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GENERAL DESCRITTION

Given the unit cell parameters of a crystal together with the atomic oo-
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writing subroutines for new functlons.

MACHTRDE REQUIREMENTS

Minimum 704 with
*
1. 8192 word core storage or more.
2. 3 on-iine tape units.

3. CAD instruction.
%, Off-line tape printer.

¥ . . n
See “Operating Procedure" and "Specificationz for Subrouti
)

vines Ho Computs
New Types of Functions® for special procediraes S0 be followed wien an 8162
word machine is used.




elim

MATHEMATICAL METHOD

The functions which the program computes are of the form

£ = £(p1, P2y P3 ceeve 825 82 eeos Bg)

where the p's are the atomic parameters and the a's are the unit cell parameters.
Each kind of f is computed by a special subroutine for this purpose, and the
mathematical expressions are best obtained from the Fortran language listings

of these subroutines designated FUN1l, FUN2, etc.
The standard error of fiis given by
e = (e'2 +en2)l/2

where
n

b, B () GE)

and

oy e @ED

Here Vi is an element of the variance-covariance matrix which desecribes the
errors of the atomic parameters, and U;j is an element of a similar matrix
for the unit cell parameters.

When errors are to be computed the user has the option of obtaining v
from the binary output tape of OR XLS. In this case the program stores

Vif[ L, w(0BS - CALC)2/(m-n) ] bij

where bj 4 is an element of the inverse matrix of the normal equations, and
the constant in brackets is the sum of the weighted residuals squared 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 oﬂly the six standard errors c(ai).' The prc-
gram fhen sets '

it

02(a;)
0, 1 #J.

Alternatively the 21 independent values of Uij (1 = J) can be read from cards.

Uit
Uiy

i
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The necessary derivatives are computed numerically by adding an increment

Ops to pi and re-entering the subroutine for f. The derivative is then

af I f(Pl’P2°'°’pi + Apiooooalsa.o> o= f(pl,pauocopiooooealoooa) °
i : Opy

The increment used is Opy = (0.0l)Viil/a. The derivatives with respect to the

cell parameters are obtained similarly.

" The program is arranged so that 1t computes derivatives only with respect
to the parameters actually involved in f. The information as to which these
are is provided by the subroutines PREl, PRE2, etc., which are supplied for
each type of function. Derivative computations are also omitted with respect
to fixed parsmeters which are not represented in the variance-covariance matrix
(e.g., the coordinates of atoms in special positions). )

Note that for the derivative computation to be correct all symmetry trans-
formations must be made after Ap; has been added to Py Similarly all con-
straints on the parameters must be set aftsr 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 functicn, the
value, £, of the function, the standard error, e, of the function, and e, the

standard error not including the effect of uvait 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 symmebry
of the crystal introduces constraints either on the cell parameters, A, or on
the atomic parameters, P. A simple case occurs when the symmetry forces a
parameter to have a fixed value, and this situation is correctly handled by
specifying that the error of this parameter is zero. A more complicated pro-
cedure is required when the symmetry imposss a relationship between two or
more parameters. In this case one of the interrelated 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
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subroutine immediately before each entry to the function computing subroutine
so that the derivatives needed for the error calculation are correctly com-
puted. In the input data the errors associated with the dependent parameters
should be set to zero. In the case of atomic parameters from a least squares
refinement this is probably amutomatic since the dependent parameters would

not have been varied.

Specifications for Fortran IT Subroutines
1. Name the subroutine SETA or SETP.
2. The subroutine has no arguments.
3. Use the standard COMMON and DIMENSION statements such as are used in
SEG2 of OR XFE.
4. Write theprograms to set A or P for the dependent variables in terms

of the independent variables.

5. Compile with Fortran II and insert jJjust before the transfer card of
Segment 2 (see Operating Procedure, page 13). This subroutine will
automatically supercede a dummy subroutine of the same name which is

part of the program deck.

Example 1
For a hexagonal crystal we have cos y = =0.5 and a = b. Choosing a as

the independent variable we write the subroutines:
C EXAMPIE 1

SUBROUTINE SETA

COMMON (Fill in)

DIMENSION (Fill in)

DIMENSION (Fill in)

A(2) = A(1)

RETURN

END (O, 1, O, O, O)

The cell parameter errors assoclated with b and with cos &, cos 8, and
cos 7 are put in as zero. The parameter b (i.e. A(2)) which is read in is
irrelevant.

Example 2

Let us assume that there are no restrictions on the atomic parameters of
atom 1 but atoms 2 and 3 have y = X, Boz = P11, and Bpsz = =Pi1z. Let us take
X, Bi1pand Bia as independent. The subroutine may then be written as follows:

‘,_V



c EXAMPLE 2
SUBROUTINE SETP
COMMON (Fill in)
DIMENSION (Fill in)
DIMENSION (Fill in)
DO 11I=2,53

J = I10(7) * (1-1) + Ic(8)

K= IC(9) * (I-1) + IC(10)

P (J+1) = P(J) (8ets y)

P (K+1) = P(K) (Sets Bzz)
1 P (K+5) = ~-P(K+4) (sets Bza)

RETURN

END (O, 1, 0, O, 0)
This example makes use of the parameter arrangement integers IC{7), IC(8),
1¢(9), and IC(10) to compute the parameter locstions. (See "Atomic Parameters®,

page 15.) The user may prefer to compute these locations in advance.

SPECTFICATIONS FOR SUSROUTINES TO COMPUTE
NEW TYPES OF FUNCTIONS

To program a new type of fupction tie user selects a function designation
integer, i, where 1 = i < 20, (Function designetions 1-15 have already been
assigaed in the program as written, but these mey be redefined if desired.)

The user then writes four Fortran II subroutines named HEDi, PREi, FUNi, and
QUTi. These are compiled and added %o the binery deck befors the transfer card
of Segment 2., They will automatically supercede dummy subrcutines with the same
names which are already.in the prograh,*

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

HEDi

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

*Wen an 8192 word maechine is used the user should check the section "Binary
Cards Supplied" to be sure that the memory capacity is not exceeded. Sub-
routines for functions 1-15 may be omitted entirely if necessary.
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l. The subroutine has no arguments.
2. No COMMON or DIMENSION statements are needed.
3, Put out the heading on tape 3.
4., The first Hollerith character should be zero to cause double spacing.
5. More than one line may be put out if desired.
PREL : "

This subroutine need be included only if standard errors are to be com-

puted. Its purpose is to instruct the program as to which parameters are in=-
voived in the function to be computed. The prograﬁ thus avoids computing un=-
necessary derivatives.
l. The subroutine has no arguments.
2. Include the standard COMMON and DIMENSION statements used throughout
Segment 2.
3. Enter the subroutines SETKX~and/or SETKB once for each atom involvaa
in the function. See page 9 for more details.
FUNi
The purpoée of this subroutine is to compute the desired function givsn

the various input data found in common storage.
1. The subroﬁtine has no arguments.
2. Include the standard COMMON and DIMENSION statements used throughout
Segment 2. '
3. The significance of the instruction integers IN(K) except for IN(1)
is at the discretion of the programmer.
b, The necessary atomic coordinates or temperature factor coefficients
are called for by means of subroutines ATOM or BETA.
5. If the metric tensors AA or BB are to be used the subroutines STOAA
and/or STOBB must be entered.
6. See the section on arithmetic subroutines for their usage.
T. Store the function at FX in common and return.
OUTL |
The purpose of this subroutine is to put out the detailed descripticn of
the individual function computed. Its inclusion is optional but certainly de-
sirable,
1. The subroutine has no arguments.

2. Include the standard COMMON and DIMENSION statements used throughout
Segment 2.
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3. The description which probably includes the relevant instructicn
integers, IN, is put out on tape 3.

L. The first character of the first line of this description should be
a Hollerith + to suppress spacing.

5. The description should not extend past column 49 or it will print
over the computed value of the function.

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

ARTTHMETIC SUBPROGRAMS AVAILABLE FOR
PROGRAMMING NEW FUNCTIONS

1. CALL SETKX (IN(K))

Instructs the program to calculate derivatives with respect to the co-
ordinates of the atom designated in IN(K). This subroutine is used by the
PREliminary subroutines.

2. CALL SETXB (IN(K))

Instructs the program to calculate derivatives with respect to the aniso-
tropic temperature factor coefficients of the atom designated in IN(K). This
subroutine is used by the PREliminary subroutines.

3. CALL STCAA

Stores the 3 x 3 metric tensor g (where g13 = 81°aj) at AA in common
storage.

4. CALL STORB _

Stores the 3 x 3 reciprocal metric tensor g=* (where (g“‘l)ij = Qi°gé)at
BB in common storage.

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

DIMENSION Z(3)

Stores ét Z the coordinates of the atom specified by the instruction
integers IN(K) and IN(K+l). These coordinates refer to the triclinic axes.
They have been transformed according to the symetry 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(X+l). The matrix has

been transformed according to the symmeltry specified.
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7. CALL MM (X, Y, Z)

DIMENSION X(3,3), ¥(3,3), 2Z(3,3)

Performs the matrix multiplication X¥ = 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 Z musth
be different from Y.

9., CALL WM (X, Y, 2)

DIMENSION X(3), Y(3,3), 2(3)

Performs the vector-matrix multiplication }\{'T'Yv = %T. The locations cf
Z must be different from X.

10. Function VW(X, Y)

DIMENSION X(3), Y(3)

Performs the vector-vector multiplication },.{.TX = 2 (a scalar).
11. Function VMV (W, X, Y)

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

.‘ ?erforms the vector-matrix-vector multiplication m = 7 (a secalar).
12. CALL DIFV (X, Y, Z)

DIMENSION X(3), ¥(3), 2(3)

Performs the vector subtraction X - ¥ = Z. Z may have the same location
as X or ¥,-

13. CALL sumv (X, Y, Z)

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

Performs the vector suwmation X + ¥ = Z. Z 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. Thege
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 sto:rage.
15. Function ARCCOS (X)

Computes ©, the arc cos of X in degrees. 0 = 6 < 180,
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16. CALL NORM (X, Y, 2)

DIMENSION X(3), Y(3), z(3)

Stores at Z a vectér perpendicular to both X and ¥. The sense of Z is
that of the vector product, Z=kXx1¥, but its length is arbitrary. 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 mutually perpendicular vectors of arbitrary length at
x(1,1), x(1,2), and x(I,3). %X(I,1) = U(I). X(I,2) is normal to U and ¥,
i.e., in the direction of U x V. X(I,3) is normal to X(I,1) and X(I,2) so
as to yield a right-handed coordinate system. All these vectors are re-
ferred to the triclinic coordinate system, and it is assumed that the recip-
rocal 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.
19. CALL EIGVEC (W,Y,Z)

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

Given an eigenvalue Y of the matrix W, this subroutine stores the eigen-
vector Z. ' |
20. Function TRACE (X)

DIMENSION X(3,3)

Computes the trace of the matrix X.

ATOM DESIGNATION AND SYMMETRY TRANSFORMATIONS

In the course of preparing an instruction card to specify a function to
be computed it will De neéessary 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 g and 100 ¢ + s. Herea =1, 2, 3, .... is the number of
the atom in the parameter list, s = 0, 1, 2, .... is the number of the symme-

try transformation to be applied, and ¢ = 0, 1, ..... 7 defines the unit cell
translations as described below.
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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 %, y, z are picked up. If a = O the program sets
x=y= 2= 0.

2. These coordinates are then transformed to x', y', z' according to
the symmetry information punched on symmetry card s. If s = O no transforme-
tion is made.

3. The cell translations are then made according to the following table®

" o8 ft

< Z N X
0 zi y! x!
1 zt y! x' -1
2 z! y' -1 x?
3 Al y!' - 1 x' - 1
L z! - 1 y! x!
5 z' - 1 y! x' -1
6 zt - 1 y' -1 x!t
T 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 %o
symmetry position 8 of cell 2, while atom (5,0) is atom 5 just as it appears
in the list of parameters. In the subsequent section we will use the term
"molecule” in a non-rigorous way, referring to atom 3 in molecule 208 or atom
5 in the basic molecule (molecule 0).

Note that transformations such as x' = -x and x' = l-x are not equivalent
for purposes of this program.

The program obtains the matrix of the anisotropic temperature factor co-
efficients of an atom in & similar way except that the elements of this matrix
are transformed as the corresponding products of the coordinates. This pro-
cedure is valid for an atom in either a special or general position provided
that the symmetry card s is written for a general position. (See H. A. levy,
Acta Cryst. (1956). 9,679). The translational part of the symmetry trans-
formation is irrelevant in this case as is the cell tramslation ¢. Setting

a at zero causes a null matrix to be generated.
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OPERATING PROCEDURE

Card deck
If control card (6.b. below) will specify that .....

«+» .00 vVariance-covariance, ....varlaonce-covariance , ....variance-covariance

T

matrix is to be used. matrix has been " matrix has been read

taken from binary from cards.

output tape of

OR XIS.
—— 1. Segment 1A (red) 1. Segment 1B (orange)
——— 2. === 2, Data consisting ofs

a) Variance-covariance
matrix.

Segment 2 main deck.

a. Basic program (yellow)

b. Functions 1-6 (green)
* { c. Functions 7-11 (blue)

d. Functions 12-15 (brown)

*
With 8192 core memory only one of these decks may be used at
one time,

Any Fortran II subprograms added by user.
Segment 2 transfer card. (red stripe)
Data consisting of:

a) Title card.

b) Control card.

c) Atomic parameters if called for by control card. Otherwise they are
read from binary output tape from OR XLS.

d) Parameter selection cards if matrix is read from cards and if called
for by control card.

e) Cell parameters.

f) Cell parameter errors if called for by control card.

g) Symmetry cards if called for by control card..

h) Instruction cards.

Three blank cards.

Operating instructions

Mount a blank tape on unit 3 for BCD output. It will not be rewound by
the program before using.

If the binary output tape from OR XLS is to be used mount it on unit 5.
File protect on if desired.

If errors are to be computed mount a blank on unit 6.

Clear and load cards. Stops with T7777s in storage register.
List tape 3, program control, automatic overflow.

Hold tape 5 if desired.



wlhw

DETAILS OF DATA INPUT

All data cards with the exception of the parameter selection cards are
read by the Fortran READ subroutines. In the following description the
FORMAT statement will be given as an aid to data preparation.

Variance-covariance matrix, PM, for structure parameters

The user has the option of omitting this matrix if errors based on it
are not to be computed. When it is to be used it may be read from the binary
output tape of OR XIS or from cards prepared as follows:
First card. FORMAT (I9, E9.L4)
Columns
1-9 N, ‘the order of the matrix.

10-18 A scale factor by which the matrix will be multiplied. This could
be unity or Iw(Fo-Fe)2/(m-n), for example.

Subsequent cards. FORMAT (8E9.h4)

The N(N+l)/2 unique elements of the matrix PM punched eight per
card in the order PM(1,1), PM(1,2) ......PM(1,N), PM(2,2), PM(2,3)
«e. PM(2,N), PM(3,3) «....PM(N,N). The parameters with which this
matrix is associated are defined by the parameter selection cards
(see below).

Title
FORMAT (72H )
Columns

1l Blank.

2-72 Any desired Hollerith information. This will be printed unchanged
on the output.

Control card integers, IC
Ten integers which control the program are read from this card. FORMAT (10I3),
Columns

1=3 IC(lL variance-covariance matrix and parameter selection informe-
tion will
(0) not be used.
(1) ve read from binary output tape of OR XLS.
(2) be read from cards.

46 IC(2),number of structure parameters to be read from cards (see be-
low). If IC(2) = O these parameters will be read from binary output
tape of OR XLS.

7-9 IC(3), cell parameter errors are
(0) not to be used.
(1) to be read in the form of standard errors.
(2) to be read in the form of a variance-covariance matrix.



Control card, cont'd.

Columus
10-12
13-15

16-18

The

A
(It

IC(4), the mumber of symmetry cards to be resd. © = IC(k) =

1¢(5),the order of ths variarncs-covariance mabtrix, PM, if it s
read from cards (i.e., if I0{1) = 2). Otherwise this @on+rol
integer is supplied automstically by the program. 1 = c(5) = 251.

?fz

1c{6),the number of parameber-selschi 3 “ards +0 be pread 1f ma*%ix
was read from cards (i.6., if IC{L) = 2). Otherwise this fisld is
irrelevant., IC(6) = 20.

following parameter arrangement integers must bs supplied if thz struc-

ture parameters are read from cards. They arve supplied atuomatically by the

program
19-21

2.2l
2527

28-30

if the parameters are read from the binary output tape of OR XLS,

IC(T) the pericd of the position parameters in the parameber liet.
If no position parameters are inciuded in the list tnen I0(7) aund
1¢(8) are irrelevant.

IC(S),the position of the first x coordinaste in the parameber list.

10{9), the period of the tempsrature factor coefficients in the
parameter list. If no temperature factor coefficlents are ine-
cluded in the list, then IC(9) and IC(10) are irrelevant.

1¢(10),the position of the first temperature factor coefficient
in the parameter list.

Atomic parameters, P

These will be read from the binary ocutput tape of OR XIS if IC(2) = C
Otherwise IC(2) parameters must be punched eight per card, FORMAT (SWQaJxQ

The arrangement of these parameters is subdbject to the following restrictions?

a)
b)

c)

d)

For each atom the position parameters x z mugt be in sequence.
b P s ¥ .

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

If anisotropic temperature factor coefficients are included thsy must
be in the sequence B33, Bzz, Psa, Biz, Bia, Bzs, for each atom.

Temperature factor coefficients of successive atoms must appear psriodi-
cally in the order of the atom designation.

Thus the position parameters of atom I start with P(J) where J = IC{7)*(I-1) +

Ic(8) and the temperature factor coefficients of atom I start with P{X) whers
= IC(9)*(1-1) + IC(10).

Parameter selection cards

The

purpose of these cards is to identify those parameters which are asscci-

ated with elements of the variance-covariance matrix. They are exactly the

same ag

the parameter selection cards used with OR XIS.
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These cards are not to be supplied unless the control card integer c(1)
specified that the variance-covariance matrix and parameter selection informa-
tion is to be read from cards. Furthermore, if the variance-covariance matrix
of order N corresponds to the first N parameters read, then it is permissible
to set IC(6) = O and to omit the parameter selection cards.

Each column of a parameter selection card corresponds to one parameter.
The first card is associated.rwith pgrameters 1 to 72, the second with paramemk
ters 73 to 1hh, ete. If a parameter is represented in the matrix a one is
punched in the éofresponding column, otherwise a zero or a blank is punched.
(Actually, all rows but the 1 row are ignored by the progfam,) The total
number of one punches must be équal to N, the order of the matrix. The first
parameter in the list for which a one punch is found is assumed to éorrespmni
to the first row and column of the matrix, the second with the second, etc.

Cell parameters, A

These six direct unit cell parameters must always be supplied.
FORMAT (6E9.4)

Columns
1-9 A(l) = a
10-18 A(2) = b
19-27 A(3) = ¢
28-36 A(}) = cos @
37-45  A(5) = cos B
465k A(6) = cos ¥

Cell parameter errors, AM

The the effect of cell parameter errors is to be considered they must be
supplied in one of two forms as specified by the control card integer IC(3).

a) Standard error form, (IC(3) = 1). If this input is used the covari-
ances between the cell parameters are assumed to be zero. -

FORMAT (6E9.k)

Columns
1-9  o(a)
10-18 o (b)
19-27 a(e)

28-36 o(cos )
37-45  o(cos B)
47-54  o{cos 7)
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b) Variance-covariance matrix form, (IC(3) = 2). If information on the
covariances between cell parameters is available, then the 21 unique elements
of this 6 x 6 matrix may be read from three cards.

FORMAT (8E9.k4)
Card 1: AM(a,a), AM(2,D) ...... AM(a, cos?), AM(b,b), AM(b,c).
Card 2: AM(b, cos Q) .... AM(b, cos 7), AM(c,c) ..... AM(cos @, cos ).
Card 3: AM(cos O, ¢oS B) sesse.. AM(cos 7, cos 7).

CAUTION: If symmetry gives rise to constraints on the cell parameters the
errors will not be correctly computed unless the instructions in the section
“Constraints on the parameters" are followed.

Symmetry cards

The number of symmetry cards to be read is given by IC(4) 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 on “Specification of an
atom”). If the functions to be computed require no symmetry transformations
then no symmetry cards need be supplied.

The form of a symmetry card 1s essentially the same as those for OR XLS2.
FORMAT (E11.8, 4H E11.8, 4H E11.8, 4H )

Columns
1-15 The expression for the transformed coordinate x' as follows:
1-11 Floating point translational part of x' or blank.
12 Hollerith -, +, or blank. The sign associated with the symbol in
column 13. Blank and + are equivalent.
13 Hollerith X, ¥, Z, or blank.

ik Hollerith -, +, or blank. The sign associated with the symbol in
column 15. Blaunk and + are equivalent.

15 Hollerith X, ¥, Z, or blank., Note that columns 12 and 13 are ex-
actly equivalent to 14 and 15. Thus the transformation x' = 1/2-x
may be punched

1 11.20.30 ) X X
S =iX | l or . .5 -|x|

Note that the expression x' = 2x must be treated as x' = X + X.

16-30 The expression for the transformed coordinate y' as follows:
16-26 The floating point translational part of y' or blank,

27-30 Hollerith sign, symbol, sign, symbol as described above.

3] -U45 The expression for the transformed coordinate z' as follows:
31-L41 Floating point translational part of z' or blank.

Lo.l5 Hollerith sign, symbol, sign, symbol as described above.

CAUTION: Note that transformations such as x' = l-x and x' = -x are not
equivalent in this application.
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DETATLS OF INSTRUCTION INPUT

Each function to he computed by the program is sPeqified by a sequence of
integers, IN, which are fead from one or more instruction cards. The first
integer in this sequence, IN(1l), 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 (2kI3). Of the 2% integers on
this card only the first 23 are considered to be part of the instruction, IN.
Usuvally one card will suffice to specify a function, but if a function requires
more than 23 integers to define it then up to ten cards may be used with 2% in=-
tegers 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.,

Function 1

 One interatomic distance.

Columns
1-3 1
L6 ay
7.9 100e, + Sl'}-atom designation 1.
10-12 an
13-15 100cs + 52 }-atom designation 2.
Function 101
All distances (less than d(max)) between atoms in two molecules.
Columns -
1-3 101 |
L-6 a(max), the number of atoms in the parameter list.
-9 100¢; + s3, molecule designation 1.
10-.12 -

13-15 100cz + sz, molecule designation 2. (This may be the same as 1.)
16-18 The integer 10d(max). If this is left blank then d(max) = 4.0A.
Funetion 201

All distances (less than d(max)) between atoms in the basic molecule and
all molecules (i.e., all combinations of ¢ and s). Note that this does not
necessarily compute all distances in the crystal which are less than d(max).
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Columns
1-3 201
L6 a(max), the numberof atoms in the parameter list.
7-15 -—-

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
k-9 Atom designation 1.
10-15 Atom designation 2 (vertex).
16-21 Atom designation 3.
Function 3
Angle between normals to lanes each deflned Q;three atoms. The direction

of the normals is that of (1;2)x(1;3) and (4;5)x(k,6) where 1;2 is the vector
defined by atom designations 1 and 2, etc. .

Columns

1-3 3

4.9 Atom designation 1

1015 Atom designation 2 Plane 1

16-21 Atom designation 3

22-27 Atom designation L

28-33 Atom designation 5 Plane 2

34 -39 Atom designation 6
Function b

Difference between two interatomic distances.

Columns
1-3 b ,
b9 Atom designation 1

‘ }- Distance 1
10-15 Atom designation 2

16-21 Atom designation 3

22-27 Atom designation L | Distance 2
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Function 5

Difference between two angles each defined by three atoms.

Columns

1-3 p)

L -9 Atom designation 1

10-15  Atom designation 2 (vertex) Angle 1

16-21 Atom designation 3

22-27 Atom designation k4

28-33 Atom designation 5 (vertex) Angle 2

3l-39 Atom designation 6
Function 6

The sum of several angles each defined by three atoms.

Columns
1-3 6
L6 n, the number of angles to be summed.

T-12 Atom designation 1
1%-18 Atom designation 2 (vertex) Angle 1
19-24  Atom designation 3
25-30 Atom designation 4
3136 Atom designation 5 (vertex) Angle 2
3742 Atom designation 6
ete.
Function 7

The RMS component of thermal displacement of one atom along principal

axish r.
Columns
1-3 7
L-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
k-9 Atom designation
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Function 207

Same as Function 7 computed for each atom of a given molecule, each
with the three values of r.

Columns
1-3 207
h-6 a(max), the number of atoms in the parameter list.

-9 Molecule designation
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
19-2k Atom designation 3
Function 108

Same as Function 8 computed for each of the three values of r.

Vector

Columns
1-3 108
4.9 Atom designation 1
10-12 ———

13-18 Atom designation 2
19-2h4 Atom designation 3
Function 208

Same as Function 8 computed for each atom in a given molecule, each with
the three values of r.

Vector

Columns
1-3 208
k-6 a(max), the number of atoms in the parameter list.

7-9 Molecule designation
10-12 -—
1%-18 Atom designation 2

19-24 Atom designation 3 Vector
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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
19-2k Atom designation 3
Function 109
Same as Function 9 computed for the three values of r.

Vector

Columns
1-3 109
4-9 Atom designation 1
10-12 ———

1%-18 Atom designation 2
19-2k4 Atom designation 3
Function 209

Same as Function 9 computed for each atom in a given molecule, each with
the three values of r.

Vector

Columns
1-3 209
46 a(max), the number of atoms in the parameter list.
-9 Molecule designation
10-12  --- '

13-18 Atom designation 2
19-24 Atom designation 3
Function 10

Angle between principal axis r of atom 1 and axis i1 of a cartesian co-
ordinate system. TEF latter is defined by atog§ 2, 3 4, and 5 as follows:
Axis 1 is vector (273). Axis 2 is (Axis 1)x(4,5). Axis 3 is (Axis 1)x(Axis 2).

Columns

Vector

1-3 10

4.9 Atom designation 1
10-12 r (=1, 2, or 3)
13-15 i(=1, 2, or 3)
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Function 10, cont'd
Columns

16-21 Atom designation 2

22-27 Atom designation 3

28-33 Atom designation L

34739 Atom designation 5 Vector
Function 110

Same as Function 10 computed for the nine combinations of r and i.

Vector

Axis defining vectors

Columns
1-3 110
4.9 Atom designation 1
10-15  ---

16-21 Atom designation 2

22-27 Atom designation 3

28-33 Atom designation 4

34-39 Atom designation 5
Function 210

Same as Function 10 computed for all atoms in a given molecule, each
with the nine combinations of r and 1i.

Vector
Axis defining vectors

Vector

Columns
1-3 210
L6 a(max), the number of atoms in the parameter list.
-9 Molecule designation
10-15  ---

16-21 Atom designation 2

22-27 Atom designation 3

28-33 Atom designation k4

3h..39 Atom designation S Vector
Function 11

The RMS component of thermal displacement of atom 1 along principal axis
r, projected on axis 1 of a cartesian coordinate system defined by atoms 2,
3, 4, and 5 as described under Function 10.

Vector

Axis defining vectors

Columns
1-3 11
4.9 Atom designation 1
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Function 11, cont'd

Columns
10-12 r (=1, 2, or 3)
13-15 i (=1, 2, or 3)

16-21 Atom designation 2

22-27 Atom designation 3

28-33 Atom designation h

34-39 Atom designation 5
Function 111

Same as Function 11 computed for the nine combinations of r and i.

Vector
Axis defining vectors

Vector

Columns
1-3 111
L9 Atom designation 1
10-15 ———

16-21 Atom designation 2

22-27 Atom designation 3

28-3% Atom designation L

3439 Atom designation 5
Function 211

Same as Function 11 computed for all atoms in a given molecule, each
with the nine combinations of r and i.

Vector
Axis defining vectors

Vector

Columns

1-3 211

L6 a(max), the number of atoms in the parameter list.

7-9 Molecule designation

10-15  ---
12-21 Atom designation 2
20-27  Atom designation 3 [ 'eCtOT
28-33 Atom designation 4 Axis defining vectors

- 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
b9 Atom designation 1

10-15 Atom designation 2
16-21 Atom designation 3 }' Vector
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Function 13
The RMS radial thermal displacement of an atom.
Columns
1-3 13
e Atom designation
Function 1k

Interatomic distance averaged over_thermal motion. Second atom is assumed
to ride on the first. The function is R = Ro + (T3 - £3 - I% + £2)/2Rg where Ro
is the uncorrected interatomic distance, T2 is the mean square radial thermal
displacement of atom i, and EE is the meansquare component of displacement of
atom i in the direction defined by the interatomic vector

Columns
1-3 1k
4.9 Atom designation 1
lQ-lS Atom designation 2

Function 15

Interatomic distance averaged over thermal motion. Atoms agsumed to move
independently. The function is R = Ro + (3 - 3 + 1% - £5)/2Ro where the syme
bols are defined as in Function 14 above. ’

Columns
1-3 15
L9 Atom designation 1
10-15 Atom designation 2

ERROR INDICATORS

During the course of calculation the program makes many tests for errors
which may indicate that the problem is not set up correctly. If the error is
one which would probably cause all answers to be incorrect the program stops
with an octal number in the storage register, the meaning of which can be
found in fhe table below. If, on the other hand, the error is likely to
cause trouble in only one answer then the program does not halt. Instead of
the incorrect answer the program puts out "***NG" where NG is an integer, the
meaning of which is tabulated below. The program then proceeds with the next
function to be computed.
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Stops
Storage
Register Subprogram Meaning

2 SUB2 Record 1 on unit 5 (from OR XLS) is not long enough,
or RTT fails 3 times. To try again, push START.

3 SUB3 Record 3 on unit 5 (from OR XLS) is not long enough,
or RIT fails 3 times. To try again, push START.

L SUBL Number of parameter selection cards specified is too
large for storage area, or card reader indicates end-
of-file. Replenish cards and start.

5 SUBS Number of symmetry cards specified is too large, i.e.
Ic(h) > 48.

17 SUB1T Number of one-punches in parameter selection cards
(i.e., K1) is less than the order of the matrix.
30 SUB3 Number of parameter selection words from OR XLS

binary tape is larger then the storage area for
these words. Storage capacity is 40 words.

777 SEG2 " End of problem as indicated by IN(1) = 0. To read
more instruction cards push START.

EBrror Returns

NG Subprogram Meaning
1 ATOM, BETA The symmetry position specified is negative or greater
than the number of symmetry cards.
2 PRE No FRE routine has been supplied for the function speci-
fied.
3 FUN No FUN routine has been supplied for the function speci-
fied.
L BETA Temperature factors are not in anisotropic form, i.e.,
Ic(9) < 6.
5 ATOM, BETA The program is looking for a parameter before the start
or beyond the end of the list.
6 STOBB The cell parameter A(1), A(2), or A(3) = 0.
7 EIGVAL The eigenvalues are imaginary.
8 EIGVEC Only null eigenvectors are found.
9 cosvv One of the vectors is null,
10 PUNXT The vector is null.
11 SUB 12,14,18 A non-existent function has been specified, i.e.

XMODF(IN(1),100) > 20.
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COMMON STORAGE

Description

NG
1c(10)
PM(251)

DP(251)
DFDP(251)
AM(21)

DA(6)
DFDA(6)
IN(231)
TS(3,48)

15(2, 3,48)

A(6)

AA(3,3)
BB(3,3)
F _
FX

P(300)

Error return indicator.
Control card integers.

One row of the variance-covariance matrix associated with
the atomic parameters. PM(1l) = Vii, PM(2) = Vii41, etc.

The increments Apj = (0.0lﬁﬁil/g.
The derivatives Bf/api.

The variance-covariance matrix associated with the six
UlG) AM('?) = U22, cssey etc.

The increments Aa; = (0.0l)Uiil/g.
The derivatives Of/da,.
Instruction integers.

The translational part of the symmetry information.
See below.

Integers representing the non-translational part of the
symmetry information. For example if the Jth symmetry
transformation is y-x, -x, 1/3 + 2z, this information
would be stored as follows:

Ts(1,J) = 0.0
18(1,1,J) = 2 (for y)
18(2,1,d) = -1 (for -x)
TS(2,J) = 0.0
1s(1,2,J) = -1 (for -x)
18(2,2,J) = O

TS(3,J) = 0.333333
15(1,3,J) = 3 (for z)
18(2,3,J) = 0O

The direct lattice parameters a, b, c, cos @, cos B,
and cos 7.

The metric tensor g where gij = &;°‘aj-
The reciprocal metric tensor g-' where (g‘l)ij = bi'bj.
The computed value of function f to be put out.

The computed value of function f as stored by the sub-
routines FUNi.

The atomic or least squares parameters. The dimension
300 is only a dummy dimension. The true capacity will
be greater than this and is determined by the memory
size and the length of any subroutines added by the
user.
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BINARY DECKS SUPPLIED

Number of
Identification Locstions Remarks
Segment 1A (red®)
NYRBL1 Loader
SEG1A Program
SEG1A Transfer card
Segment 1B (orange) |
SEG1B Fortran II BSS loader
SEG1B Calling program
SEG1B Fortran library subroutine
WRITE SAP subroutine
SEG1B Fortran II transfer card
Segment 2
Loader (yellow)
SEG2 Fortran II BSS loader
Basic program, SAP (yellow)
SUB2 123
SUB6 51
SUBG 125 SUBT, 12, 1%, + 18
SUBK 280 SUBl, 3, L4, 15, 16, 17, + 20
READ 37
SET 1
HED 1
PRE 4
FUN Ly
ouT 1
627
Basic program, Fortran (yellow)
SEG2 365 Calling program
SUB5 83 -
SUB8 101
SUB1O 30
SUB11 39
SUB13 Lo3
SUB19 33
SUB21 149
SUBF 1280 Fortran library subroutines
2483

¥
It is suggested that the user reproduce the binary decks in the indicated
colors.
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Number of
Identification Locagtions

Arithmetric subprograms, Fortran (yellow)

SETKX 60
SETKB 60
STOAA A 49
STOBRB 149
ATOM 231
BETA 296
MM 52
MV 48
™ 46
vV 36
MV 36
DIFV 33
SUMV 33
Ccosvv 58
ARCCOS 33
NORM 71
AXES 56
EIGVAL 239
EIGVEC 157

TRACE 1733

Funetions 1-6, Fortran (green)

FUNA 75
FUND 53
HEDL 36
PREL 20
FUNL 19
oUTL )
HED2 38
PRE2 29
FUN2 19
o2 48
HED? . 40
PRE3? 29
FUN3 122
ouT? 57
HEDk 38
PREL 29
FUNL 25
OUTh 53
HED5 36
FUN5 25
HED6 35
PRE6 38
FUN6 k1
ouTH 67

1018
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Number of
Identification Locations
Functions 7-11, Fortran (blue)

FUNB T1
FUNC 80
FUNX 152
HED7 L7
PRE7 18
FONT 30
ouT7 Lk
HED8 48
PRES 32
FUNB 25
ouT8 50
HED9 57
FUN9 oL
HED10 53
PRE10 32
FUN10 25
OUT10 60
HED11 62
FUN11 ol

93k

Functions 12-15, Fortran (brown)

FUNR 58
FUNCR 93
FUNXI 113
HED12 51
PRE12 32
FUN12 25
OUT12 50
HED13 39
PRE7 18 (duplicate)
FUN13 2L
OUT13 b3
HED14 45
PRE1L 38
FUN14 36
ouUTl 46 (duplicate)
HED15 L5
FUN15 36



Tdentification

Transfer card (red stripe)
SEG2

Storage requirements, Segment 2

Functions:
Basic program, SAP
Basic program, Fortran
Arithmetic
Functions
Loader
Common (program)
Common (Fortran)

Total

Number of

Locations Remarks
Fortran transfer card
1-6 7-11 12-15 1-15
627 627 627 627
2483 2483 2483 2483
1780 1780 1780 1780
1018 93k 792 2744
2 ol 2k 2l
1786 1786 1786 1786
205 205 205 205
1923 7839 697 9649



SEGIA REM
START EQU

Té8
K2

Al

Als

Al5
A2

A3
A4

A5

A6

EQU
EQU
ORG
REW
REW
TSX
PZE
PZE
HTR
LbaQ
Fmp
STO
RTB
TSX
PZE
PZE
HTR
CLA
STO
TNZ
HTR
RTB
RTB
cPY
TRA
LXD
RTB
cPyY
TXI
HTR
TIX
TSX
PZE
PZE
HTR

SEGMENT TO READ® INVERSE MATR1X FROM TAPE

301
4391
32753
85

5

6
RTBs4
5

-PM

)
PM~START+T68
PM=-START+T68
SCALE
5
RTBs4
5

-PM

0
PM=32512+K2
N

Als

0

5

5

DISC
A2
Ab o 4

5

DI8C
AS59094
0
A3s4s1
RTB s 4
5

~PM

0

EFERS TO OR XLS2
REFERS TO OR XLS2
REFERS TO OR XLS2

END OF FILE

END OF FILE

ORDER OF MATRIX IS ZERO

END OF FILE

END OF FILE

éEG}A
SEGIA
SEG1A
SEG1A
SEGLA
SEG1A
SEGIA
SEG1A
SEGLA
SEGIA
SEGIA
SEGIA
SEGIA
SEGIA
SEGLA
SEG1A
SEG1A
SEGIA
SEGLA
SEGIA
SEG1A
SEGLIA
SEG1A
SEGIA
SEG1A
SEG1A
SEG1A
SEGLA
SEGIA
SEGLA
SEGLA
SEGLA
SEGLA
SEG1A
SEG1A
SEGLA
SEGILA



Bt e T T T T T e T T T T LUt VTN

REW 5 SEGILA

CLA N SEG1A
ADD 11 SEGLA
LRS 35 SEG1A
MPY N SEGLA
LRS 1 SEGLA
STQ M SEGLA
LXA Ms4& SEG1A
LXA ABs2 SEGLA
A7 LDQ SCALE SEG1A
FMP 032 SEG1A
STO 092 SEG1A
TXI A8s2s-1 SEGILA
A8 TIX ATsbsl SEG1A
CAL N SEG1A
sUB 11 SEGLA
ALS 18 SEGLA
ADD N SEG1A
SLW DELTA SEG1A .Y
CAL A6 SEGLA by
SUB N SEG1A
ALS 18 SEG1A
ADD A6 SEG1A
sLW Al0 SEG1A
LXA Nsl . SEGLA
A9 SXD X1sl SEGLA
TSX WTBsé& SEGLA
PZE 6 SEGLA
AlQ0  PZE #** ~INITIALsOs=(FINAL+1) SEGLA
LXD X1s1 . SEGLA
TNX Allslsl ; SEG1A
CAL Al0 ; : SEG1A
SUB DELTA \ \« SEGLA
SLW Al0 SEGLA
CAL DELTA SEGLA
SUB ID1 SEGLA
SLW DELTA SEGLA
TRA A9 SEG1A

All WEF 6 SEGLA



Al2

Al3

wTB1
WTB2

WTB3
WTB4

WTB5
WTB6
WTB7

wTB8
WTBo9
WTB10

WTB11

REW
RCD
CPY
TRA
HTR
CPY
TRA
REM
CLA
ADD
STA
STA
CLA
ADD
STA
STA
LXD
CLA
PAX
STD
WTB
cPY
TX1
TXH
BST
RTB
RTT
NOP
CPY
TXI
PZE
10D
RTT
TRA
TRA
BST
TIX
HTR

6

0

Al3

Al2 END OF FILE

1

0

SUBROUTINE TO STORE BLOCK ON TAPE
ls4g

WTB12

WTB3

WTB7

le4

WTB13

WTB6

WTB11

WTB9s1

2L

Os2

WTBS

0 ADDRESS TO BESET
0s2

WTB5+29~1

WTB4 240 DECREMENT TO BE SET
0 ADDRESS 7O BE SET
0 ADDRESS TO BE SET

WTB10O
WTB8+0s3
READ=-BACK COPIED HERE

wTB11

384

0 ADDRESS TO BE SET

WTB2s1s1

wWTB1 RTT FAILS 3 TIMES. START TO TRY AGAIN

WTB12 WTB O CONSTANT

SEGLA
SEGLA
SEGLA
SEGLA
SEG1A
SEGLA
SEGLA
XLS
XLS
XLS
XLS
XLS
XLsS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS

037
038
039

040

041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
o6l
062
063
064
065
066
067
068

..1-(9:,.



WTB13 BST O
SUBROUTINE TO READ RECORD FROM TAPE

REM
RTB CLA 144
ADD RTB7
STO RTB3
CLA 1s4
ADD RTBS
STO RTB6&
RTB1 LXD RTB5s1
RTB2 CLA 234
PAX Q92
RTB3 RTB O
RTT
NOP
RTB4 CPY 052
TXI RTB&4s2s-1
TRA 34
10D
RTT
RTB5 TXI RTB6s0s3
TRA 44
RTB&6 BST ©
TIX RTB2s1s1
HTR RTB1
RTB7 RTB O
RTB8 RBST ©
Il PZE 1
1D1 PZE 15051
SCALE
N
M
DELTA
X1
DISC
PM
END Al
CSEG1B
COMMONPM

CONSTANT

TO BE SET

TO BE SET

RTT FAILS 3 TIMES.
CONSTANT
CONSTANT

START TO TRY AGAINe

SCALE FACTOR FOR MATRIX
ORDER OF MATRIX

NUMBER OF MATRIX ELEMENTS
INCREMENT FOR AlOQ

INDEX SAVED HERE

DISCARDS COPIED HERE
START OF MAIN STORAGE

1471 WRB SEGMENT 1r CALLING PROGRAM

XLS
XLS
XLS
XLS
XLS
xLS
XLS
XLS
XLS
XLS
XLS
XLS
XLS
XLs
XLS
ALS
XLS
xXLsS
XLS
xXLS
XLS
XLS
XLsS
XLS
XLS
XLS
SEGIA
SEGLA
SEGLA
SEG1A
SEGIA
SEG1A
SEGIA
SEGI1A
SEGLA
SEGILA

5EG1B
SEG1B

069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
092
093
094

101
103

A TN



DIMENSIONPM({1000) SEG1B105
ABOVE DIMENSION IS DUMMYs MATRIX LIMITED ONLY BY MEMORY CAPACITYs SEGIB106

READ109sNsSCALE SEG1B10O7
109 FORMAT(I9+E9e4) SEG1B109
M=(N*(N+1))/2 SEG1B111
READI15s(PM(I)sI=1sM) SEG1B113
115 FORMAT({8E9«4) SEG1B115
DO1191I=1sM SEG1B117
119 PM({I)=SCALE*PMI(I) SEG1B119
REWIND®6 SEG1B121
K=1 SEG1B123
L=N S5EG1B125
D0O207J=1sN SEG1B201
CALLWRITE(6sPMI(K) sL) SEG1B203
K=K+L SEG1B205
207 L=L-1 SEG1B207
REWINDSG SEG1B209
END(O»1s0s0,s1) SEG1B211
REM WRB 1471 SUBROUTINE WRITE{TAPESLOCsNOWORDS)
ORG O
FUL
MZE 09054
PZE
PZE WTB13+1
PZE
BCD 1WRITE
PZE A
ORG 0
REL
PZE SAVE INDEX 1
PZE SAVE INDEX 2
PZE SAVE INDEX 4
SXD A=3,1
SXD A=2s2
SXD A=1s4
CLA 14
STA WTB

CLA 294
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WTB

WTB1
WTB2

WTB3
WTB4
WTB5

wTB6
WTB7

WTB8
WTB9
WTB10

WTB11

WTB12

STA
CLA
STA
CLA
ARS
STO
ADD
STA
STA
CLA
ADD
STA
S5TA
LXD
LXD
PXD
PDX
WwTB
CPY
TXI
TIX
BST
RTB
RTT
NOP
CPY
TXI
PZE
10D
RTT
TRA
LXD
LXD
LXD
TRA
BST
TIX
HTR
WwTB

WTB4
34
WTB2

0

18
WTB1lo0
WTBl2
WTB3
WTB7
WTB10
wWTBl3
WTB6
WTB11
WTB9s 1
Os4
0s0
Os2

0

Os2
WTB5+241
WiBGsbyl
0

0

WTB10
WTB8s0s3

WTB1l1
A=341
A=242
A=1s4
byl

0
WTB2s1s1
wWiBl

0

ADDRESS TO BE SET

ADDRESS TO BE SET

ADDRESS TO BESET

ADDRESS TO BE SET
ADDRESS TO BE SET

READ~BACK COPIED HERE

ADDRESS TO BE SET

RTT FAILS 3 TIMESe START TO TRY AGAIN
CONSTANT

L

..Lg.-



WTB13 BST

s5uUB2

sUB2

S2A
528

s2cC

END

REM
REM
FUL
MZE
PZE
PZE
PZE
BCD
PZE
REM
ORG
REL
SXD
SXD
SxD
CLA
STA
STA
CLA
SuB
STA
suB
STA
SUB
STA
sSuB
STA
SuUB
STA
LXA
REW
RTB
RTT
NOP
LXA
CPY

0] CONSTANT
0

1471 WRB READ PARAMETERS FROM XLS BINARY TAPE
PROGRAM CARD

0s0s4 9L
T1+1

15UB2

sSuB2 7R
SUBROUTINE SUB2(p»I1Q)
0

X1l
X242
X& o4
14
s2u
S2AA
2l
11
S2AC
15
SZAF
11
S2AD
I1
SZ2AG
11
SZ2AE
1341
5

5

Cls2
53

suB2
sSuB2
sUB2
suB2
suBz2
suB2
suUB2
SUB2
suB2
SuB2
suB2
suB2
suUB2
suBz
suB2
SuB2
suUB2
suUB2
suBz

suBzZ
suUB2
suB2
s5UB2
SuB2
suB2
suB2
sUB2
sSuB2
suBz2
suB2
suUB2
suUB2
suB2

001
002
003
004
005
006
007
008
009
0lo0
011
0l2
013
0lé4
015
o01leé
017
018
019

20

21

22
023
024
025
026
027
028
029
030
031
032
033
034
035
036

-Bg..



.,,--,»--4,-_—--_-4_'.“‘-.‘-_.4-._,a‘.-“a..-—_.‘-4...4;4*-‘.-.,..-d;-_'.:-uvn,,.._g‘A...‘.u&..«-\‘n‘«-&—-—A--—..-.-———qd-.-J..;.d.a .............

TRA S2E sSuBz 037

$2D  HPR 2 END OF FIEL OR RECORD SUB2 038
TRA S2D SUB2 039
S2E TIX S2Cs2,1 SUB2 040
LXA C2s2 SUB2 041
S2F  CPY S11 SUB2 042
TRA S2H SUB2 043
$26  HPR 2 SUB2 044
TRA S2G SUB2 045
S2H  TIX S2Fs2,1 SUB2 046
LXA C332 SUB2 047
s21  CPY T61 SUB2 048
TRA S2K SUB2 049
S2J  HPR 2 SUB2 050
TRA S2J SUB2 051
S2K  TIX S2I2,1 SUB2 052
LXA C&y2 SUB2 053
s2L CPY Té SUB2 054 \
TRA S2N SUB2 055 vl
S2M  HPR 2 SUB2 056 -
TRA S2M SUB2 057
2N TIX S2Ls2s1 SUB2 058
LXA C5,2 SUB2 059
$20  CPY T5 SUB2 060
TRA S2Q sSUB2 061
S2P  HPR 2 SUB2 062
TRA S2P SUB2 063
$2Q  TIX S205251 SUB2 064
CLA T5 SUB2 065
SUB Cé SUB2 066
PAX 032 SUB2 067
S2R  CPY T1 SUB2 068
TRA S2T SUB2 069
$2S  HPR 2 SUB2 070
TRA 525 SUB2 071
S2T  TIX S2Rs2s1 SUB2 072
PXD 050 SUB2 073
PDX 04 SUB2 074

LXA S11,2 sSuUB2 075



s2U
S2V

S2W

52X
sz2y
S22
S2AA

S2AB

S2AC
S2A1
S2AD

S52AJ
S2AE

S2AF
S2AG

TXI
Py
TXI
HPR
TRA
TIX
CLA
SuUB
TZE
PAX
CPY
TRA
HPR
TRA
TIX
cPYy
TXI
HTR
10D
RTT
TRA
PXD
STO
LXA
TXI
PXD
STO
TXI
PXD
STO
LDQ
MPY
LLS
STQ
5TQ
LXD
LXD
LXD
TRA

S52U42s1
*¥ 4
S2Wedbsl
2

s2V
S2Ue241
Tel

T6

S2AA
02

T1

S22

2

S2Y
S2Xs2s1
*¥% 94
S2AAs4 1]
0

SZ2AH

Os4

+* ¥

Slls4
S2Al s443
Os4

¥
SZ2AJe493
Os4

¥ ¥

S3

I5

18

#* 3%
2%
X1lsl
X2s2
Xb ol
394

IC(2)

IC(8)

IC(10)

IC(T)
IC(9)

suUB2 076
suBz 077
suB2 078
sSUBz2 079
sUBz2 080
suBz2 081
SuUB2 082
sSuB2 083
suUBz 084
suB2 085
suB2 086
suB2 087
suBz2 088
suBz2 089
suBz2 090
suB2 091
sUB2 092
suB2 093
suUB2 095
suBz 096
SuUB2 097
suB2 098
s5UB2 981
suB2 099
suB2 100
sSUB2 101
SuUB21011
suB2 102
suB2 103
SUB21031
sSuB2 104
$uUB2 105
suBz2 106
suBz 107
suB2 108
suB2 109
susz 110
suB2 111
suB2 112

—Of(-

~



.¢,-_-_..-..‘..,_-.,__‘....ﬁ.»-.......-“..-..__._-_‘.,.4.,.-A,..>‘..._..‘-..,‘.‘.4..«.-....»...»«..._.,._.44...‘-A..“......_...4...«-.“ ..............

S2AH  TIX S2Bslsl SUB2 113

HPR 2 RTT FAILS 3 TIMES. START SUB2 114
TRA S2A TO TRY AGAIN SUB2 115
L1 EQU 301 455(8) LOC START IN XLS2 SUBZ 116
L2 EQU 4295 10307(8) LOC S3 IN XLS2 SUB2 117
L3 EQU 4304 10320(8) LOC S11 IN XLS2 SUB2 118
L& EQU 4308 10324(8) LOC T6l IN XLS2 SUB2 119
LS EQU 4309 10325(8) LOC Té6 IN XLSZ SUBZ 120
L6 EQU 4437 10525(8) LOC T5 IN XLS2 SUB2 121
11 PZE 1 SUB2 122
13 PZE 3 SUB2 123
15 PZE 5 SUB2 124
C1 PZE L2-L1+1 SUB2 125
c2 PZE L3=L2 SUB2 126 .
C3 PZE L4~13 suB2 127 K
C4 PZE L5~L4 SUB2 128
c5 PZE L6=L5 SUB2 129
Co PZE L6 SUB2 130
X1 INDEX SAVED HERE SUB2 131 =
X2 INDEX SAVED HERE sUB2 132 v
X4 INDEX SAVED HERE SUB2 133
S3 XLS2 SYMM OR ANIS INDICATOR SUB2 134
S11 XLS2 NOe OF SCALE FACTORS SUB2 135
T61 XLS2 COMP LOC SYMM CODE SUB2 136
T6 XLS2 COMP LOC ATOM PARATETERS SUB2 137
TS XLS2 LAST LOC USED BY CODE SUB2 138
T1 DISCARDS COPIED HERE SUB2 139
END © SUB2 140
SUB6 REM 1471 WRB DECODE §YMMETRY INFORMATION SUB6 001
REM PROGRAM CARD SUB6 002
FUL SUB6 003
MZE 0304 oL SUB6 004
PZE SUB6 005
PZE TEMP+1 SUB6 006
PZE SUB6 007
BCD 1SUBe6 SUB6 008
PZE SUBG6 7R SUB6 009

REM SUBROUTINE SUB6(1s1sK) TO DECODE SYMM CARD K SUB6 010



suBe

S6A

568

S6C
S6D

S6E

S6F

S66

REL
ORG
SXD
5XD
CLA
STA
STA
PXD
PDX
CAL
ALS
ANA
TZE
suB
SLW
CAL
ANA
TNZ
CLS
TRA
PXD
TRA
CLA
STO
TXI
CAL
ARS
ANA
TZE
sSuB
SLW
CAL
ANA
TNZ
CLS
TRA
PXD
TRA
CLA

0
X1l
X4 a4
194
560D
S6H
0s0
Os1
FZe&t
12
MASK
568
Dé
TEMP
F2s&
MASK1
S6C
TEMP
S6D
00
S6D
TEMP
*%,1
S6Eslsl
F2+1s4
12
MASK
S6F
D6
TEMP
F2s&
MASK?2
S6G6
TEMP
S6H
090
S6H
TEMP

FROM FORMAT IN SUBS

FROM FORMAT IN SUBS

LOC 1S5{1s1sK)}

FROM FORMAT IN SUBS

FROM FORMAT IN SUB5

SUB6
SUB6
suBé
SUB6
suUBé
suUB6
SUB6
SUB6
sSUBé
SuUBé6
SUB6
SUB6
suBeé
sSuUBé
sUB6
SUB6
SUB6
sSUB6
SuB6
SUB6
SUB6
SUB6
SuUB6
sSUB6
SUB6
suBé6
SUBé
s5uUBé6
SuUBé6
SuUBé6
sSUB6
5UBé6
sUB6
sUB6
suUB6
sSUB6
sUB6
sSUB6
suBé

011l
012
013
0l4
015
016
017
ols
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049

- 81-(—
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S6H
561

S56J

MASK
MASK1
MASK 2
D4
X1
X4
TEMP
F2

SUBG

SETA
SETP

STO
TXI
TXH
TXI
LXD
LXD
TRA
oCT
ocCT
ocCT
PZE

EQU
END

REM
REM
FUL
MZE
PZE
PZE
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
ORG
REL
BCD
BCD
BCD
BCD
BCD

L K'Y LOC IS(1s1sK)

S6I1s1s1

S6Jsle5

S6Asbhy=-2

X1lsl

X&sb4

234

000017000000

000000400000

000000000040

0094
INDEX SAVED HERE
INDEX SAVED HERE

22 SECOND FORMAT WORD LESS TSX SUB6
0

1471 WRB COMPUTED SUBROUTINE ENTRIES
PROGRAM CARD

030410 oL
X4+14+0482

15UB7

SUBY

15UB12

SuB1Z

15UB14

SUBl14

15UB18

sUB18 4R
0

1SETA
1SETP
1HED20
1HED19
1HED18

SuUBé
SUB6
SUB6
sUB6
suUBé
suUBé6
SuBe
SUB6
suUBé
SUB6
sSuUBé
5UB6
sSUBé6
SUB6
SUB6
suUBé

SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
sSUBG
SUBG
suUBe
SUBG
sUBG
SUBG

050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065

001
002
003
004
005
006
007
008
009
0lo
0l1l
012
013
0l4
015
016
017
0ls
019
020
021
622

N



HED

PRE

BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BSS
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD
BCD

1HED17
1HED16
1HED15
1HED14
1HED13
1HED12
1HED11
1HED1O
1HED9
1HEDS
1HED7Y
1HED®6
1HEDS
1HED4
1HED3
1HED?2
1HED1
0
1PRE20O
1PRE19
1PRE18
1PRELT
1PRE16
1PREL4
1PRE14
1PRE7
1PRE12
1PRE1O
1PRE1O
1PRES
1PRES
1PREY
1PRES
1PRE3
1PRE4
1PRE3
1PRE?Z2
1PRE1

BSS 0

SAME
SAME
SAME

SAME

SAME

AS

AS

AS

AS

PREL15
PRE 13
PRE11

PRE9

PRES

SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
sSUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG

023
024
025
026
027
628
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061

fﬁﬂ'
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BCD 1FUN20 SUBG 062

BCD 1FUN19 SUBG 063
BCD 1FUN1s8 SUBG 064
BCD 1FUN17 SUBG 065
BCD 1FUN16 SUBG 066
BCD 1FUN15 SUBG 067
BCD 1FUN14 SUBG 068
BCD 1FUN13 SUBG 069
BCD 1FUN12 SUBG 070
BCD 1FUN11 SUBG 071
BCD 1FUN1O SUBG 072
BCD 1FUN9 SUBG 073
BCD 1FUNS SUBG 074
BCD 1FUN7 SUBG 075
BCD 1FUN6 SUBG 076
BCD 1FUNS5 SUBG 077
BCD 1FUN4 SUBG 078
BCD 1FUN3 SUBG 079
BCD 1FUN2 SUBG 080 L
BCD 1FUN1 SUBG 081 v
FUN BSS © SuUBG 082
BCD 10UT20 SUBG 083
BCD 10UT19 SUBG 084
BCD 10UT1S SUBG 085
BCD 10UT17 SUBG 086
BCD 10UT16 SUBG 087
BCD 10UT1 SAME AS 0QUT15 SUBG 088
BCD 10UT1 SAME AS QUT14 SUBG 089
BCD 10UT13 SUBG 090
BCD 10UT12 SUBG 091
BCD 10UT10 SAME AS OUT11 SUBG 092
BCD 10UT10 SUBG 093
BCD 10UTs SAME AS 0OUT9 SUBG 094
BCD 10UTS8 SUBG 095
BCD 10UT7Y SUBG 096
BCD 10UTé SUBG 097
BCD 1ouUT3 SAME AS OUTSH SUBG 098
BCD 10UT4 SUBG 099

BCD 10UT3 SUBG 100



ouUT
sSuUB7

HEDI
sUB1l2

FUNT
SUB14

PRET
s5UB18

OUTI
EXNG

B8CD
BCD
BSS
SXD
SXD
CcLM
Lba
LLS
DvP
PDX
TXH
TSX
TRA
TRA
SXD
SXD
TSX
TSX
LXD
TXH
TSX
TRA
TRA
SXD
SXD
LXD
TXH
TSX
TRA
TRA
SXD
SXD
LXD
TXH
TSX
TRA
TRA
CLA
STO

10UT2
10UT1
0
X232
X&s4

IN

0

D100

Os2
EXITs2420
HEDI s 4
EXIT
HEDs 2
X292

X o 44
SETA4
SETP s 4
INy2
EXNGs2+20
FUNT s 4
EXIT
FUNs 2
X2s2

X4 944

INs2
EXNGs24+20
PREI s &
EXIT

PRE 2
X242

XG o4&t

INs2
EXNGs2s20
OUTIs4
EXIT
OUTs2

Di1

NG

SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
SUBG
sUBG

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

nghn
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EXIT LXD X2s2 SUBG 140

LXD X4 s4 SUBG 141
TRA 14 SUBG 142
D11  PZE 0s0s11 SUBG 143
D100 PZE 0505100 SUBG 144
IN SYN 31765 REFERS TO COMMON STORAGE SUBG 145
NG SYN 32562 REFERS TO COMMON STORAGE SUBG 146
X2 INDEX STORED HERE SUBG 147
X4 INDEX STORED HERE SUBG 148
END 0 SUBG 149
SUBK REM 1471 WRB KEY WORD SUBROUTINES SUBK 001
‘ REM PROGRAM CARD | SUBK 002
FUL SUBK 003
MZE 050516 9L SUBK 004
PZE SUBK 005
PZE X4+1 SUBK 006
b7E SUBK 007 ,
BCD 1SUB1 SUBK 008 *
PZE SUB1 SUBK 009 e
BCD 1SUB3 SUBK 010 |
PZE SUB3 SUBK 011
BCD 1SUB4 SUBK 012
PZE SUB4 SUBK 013
BCD 1SUB15 SUBK 014
PZE SUB15 SUBK 015
BCD 1SUB16 SUBK 016
PZE SUB16 SUBK 017
BCD 1SUB17 SUBK 018
PZE SUB17 SUBK 019
BCD 1SUB20 SUBK 020
PZE SUB20 1R SUBK 021
REM SUBROUTINE SUB1 TO CLEAR K2 SUBK 022
ORG 0 SUBK 023
REL SUBK 024
SUB1 SXD X1,1 SUBK 025
LXA IDIMK,1 SUBK 026
S1A  STZ K2+DIMKs1 SUBK 027

TIX S1Aslsl SUBK 028



LXD Xls1 SUBK 029

TRA 14 SUBK 030
REM SUBROUTINE SUB3(1C(5)) TO READ K1 AND IC(5}) FROM TAPE SUBK 031
SUB3  SXD X1osl SUBK 032
SXD X242 SUBK 033
CLA 1s4 SUBK 034
STA 53K SUBK 035
RTB 5 SUBK 036
S3A LXA 13,1 SUBK 037
S38B RTB 5 SUBK 038
RTT SUBK 039
NOP SUBK 040
LXA TIDISs2 SUBK 041
53C CPY K1 SUBK 042
TRA S3E SUBK 043
S3D HPR 3 END OF FILE OR RECORD SUBK 044
TRA $3D SUBK 045
S3E TIX S3Cs2s1 SUBK 046
LXA TDIMKs2 SUBK 047
S3F CPY K14DiMKs2 SUBK 048
TRA S3H SUBK 049
536 HPR 3 END OF RECORD SUBK 050
TRA 536 SUBK 051
S3H TIX S3Fs2s1 SUBK 052
CPY NK SUBK 053
CPY N SUBK 054
TRA S§3J SUBK 055
S31 HPR 3 END OF RECORD SUBK 056
TRA 531 SUBK 057
S3J CPY K2 SUBK 058
TRA S3J SUBK 059
HPR 3 SUBK 060
10D SUBK 061
RTT SUBK 062
TRA 530 SUBK 063
LXA Nsl SUBK 064
PXD 01 SUBK 065
S3K STO 3 LOC IC(5) SUBK 651

CLA NK SUBK 066

mgﬂm
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S3L

S3M
S3N

S30

SuUB4

S4A

S4B
S4C

54D

ADD
STA
LXA
SxD
TXL
HPR
TRA
CAL
SLW
TIX
LXD
LXD
REW
TRA
BST
TIX
HPR
TRA
REM
SXb
SXD
CAL
STA
CLA
TZE
ALS
STD
PDX
ARS
ADD
STA
ADD
STA
TXL
HPR
TRA
LXA
RCD
cPY

LOCK1

S3N

NKs 1l

NKs1l

53Ms14DIMK

24 NK GREATER THAN DIMK
S3L

K1+DIMK 1l

*Fy] NK+LOCK1

S3Me1»1l

X1l

X292

5

294

5

S3Bslsl

3 RTT FAILS 3 TIMES.,
S3A START TO TRY AGAIN
SUBROUTINE SUB&4({1C(6)) TO READ K1 FROM CARDS
X1lsl

X242

1s4

S4A

* ¥ LoC 1C(6)

S4F

1

NK

01

18

LOCK1

s4D

11

S4E

S4Cs1,DIMK

4

S4B

1942

*%y] NK+LOCK1

SUBK
SUBK
SuBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SuUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SuUBK
SUBK
SUBK

067

068
069
070
071
072
073
074
075
Q76
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
092
093
034
095
096
097
098
099
100
101
102
103
104
105

...............
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S4E

S4F

S46

S4H

sSuB15

S15A

s158

S515C

TRA
HPR
TRA
CPY
TIX
TIX
TRA
LXA
SXD
PXD
COoM
SLW
TIiX
LXD
LXD
TRA
REM
REM
REM
CAL
STA
SUB
STA
SuUB
STA
CLA
ARS
STA
CLA
ARS
STA
CLA
ARS
ADD
STA
suB
STA
pxD
LRS

S4E .

4 END OF FIEL
S4C

#¥yl NK+LOCK1+1
S4Ds2s1

S4Cy1e2

S4H

IDIMK,1

NKs 1l

0s0

K1+DIMKs 1

S4Gselsl

X1l

X232

2ok

SUBROUTINE SUB15(K3} TO STORE SECONDARY KEY WORDS
STORES K3(1) ONE BITS STARTING WITH K3(2) BIT
OF K3(3) WORD

1,4

S15A

I1

S158

11

S15C

*% LOC K3(1)

18

515D

* 3% LOC K3(2)

18

S15E

*3# LOC K3(3)

18

LOCK?2

515G

I1

S15F

0s0

35

SUBK
SUBK
SuUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
sSuBkK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SuUBK
SuUBK
SUBK
SuUBK
SUBK
SUBK
SuUBK
SUBK

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

128

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

_ogw
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COM SUBK 145

S15D ARS *% K3(1) SUBK 146
coM SUBK 147
S15E LRS #*% K3(2) SUBK 148
S15F ORS #% K3(3)+LOCK2=1 SUBK 149
LLS 36 SUBK 150
S15G ORS #x K3 (3)+LOCK2 SUBK 151
TRA 24 SUBK 152
REM SUBROUTINE SUB16 TO INITIALIZE SUB17 SUBK 153
SUB16 CLA NK SUBK 154
STD XWORD SUBK 155
ARS 18 SUBK 156
ADD LOCK1 , SUBK 157
STA S17B SUBK 158
CLA NK SUBK 159
ARS 18 SUBK 160
ADD LOCK?2 SUBK 161
STA S176 SUBK 162
CLA D36 SUBK 163 )
STD XBIT SUBK 164 e
CAL K1 SUBK 165 '
SLW TK1 SUBK 166
CAL K2 SUBK 167
SLW TK2 SUBK 168
TRA lss SUBK 169
REM FUNCTION SUB17 To TEST KEY WORDS SUBK 170
SUB17 SXD X1s1 SUBK 171
LXD XBITs1 , SUBK 172
TIX S17Cslsl SUBK 173
LXD XWORDy1 SUBK 174
TIX S17Bslsl SUBK 175
S17A HPR 71 N AND KEY WORDS DISAGREE SUBK 176
TRA S17A SUBK 177
S17B  CAL #¥x,1 NK+LOCK1 SET BY SUB16 SUBK 178
SLW TK1 SUBK 179
S17G  CAL #%41 NK+LOCK2 SET BY SUB16 SUBK 180
SLW TK2 SUBK 181
SXD XWORDs1 : SUBK 182

LXD D36s1 SUBK 183



s17C

S170

S17E

S17F

SUB20

DIMK
L1

L2
IDIS
IDIMK
11

13

19

SxD
CAL
PBT
TRA
ALS
SLW
CAL
PBT
TRA
ALS
SLW
CLA
TRA
ALS
SLW
CLA
CHS
TRA
ALS
SLW
CAL
ALS
SLW
PXD
LXD
TRA
REM
REW
RTB
TRA
REM
EQU
EQu
EQU
PZE
PZE
PZE
PZE
PZE

XBITsl
TK1

S17E
1
TK1
K2

S17D
1
TK2
ONE
S17F
1
TK2
ONE

S17F
1
TK1
TK2
1
TK2
0s0
X1yl
294
SUBROUTINE SUB20
5

5
leg

CONSTANTS AND TEMPORARIES

40

256

16
L1-L2-DIMK
DIMK

1

3

9

DIMENSION K1 AND K2

WORDS IN XLS TAPE RECORD 3

WORDS IN XLS INTERSEGMENT STORAGE
WORDS TC BE DISCARDED FROM TAPE

SUBK
SUBK
SUBK
sUBK
suBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
SUBK
suUBK
SUBK
suBK
SUBK
suBK
SUBK
sSuBK
suBK

184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

magm
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D36 PZE 050436 SUBK 223

ONE DEC 140 SUBK 224
LOCKY PZE K1 SUBK 225
LOCKZ2 PZE K2 SUBK 226
K1 BSS DIMK PRIMARY KEY WORDS SUBK 227
K2 BSS DIMK DECONDARY KEY WORDS SUBK 228
TK1 CURRENT K1 SUBK 229
TK2 CURRENT K2 SUBK 230
XWORD KEY WORD COUNTER SAVED SUBK 231
XBIT BIT COUNTER SAVED SUBK 232
NK NUMBER OF KEY WORDS WUSED SUBK 233
N ORDER OF MATRIX SUBK 234
X1 IDEX SAVED HERE SUBK 235
X2 IDEX SAVED HERE SUBK 236
X4 IDEX SAVED HERE SUBK 237

END O SUBK 238

REM WRB 1471 SUBROUTINE READ(TAPESLOC)

ORG O L

FUL >

MZE 0s0s4

pzZE

PZE RTRO9+1

PZE

BCD 1READ

PZE A

ORG 0

REL

PZE SAVE INDEX 1

PZE SAVE INDEX 2

pPZE SAVE INDEX 4
A SXD A~3,1

SXD A~=2,2

SXD A=1ls4

CLA 1s4

STA RTB

CLA 234

STA RTB4

RTB CLA © ADDRESS TO BE SET



RTB1
RTB2
RTB3

RTB4

RTBS

RTB6

RTB7
RTBS8
RTB9

SET

ARS
ST0
ADD
STO
CLA
ADD
STO
LxD
PXD
PDX
RTB
RTT
NOP
CPY

TXI

HTR
IoD
RTT
TXI
LXD
LXD
LXD
TRA
BST
TIX
HTR
RTB
BST
PZE
END

REM
REM
FUL
MZE
PZE
PZE
pPZE
BCD

18
RTB9
RTB7
RTB3
RTB9
RTBS8
RTB6
RTB5e1
0s0
0s2
0

0s2
RTB4s261
RTB3

RTB6s0s3
A-341
A=242
A=1s4
394

0
RTB2s1s1
RTB1

0

0

0

TO BE SET

END OF FILE

TO BE SET

RTT FAILS 3 TIMES.

CONSTANT
CONSTANT

TAPE NUMBER

START TO TRY AGAINs

1471 WRB DUMMY ROUTINES. MAY BE SUPERCEDED BY USER.

PROGRAM CARD

0+096
SET+1

1SETA

oL

SET
SET
SET
SET
SET
SET
SET
SET

001
002
003
005
006
007
008
009

.a-i.(gg



SR VAR P T T T T T e il i S e R A e A

PZE SET SET 010

BCD 1SETP SET 011
PZE SET 6R SET 012
REM SUBROUTINES SETA AND SETP SET 013
REL SET 014
ORG 0 SET 015

SET  TRA 1ls& SET 016
END 0 SET 017

HED  REM 1471 WRB DUMMY RQUTINES TO BE SUPERCEDED HED 001
REM PROGRAM CARD 1 HED 002
FUL HED 003
MZE 00522 9L HED 004
PZE HED 005 \
PZE HED+1 HED 006
PZE HED 007
BCD 1HED1 HED 008
PZE HED HED 009
BCD 1HED2 HED 010 2
PZE HED HED 011 v
BCD 1HED3 HED 012
PZE HED HED 013
BCD 1HED& HED 014
PZE HED HED 015
BCD 1HEDS HED 016
PZE HED HED 017
BCD 1HED6 HED 018
PZE HED HED 019
BCD 1HED? HED 020
PZE HED HED 021
BCD 1HEDS HED 022
PZE HED HED 023
BCD 1HED9 HED 024
PZE HED HED 025
BCD 1HED10 HED 026
PZE HED 12R HED 027
REM PROGRAM CARD 2 HED 028
MZE 050520 9L HED 029

PZE HED 030



HED

PRE

BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
REM
REL
ORG
TRA
END

REM
REM
FUL
MZE
PZE
PZE
PZE
BCD
PZE
BCD
PZE
BCD
PZE

1HED11
HED
1HED12
HED
1HED13
HED
1HED14
HED
1HED15S
HED
1HED16
HED
1HED17
HED
1HED18
HED
1HED19
HED
1HED20
HED

11R

DUMMY SUBROUTINE HED

le4
0

1471 WRB DUMMY ROUTINES TO BE SUPERCEDED

PROGRAM CARD 1
0s0s22
D241

1PRE1
PRE
1PRE2
PRE
1PRE3
PRE

oL

HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED
HED

PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE
PRE

031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055

001
002
003
004
005
006
007
008
009
0lo
011
0l2
013

=9gm
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BCD 1PRE4 PRE 014

PZE PRE PRE 015
BCD 1PRES PRE 016
PZE PRE PRE 017
BCD 1PRE6 PRE 018
PZE PRE PRE 019
BCD 1PREY PRE 020
PZE PRE PRE 021
BCD 1PRES PRE 022
PZE PRE PRE 023
BCD 1PRE9 PRE 024
PZE PRE PRE 025
8CD 1PRE10 PRE 026
PZE PRE 12R PRE 027
REM PROGRAM CARD 2 PRE 028
MZE 050520 9L PRE 029
PZE PRE PRE 030
BCD 1PRE11 PRE 031
PZE PRE PRE 032 5
BCD 1PRE12 PRE 033 .
PZE PRE PRE 034
BCD 1PRE13 PRE 035
PZE PRE PRE 036
BCD 1PRE14 PRE 037
PZE PRE PRE 038
BCD 1PRE15 PRE 039
PZE PRE PRE 040
BCD 1PRE16 PRE 041
PZE PRE PRE 042
BCD 1PRE17 PRE 043
PZE PRE PRE 044
BCD 1PRE18 PRE 045 -
PZE PRE PRE 046 -
BCD 1PRE19 PRE 047
PZE PRE PRE 048
BCD 1PRE20 PRE 049
PZE PRE 11R PRE 050
REM DUMMY SUBROUTINES PRE PRE 051

REL PRE 052



PRE

D2
NG

FUN

ORG
CLA
STO
TRA
PZE
SYN
END

REM
REM
FUL
MZE
PZE
PZE
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
REM
MZE
PZE
BCD

0

D2

NG

ls&

09092

32562 77462(8) START OF COMMON
0

1471 WRB DUMMY ROQUTINES TO BE SUPERCEDED
PROGRAM CARD 1

0s0s22 9L
D3+1

1FUN1

FUN

1FUN2

FUN

1FUN3

FUN

1FUN4

FUN

1FUNS

FUN

1FUNG6

FUN

1FUNT

FUN

1FUNS

FUN

1FUN9

FUN

1FUN10

FUN 12R
PROGRAM CARD 2
0s0s20 gL

1FUN11

PRE
PRE
PRE
PRE
PRE
PRE
PRE

FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN
FUN

053
054
055
056
057
058
059

001
co02
003
004
005
006
007
008
009
010
011
012
013
0l4
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031

uggm



............................................................................................................................

PZE FUN FUN 032

BCD 1FUN12 FUN 033
PZE FUN FUN 034
BCD 1FUN13 FUN 035
PZE FUN FUN 036
BCD 1FUN14 FUN 037
PZE FUN FUN 038
BCD 1FUN15 FUN 039
PZE FUN FUN 040
BCD 1FUN16 FUN 041
PZE FUN FUN 042
BCD 1FUN17 FUN 043
PZE FUN FUN 044
BCD 1FUN1B FUN 045
PZE FUN FUN 046
BCD 1FUN19 FUN 047
PZE FUN FUN 048
BCD 1FUN20 FUN 049
PZE FUN 11R FUN 050 I
REM DUMMY SUBROUTINE FUN FUN 051 O
REL FUN 052
ORG 0 FUN 053
FUN CLA D3 FUN 054
STO NG FUN 055
TRA 14 FUN 056
D3 PZE 04043 FUN 057
NG SYN 32562 77462(8) START OF COMMON FUN 058
END 0 FUN 059
ouT REM 1471 WRB DUMMY RQUTINES TO BE SUPERCEDED QUT o001
REM PROGRAM CARD 1 oUT 002
FUL OUT 003
MZE 090922 oL : QUT 004
PZE oUT 005
PZE QUT+1 OUT 006
PZE oUT 007
BCD 10UT1 OUT 008
PZE OUT oOUT 009

BCD 10UT2 OUT 010



PZE
BCD
PZE
BCD.
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
REM
MZE
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD
PZE
BCD

ouT

10UT3

ouT

10UT4

ouT

10UT5

ouT

10UT6

ouT

10UT7

ouT

10UT8

ouT

10UT9

ouT

10UT10

ouT 12R
PROGRAM CARD 2
0s020 gL

10UT11
oUT
10UT12
cuT
10UT13
ouT
10UT14
ouT
10UT15
ouT
10UT16
ouT
10UT17
ouT
10UT18
ouT
10UT19
ouT
10UT20

oUT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouUT
ouT
ouT
ouT
ouT
ouT
ouT
ouTt
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT

011l
o0lz
013
0l4
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049

309“



................................................................................................................

PZE OUT 11R QuUT 050

REM DUMMY SUBROUTINE OUT oUT 051
REL OUT 052
ORG © OUT 053
ouUT TRA 1s4 OUT 054
END O OUT 055
CSEG2 1471 WRB SEGMENT 2 CALLING PROGRAM SEG2 101
READ10O7 SEG2 105
107 FORMAT{72H SEG2 107
1 ) SEG2 108
READS5054(IC(I)sI=21410) SEG2 109
IF{IC(2))11351134203 SEG2 111
113 CALLSUB2(PsIC) SEG2 113
IF{ICEL)=1)117s121s125 SEG2 115
117 REWINDS SEG2 117
GOTO217 SEG2 119
121 CALLSUB3(IC(5}) SEG2 121 ‘
GOTO217 SEG2 123 S
125 REWINDS SEG2 125 b
GOT0O215 SEG2 201
203 J=I1C(2) SEG2 203
READ207s{P(1)sI=1sJ) SEG2 205
207 FORMAT(8E9.4) SEG2 207
IF{ICI1)=1)21732119215
211 CALLSUB20 SEG2 211
GOTO121 SEG2 213
215 CALLSUB4(IC(6)} SEG2 215
217 READZ207s({A(1)sI=146) SEG2 217
IF{IC(3)~11)3234223+300 SEG2 221
223 D0O2251=1s21 SEG2 223
225 AM(1)1=040 SEG2 225
READ20T7sAM{1) sAM(7) s AM(12) sAM( 16} sAM{19)sAM(21) SEG2 301
DO305I=1421 SEG2 303
305 AM{I)=AM{I)*AM(I) SEG2 305
GOTO311 SEG2 307
309 READ207s(AM(I}sI=1+21) SEG2 309
311 K=1 SEG2 311

L=6 , SEG2 313



321
323

401

407

411
413

419
421
423

505

509
511
513

515
517
519
521

525

CsSuUB10

DO3211I=1+6
DA(IN=(0e01)*SQRTF{AM(K))
K=K+L

L=L-1

CALLSUBS
IF(IC{1))411411+401
N=IC(5)

DO40OT7I=14sN
CALLREAD (6 3PM)
DP{I)={0s01)*SQRTF{PM(1))
REWIND®
WRITEQUTPUTTAPE3 413
FORMAT({1H1)
WRITEQUTPUTTAPE3 107
WRITEQUTPUTTAPE3 419
FORMAT(1H )
INSAVE=IN(TI)

K=1

DO5091I=1,10

L =K+23 _
READSO05s { IN(J) s J=KolL)
FORMAT(2413)
IFEIN(L)Y)I509+511+509
K=L
IF(IN{1))51545139515
PAUSETTT77

GOTO423

IF(IN(1)=INSAVE)517+519517

CALLSUBY
IF(IN{(1)=100152145219525
CALLSUB1O9

GOTO421

CALLSUBZ21

GOTO421

END{(O9s1s0s040)

1471 WRB MULTIVALUED FUNCTIONS 7»

SUBROUTINESUB10

COMMONNG s ICsPMsDP sDFDPsAMsDASDFDAs INs TSsISsAsAA9sBBsFsFXsP

8

AND 9

SEG2
SEG2
SEGZ
SEG2
SEG2
SEG2Z
SEG2
SEG2
SEG2
SEG2
SEG2
SEGZ
SEG2
SEG2Z
SEG2
SEG2
SEGZ
SEG2Z
SEG2
SEG2
SEG2
SEG2
SEG2
SEG2
SEG2
SEG2
SEG2
SEG2
SEGZ
S5EG2
SEG2
SEG2
SEGZ
SEG2
SEG2

315
317
319
321
323
325
401
403
405
407
409
411
413
415
417
419
421
423
425
501
503
505
507
509
511
513
514
515
517
519
521
523
525
601
603

SuUBl10o 01
SUB10 03

COM

01

=



DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDA(S) DIM 01
DIMENSIONIN(231)sTS{3,48) 91S(2+3+48)sA(6)sAA(393)sBB(3s3)sP{300) DIM 03

DO1091=14+3 SUB10 05
IN(4)=1 SUB10O 07
109 CALLSUB19 SUB10O 09
RETURN SUB10 11
END(03s130+0,0) SUB10 13
CSUBS5 1471 WRB READ SYMMETRY CARDS SUB5 101
SUBROUTINESUBS SUB5 103
COMMONNG s ICsPMsDP 4DFDP s AM 9 DASDFDASINs TSsISsAsAAsBBsFsEX P COM 01
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDA(G) DIM 01
DIMENSIONIN{231)sTS(3448)s1502+3+48)sA(6)sAA(3331sBB{3s3)sP(300) DIM 03
NS=1C(4) SUBS 105
IF(NS=48)1075107+203 sSUB5 201
203 STOPS SUB5 203
107 IF(NS)117+117+109 SUB5 107
109 DO115K=1,NS SUB5 109
READ113s(TS{JsK)sJ=1y3) SUB5 111 &
113 FORMAT(E1l«894H Elle894H Elle8s4H ) SUB5 113 W
115 CALLSUBGB(IS(1s1sK}) SUB5 115
117 RETURN SUB5 117
END(0s1s0s0+0) SUBS 119
CsSuUBS8 1471 WRB COMPUTE ALL DISTANCES BETWEEN TWO MOLECULES SUB8 101
SUBROUTINESUBS SUB8 103
COMMONNG s ICosPMsDP sDFDP s AMsDASDFDASINs TSs IS sAsAASBBFsFX P COM 01
DIMENSIONIC(10)sPM(251)9DP(251)sDFDP(251)sAM(21) sDA(6)sDFDA(S) DIM 01
DIMENSIONIN{231) sTS{348) sI1S(293+48)sA(6)sAA(393)sBB(3s3)sP(300) DIM 03
IF(IN(6))107s107s111 SUB8 105
107 DMAX=440 SUB8 107
GOTO113 SUB8 109
111 DMAX=IN{6)/10 suBs 111 "
113 N=IN{2) sSUB8 113
IF(N)21742179117 sSUB8 115
117 D0O2151=14N SuUB8 117
IN(2)=1 SUB8 119
D0213J=1sN sSuUB8 121

IFCIN(3)-IN(5))201+1255201 s5uUB8 123



125 1F(J=11201+2154215 sSUB8 125

201 IN(4)=J SUB8 201
NG=0 SUB8 203
CALLSUB12 SUB8 205
IF (FX=DMAX) 20952095213 SUB8 207

209 F=FX SUB8 209
CALLSUB13 suBs 211

213 CONTINUE SUB8 213

215 CONTINUE SUB8 215

217 RETURN SUB8 217
END(0s1505050) SUB8 219

CSUB11 1471 WRB MULTIVALUED FUNCTIONS 10 AND 11 suBl1l 01
SUBROUTINESUB11 SUB11 03
COMMONNG s ICsPMsDP s DFDP s AMsDAsDFDAs INs TSsISsAsAAsBBsFsFXsP com 01
DIMENSIONIC(10)sPM(251)sDP(251) sDFDP(251)sAM(21)sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231) sTS(3,48)s15(293548)sA(6)sAA(393)sBB(393)sP(300) DIM 03
DO113I=153 SUB1l 05
IN(4)=1 SuB11 07
DO113J=153 SUB11 09
IN(B)=J SUB11 11

113 CALLSUB19 SUB11 13
RETURN SUB11 15
END(03s1505030) SUB11 17

CSUB13 1471 WRB ERROR CALCULATION AND OUTPUT $UB13101
SUBROUTINESUB13
COMMONNG s 1CsPMsDP s DEDP s AMsDA sDFDAs INs TSs IS sAsAAsBBsFsFXsP coM 01
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDAL6) DIM 01
DIMENSIONIN(231)sTS(3,48)sI1S(253548)sA(6)9AA(353),BB(353)sP(300) DIM 03
IF(NG) 10551135105 SUB13103

105 WRITEOUTPUTTAPE35107sNG SUB13105

107 FORMAT(55H0 *¥*% SUB13107

113) SUB13109
GOTO715 SUB13111

113 VARA=040 SUB13113
VARP=040 SUB13115
IF{IC(3))1195313,119 SUB13117

119 D0211I=146 SuUB13120

—ﬂ9-—



123

201

211

221
225
305
307
309
311

313
315

325
403
407

411
413

IF(DA{I) 120151234201
DFDA(1)=0.0

GOT0211

SAVEA=A(T)
A{T)=A{TI)+DA(TI)
CALLSUB1?2
A{1)=SAVEA
DFDA(I)=(FX~F)/DAL(I)
CONT INUE

K=1

L=6

D0311I=146
IF(DFDA(1))22542219225
K=K+L

GOTO311

CZIAO

D0309J=1s6
IF(DFDA(J) 130593079305
VARA=VARA+C*DFDA(I)*DFDA(J)*AM(K)
K=K+1

C=200

L=L-1
IF{IC(1))31545254315
CALLSUB14

CALLSUB16

J=0

N=1IC(5)

D0O4231I=14N

J=d+1

S=SUB17(J)
IF(S1407+3259411
FREQUENCY4031(10s2s1)
DFDP({1}1=04.0

GOTO0423
IF(DP(I))Y4134407s413
SAVEP=P({J}
P{J)=P(J)+DP(T)
CALLSUB1Z
P{J)=SAVEP

SUB13izi
suUB13123
SUB13125
SUB13201
SUB13203
SUB13205
SUB13207
SUB13209
sSuUB13211
5UB13213
5UB13215
sSUB13217
SUB13219
SUB13221
SuBl13223
SUB13225
SUB13301
SUB13303
SUB13305
SUB13307
5UB13309
5UB13311
SUB13313
SUB13315
SUB13317
sUB13319
SUB13321
SuUB13323
SUB13325
SUB13401
SUB13403
SUB13405
SUB13407
SUB13409
SUB13411
SUB13413
SUB13415
S5UB13417
SUB13419

-g9=



DFDP(I)=(FX=F)/DP(I)
L=1
423 CONTINUE
DO519I=1sL
CALLREAD({6sPM)
503 IF(DFDP(I))5054519+505
505 C=140
K=1
DO517J=1sL
511 IF(DFDP{J))513+95154513
513 VARP=VARP+C*DFDP (I )*¥DFDP(J)¥PM(K)
515 K=K+1
517 C=240
519 CONTINUE
FREQUENCY503(1+1051)9511(1s10s1)
REWIND®6
525 IF(NG)601+609+601
601 WRITEQUTPUTTAPE33603sFsNG
603 FORMAT(49HO
19H *¥¥¥13)
GOT0715
609 E1=SQRTF{VARP)
E=SQRTF(VARP+VARA)
IF{IC({1))161546174615
615 IF(IC(3}))619+701+619
617 IF(IC{3)1)701+709+701
619 WRITEOQOUTPUTTAPE3+621sFsESEL
621 FORMAT(49HO
1FQ9e4 35H +0R=FTe492H (FTedslH})
GOTO715
701 WRITEOUTPUTTAPE3»703sFsE
703 FORMAT({49HO
1F9e445H +0OR=~FTe4)
GOTO715
709 WRITE OQUTPUT TAPE 3s T11ls F
711 FORMAT(49HO
715 CALLSUB18
RETURN
END(Qs1s0s0+0)

FOetbs

Fel)

SUB13421
SUB13422
SUB13423
SUB13425
SUB13501
SUB13503
SUB13505
SUB13507
SUB13509
SUB13511
SUB13513
SUB13515
SUB13517
SUB13519
SUB13521
SUB13523
SUB13525
SUB13601
SUB13603
SUB13605
SUB13607
SUB13609
SUB13611
SUB13613
SUB13615
SUB13617
SUB13619
sUB13621
SUB13623
SUB13625
SUB13701
SUB13703
SUB13705
SUB13707
SUB13709
SUB13711
SUB13715
SUB13717
SUB13719

- 99—
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csuB19

109
111

117

csuB21

111
113
115
117
119

123

211

215

1471 WRB FUNCTION AND ERROR CALCULATION
SUBROUTINESUBI®Y
COMMONNG s ICsPMsDP sDFDP s AMsDASDFDASINsTSs1SsAsAASBBsF sFXsP
DIMENSIONIC({10)sPM(25112DP{251)sDFDP(251)sAM(21)sDA(6)sDFDA(G)
DIMENSIONIN(231)sTS(3448)915(203948)sA16)3AA{393)sBB(393)9P{300)
NG=0
IF(INCLIY)Y1I17+1174109
IF(IN(1)Y=20)111+1114117
CALLSUB12
F=FX
CALLSUB13
RETURN
END(Q9s1s0+0+0)

1471 WRB COMPUTE MULTIVALUED FUNCTIONS
SUBROUTINESUBZ1
COMMONNG s ICsPMsDP s DFDP s AMaDASDFDASIN TSsISsAsAAsBBsFaFXsP
DIMENSIONIC{10)sPM(251)sDP(251)+sDFDP({251)sAM{21)sDA{6)sDFDA(6)
DIMENSIONIN(231)2TS({3448)815(2s3948)sA(6)sAA{393)sBBI{3s3)sP(300)
IH=IN(11/100
IN(1)=IN(1)~100%IH
IF(IN{1)=111111+111+319
IF{IN(1})=9)113+s113s305
IFIIN{(1)=~6)11591154215
IFLIN(1)~1)1171174310
IF{IH~1)1194,1194123
CALLSUBS
GOTO319
N=IN(2)}
M=IC({4)+1
IN(3)=0
D02111=148
P0211d=1sM
IN{(2}=N
IN{B)=100%({I=-1)+J=~1
CALLSUBS
GOTO319
IF{(IH=1)217+217s221

SUB19101
5UB19103
coMm 01
DIM 01
DIM 03
SUB19105
SUB19107
SUB19109
SUB19111
5UB19113
SUB19115
SuUB191l7
SUB19119

5UB21101
sSUB21103
COM 01
DIM 01
DIM 03
SUB21105
5UB21107
SUB21109
SUB21111
sUB21113
SUB21115
sUB21117
SUB21119
SUB21121
sUB21123
SUB21125
SUB21201
sSUB21203
sUB21205
s5UB21207
5UB21209
suUB21211
5UB21213
s5UB21215

QL9.=



217

221

301

305
307

311

317
319

CSETKX

C

111

123

CSETKB

C

CALLSUB10
GOTO319
N=IN(2)
DO3011I=13sN
IN(2)Y=1
CALLSUB10O
GOTO319
IF{IH=1)307+3079311
CALLSUB11
GOTO319
N=IN(2)
DO3171I=1sN
IN{2)=1
CALLSUBI1
RETURN
END(0O91s0s040)

1471 WRB SET KEY WORDS FOR ATOM COORDINATES
SUBROUTINESETKX{I)
I=IN{K)s THE INSTRUCTION INTEGER SPECIFYING THE ATOM NUMBER
COMMONNG s ICoPMyDP yDFDP s AMyDASDFDASINSTSsISsAsAAsBBsFaFXsP
DIMENSIONIC(10)sPM(251)sDP(251)+sDFDP(251)19AM(21)sDA(6)sDFDA(G)
DIMENSIONIN(231)9TS(3,48)s1S5(233+48)sA(6)sAA(3+3)+BB(393)sP(300)
DIMENSIONKZ(3)
IF(1)1235123s111
K3(1)=3
J=IC(8)+IC({T7)I*(I-1)
K=J/36
K3({2)=J=36%K
K3(3)=K+1
CALLSUB15(K3)
RETURN
END{Q2150+050)

1471 WRB SET KEY WORDS FOR ATOM BETAS
SUBROUTINESETKB(I)
I=IN(K)s THE INSTRUCTION INTEGER SPECIFYING THE ATOM NUMBER
COMMONNG s ICsPMsDP s DFDP s AMsDA9DFDASINs TSsISsAsAAsBBsFsFXsP

suB21217
suB21219
suBziz2zl
SUB21223
SuB21225
sSUB21301
SUB21303
SUB21305
sSuUBz21307
SUB21309
SUB21311
5UB21313
sSUB21315
sUB21317
SuUB21319
sUB21321

SETKX1
SETKX1
SETKX1
CcoM 01
DIM 01
DIM 03
SETKX1
SETKX1
SETKX1
SETKX1
SETKX1
SETKX1
SETKX1
SETKX1
SETKX1
SETKX1

SETKB1
SETKB1
SETKB1
coMm 01

—89—



111

123

CSTOAA

CsSTOBB

111

DIMENSIONIC{10)sPMI{251)sDP(251)sDFDP{2511sAM{21)sDA{6)sDFDA{G)
DIMENSIONIN{231)sTS{3448)Y 9152939481 5A(6)sAA(3s3)eBB(3e3)sP{(300)
DIMENSIONK3(3)

IF{1)12351235111

K3(1)=6

J=ICL10Y+IC 9y *(1-1)

K=Jd/36

K3({2)=J~36#K

K3({3)=K+1

CALLSUB15({K3}

RETURN

END(Os1350s040)

1471 WRB STORE METRIC TENSOR
SUBROUTINESTOAA
COMMONNGs ICsPMsDP s DFDP s AM s DASDF DA INs TS s IS sAs AAsBBsFaFXaP
DIMENSIONIC(10)sPM(251)sDP(251)+DFDP(251)sAM{(21)sDA(6)sDFDAL(S)
DIMENSIONIN{Z231) oTS(3448) 9IS{293+48)sA(6)9sAA(343)4BB(343)+P(300)
AA(T1)=A(1)#A(1)
AA(292)=A(2}%A(2)
AA({343)=A13)%A(3)
AA(L 92)Y=A11)¥A{2)%A(6)
AA{291)=AA(1s2)
AA(T s3)=A(1)*¥A(3)*A(5)
AA(3+1)=AA(1+3)
AA(Z23)=A(2)1¥A(3)¥A(4)
AA(342)=AA(24+3}
RETURN
END(Os1s0s0+0)

1471 WRB STORE RECIPROCAL METRIC TENSOR
SUBROUTINESTOBB
COMMONNG s ICsPMsDP sDFDP s AMsDASDFDASIN TSsISsAsAAIBBeFsFXyP
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDA(6)
DIMENSIONIN(231)sTS(3,48)s15(293+48)sA(6)sAA(393)sBB(393)sP(300})
DIMENSIONATI(6)sCI(6)sRBII(3)sBBIK(3)
DO1211I=143
IF(A(I))11141114115
NG=6

DIM 01
DIM 03
SETKB1
SETKB1
SETKB1
SETKB1
SETKB1
SETKB1
SETKB1
SETKB1
SETKB1
SETKBI1

STOAAL
STOAAL
CoOM 01
DIM o1
DIM 03
STOAAL
STOAA1
STOAAL
STOAAlL
STOAA1
STOAAL
STOAAL
STOAAL
STOAAL
STOAAL
STOAAL

STOBB10O1
STOBB10O3
CoM 01l
DIM 01
DIM 03
sSTOBB1O5
&§T0OBB10O7
sTOBB1OY
STOBB11l1
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115

121

205

225

CATOM

109

117
503

119

GOT0225

AT(I)Y=A(T1)

AI{I+3)=A(1)

CI(I)=A(14+3)

CI(I+3)=A{1+3)
X=1eO/{AT(1I¥AT(2) %A1 (3)%({10=CI(1)¥CI(1)=-CI(2)%#CI(2)
1=CI(31%CI(3)+240%CI{1§#CI(2)*CI{(3}})
D02051=14+3
BRBII(I)=X#(1e0=CI(IN*CI(I))*AT(I+1)*AT(I+2)/A1(])
BBUK (I =X#AT (I} % (CI(I+1)*CI(I+2)=CI(I))
BB(1ls1)=BBII{1)

BB(1s2)=BBJK(3)

BB(1s3)=BBJK(2)

BB({2s1)=BBJK{3)

BB(2s2)=BBII{2)

BB(2s3)=BBJK(1)

BR{3,11=BBJKI{2)

BB(3+2)=BBJK(1)

BB{3s3)=BBII(3)

RETURN

END(Qs1ls0Cs0+0)

1471 WRB ATOM COORDINATE SUBROUTINE
SUBROUTINEATOM(IsZ)
COMMONNG s ICsPMsDP sDFDP s AMsDAsDFDASINs TS ISsAsAAIBBsF sFXsP
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)5AM(21)sDA(6)sDFDA(E)
DIMENSIONIN(231) sTS(3,48)s1S(293s48)sA(6)sAA(393)sBB(393)sP(300)
DIMENSIONI(2)sX{3)sY(3)sZ!(3)
IF(I(1))109+109117
X{1)=040
X(21=040
X(3)=0.0
GOTO125
K=IC(7)#(1(1)-1)+1C(8)
IF(K+2=-1C(2))11991195503
NG=5
GOTO325
D0123J=143
X{J)=P(K)

5TEBB113
STOBB115
sT0BB117
STOBB119
s5T0BB121
STOBB123
5TOBB125
STOBB201
STOBBZ203
sSTOBB205
sSTOBB207
STOBB209
STOBB211
$T0BB213
$T0BB215
s$T0BB217
$TOBB219
5T08B221
sTOBBZ223
s$TOBB225
s$T0BB227

ATOM 101
ATOM 103
COM 01
DIM 01
DIM 03
ATOM 105
ATOM 107
ATOM 109
ATOM 111
ATOM 113
ATOM 115
ATOM 117
ATOM 501
ATOM 503
ATOM 505
ATOM 119
ATOM 121

_OLa



123
125

403

203
205

213

215

225

305
307
309
311

325

CBETA

K=K+1
KC=I(2)/7100
KS=1(2)-100%KC

IF(KS=IC(4))203+203s403

NG=1

GOTO325

IF(KS) 40342059213
Y{1l)=X{1)

Y{2¥=X({2)

Y(3)=X{3)

GOTO311

DO215d=1+3
Y{J)=TS{JsKS)
DO309K=1,3
DO307J=1s2
L=1S({JsKsKS)

IF{L) 22543074305

L==l

Y{K)=Y{K)-X(L)
GOTO307
Y{K)=Y{K}+X(L)}

CONT INUE

CONT INUE

KC4=KC/4
KC3=KC=4%KC4
KC2=KC3/2
KC1=KC3=2%KC2
Z{1)=Y{1)=~FLOATF (KC1)}
212)=Y{2)~FLOATF{KC2)
Z(3)=Y{3}~-FLOATF (KC4)
RETURN

END{Os1s0s0+0)

1471 WRB STORE TRANSFORMED ANISOTROPIC TEMP FACTOR MATRIX

SUBROUTINEBETA{INSsZ)

COMMONNG s ICsPMsDP sDFDP s AMsDASDFDASINs TSsISsAsAAIBBsFsFXsP
DIMENSIONIC(10)sPM({251)sDP(251)+sDFDP(251)sAM(21)sDA(6)sDFDALG)
DIMENSIONIN(231) 9TS(3448)915(293+48)sA(6)9sAA(393)3BB(3+3)9P(300)
DIMENSIONINS(2)sZ(3s31sB1(6)9B2(9)

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

BETA
BETA
COM
DIM
DIM
BETA

123
125
201
401
403
405
203
205
207
209
211
213
215
217
219
221
223
225
301
303
305
307
309
311
313
315
317
319
321
323
325
327

1

1
01
01

03
1
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111
115

119
121

125
201
203
207
211
215

219
221

313

319

403

INS IS ATOM DESCRIPTIONs Z IS TRANSFORMED MATRIX
IF(IC(9)=~6)111+115s115
NG=4

GOTO423
KS=XMODF{INS(2)+100)
IF(KS)121+1194119
IF(KS=IC{4))112541259121
NG=1

GOTO423
IF{INS(1)Y)211+201+207
D02031=1+6

B1(11)=0.0

GOT0221
J=I1C(10)Y+IC(9)*(INS(1y=1)
IF(J+5=IC(2))21542154211
NG=5

GOTO423

D0O2191=1+6

B1(I)=P(J)

J=J+1

B2{1)=B1(1)

B2(2)=B1(4)

B2({3)=B1(5)

B2(4)=B1(2)

B2(6)=B1(6)

B2(9)1=B1(3)

DO4211=14+3

DO419J=1+3
IF{KS)121s3135319
M=1%J

B3=B2 (M)

GOTO415

B3=040

DO413K=1s2

DO411L=1s2
MzIS(KslsKSY*IS(LsJsKS)
IF(MI40T»411+403
B3=B3+B2 (M)

GOTO411

BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
BETA
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407 M=~M BETA &4
B3=B3=B2{M) BETA 4
411 CONTINUE BETA &
413 CONTINUE BETA 4
415 Z(1esJ)=B3 BETA &
Z(Js1}=B3 BETA 4
419 CONTINUE BETA 4
421 CONTINUE BETA 4
423 RETURN BETA 4
END(QOs1s0s0s0) BETA 4
CMM 1471 WRB MULTIPLY TWO MATRICES MM 101
C Z{3+3}=X{393)1%Y(3+43) MM 103
SUBROUTINEMM(XsYs2Z) MM 105
DIMENSIONX{39331sY(33359Z2{33) MM 107
DO1171=1,3 MM 109
DC117K=1,s3 MM 111
Z{T1+K}=0a0 MM 113
DO117J=14s3 MM 115 L
117 Z(TeK)=Z (T 4KIAX{IsJdi*y{JsK) MM 117 W
RETURN MM 119
END(0O9140+0s0) MM 121
My 1471 WRB MATRIX % yECTOR MV 1
C Z(3)=X{3s3)%Y(3) MV 1
SUBROUTINEMVIXsYsZ) My 1
DIMENSIONX{393)sY(3)1072(3) My 1
D01131=143 MV 1
Z{11=040 MV 1
DO113J=1s3 MV 1
113 Z(I1)}=Z{1)+X{TsJ}*Y{J) MV 1
RETURN MV 1
END{O913s0+s040) MV 1
CVvM 1471 WRB TRANSPOSER VECTOR TIMES MATRIX VM 101
C Zi3)=X{3)*#Y(3+3) VM 103
SUBROUTINEVM{XsYsZ)} VM 105
DIMENSIONX(23)aY{343)1e7(3) VM 107

D0115J=1,3 VM 109



115

vy

111

CVMV

CDIFV

111

CSUMY

Z2(J)=040

D01151=143
Z{JY=Z LUy +X{1I*Y{1IsJ)
RETURN

END(Os130s0s0)

1471 WRB TRANSPOSED VECTOR * VECTOR
VV=X(3)%Y (3]
FUNCTIONVV(XsY)
DIMENSIONX(3)sY(3)

VV=040
DO111I=143
VVaYVHX{TI*Y(T)
RETURN

ENDI{Ds1s03s0s0)

1471 WRB TRANSPOSEp VECTOR * MATRIX * VECTOR

VMV=W(3)%X(393)%Y(3)
FUNCTIONVMV(WsXsY)
DIMENSIONW{3)sX{3s3)sY{3)sZ(3)
CALLMV(XsYsZ)

VMV=VVI(W,sZ)
RETURN
END{(0Os1s0s040)

1471 WRB VECTOR = YECTOR
Z{31=X{3}=Y{3)

SUBROUTINEDIFV({XsYsZ)
DIMENSIONX{3)sY{3)sZ(3)
D0O1111=1s3
Z{Ty=x{1)y=y{I)
RETURN
END(QOs1s0s040)

1471 WRB COMPUTE THE SUM OF TwO VECTORS
Z2(3)=X(3)+Y(3)
SUBROUTINESUMV(XsYsZ}
DIMENSIONX{3)sY(3)sZ2(3)
DO111I=1+3

VM
VM
VM
VM
VM

A%
A"
Vv
Vv
Vv
'A%
Vv
vV
Vv

VMV
VMV
VMV
VMV
VMV
VMV
VMV
VMV

DIFV
DIFV
DIFV
DIFV
DIFV
DIFV
DIFV
DIFV

SUMV
SUMY
SUMV
SUMY
SUMV

111
113
115
117
119

[ =l = o = N Y = ol

W N e

101
103
105
107
109
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111

CCosvy

111
115
117

CARCCO

CNORM

115

119

Z{I)=X(I)+Y(1)
RETURN
END(Os1s0+0:0)

1471 WRB COSINE OF ANGLE BETWEEN VECTORS X AND Y
FUNCTIONCOSVV(XsY)
COMMONNG’IC;PM;DP9DFDP9AM9DA9DFDA9IN;TSQIS;AQAAQBB’FQFXOP
DIMENSIONIC(lO)9PM(251)9DP(251)9DFDP(251)!AM(21)9DA(6)3DFDA(6)
DIMENSIONIN(231)9T5(3948)915(293948)9A(6}9AA(393)958(393)’P(300)
DIMENSIONX(3)sY(3)

D=SQRTF(VMV(X9AA9X)*VMVfY9AA’Y))
IF(D)111s1119115

NG=9

GOTO0117

COSVV=VMVIXsAAsY) /D

RETURN

END(Os1+0+04,0)

S 1471 WRB ARCCOS({X) IN DEGREES
FUNCTIONARCCOS(X)
ARCCOS=9O.O-(57.29577951)*SIGNF(ASINF(X)9X)
RETURN

END(Os1s0s040)

1471 WRB STORE A VECTOR Z NORMAL TO VECTORS X AND Y
SUBROUTINENORM(XsYs2Z)
COMMONNG9IC;PMQDP,DFDP;AM9DA9DFDA9INQTS’ISQA’AAQBB’FQFX9P
DIMENSIONIC(IO)9PM(251)aDP(251)sDFDP(25l)’AM(21)sDA(6)9DFDA(6)
DIMENSIONIN(ZBI)9T5(3,48)915(293948),A(6)9AA(3s3)988(3’3)9P{BOO)
DIMENSIONX(B)sY(3)sZ(3)9X1(6)9Y1(6);Zl(3)

D01151=143

X1(1)=X(1)

X1(I+43)=X(1)

YI(I)=Y(1)

YI(I+3)=Y(1I)

D0119I=1,3
Zl(I)=X1(I+1)*Y1(I+2)-Xl(I+2)*Y1(I+l)
CALLMV(BBsZ1s2)

RETURN

- SUMV 111

SUMV 113
SUMV 115

COSVV1o01l
COSvVv103
CoM 01
DIM 01
DIM 03
COSVV105
COsSvv107
COSVV109
COSvVv1ll
COSVV113
COSvVv11ls
COSVV117
COSVV11l9

ARCCOS01
ARCCOS03
ARCCOS05
ARCCOS07
ARCCOS09

NORM 101
NORM 103
CoM 01l
DIM 01
DIM 03
NORM 105
NORM 107
NORM 109
NORM 111
NORM 113
NORM 115
NORM 117
NORM 119
NORM 121
NORM 123

PN



CAXES

113

END(Qs1s050+0)

1471 WRB STORE THRFE MUTUALLY PERPENDICULAR

VECTORS X(Isl)s X{Is2)s AND X{(I+3) GIVEN
VECTORS U AND Ve

SUBROUTINEAXES(UsVsX)

DIMENSIONU({3)sV(3)sX{2s3)

DO113I=1+3

X{1s41)=U(I)

CALLNORM{UsVsX(1s21})

CALLNORMIX{1s1)sXt192)3sX(193))

RETURN

END(Q9190s0s0)

CEIGVAL 1471 WRB FIND EIGENVALUES Y OF MATRIX W

119

207

SUBROUTINEEIGVAL (WsY)

COMMONNG
DIMENSIONWI(3s3)sY(3)eX{3)eZ(6s6)
D0119J=1s3

D01191I=1+3

Zlz=W{IsJ)

Z(IsJ1=2Z1

Z{I+3sJ)=Z1

Z{TsJ+3)=21

2(1+3sJ4+3)1=21

P=z0e0

Q=00

R=0«0

DO2071=14+3

P=p=Z{1s1)

QuQ+Z T oI} #Z2(I+1 91411 mZ {1 oI+1)#Z(I+1s1)
ReR4+Z (B3I 1 %2 (21 +11%Z2(1s142)=Z(1 s )¥Z(2+s1+1)*Z(391+2)
P3=P/3s0

A=Q=-P*P3

B=2 4 Q¥P3%#P3%P3-Q*P3+R

B2=B/20

A3=A/3e0

B4=B2%B2

A2T=A3#A3Z¥A3

NORM 125

AXES 101
AXES 103
AXES 105
AXES 107
AXES 109
AXES 111
AXES 113
AXES 115
AXES 117
AXES 119
AXES 121

EIGVALOL
EIGVALO3
EIGVALO4
EIGVALOS
EIGVALO7
EIGVALOQO9
EIGVALL1
EIGVALL3
EIGVALLS
EIGVALL17
EIGVALLY
EIGVALZ21
EIGVALZ23
EIGVALZ25
EIGVALOL
EIGVALO3
EIGVALOS
EIGVALOQY
EIGVALOS
EIGVALLL
EIGVALL3
EIGVALLS
EIGVALLY
EIGVALILQ
EIGVALZ1

=9La
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225

303

315
317

[F(B4+A271303+3034225

NG=7
GOT0317
PHI3=(ASINF{SQRTF(1e0+{(B4/A27))))/340

C==SIGNF({(2,0%SQRTF(~A3)) sB)
X{1)=C*¥COSF(PHI3)
X(2)=C*COSF(PHI3+4,188790205)
X{3)=C*#COSF(PHI3+24094395103)
DO315I=143

Y{I)=X{1})~P3

RETURN

END(031s0+0+0)

CEIGVEC 1471 WRB COMPUTE E1GENVECTOR Z OF MATRIX

C

123

209

223

W GIVEN EIGENVALUE Y
SUBROUTINEEIGVEC(WsYs7)
COMMONNG
DIMENSIONW(393)9X(6$6);Z(3)9P(3)
D0123J=143
DP01231=14+3
X1=W{IlsJ)
X{TsJ)=X1
X{I+35J)=X1
X{lsJ+3)1=X1
X{TI+3sJ+31=X1
Yl=Yy
DO209I=14s3
X{Tsl)=X{1s1)=Y1
X{I+3sI}=X{1+351)=Y1
X{IeI+3)=X{IsI1+3)=Y1
X{I+39143)=X{1+341+3)=Y1
S51=040
DO3071I=1s3
S=0e¢0
DD223J=143
PI=X{Tod+1)EX{I+T 9 J42 =X (T s J+2 )X {1+ sJ+1)
PlJ)=PJ
S=S+PJ%P Y
IF(5-51)3075307301

EIGVAL23
EIGVAL25
EIGVALO1
EIGVALO3
EIGVALOS
EIGVALO7
EIGVALOY
EIGVAL11
EIGVAL13
EIGVALL1S
EIGVAL17
EIGVALL9

EIGVECO1
EIGVECO3
EIGVECOS
EIGVECO7
EIGVECO9
EIGVEC11
EIGVEC13
EIGVEC1S
EIGVEC17
EIGVEC19
EIGVEC21
EIGVEC23
EIGVEC25
EIGVECO1
EIGVECO3
EIGVECOS
EIGVECO7
EIGVECO9
EIGVECL1
EIGVECL3
EIGVECI1S
EIGVEC1T
EIGVECO1L
EIGVEC21
EIGVECZ23
EIGVEC25
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301

305
307

311
313

CTRACE

111

CFUNA

117

123

CFUND

$1=8

DO305J=1+3
Z{Ji=P{J)

CONT INUE
IF(S1)311+3115313
NG=8

RETURN
END(O»1s090+0)

1471 WRB COMPUTE TRACE OF MATRIX X
FUNCTIONTRACE({X)
DIMENSIONX{(3s3)
TRACE=040
DO111I=1s3
TRACE=TRACE+X (11}
RETURN
END(QOs1s0s0s0}

1471 WRB ANGLE SUBROUTINE USED BY FUN2s FUN5s FUN6&
FUNCTIONFUNA(T)
COMMONNG s ICsPMsDP s DFDPsAMsDAsDFDASINs TSs1SsAsAAsBBF sFXsP
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)9AM(21)sDA(6)+sDFDAL(G)
DIMENSIONIN(231) sTS(3,48)s15(233948)9A(6)sAA(393)+BB(393)9P(300)
DIMENSIONI(6)sX1(3)sX2(3)sX3(3)sV1(3)sV2(3)
CALLSTOAA
CALLATOM(I(1)sX1)
CALLATOM(TI(3)sX2)
CALLATOM{TI(5)sX3)
IF(NG)1234117+123
CALLDIFV({X1sX2sV1)
CALLDIFV({X3sX2sV2)
FUNA=ARCCOS{COSVVIV1sV2))
RETURN
END(Os1505050)

1471 WRB DISTANCE SUBROUTINE USED BY FUN1 AND FUN4
FUNCTIONFUND(I)
COMMONNG s ICsPMsDP sDFDPsAMsDASDFDASINSTSs1SsAsAAIBBsF sFX 9P
DIMENSIONIC(10) sPM(251)sDP(251) sDFDP(251)sAM(21)sDA(6)sDFDA(6)

EIGVECOL
EIGVECO3
EIGVECOS
EIGVECOY
EIGVECO9
EIGVECL1
EIGVECL3
EIGVECLS
TRACE101
TRACE103
TRACELO5
TRACELO7
TRACE109
TRACE11l1l
TRACEL11l3
TRACE115
FUNA 01
FUNA 03
coM 01l
DIM 01
DIM 03
FUNA 05
FUNA 07
FUNA 09
FUNA 11
FUNA 13
FUNA 15
FUNA 17
FUNA 19
FUNA 21
FUNA 23
FUNA 25
FUND 0Ol
FUND 03
CoM 0l
DIM 01

wBLa



CHED1

107

CPRE1

CFUN1

CouT1

DIMENSIONIN(231)sTS{3448)s15(2s3+48)sA(6)sAA(3s314BB(393)sP(300)
DIMENSIONI(4) sX1{3)aX2{3)sV{3)

CALLSTOAA

CALLATOM(I{1)sX1)

CALLATOMII(3)sX2)

CALLDIFV({X2sX1sV)

FUND=SQRTF(VMV{VsAAsV )

RETURN

END{(QOs1s0s0+0)

1471 WRB HEADING 1
SUBROUTINEHED1
WRITEOUTPUTTAPE3,107
FORMAT (34HOINTERATOMIC DISTANCE IN ANGSTROMS)
RETURN
END(O3s1s0+04+0)

1471 WRB SET KEY WORDS FOR INTERATOMIC DISTANCE
SUBROUTINEPREL
COMMONNG s ICsPMsDP s DFDP s AMsDASDFDASINeTSs IS sAsAAIBRBsFaFXeP
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)9sAM(21)sDA(6)sDFDA(6)
DIMENSIONIN{231)sTS(3,48)sIS5(2+3+48)9A(6)9AA{393)sBB{3+3)sP(300)
CALLSETKX{IN(2))
CALLSETKX{IN(4))
RETURN
END(Qs1s00s0)

1471 WRB COMPUTE INTERATOMIC DISTANCE
SUBROUTINEFUN1
COMMONNG s ICsPMsDP sDFDP s AMsDASDFDASINsTSsISsAsAASBBsF9FX P
DIMENSIONIC(10)9sPM(251)sDP(251)9DFDP(2511sAM(21)sDA(6)sDFDA(G)
DIMENSIONIN(231)sTS(3,48) 91S(293+48)sA(6)9sAA(3+3)sBB(333)sP(300)
FX=FUND(IN(2))
RETURN
END(031s0+040)

1471 WRB PUT OUT DESCRIPTION OF INTERATOMIC DISTANCE
SUBROUT INEOUT1
COMMONNG s ICsPMaDP o DFDP s AMsDASDFDA s INs TS IS +sAsAASBBF 4FX P

DIM

FUND
FUND
FUND
FUND
FUND
FUND
FUND
FUND

HED1
HED1
HED1
HED1
HED1
HED1

PRE1
PRE1
COoM
DIM
DIM
PRE1
PRE1
PRE1
PREL

FUN1
FUN1
COM
DIM
DIM
FUN1
FUN1
FUN1

QUT1
QUT1
GoM

03
05
07
09
11
13
15
17
19

01
03
05
107
09
11

01
01
03

fod ot b s

0l
03
01
01
03
05
o7
09

1
i
01



107

CHEDZ2

107

CPRE2

107

CFUN2

couT2

DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)9AM(21)sDA(6)sDFDA(G}
DIMENSIONIN(231)sTS(3448)s1S5(293+48)sA(6)sAA(353)sBB(3s3)P(300;}
WRITEQOUTPUTTAPE3 107 ({IN{I)sI=245)

FORMAT(12H+ (I2s1HsI383H) (I2s1HsI39e1H})

RETURN

END{Q2130s01-0)

1471 WRB HEADING 2
SUBROUTINEHED?2
WRITEQUTPUTTAPE3»107
FORMATI{46HOBOND ANGLE IN DEGREES. CENTRAL ATOM 15 VERTEX)
RETURN
END{Os1s0s0s0}

1471 WRB PRELIMINARY SUBROUTINE 2
SUBROUTINEPRE?2
COMMONNG s ICsPMesDP o DFDP s AMsDASDFDASINsTSsIS9sAsAABBsFsFXeP
DIMENSIONIC(10)sPM(251}1sDP(251)sDFDP(2511sAM(21) +sDA(6)sDFDALS)
DIMENSIONIN(231)sTS(3,48)s1S{2s3s48)sA(6)sAA(393)sBB{393)sP(300)
DO1071=246s2
CALLSETKX(IN{I)
RETURN
END(G21s04040)

1471 WRB BOND ANGLE SUBROUTINE
SUBROUTINEFUNZ
COMMONNG o IC3sPMsDP o DFDP s AMsDAIDFDASINs TSs 1S5 sAsAAIBBIF oFX P
DIMENSIONIC{10)sPM{251)sDP(251)sDFDP(251)sAM(21) sDA(6)sDFDA(E)
DIMENSIONIN({231) sTS{3448)91S5(2s3s48)sA(6)9sAA(3+3)+BB(35315P{300)
FX=FUNA{IN{2})
RETURN
END(O91s0s0s07

1471 WRB OUTPUT DESCRIPTION 2
SUBROUTINEOUT2
COMMONNG s ICsPMsDP s DFDP s AMoDASDFDAsINs TSsISsAsAAsBBsFsFXP
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM{21)sDA{6)9DFDA(E)
DIMENSIONIN{231)sTS(3,48)s1S5(2s3548)9A(6)sAA{343)9BB(393)9sP(300)
WRITEOUTPUTTAPE3s107s (IN(I)sI=257)

DIM
DIM
ouTl
QUT1
ouUTl
oUT1

HEDZ2
HED2
HEDZ
HEDZ2
HED2
HEDZ

PRE2
PREZ
COM
DIM
DIM
PREZ2
PREZ2
PREZ2
PREZ

FUNZ
FUN2
COM
DIM
DIM
FUN2
FUN2
FUN2

ouTZ2
ouT2
COM
DIM
DIM
ouTZ2

01
03

Y

01
03
05
107
09
11

01
03
o1
01
03
05
o7
09
11

01
03
01
01
03
05
07
09

01l
03
0l
01
03
05

==08w
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107 FORMAT(12H+ (I291Hs13s3H) (I12s1Hs1393H) (I2s1HsI391H}) QUT2 107

RETURN ouUTZ2 09
END(Os1s0s04+0) ouUTZ2 11
CHED3 1471 WRB HEADING 3 HED3 01
SUBROQUTINEHED3 HED3 03
WRITEQUTPUTTAPE3, 107 HED3 05
107 FORMAT(58HODIHEDRAL ANGLE BETWEEN PLANES EACH DEFINED BY THREE ATOHED3 107
1MS) HED3 108
RETURN HED3 09
END(Os1s0s0s0) HED3 11
CPRE3 1471 WRB PRELIMINARY SUBROUTINE 3 PRE3 01
SUBRQUTINEPRE3 PRE3 03
COMMONNG s ICsPMeDP sDFDP s AMsDASDFDASINsTSsISsAsAAsBBsFsFXsP COM 01
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM{21)sDA(&)sDFDA(S) DIM 01
DIMENSIONIN(Z231) sTS(3448)s1S5(2s3+48)sA{6)9AA({393)eBB(393)sP{300) DIM 03
DO1071I=2+1242 PRE3 05

107 CALLSETKX{IN(I)) PRE3 07 3

RETURN PRE3 09 il
END(Os1s0+040) PRE3 11
CFUN3 1471 WRB DIHEDRAL ANGLE SUBROUTINE FUN3 01
SUBROUTINEFUN3 FUN3 03
COMMONNG s ICsPMsDP s DFDP s AMsDASDFDASINS TSs 1S sAsAAsBBsF sFXsP COM 01
DIMENSIONIC(10)sPM(251) sDP(251)+sDFDP(251)9AM(21})sDA({6)sDFDALS) DIM 01
DIMENSIONIN(231)sTS(34,48)e15(293448)sA(6)sAA(393)sBB(393)9P{300) DIM 03
DIMENSTIONX(3s6)sV1(3),V2(3)sV3{3)sV4{3)sV5(3)sVEI(3) FUN3 05
CALLSTOAA FUN3 07
CALLSTOBB FUN3 09
IF(NG)2074+11349207 ' FUN3Z 11
113 D0O1151I=1s6 FUN3 13
115 CALLATOM{IN(2%I)sXE1s1)) FUN3 15
IF{NGI207+119207 FUN3 17
119 CALLDIFVIX{1s2)sX(1s1l)sV1) FUN3 19
CALLDIFVIX(193)sX{1s1l)sV2) FUN3 21
CALLDIFVIX{1s5)eX{1s4)sV3) FUN3 23
CALLDIFVIX{1s6)sX{1s4)sV4) FUN3 25

CALLNORM(V1sV24sV5) FUN3 01



CALLNORM(V3sV4sV6) FUN3
FX=ARCCOS{COSVV{V5sVHY) FUN3

207 RETURN FUN3
END{O 910300} FUN3

couTa 1471 WRB OQUTPUT DESCRIPTION 3 QUT3
SUBROUTINEOUT?3 QUT3
COMMONNG e ICosPMsDP s DFDP s AMsDASDFDASINs TSsISsAsAAIBBsF sFX P COM
DIMENSIONIC{10)sPM(251)+sDP (251 )sDFDP(251)sAM(21)sDA(6)sDFDA(6) DIM
DIMENSIONIN{231)sTS({3448)91S(2s3+48)sA(6)9AA(393)sBB(3e3)sP(300) DIM

WRITEOQUTPUTTAPE3 1072 (IN{I)sI=2413) ouT3

107 FORMAT(12H+ (I291HeI1343H) (12s1Hs13s3H) (I2+1Hs13s1H)/12HOUT3

1 {(I291HsI393H) (I291He1393H) (12s1HsI391H}) QuUT3
RETURN QuUT3
END(0O3s1s0s0+0) OuUT3

CHED4 1471 WRB HEADING 4 HED&
SUBROUTINEHEDS4 HED4
WRITEQUTPUTTAPE34+107 HED4

107 FORMAT({45HODIFFERENCE BETWEEN TWO INTERATOMIC DISTANCES) HED4
RETURN HED4
END(Os1s050+0) HED&

CPRE4 1471 WRB PRELIMINARY SUBROUTINE 4 PRE4
SUBROUT INEPRES PRE4
COMMONNG s ICsPMsDP sDFDP s AMsDASDFDA» INs TS I1SsAsAAsBBsFsFXsP COM
DIMENSIONIC{10)sPM{251)sDP(251)sDFDP(251)9AM(21) sDA(6)sDFDAL(S) DIM
DIMENSIONIN{231)sTS{3448)s15(233s48)sA{6)sAA(3+3)sBB(3s3)sP(300) DIM
DO107I=24+84s2 PRE4

107 CALLSETKX({INCIN) PRE4
RETURN PRES4
END(OCs190s0,0) PRE4

CFUN4 1471 WRB DIFFERENCFE BETWEEN BOND DISTANCES FUN4
SUBROUTINEFUN4 FUN4
COMMONNG s ICsPMoDP o DFDP s AMsDASDFDASINS TS s IS sAsAAYBBsFsFX P COM
DIMENSIONIC(10) sPM(251)sDP{251)+sDFDP(251)sAM{21)+DA(S6)YsDFDA(S) DIM
DIMENSIONIN({231)sTS(34,48)+s1S(293+48)sA(6)sAA(353)sBB(3+3)sP{300) DIM
FX=FUND(IN(2)}=FUND(IN(6}) FUN4

03

07
09

01
03
01l
01
03
05
107
108
09
11

01
03
05
107
11
13

01
03
01
01
03
05
07
09
11

01
03
0l
01
03
05

-38—
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RETURN FUN& 07

END(0s1505050) | FUN4 09
COUT4 1471 WRB OUTPUT DESCRIPTION 4 , ouUT4 01
SUBROUTINEQUT4 OUT4 03
COMMONNG s 1CsPMsDP s DFDDP s AM ¢ DA sDFDAsINsTSs1SsAsAAsRBsFsFX P coM 01
DIMENSIONIC(10)sPM(251) sDP (251 ) sDFDP(251)sAM(21)sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231) sTS(3448) s15(293+48)sA(6)9AA(353)sBB(353)sP(300) DIM 03
WRITEOUTPUTTAPE3 5107 (IN(I)s1=259) oUT4 05
107 FORMAT(12H+ (1291HsI393H) (I2s1HsI391H)/12H (120UT4 107
1s1HsI393H) (I291HsI391H)) OUT4 108
RETURN oUT4 09
END(03s1505050) ouUT4 11
CHEDS 1471 WRB HEADING 5 HED5 01
SUBROUT INEHEDS HEDS 03
WRITEOUTPUTTAPE3,107 HED5 05
107 FORMAT({35HODIFFERENCE BETWEEN TWO BOND ANGLES) HED5 107
RETURN HED5 11 ‘
END(Os1505050) HEDS 13 §§
CFUNS5 1471 WRB DIFFERENCE BETWEEN BOND ANGLES FUN5 01
SUBROUT INEFUNS FUN5 03
COMMONNG s ICsPM3sDP s DFDP s AM s DA sDFDA s INs TSsI1SsAsAAsBBsFsFXsP coM 0l
DIMENSIONIC(10)sPM{251)sDP(251) sDFDP(251)sAM(21) sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231)sTS{34,48) »15(293:48)sA(6)sAA(393)sBB(393)sP{300) DIM 03 -
FX=FUNA{IN(8)}=FUNA({IN(2)) FUN5 05 -
RETURN FUN5 Q7
END(Os1s0s0+0) FUN5 Q9
CHEDG 1471 WRB HEADING & HED6 01
SUBROUT INEHED6 HED6 03 -
WRITEQUTPUTTAPE3,107 ‘ HED6 05 -
107 FORMAT(27HOSUM OF SEVERAL BOND ANGLES) HED6 107
RETURN HED6 11 =
END(0Os1305050) HED6 13 -
CPRE6 1471 WRB PRELIMINARY SUBROUTINE 6 PRE6 01 -

SUBROUTINEPRES® PRE6 03 -



109

CFUN6

111

COUTé

109

CFUNB

COMMONNG s ICsPMaDP s DFDP s AMsDAsDFDASINsTSsISsAsAAIBBsFsFXsP COoM
DIMENSIONIC(10)sPM(257)sDP(251)sDFDP(251)9sAM{21)sDA(E)sDFDA{G]) DIM
DIMENSIONIN{231)sTS(3,48)s15(293348)3sA{6)9AA(393)14BB(343)sP(300) DIM
J=IN(2)%6+1 PRES&
DO1091=34J92 PREG
CALLSETKX(IN(TI) PREG
RETURN PRE6
END(QO+1s0+0s0) PRE6
1471 WRB SUM OF BOND ANGLES FUN6
SUBROUTINEFUNG FUN6
COMMONNG s ICsPMeDP s DFDP s AMyDAsDFDAS INs TSsISsAsAAsBBsFsFXsP COM
DIMENSIONIC{10) sPM(251)sDP(251)sDFDP(251)sAM(21)+DA(6)sDFDALG) DIM
DIMENSIONIN(231)sTS(3,48)s1S(2353548)sA(6)sAA(353)sBB(393)sP(300) DIM
N=IN(2) FUN6
FX=040 FUN6
D0111J=1sN FUN6&
FX=FX+FUNA{IN{6%*J=3)) FUNG6
RETURN FUN6
END{(O31s0+0+0) FUN6
1471 WRB OUTPUT DESCRIPTION 6 QuUTse
SUBROUTINEQUTS QuUT6
COMMONNG s ICsPMeDP s DFDP s AMaDASDFDASINs TSsISsA3AAIBBsFsFXsP COM
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)9AM{21)sDA(6)sDFDA(6) DIM
DIMENSIONIN(231) sTS({3448)s1S(293+48)sA(6)sAA(343)sBB(393)sP(300) DIM
J=IN(2)1*%6+2 QUTE
WRITEQUTPUTTAPEZ 4109 {IN(I)sI=3sJ) QUTS6
FORMAT(12H+ (I291HsI13s3H) (I251HsI393H) (I2s1Hs1341H}/(120UT6E
1H {12s1HaI343H) {I291HsI3s3H) (1291Hs13s1H}}) QUTé
RETURN QUT6
END(O»13s0s0s0) QuUT6
1471 WRB SET UP MATRIX AND GET EIGENVALUE FUNB
SUBROUTINEFUNB({WsZsZ1) FUNB
COMMONNG s ICoPMsDP o DFDP s AM s DASDFDASINS TS9ISsAsAAsBBsF sFXsP COM
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDA(6E) DIM
DIMENSIONIN{231) aTS({3448)91S(293+48)sA(6)sAA(3s3)9BB{393)sP(300) DIM
DIMENSIONB({393)sW(3s33sY(3} FUNB

01l
ol
03
05
07
09
11
13

01
03
01
01
03
05
07
09
11
13
15

01
03
01
01
03
05
07
109
110
11
13

0l
03
01l
01l
03
05

~4ig=



CALLSTOAA FUNB 07

CALLBETA(IN(2)sB) FUNB 09
IFING) 12341134123 FUNB 11
113 CALLMM(BsAAsW) FUNB 13
CALLEIGVAL(WsY) FUNB 15
I=IN(4) FUNB 17
Z=Y(1) FUNB 19
Z1=5QRTF{Z*0«0506605918) FUNB 21
123 RETURN FUNB 23
END(0Os1s05040) FUNB 25
CFUNC 1471 WRB COS ANGLE OF PRINCIPAL AXIS AND VECTOR FUNC 01
SUBROUTINEFUNC(Cs2) FUNC 03
COMMONNG s ICyPMsDP s DFDPs AMsDASDFDAsINs TS+ IS sAsAAIBBsF sFXsP COoM 01
DIMENSIONIC(10)sPM(251)sDP(251)+DFDP(251)9sAM(21)sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231) sTS(3448) s15(293+48)sA(6)9sAA(3+3)+BB(343)sP(300) DIM 03
DIMENSTONW(393)aX1(3)4X2{3)sV1(3})sV2(3) FUNC 05 :
CALLFUNB(WsYsZ) FUNC 07
IF(NG)1255111+125 FUNC 09 &
111 CALLEIGVEC(WsY»VL) FUNC 11 i
IF(NG) 12541154125 FUNC 13
115 CALLATOM{IN(5)sX1) FUNC 15
CALLATOM{IN(T) X2} FUNC 17
IF(NG) 12541214125 FUNC 19
121 CALLDIFV({X2sX1sV2) FUNC 21
C=COSVV{V1sV2) FUNG 23 i
125 RETURN FUNC 25 '
END(Qs150+0+0) FUNC 27
CFUNX 1471 WRB COS ANGLE OF PRINCIPAL AND CARTESIAN AXES FUNX 101
SUBROUTINEFUNX{CsZ) FUNX 103
COMMONNG s ICsPMsDP sDFDPsAMsDASDFDASINs TSsISsAsAAIBBeFsFXsP COM 01
DIMENSIONIC(10)sPM(251)+sDP(251)+sDFDP(251)9sAM(21)9DA(6)sDFDA(S) DIM 01
DIMENSIONIN(231)sTS(3,48) s15(293548)9A(6)9AA(3+3)9eBB(393)sP(300) DIM 03
DIMENSIONW(253)sVI{3)sX(3s4)sV1{3)sV2(3)sAX(343) FUNX 105 .
CALLFUNB(WsYsZ) FUNX 107 '
CALLSTOBB FUNX 109
IF(NG)207+113+207 FUNK 111

113 CALLEIGVEC{WsYsV) FUNX 113



117
119

123

207

CHEDY

IF(NG)20751175207
DO119I=1s4
CALLATOMUIN(2%TI+4)9X(1s1))
IF(NG)207+123+207
CALLDIFV(IX({192)sX(1s1)sV1)
CALLDIFVIX{1la4)sX{1s3)sV2)
CALLAXES(V1,sV2sAX)

I=IN(5)

C=COSVV{VsAX{(1ls1})}

RETURN

END(0O91s0s050)

1471 WRB HEADING 7
SUBROUTINEHED7
WRITEOUTPUTTAPE3107

FUNX
FUNX
FUNX
FUNX
FUNX
FUNX
FUNX
FUNX
FUNX
FUNX
FUNX

HEDT
HEDY
HED7

107 FORMAT(72HORMS COMPONENT OF THERMAL DISPLACEMENT ALONG PRINCIPAL AHMED7

CPRET

CFUN7

1XIS Re ANGSTROMS/25H0 ATOM R)
RETURN
END(Os1s0s0+0)

1471 WRB PRELIMINARY SUBROUTINE 7
SUBROUTINEPRE?
COMMONNG s ICsPMsDP sDFDPsAMsDASDFDASINsTSsISsAsAAIBBF9sFX P
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDAL6)
DIMENSIONIN(231)sTS{3,448)215(293+48)sA(6)sAA(393)9BB(3s3)sP(300)
CALLSETKB(IN{2))
RETURN
END(0s1s04040)

1471 WRB RMS PRINCIPAL DISPLACEMENT
SUBROUTINEFUNTY
COMMONNG s ICsPMsDP o DFDD s AMaDASDFDAS INs TSsISsAsAAIBBsF o FX P
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM{21)sDA(6)sDFDA(G)
DIMENSIONIN(231) sTS(3,48)015(233+48)9A(6)9AA(393)sBB(3s3)sP(300)
DIMENSIONW({3s3)
CALLFUNB({WsZsFX])
RETURN
END(Os1s0s040)

HED7
HED7
HED7T

PRET
PRET
COM
DIM
DIM
PRE7
PRE7
PREY

FUN7
FUNT
COoM
DIM
DIM
FUN7
FUN7
FUN7
FUNT7

115
117
119
121
123
125
201
203
205
207
209

01
03
05
107
108
11
13

0l
03
01
01
03
05
07
09

01
03
01
0l
03
05
07
09
11

~9g~
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couTT 1471 WRB OUTPUT DESCRIPTION 7 CUT7 01

SUBROUTINEQUTT QUTT7 03
COMMONNG s ICsPMoDP oDFDP s AM s DA sDFDAS INs TS s IS sAsAASBBsFsFXsP COM 01
DIMENSIONIC{10)sPM{251)sDP{251)+sDFDP{2511sAM{21}sDA(6)sDFDA(S) DIM 01
DIMENSIONIN(Z231)sTS({3,48)915(2s3948)sA(6)sAA(3s3)sBB(3+3)sP{300) DIM 03
WRITEOQUTPUTTAPEZ107s (IN(I)sl=2s4) QUTT? 05
107 FORMAT(12H+ (1291Hs1396H) 1) QUT7 107
RETURN QUT7 09
END(Os1s0s0s0) QUTT 11
CHEDS 1471 WRB HEADING 8 HED8 01
SUBROUTINEHEDS HED8 03
WRITECUTPUTTAPEZS107 HED8 05
107 FORMAT{63HOANGLE BETWFEN PRINCIPAL AXIS R AND VECTOR DEFINED BY TWHEDS 107
10 ATOMS/40H0 ATOM R VECTOR) HED8 108
RETURN HED8 11
END(O91s0s0s0) A HED8 13
CPRES 1471 WRB PRELIMINARY SUBROUTINE 8 PRES 01 ég
SUBROUTINEPRES PRE8 03 i

COMMONNG s ICoPMeDP sDFDP s AMsDASDFDASINS TS ISsAsAAsBBeF sFXaP COM 01
DIMENSIONIC(10)sPM({Z251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231)sTS{3,48)s15(2+3948)9sA{6)sAA(3s3)sBB(3+3)sP(300) DIM 03
CALLSETKB(IN(2})} PRE8 05
DO109I=54+742 PRE8 07

109 CALLSETKX(IN(I)) PRE8 09 .

RETURN PRE8S 11 '
END(Os1s0s0s0) PRES 13
CFUNS 1471 WRB ANGLE BETWEEN PRINCIPAL AXIS AND VECTOR FUN8 01
SUBROUTINEFUNS FUNE 03
COMMONNG s ICsPMsDP s DFDP s AM s DA SDFDASINS TS s IS sAsAASBBaFsFX P cOoM 0k
DIMENSIONIC(10)sPM({251)+DP(251)sDFDP{251)sAM{ 21} sDA(6)sDFDAL(G) DIM 01
DIMENSIONIN(231)sTS(3,48)9IS{2s3s4B)sA{6)9sAA(393)sBB(393)9P(300) DIM 03
CALLFUNC(Cs2) FUN8 0%
FX=ARCCOS(C) FUN8 07
RETURN FUN8 09

END(Osl1s0s0+0) FUNS8 11



couTs 1471 WRB OUTPUT DESCRIPTION 8 ouUT8 01

SUBROUTINEOUTS ouT8 03
COMMONNGs ICsPMsDP s DFDP s AMsDASDFDASINsTS»sISsAsAAsBBsFsFXaP COoM 01
DIMENSIONIC{10)sPM(251)sDP(251)+DFDP(251)sAM(21)sDA(61sDFDA(S) DIM 01
DIMENSIONIN(231)sTS(3448)91S{2s3+48)1sA(6)sAA(393)sBB(3+s3)sP{(300) DIM 03
WRITEOUTPUTTAPE3 107 ({IN{I)sI=248) ouTts 05

107 FORMAT(12H+ (I291HsI3s6H) 11+5H {(1241HsI3s3H) (I2s0UT8 107
11HsI391H}) ouT8 108
RETURN ouUT8 09
END(Os1s0s0s0) ouUT8 11
CHEDS 1471 WRB HEADING 9 HED9 01
SUBROUTINEHED9 HED9 03
WRITEQUTPUTTAPE3s107 HED® 05

107 FORMAT(113HORMS COMPONENT OF THERMAL DISPLACEMENT ALONG PRINCIPAL HED9 107
1AXIS R PROJECTED ON VECTOR DEFINED BY TWO ATOMSe ANGSTROMS/40HO HEDS 108

2 ATOM R VECTOR) HED9 109
RETURN HED9 11
END(O9150s0+0) HED9 13

CFUN9 1471 WRB PRINCIPAL AXIS PROJECTED ON VECTOR FUN9 01
SUBROUTINEFUNS FUN9 03
COMMONNG s ICsPMsDP s DFDP s AMsDAsDFDASINs TS IS sAsAAsBBFsFX P COM 01
DIMENSIONIC(10)sPM(251)sDP(251) sDFDP(251)sAM(21}sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231) sTS(3,48)s1S(2s3s48)9sA(6)sAA(33)sBB(3+3)sP(300) DIM 03
CALLFUNC(Cy2Z) ‘ FUN9 05
FX=C%*Z FUN9 07
RETURN FUNS 09
END(O3s1303s0+0) FUN9 11

CHED10 1471 WRB HEADING 10 HED10O 01
SUBROUTINEHED10 HED10O 03
WRITEOUTPUTTAPE3s107 HED10 05

107 FORMAT(85HOANGLE BETWFEN PRINCIPAL AXIS R AND AXIS I OF CARTESIAN HED10107
1SYSTEM DEFINED BY TWO VECTORS/45HO ATOM R 1 DEFIHED10108
2NING VECTORS) HED10109
RETURN HED10O 11

END(QOs1s0+0+0) HED1O 13

“gg= -



CPRE1O 1471 WRB PRELIMINARY SUBROUTINE 10 PRE1O 01

SUBROUTINEPRE10 PRE10O 03
COMMONNG s ICsPMsDP sDFDP s AMsDASDFDASINsTSsISsAsAASBBsFsFXsP COM 01
DIMENSIONIC(10)sPM{251)sDP(251)sDFDP(251)sAM{21) sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231)sTS{3,48)91S5(293+48)9sA(6)sAA(3+3)sBB(3s3)sP{300) DIM 03 ;
CALLSETKB(IN(2)) PRE10O 05 ;
DO109I=651242 PRE10 07
109 CALLSETKX(IN(I)) ' PRE10 09
RETURN PRE10O 11
END(0»13030,+0) PRE10 13
CFUN10 1471 WRB ANGLE BETWEEN PRINCIPAL AND CARTESIAN AXES FUN1O 01
SUBROUTINEFUN1O FUN1O 03
COMMONNG s TCoPMsDP s DFDP s AMsDASDFDASINs TSs IS sAsAASBBFsFX 9P COM 01
DIMENSIONIC(10)sPM{251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231)sTS(3448)91S5(2s3+48)sA{63sAA{353)9sBB(3s3)9P(300) DIM 03
CALLFUNXI{Cs2Z) FUN1O 05
FX=ARCCOS(C) FUN1O 07
RETURN FUN1O 09 A
END(O3s1s0s040) FUN1O 11 ¥ .
COUT10 1471 WRB QUTPUT DESCRIPTION 10 OUT10 01
SUBROUTINEOUT10 OUT10 03
COMMONNG s ICsPMsDP s DFDP s AMsDASDFDAsINs TSsISsAsAAsBBsF 9sFX P coM 01
DIMENSIONIC(10)sPM(251) sDP(251)+sDFDP(251)sAM(21)+sDA(6)sDFDA(6) DIM 01
DIMENSTONIN(231) sTS(3448) s1S(2+3s48)3sA(6)sAA(393)9BB(353)sP(300) DIM 03
WRITEOQOUTPUTTAPE3 107 (IN(1)sI=2513) QUT10 05
107 FORMAT({12H+ (1291HsI394H) I1s13e4H (I2s1HsI393H) (I2s0UT10106
11HsI3s1H) /30H (I291HsI383H) (I2s1Hs13s0UT10107
21H)) QUT10108
RETURN OUT10 09
END(03s15s050,0) OUT10 11
CHED11 1471 WRB HEADING 11 HED11 01
SUBROUTINEHED11 HED11 03
WRITEOUTPUTTAPE3,107 HED11 05

107 FORMAT(101HORMS COMPONENT OF THERMAL DISPLACEMENT ALONG PRINCIPAL HED11107
1AX1S R PROJECTED ON Ax1S I OF CARTESIAN SYSTEM/34H DEFINED BY TWO HED11108
2VECTORSe ANGSTROMS/45HO ATOM R 1 DEFINING VECTORHED11109



CFUN11

CFUNR

CFUNCR

115

35)

RETURN
END(0O3s1s0s040)

1471 WRB PRINCIPAL AXIS PROJECTED ON CARTESIAN AXIS
SUBROUTINEFUN11
COMMONNG s ICosPMsDP s DFDP s AMsDASDFDASINs TSsISsAsAASBBsFsFX P
DIMENSIONIC({10)sPM(251)+sDP{251)sDFDP(251)9sAM{21)sDA(6)sDFDAL(G)
DIMENSIONIN(231)9TS(3448)s15(293+48)3A(6)sAA(393)4BB(3+3)sP(300)
CALLFUNXI{Cs2)
FX=C%2
RETURN
END{(Qs1s0s040)

1471 WRB MEAN SQUARE RADIAL DISPLACEMENT
SUBROUTINEFUNRI(I sRSQ)
COMMONNG s ICsPMsDP sDFDP s AMsDASDFDASINs TS IS sAsAASBBsFsFXsP
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)sAM(21)sDA(6)sDFDA(6)
DIMENSIONIN(231)9TS(3,48) 315(293+48)9A(6)sAA(33)4BB(353)sP(300)
DIMENSIONB(3s3)sBAA(3,3)
CALLSTOAA
CALLBETA(I,B)
CALLMM(BsAASBAA)
RSQ=TRACE(BAA)}*0.,0506£05918
RETURN
END(Os1s0+040)

1471 WRB COMPUTE QUANTITIES FOR MEAN BOND DISTANCE
SUBROUTINEFUNCR(CsR)
COMMONNG s ICsPMoDP sDFDP s AMsDASDFDASINs TSsISsAsAASBBsF9sFXsP
DIMENSIONIC(10)sPM(251)sDP(251) 4DFDP(251)9sAM(21)9DA(6)sDFDA(6)
DIMENSIONIN(231)sTS(3,48) 915(2+93+48)sA(6)9AA(393)sBB(393)sP(300)
DIMENSIONC(2) sX(392)sv(3)
DO1151=1s2
CALLFUNR(IN(2%#1I)4sRSQ)
CALLFUNXT{IN(2%I)oIN(2)sXISQ)
C(I)=RSQ~-XISQ
CALLATOM(IN(2%TI)sX(1s1))
CALLDIFVIX(12)sX{1s1)sV)

HED11
HED11
HED11

FUN11
FUN11
COM
DIM
DIM
FUN11
FUN11
FUN11
FUN11

FUNR
FUNR
COM

DIM

DIM

FUNR
FUNR
FUNR
FUNR
FUNR
FUNR
FUNR

FUNCR
FUNCR
COM

DIM

DIM

FUNCR
FUNCR
FUNCR
FUNCR
FUNCR
FUNCR
FUNCR

110
11
13

01
03
0l
01
03
05
07
09
11

101
103

01l

01

03
105
107
109
111
113
115
117

0l
03
01
01
03
05
o7
09
11
13
15
17

R



R=SQRTF{VMV(VsAAsV )} FUNCR 19

RETURN FUNCR 21
END(0Os150s050) FUNCR 23
CFUNXI 1471 WRB MS DISPLACEMENT IN GIVEN DIRECTION FUNXI101
SUBROUTINEFUNXI(IsJsX15SQ) FUNX1103
COMMONNG s ICsPMsDP s DFDP s AMsDASDFDAs INs TS 1S sAsAAsBBsFaFXsP coM 01
DIMENSIONIC(10)sPM(251)sDP(251)sDFDP (2511 9AM(21)sDA(6) sDFDA(GE) DIM 01
DIMENSIONIN(231) sTS(3,48) s1S(2+3+48)sA(6)sAA(3+3)9BB(3431sP(300}) DIM 03
DIMENSIONI(2) sJ(4)sB(393) sX1(3)aX2(3)sVI(3)sBAA(343)sAABAA(3s3) FUNX1105
CALLSTOAA FUNX1107
CALLBETA{I,B) FUNXI109
CALLATOM(JsX1) FUNXI11l1
CALLATOM{J(3) sX2) FUNXI113
IF(NG)207+117+207 FUNXI115
117 CALLDIFV(X2sX1sV) FUNXI117
D=VMV(VsAA»V) FUNXI119
IF(D) 123,123,201 FUNXI121
123 NG=10 FUNXI123 b

GOTO207 FUNXI125 e
201 CALLMM{BsAAsBAA) FUNXT1201
CALLMM( AAsBAA yAABAA) FUNXI203
XISQ=VMV(VsAABAAsV)%0,0506605918/D FUNX1205
207 RETURN FUNX1207
END{Os1s050s0)} FUNXI209
CHED12 1471 WRB HEADING 12 HED12 01
SUBROUTINEHED12 HED12 03
WRITEQUTPUTTAPE3+107 HED12 05
107 FORMAT({83HORMS COMPONENT OF THERMAL DISPLACEMENT IN DIRECTION DEFIHED12107
INED BY TWO ATOMS. ANGSTROMS/40HO ATOM VHED12108
2ECTOR) HED12109
RETURN HED1Z 11
END(O3s13s0s050) HED12 13
CPRE12 1471 WRB PRELIMINARY SUBROUTINE 12 PRE1Z 01
SUBRQUTINEPRE12 PRE12 03
COMMONNG s ICoPMsDP s DFDP s AMsDAsDFDAsINs TSsISsAsAAIBBFsFXsP coM 01

DIMENSIONIC(10)sPM(251)sDP(251)sDFDP(251)9sAM(21)sDA(6)sDFDAL6) DIM 01



109

CFUN12

CouUT12

107
1

CHED13

107

CFUN13

DIMENSIONIN(231)eTS{3,48) 915(2+3+48)sA{6)2AA(3+3)sBB{393}sP(300) DIM 03
CALLSETKB(IN(2}) PRE1Z2 05
DC109I=44+642 PRE12 07
CALLSETKX{IN(IY)) PRE12 09
RETURN PRE12 11
END(0Os130+040) PRE1Z2 13

1471 WRB RMS DISPLACEMENT LN GIVEN DIRECTION FUN12 01
SUBROUTINEFUN12 FUN12 03
COMMONNG s ICsPMsDP sDFDP s AM9sDASDFDASINs TS9s1SsAsAAsBBsFsFXsP COM 01
DIMENSIONIC({10)sPM(251)9sDP(251)+sDFDP(251)9AM(21)9sDA(6)sDFDA(6) DIM 01
DIMENSIONIN(231)sTS{3448)s15(2+3+48)sA(619AA(3+3)4BB(393)sP(300) DIM 03
CALLFUNXTI(IN(2)sIN(4),4,X15Q) FUN12 05
FX=SQRTF(XISQ) FUN12 07
RETURN FUN12 09
END(Os190+0+0) FUN12 11

1471 WRB OUTPUT DESCRIPTION 12 ouT12 01
SUBROUTINEOUT12 ouUTl2 03
COMMONNG s ICsPMsDP s DFDP s AMsDASDFDAsINsTSsISsAsAAIBBoFsFXsP COM 01
DIMENSIONIC(10)sPM{251)sDP(251)sDFDP({251)3sAM(21)sDA(6)sDFDA(G) DIM 01
DIMENSIONIN(231)9TS(3,48)91S5(293+48)9sA(6)9sAA(343)9BB(3+3)sP(300) DIM 03
WRITEOUTPUTTAPE3»107s(IN(I1)s1=247) OUT12 05
FORMAT({12H+ (I2s1HsI3912H) {(I291HsI1393H) (I2+1Hs0UT12107
13s1H)) 0UT12108
RETURN ouUT12 09
END(0O91s03s04+0) ouUT1Z 11

1471 WRB HEADING 13 HED13 01
SUBROUTINEHED13 HED13 03
WRITEQUTPUTTAPE3»107 HED13 05
FORMAT(51HORMS RADIAL THERMAL DISPLACEMENT OF ATOM. ANGSTROMS) HED13107
RETURN HED13 11
END{0Os13s0s0+0) HED13 13

1471 WRB RMS RADIAL DISPLACEMENT FUN13 01
SUBROUTINEFUN13 FUN13 03
COMMONNG s ICsPMsDP sDFDP s AMsDASDFDASINSsTSsISsAsAASBBFsFXsP COM 01
DIMENSIONIC(10)sPM(251)DP(251)sDFDP({251)9sAM(21)+sDA(6)sDFDA(6) DIM 01
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CouUT13

107

CHED14

107
1

CPRELGL

109

CFUN14

CIMENSIONIN(231)sTS{348) ¢IS{293548)sA(6)sAA(3931eBB(393)sP{(300)
CALLEFUNRIIN{21sRSQ)

FX=SQRTF(RSQ)

RETURN

END(Q921s0s040)

1471 WRB OUTPUT DESCRIPTION 13
SUBROUTINEQUT13
COMMONNGs1CsPMsDP s DFDP s AMsDASDFDAS INs TS 9IS sAsAASBBsFsFXsP
DIMENSIONIC({10)sPM{251)sDP(251)sDFDP(251)sAM(21}sDA(6)sDFDA(6)
DIMENSIONIN(231) 9TS{3,48)s1S(293948)sA(6)sAA(393)sBB(353)2P(300)
WRITEQUTPUTTAPE3 41079 (IN{I)e1=2+3)

FORMAT{12H+ {12s1HsI391H)}
RETURN
END{(QOs1s0s0s0)

1471 WRB HEADING 14

SUBROUTINEHEDL14
WRITEQUTPUTTAPE3,107

DIM

FUN13
FUN13
FUN13
FUN13

ouUT13
ouUT13
coM
DIM
DIM
ouT13

03
05
o7
09
11

01
03
01
01
03
05

QUT13107

ouT13
QUT13

HED14
HED14
HED14

09
11

01
03
05

FORMAT(88HOINTERATOMICc DISTANCE AVERAGED OVER THERMAL MOTION. SECOHED14107
HED14108

ND ATOM ASSUMED TO RIDE ON FIRST)
RETURN
END{D9s1s0s0+0)

1471 WRB PRELIMINAPY SUBROUTINE 14
SUBROUTINEPREL4
COMMONNG s ICsPMsDP sDFDP s AMsDASDFDASINsTSsISsAsAASBBsFeFXsP
DIMENSIONIC(10)sPM{251)sDP{251)sDFDP(251)9AM(21)sDA(6) sDFDA{S)
DIMENSIONIN(231)sTS{3:48)31I5(203948)sA(6)sAA(393)eBB{(3s3)sP{300)
DO1091I=2s4s2
CALLSETKX{IN(I
CALLSETKB(IN(I
RETURN
END(Os1s0s050)

)
In N

1471 WRB MEAN BOND DISTANCE ASSUMING RIDING

HED14
HED14

PREl4
PRE14
COoM

DIM

DIM

PREL14
PREl4
PREL&
PREL14
PRE14

FUN14

11
13

01
03
01
01
03
05
Q7
09
11
13

01



CHED15

107

!
KA

CFUN15

SUBRCOUTINEFUNLS
COMMONNG9ICgPMsDPaDFDPsAMsDA9DFDA9IN9T59189A9AAQBBQF9FX9P
D:MENSIONIC(lO?gpM(Z51§90?{25179DFDP€251§9AM(2139DA(6399FDA(6)
DEMENSIONIN(ZBE)9T5€3948)915(293948?9A(679AA€393)988(393)9P(300>
DIMENSIONC({2}

CALLFUNCR{CsR:

FXx=R+{CI{27=Cl111/120%R}

RETURN

END{0Qs1s090s01

1471 WRB HEADING 15
SUBROUTINEHEDIS
WRITEQUTPUTTAPE35107

FUNL4
COM
DIM
DIM
FUN14
FUN14&
FUN14
FUN14
FUN1l&

HED15
HED15
HED15

03
ol
01
03
05
07
09
11
13

01
03
05

FORMAT{8THOINTERATOMIC DISTANCE AVERAGED OVER THERMAL MOTION. ATOMHED15107
HED15108

S ASSUMED TO MOVE INDFPENDENTLY }
RETURN
END{03190s000]}

HED1S
HED15

1471 WRB MEAN INTERATOMIC DISTANCE ASSUMING INDEPENDENT MOTICN FUNLS

SUBROUTINEFUNLS
COMMONN69ICgPMgDPeDFDPgAMeDAoDFDAoEN9T59259A9AA9889F9FX9P
DEMENSIONIC(lO?,PM(25139DPi251)QDFDPZ251?QAM(ZlésDAié}gDFDAiéﬁ
DEMENSIONINiZBlBy?523948§915(293948)9A€6)9AA(393}9BB{393)9P63003
DIMENSIONC(2:

CALLFUNCRI{CR}

FX=R+{C{2}+CI{1:1/{20%R;

RETURN

END(Os15090501

FUN1S5
COM
DIM
OIM
FUN1S
FUN15
FUNL15
FUNL15
FUNLS

11
13

01
C3
01
01
03
05
07
co
i1
i3

-11&=
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