
1905
1996
1907
1908
1509
191N
1911
912
1913
1914
|215
1916
9t7
1918
1919
1920
1921
1922
1923
1G24
1225
1926
to27
1928
1926
19317
1931
13932
19373
| 934
1535
1636
1637
t323
19329
| 9o4n
1941
1942
13413
1944
19485
1946k
1547
1948
1949
1o85n
19¢ 1
j982
1953
1954
f955
1955



COMMON TITLE sPMsDPsDFDPsAMsDASDFDAS INs TS 1S5 A3AASBBsPROWLKIISKIZ2 FFE 1957

DIMENSION TITLECI2)PMI20100),DP (2001 ,DFOPI200)sAM(21)sDA(S) FFE 1958
DIMENSICON DFDALETsINI231 )2 TS{3948)915(293+48)5A086)sAA(3453)19BB(353)FFE 1959
DIMENSION PU3ND)SROWIE)»KI1(30D) KI2(3NM0) FFE 1960
DIMENSTONC(2) FFE 1961
CALLFUNCR(C,R) FFE 1962
FX#R+(C(2)V+C LI/ {2.0%R) FFE 1962
RETURN FFE 1964
END(OslsDalls) FFE 1965
#*TYPE(FORTRAN) FFE 1966
C DUMMY SUBROUTINE. MAY BE CHANGED BY USER. FFE (9567
SUBROUTINE SETA(A) FFE 1968
RETURN FFE 1969
ENDIE s aDeMy D) FFE 1970
*TYPE(FORTRAN) FFE 1971
C DUMMY SURROUTINE. MAY BE CHANGFD RY USFR. FFE 1972
SUBRQUTINE SETP(P) FFE 1973
RETURN FFE 1974
END(Ds 1 s0a0,01 EFE 1975

SUBROUTINES FOR EXAMPLES

*TYPE (FORTRAN) FFE 1976
C EXAMPLES | AND 2o HYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ. FFE 1977
SUBROUTINE SETA(A) FFE 1978
DIMENSION ALA) FFE 1979
AL2YEALL) FFE 1980
RETURN FFE 1981
END(Os15050,7) FFE 1982
£TYPE (FORTRAN) FFE 1983
C IXAMPLE 1. MYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ. FFE 1984
SUBROUTINE SETP(P) FFE 1985
DIMENSION P(10n) FFE 1986
PS)HP (4) FFE 1987
RETURN FFF 1988
END (D, 15050,0) FFE 1989
*TYDE (FORTRAN) FFE 1990
C EXAMPLE 2. HYPOTHETICAL PROBLEM BASFD ON ALPHA QUARTZ. FFE 1991
SUBROUTINE SETE(P) FFE 1992
DIMENSION P (00} FFE 1993
PLITI#P(16) FFE 1994
P(ZOI#P(19) FFE 1995
Pl24)#-P(23) FFE 1996
RETURN FFE 1997
END(Ts | 50040 FFE 1998

DATA FOR EXAMPLES

#DATA FFE 1999
EXAMPLE |+ HYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ. USES CARD INPUT, FFE 2000
r 6 1 5 4 3 1 000 FEE 2001
WLIB5TZT «2676554 41179998 2294765 5294760 3333333 FFE 2002
I vilag FFE 2003
}«0 FFE 2004
«85284856~T7 L T13725640~7~,29955735-7-.68440656~8 «13675298-6-.570409833~-7FFE 2005
17755297 #97987015~7 #20795807-7 .33B45397-7 FFE 2006
4eF13 1 5«44 0 n ~e5 FFE 2007
.005 0 «010 n 1 FFE 2nn8

1=-2 -2 -3 EEF 2009

2~1 ~1 »33333333+3 FFE 2010

! 2~ 1 «33333333=3 FEFE 2011



I 2300
b 2300
2 1 2
2 1300
2 130
3 2309
4 23700
5 1 2
o
*DATA
EXAMPLE 2.
[
4.9'3
.005
i 2300
v 238N0
2 1 2
2 1300
2 1300
3 2300
4 2300
5 1 2
201 2 0
”g 1 2
Mo 2
o 230N
2 1 2
12 2300
3 1 2
13 2300
15 2390
0

2

2
2
1304
23200
2300
2300
r 2
[
2300

HYPOTHETICAL PROBLEM

5

1-2
2-1
[

2

2

2
1303
2300
2300
2300
2

2
2300

0
0

_ N = — — —
W
=]
w3 W N W

23nn !

2300
23mn0

2

*TYPF{BINARY)

2301
23nn
Io?
)

78

1=2  «6666K6AT+3
! «666666€67~3
2300 1300 13035
12nn
1300 2300 §137%

Set0t
«010
-2
~ 1

2~1

1~2
!

BASED ON ALPHA QUARTZ.

0

a
-3
«333323334+3
«33333333-3
cEHERREETHR
e 666666673

23CC 1300 1325

1300

1300 230C 1305

no

2300 1 3

2 0 22p3 2740

—Ne5

USES OR FLS TAPE.

FFE
FFE
FFE
FFE
FFE
FFE
FFE

FFF

FFE

2nt2
2013
2014
2015
2016
2017
2n18
2019
2n2n
2nai

2n22
2023
2324
2025
2026
2027
2028
2029
2030
2031

2032
2033
2034
2035
2036
2037
2038
2039
2040
2041

2042
20473
2N4n
2045
2N46
2047
2748
2049
2050

2051



EXAMPLE 1.

PROGRAM QUTPUT FOR EXAMPLES

HYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ,

INPUT DATA TO BE READ FROM CARDS

NUMBER OF STRUCTURE PARAMETERS IS 6

USES CARD INPUT.

VARIANCE-COVARIANCE MATRIX AND PARAMETER SELECTION INFORMATION WILL
BE USED

NUMBER OF SYMMETRY CARDS IS 5

CELL PARAMETER ERROKRS ARE

TO BE READ IN THE FORM OF STANDARD ERRORS

ORDER DF THE VARIANCE~COVARIANCE MATRIX FOR THE STRUCTURE PARAMETERS IS

PERIOD OF THE POSITION PARAMETERS IN THE PARAMETER LIST IS

POSITION OF THE FIRST X COORDINATE IN THE PARAMETER LIST IS

INPUT DATA

I

C N F iy =

EXAMPLE

P{L)

O.L4t56
D.2677
0.1380
0.5295
0.5295
0.3333

KIH{I

I
i
!
1
0
8]

}. HYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ.

CELL PARAMEYERS

STANDARD ERRORS,

4.91 30

0.0050

3

USES CARD INPUT.

0. S5.400 0. 0. ~-0.5000
RESPECTIVELY, OF THE ABOVE CELL PARAMETERS
0. 0.0100 0. a. a.

SYMMETRY INFORMATION

TRANSFORMED X

0.
~-0.
~-0.
-0
~(a

EXAMPLE

1-2
2~1

-i-0
~-2~0

2-0

TRANSFORMED ¥

"Uo
~J.
-~
~0.

~0.

. HYPOTHETICAL PROBLEM

TRANSFORMED £

~-2-0 ~0. -3-4a
-1-0 0.333333 3-0
2-1 0.333333-3-0
-2 D. 666667 3-0
i-0 0.666667-3~0

BASED ON ALPHA QUARTZ.

INTERATOMIC DISTANCE IN ANGSTROMS

{ 2,300}

{ 2,300

{

{

ty 2

1, 300)

USES CARD INPUT.

i1.6012 +0R~ 0.0019

1.6131

+0R- C.0021

4

( 0.0012)

 0.00121
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BOND ANGLE IN DEGREES. CENTRAL ATOM 1S VERTEX

&y 2) ( 2,300) C 1, 3)

109.2048 +QR~ Q0.1013 ( 3.0975)

{ 1,300) ¢ 2.,300) ( 1,305

110.1962 +0R- C. 14689 ( 0.1443)

€ 1,300)  2,300) ¢ 1, 2)

1C9.9518 +0R~- 0.0875 ( 0.0755)

DIHEDRAL ANGLE BETWEEN PLANES EACH DEFINED BY THREE AT(OMS

€ 2,300 L 1 2) U1y 3)
t 2,300) € 1,300 U 1,305)

89.1600 +0R~ D.1128 ( 0.0478}

DIFFERENCE BETWEEN TWO INTERATOMIC DISTANCES

t 2,300 1, 2)
( 2,300) ( 1,300)

-0.0119 +0R~- 0.C026 ( D.OD22)

DIFFERENCE BETWEEN TWO BOND ANGLES

300) ¢ 1, 3)

(1, 2) { 2,
€ 24,3001 ¢ 1,305)

( 1,300)

0.9914 +0R— 0.1787 ( 0.1681)

EXAMPLE 2. HYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ. USES OR FLS TAPE.
INPUT DATA TO BE READ FROM OR FLS TAPE

VARIANCE~-COVARIANCE MATRIX AND PARAMETER SELECTION INFORMATION wWILL
BE USED

NUMBER OF SYMMETRY CARDS IS 5

CELL PARAMETER ERRCRS ARE
TO BE READ IN THE FORM OF STANDARC ERRORS

NUMBER OF STRUCTURE PARAMETERS IS 24

PERIOD OF THE POSITION PARAMETERS IN THE PARAMETER LIST IS i

POSITION OF THE FIRST X COORDINATE IN THE PARAMETER LIST IS S

PERIQOD OF THE TEMPERATURE FACTOR COEFFICIENTS IN THE PARAMETER LIST IS 11
POSITION OF THE FIRST TEMPERATURE FACTOR COEFFICIENT IN THE PARAMETER LIST IS
ORDER OF THE VARIANCE-COVARIANCE MATRIX FOR THE STRUCTURE PARAMETERS IS IS

INPUT CATA

—

P{I1) KII{I)

1.000%
0.

1.0000
1.0000
D.1156
0.2677
g.1180C
0.0039
0.00u5
g.0027

- e e e (1YY

ODOV@E~NOCUVE NN -

8
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22 0.0034
23 0.0002
24 -0.0002

1 0.002C |
12 0.0000 i
13 0.0c02 !
1y 2.0C00 0
i5 0.5000 a
16 0.5295 |
17 0.5295 0
18 N.3333 a
19 0.CO67 |
20 D.0067 g
21 0.0040 i

i

|

{

EXAMPLE 2. HYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ. USES OR FLS TAPE.
CELL PARAMETERS

4%.9130 O 5. 4040 o. Q. -0.5000
STANDARD ERRORS, RESPECTIVELY, OF THE ABOVE CELL PARAMETERS

0.0050 0. g0.0100 Oa 0. 0.

SYMMETRY INFORMATION

TRANSFORNMED X TRANSFORMED ¥ TRANSFORMED 2
-0, -2 -G. -2-0 -0 ~3-0
~0. 2-1 -0 ~-1-0 0.333333 3-0
~0. -1-0 -0, 2-1 0.333333-3~0
~0. -2-0 ~0. -2 0. 666667 3-0
~0. 2-0 -0. 1~0 0. 666667~3-0

EXAMPLE 2, HYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ. USES OR FLS TAPE.

INTERATOMIC CISTANCE IN ANGSTROMS

{ 2,300) € 1, 2)
16012 +0R~ (G.0019 {

[ 2,300) ( 1,300)
l.6131 +0R~- (0.0021 {

BONC ANGLE IN DEGREES. CENTRAL ATOM IS VERTEX

1, 2) 0 2,300) { 1, 3
109.2048 +0R~- (.3018 |

{ 1,300) ( 2,300) ( 1,309
110.1962 ¢0R- 0.1688 {

{ 1,300) ( 2,300) ¢ 1, 2}
139.9518 +0R- 0.0875 {

DIHEDRAL ANGLE BETWEEN PLANES EACH CEFINED BY THREE ATOMS
{ 2,300 L1, 20 U}y 39
12,3001 ( 1,300 ( 1,305)
89. 1600 +0R~ 0.1128 {
DIFFERENCE BETWEEN TWO INTERATOMIC GISTANCES
{ 2,308) € 1y, 2)

{ 2,300 { 1,300)
-0.0119 +0R~ 0.0026 (

0.0012)

G.0012)

0.0977)

Uolbui)

0.0756)

D.0477)

0.0022)
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CIFFERENCE BETWEEN TWO BOND ANGLES
Iy 2) { 2,300) (1, 3)
€ 1,300 ¢ 2,300) ( 1,305)
J.9914 +0R~ T. 1784 ( J.1679)

RMS CCMPONENT COF THERMAL DISPLACEMENT ALONG PRINCIPAL AXIS R. ANGSTROMS

ATOM R
{3, 0 1
0.0600 +0R- 0.0073 ( 0.0073)
{1, O 2
0.0619 +0R- 0.0050 ( 0.0050)
{1, 0 3 ‘
0.0668 +0R- 0.0068 ( 0.0068)
{ 2, 0) ]
0.0742 +0R- 0.0033 { 0.0033)
{2, Q) 2
0.0785 +OR- 0.0033 ( 0.0033)
1t 2, O 3

0.0798 +0R~- 0.0035 ( 0.0035)

ANGLE BETWEEN PRINCIPAL AXIS R AND VECTOR DEFINED BY TW0O ATOMS

ATOM R VECTOR
ri1, 23 1 { 2,3C0) ( +, 2}
76.6802 +0R-56.4312 (56.4311)
t 1y, 2) 2 ( 2,300y € 1, 2)
79.0386 +0R-57.5388 (57.5340)
{ 1y 2} 3 ( 2,300) 1, 2}

17.3808 +0R-39.1984 (39.1957)
ANGLE BETWEEN PRINCIPAL AXIS R AND AXIS I OF CARTESIAN SYSTEM DEFINED BY TWO VECTORS
ATOM R 1 DEFINING VECTORS
{1, 2} Pl { 2,3C00 1y, 2)

€ 2,3C0) € 1y 3)
76.6802 +0R-56.4312 (S56.u4311)

1, 2) 2 € 2,300) (1, 2)
{ 2,300} € 1y, 3)

773633 +0R-51.2667 (51.2667)
t 1, 2) b3 ( 2,300) (1, 2)
( 2,300} ¢ Vv, 3)

161.4757 +0R~-80,2633 (80.2633)
{1, 2) 2 1 t 2,3000 € 1y 20
( 2,300) ( t, 3)

79.0386 +0R-57.5388 (57.53u40)
{1, 2) 2 2 2,300 ¢ 1, 2
 2,300) € 1, 3)

164, 9587 +0R-32.7963 (32.7957)
1y 2} 2 3 ( 2,3C0) C 1, 21
( 2:,300) € 1, 3)

100. 1726 +0R~48.,7792 (48.7790)
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t1, 2) 3 ( 2,300) ( t, 2)
{ 2,300) { t+y, 3)
17.3808 +0R-39.1984 (39.1957)

11, 2) 3 2 t 2,300) (1, 2)
( 2,3001 ¢ &, 3
81.9750 +OR~43.5891 {(u3.5834)

t 1, 2) 3 3 { 2,300) 1, 2)
{ 2,300) ( 1, 3}

T4.6870 +0R~37.9786 {37.9784}
{ 2,300! 11 t 2,300) ¢ 2, O

( 2.,300) ( 2,7CH
93.0000 +or~ 4. { 0. )

t 2,300) 12 t 2,300 ¢ 2, O

( 2,300y ¢ 2,700)
45,2094 +0R-24.,2878 (24.2720)

{ 2,300) 1 3 t 2,300y ( 2, O)
{ 2,300y ( 2,700
4uL.7906 +OR~24,2B79 {(24.2721)

{ 2,300) 2 1 { 2,300) © 2, Q)
{ 2,300) ¢ 2,700}
179.9815 +0R- 1.4866 ( 1.3871)

{ 2,300} 2 2 { 2,300y ¢ 2, @)
{ 2,300) ¢ 2,700)
89.9902 +0R~ 3.0562 ( 2.6073)

{ 2,300) 2 3 t 2,300 ( 2, O)
( 2,300) ¢« 2,700)
90.0183 +0R~ 5.7403 ( u4.8985)

{ 2,300) 3 1 ( 2,300y € 2, )
{ 2,300) t 2,700)
90.0000 +0rR~ 0. ( 3. )

1 2,300) 3 2 { 2,300y € 2, O
{ 2,300) ( 2,7C0)
135.2073 +0R-24. 0921 (24.0671)

{ 2,300 3 3 ( 2,300) ¢ 2, 0O)
( 2,300y ¢ 2,7C00)
45.2073 +0R-24,0921 {24.0672)

RMS COMPONENT OF THERMAL DISPLACEMENT IN OIRECTION OEFINED BY TWO ATOMS. ANGSTROMS

ATOM VECTOR
{1,y 2) ( 2,300 € 1, 2)
0.0662 +0R~ (0.0067 ( 0.00671
{ 2,300} ( 2,300) ¢ 1ty 20

0.C79t +0R- 0.0022 { 0.0022)
RMS RADIAL THERMAL CISPLACEMENT OF ATOM. ANGSTROMS

{ 1, 2}
0.1090 +0R- 0.00386 ( 0.0036)

{ 2,300)
0.1343 +0R~ 0.0016 ( 0.0016}

INTERATOMIC DISTANCE AVERAGED OVER THERMAL MOTION. ATOMS ASSUMED TO MOVE INDEPENDENTLY

{ 2,300) ( 1, 21}
1.6072 +0R~ 0.0019 { 0.0012)
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