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ABSTRACT
This report describes a computer program to perform the
least~squares refinement of crystal structure parameters
based on x~ray or neutron diffraction measurements. The
program is written mostly in the Fortran language to facili-
tate modification and to permit its use on various machines.
and the

Detailed instructions for its use are included,

required card decks may be obtained from the authors.



INTRODUCT ION

This report describes a computer program to perform the
least-squares refinement of crystal structure parameters
based on x-ray or neutron diffraction measurements. Detailed
ingtructions for its use are included; and the required card
decks may be obtained from the authors.

The program performs successive cycles of refinement
using the full matrix of the normal equations. The
parameters which may be adjustied include several scale
factors, an over-all temperature factor coefficient, the
neutron scattering factors, individual atom multipliers,
atomic coordinates, and isotropic or anisotropic individual
atom temperature factor coefficients. The parameters to be
varied may be specified arbitrarily, and structures of any
symmetry may be accommodated. The refinement may be based
either on the structure factors or their squares, and the
observations may be weighted individually, or the use of unit
weights may be specified,

The program is mathematically similar to an earlier
version, OR XLS (W. R. Busing and H. A. Levy, "A Crystallo-
graphic Least Squares Refinement Program for the IBM 704,"
ORNL~CF 59-4-37, 1959). A basic difference is that the
present program is not segmented and does not use magnetic
tape for intermediate storage. This implies that a 32k core
memory will be required for most problems. A means of

expanding the storage capacity with magnetic tape is



mentioned briefly in a later section. Provision is made to
transfer parameters from one job to the next by means of
magnetic tape or punched cards.

The present program is derived from a general least-
squares program (W. R. Busing and H. A. Levy, "OR GLS, A
General Fortran Least Squares Program," ORNL~TM-271, 1962},
and programmers conitemplating extensive changes should con-
sider starting with that basic program.

In order to facilitate modification of the program and
to permit its use on various machines, OR FLS has been
written in the Fortran language except for the matrix
inverter which is in FAP suitable for the IBM 704, 709, or
7090. A test problem is provided to serve as an example and

to aid in checking the program at other installations.

GENERAL DESCRIPTION

It is expected that the Fortran listing and the
glossary of symbols which are provided will serve as a com-
plete description of the program. The form of the input is
described in detail in a separate section, and an example of
such input, together with the corresponding output, is also
given. This section, therefore, is intended to serve only
as a summary of the method.

Because the present routine is a modification of the
general least-sgquares program, OR GLS, it was convenient to
divide it into several subprograms. The main program per-

forms the basic operations associated with the least-squares



refinement, while subroutine PRELIM serves to read the con-
trol information and parameters which define the trial
crystal stiructure. Subroutine CALC computes the scaled
structure factors or their squares and the derivatives of
these quantities with respect to the trial parameters, and
subroutine TEST determines whether the adjusted temperature
factor coefficients are pesitive-definite,

In the calculation of the structure factors and their
derivatives it is useful to distinguish the different types
of parameters such as scale factors, coordinates, and temper-
ature factor coefficients and to store them in separate
arrays. For the least-sdquares adjustment procedure, however,
it is more convenient to store all the parameters in a single
array. To achieve both of these objectives the program uses
duplicate storage arrays for the crystal structure parameters,
and subroutine PTOSB is provided to copy them from the array
P to the various storage locations SC, TO, SF, AI, XYZ, and
BETA. Subroutine SBTOP performs the reverse information
transfer and is also used to execute an analogous operation
with the calculated derivatives.

The sequence of operations begins with the reading of
all the input data. This is performed partly by the main
program and partly by subroutine PRELIM. Most of the items
read are immediately put out by the program to aid in
diagnosing difficulties.

If the control card indicates that isotropic temperature
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factor coefficients, Ti’ are to be converted to anisotfropic

form, subroutine PRELIM computes for each atom

i

Blli Tia*3/4,

B].Zi = Tia*b*cos”)/*/4,
etc.

Here the 3's are the anisotropic temperature factor coeffi-
cients defined in the next section, and a*, bx, ..., y* are
the reciprocal cell parameters. The program then proceeds
as though anisotropic coefficients had been read.

For each cycle the matrix and vector of the normal
equations are sitored by computing the contributions of one
observation at a time. For this purpose subroutine CALC is
entered once for each reflection to obtain YC, the calculated
absolute value of the scaled structure factor or its square.
CALC alsoc stores in the array DC the derivatives of YC with
respect to all parameters, P, whether they are to be varied
or not. The expressions for these quantities are summarized
in the following table, in which F is the magnitude of the
structure factor, sq is the scale factor, To is the over-all
temperature factor coefficient, p is sin?9/A%?, A and B are
the real and imaginary compoﬁents of the structure factor,

and p is any individual atom parameter.



Centrosymmetric
with origin at

symmetry center Non-centrosymmetric
1/2
- — 2 2
(sqF) 2s, exp( T o) [A] Sq exp(-T_p) (A? + B?)
d(s F)/3s, | (s,F) /s, (sqF)/sq
a(sqF)/aTo —p(sqF) ~p(sqF)
-1/2

a(sqF)/ap qu exp(-Top)(a|A|/ap) Sq exp(-T p) (A? + B2)
-[A(3A/3p) + B(3B/dp)]

(sqF)2 4sq3 exp(-2T p)AZ sqZ exp(-2T _p) (A% + B?)
2 7Y 2 <Y 2

a(sqF) /asq Z(SqF) /sq Z(SqF) /sq
2 _ 2 _ 2

a(sqF) /9T Zp(sqF) Zp(sqF)

a(sqF)z/ap SSqZ exp(-2T _p)A(3A/3p) 2sq2 exp(-2T_p)
- [A(3A/9p) + B(3B/3p) ]

The expressions for A and B and their derivatives are
summarized in the following table. Here the subscripts i
and j refer to the various atoms in the asymmetric unit and
to the different equivalent positions, respectively. Ti’ fi,
and a; are the isotropic temperature factor coefficient,
scattering factor, and scattering factor multiplier,
respectively, for atom i. The terms cosij, Sinij’ and expij
are the trigonometric contributions and the anisotropic
temperature factor of atom i in equivalent position j. The
expressions hj and (th)J are representative of the trans-

formed indices and index products. These terms are discussed

in detail in the next section.




Isotropic “Anisotropic
temperature temperature
factor factor
A ?fiaiexp(~Tip) ?bosij §fiai§bxpijcosij
B ?fiaiexp(~Tip) JZsinij '?fiai§eXpijSinij
aA/afi aiexp(-Tip) ?cosij ai?expijcosij
aB/of aiexp(-Tip) ?Sinij ai§expijsinij
BA/aai fiexp(~Trp) ?Cosij fi§8XpijCOSij
aB/Bai fiexp(—Tip) %Sinij fi§expijsinij
0A/dT, -pf;a exp(-T p) ?bosij _____
3B/OT, —pfiaiexp(—Tip) JZsin.lJ. -----
0A/0x —aniaiexp(—Tip) §mjsinij ~~wafiaijzhjexpijsinij
9B/dx 2t a exp(-T, p) ?mjcosij aniaigmjexpijcosij
3A/8By .5 | s ~fiai§(2hk)jexpijcosij
dB/9By.y |  mmmm- _fiai§(2hk);eXpijSinij

The program does the computation for each reflection in

three steps.

First the sums over j are accunmulated.

These

are then converted to the derivatives of A and B with respect

to the atomic parameters,

and A and B are obtained.

Finally,

the scaled structure factor or its square and the derivatives

of this quantity are computed.




Upon return from subroutine CALC, a line of output com-
paring the observation with its calculated value is put out.
The term (SQRTW*DV(J))*(SQRTW*DV(K)) is then added to AM(JK),
the J,Kth element of the matrix, where SQRTW is the square
root of the weight of the observation. The contribution to
the vector element V(J) is (SQRTW*DV{(J))*{SQRTW*(YO-YC)),
and that to the agreement factor SIG is (SQRTW*(YO-YC))**2.
Here YO is used as an abbreviation for YO(I), the Ith
observed value of |F| or FZ.

The sums involved in the following unweighted and
weighted R factors are accumilated both for all observations

and for non-zero observations.

Refining on |F| Refining on F?
R Z|F, - sqFI/Z|F0| 2|F 2 - (sqF)Zl/leozl
Weighted ;
. < : - 2y 2 3 2
R V&M(fo-—aqF)2¢émmoz Vzw(roz——(sqF)?)/@&m(xoz)

The calculation of YC and its derivatives is repeated
until the contributions from all the observations have been
obtained. At this point an agreement factor, the standard
error of an observation of unit weight, SQRTF(SIG/(NO-NV)},
is computed and put out together with the R factors.

The storage scheme used for the matrix AM is described

in the glossary. To make efficient use of memory space,




only the upper triangular part of this symmetric matrix is
stored. Furthermore, to conform to the requirements of the
existing matrix inverter, SMI, the matrix is stored forward
in core or backward in the normal Fortran indexing system.

Before the matrix is inverted it is tested for zero
diagonal elements, which would indicate a singular matrix with
one or more zero row~-columns. This would be the result if the
derivatives with respect 10 the corresponding parameters were
zero for all cbservations. A singular matrix due to the
attempt to vary sets of parameters with one or more redundan-
cies will be found in the course of the inversion. 1In case
of either type of singularity, the job is terminated with the
apprepriate comment.

The‘matrix inversion procedure is described in detail
elsewhere (W. R. Busing and H. A. Levy, "A Procedure for
Inverting Large Symmetric Matrices," Comm. ACM (Aug. 1962) 5
445-446). It involves the diagonalization of the matrix by a
series of congruent transformations, inversion by taking
reciprocals of the diagonal elements, and a sequence 0f reverse
transformations. Upon completion of the process the inverse
matrix has replaced the original cne in the array AM.

The vector is then multiplied by the inverse matrix to
obtain the parameter changes, PD. An estimated new value 6f
the agreement factor SIG is obtained by subtracting from it
PD(1)*V(1) summed cver the NV variables, and a revised
SQRTF(SIG/(NO-NV}) is computed. The entire list of parameters

iz then put out showing the changes which were made and the
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estimated standard errors associated with these variables.
The latter are computed as SQRTF(DIAG(J)*SIG/(NO-NV)), where
DIAG is an array of the diagonal elements of the inverse
matrix. It should be noted that these estimates are approxi-
mately correct if the refinement is converging but may be
grossly incorrect if the calculation is diverging.

The program then calls subroutine TEST to examine the
new temperature factor coefficients. If the over-all temper-
ature factor T0 is not zerc, it is added to the individual
atom temperature factors so that Ti = Ti + T, for isotropic

temperature factors or

Bi1 = By + T, a*?/4,

Blz = B1z + T, a*bkcos y*/4,

etc.,
for anisotropic temperature factors. TO is then set to zero.
These operations are performed so that the temperature factor
coefficients may be tested for positive-definite form in the
following way. For isotropic temperature factors:

T. > 0.

1 7

For anisotropic temperature factors:

Bll 20: B;z /},O’ B33 >/O:

' BZZ BZ?: N l Bll 313 5 0 BII BIZ N
BZ3 633 7 313 B33 ~ 312 BZZ z
Bir Biz Bis

Biz B2z Bzs 2,0.
Bis Bzs Bss
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Failure of one of these tests means that the coefficients do
not represent physical reality. In this case an indicator
is set to terminate the job, and a statement is put out
describing the error.

Upon return from TEST, if the control integer IT # 0,
the new parameters are put out on an auxiliary magnetic tape
in the same format as the parameter input. This tape may be
used toe punch cards for input to future jcbs, or the tape
itself may serve as this input.

Unless the job is ended by TEST or unless a singular
matrix has been found, the least-squares procedure will be
repeated for the specified number of cycles, and then a final
calculation and output of sqF or (sqF)Z will be made.

If a singular matrix has not been found, the program
computes the correlation matrix by dividing each inverse
matrix element AM(IJ) by SQRTF(DIAG(I)*DIAG(J)) when the
refinement is terminated. Only the upper triangular part of
this symmetric matrix is reported, and the other elements
appear as zero in the listing.

At the end of the job, if the control integer IXFE = 1,
and if the matrix is not singular, a tape is written for use
by the function and error program, OR FFE . (W. R. Busing,
K. 0. Martin, and H. A. Levy, "OR FFE, A Fortran Crystallo-
graphic Function and Error Prcgram," ORNL-TM-306, 1962).
This tape includes the final parameters, the variance-

covariance matrix, and other quantities needed for the

calculation of interatomic distances, angles, principal
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thermal displacements, etc., and the standard errors of these

quantities.

SYMMETRY CONSIDERATIONS

In the expressions for A and B, the terms cosij and sinij
are the trigonometric contributions of the ith atom trans-
formed to the jth equivalent position, and expij is the aniso-
tropic temperature factor for this atom. OR FLS sets either
exp(-Tip) or expij to unity, depending on the kind of temper-
ature factor to be used.

The trigonometric contribution cosij could be computed
as
+ kyij + ﬂzij).
y

cCOS.. = CcOS 2 . .
ij cos N(hle

Here h, k, and ¢ are the indices and Xy and z,. are

R 5 I ij
the coordinates of the ith atom in the asymmetric unit trans-
formed to the jth equivalent position. OR FLS does not do
this, however. Instead of transforming the coordinates, the
indices h, k, and f are transformed in a way which makes the
result identical with the above:

cosij = cog Zn(hjxi + kjyi + ﬂjzi + tj).
Here Xi’ Vi and z; are the (untransformed) coordinates for
the ith atom in the asymmeiric unit; hj’ kj’ and ﬂj are the
transformed indices; and tj is a translational term. As an
example, we will illustrate the transformations used for the
general positions of space group P3,2. Substitution of these
quantities in the two expressions for cosi‘j will give identical

results. The expression for sinij is obtained in an analogous

way .
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I ¥ Y3 %3 b5 K £ t;
1 X y Z h k { 0
2 X~y -y -Z h -h-k -{ Q
3 y-x ~-X 1/3 + = ~h-k h [ 2/3
4 -X V=X 1/3 - z ~h-k k -{ {/3
5 | -y X-y 2/3 + =z k -h-k L 240/3
6 y X 2/3 - z k h -{ 24/3

OR FLS permits any desired symmetry to be introduced by
means of symmetry cards included as input data. There is one
such card for each j value, and it consists of a statement of
the coordinate transformations (as in the left half of the
above table). The program automatically transforms the
indices in ways which are equivalent to the coordinate trans-
formations specified.

The anisotropic temperature factor, expij, is handled

similarly. The fundamental expression is

expyy = exp{-[h%B;, + KZB,, + L3P, +
ij ij ij
2hkBy , + 2h4Bys + 2kLBzs |}
ij iJ ij
where f3;,, etc., are the six temperature factor coefficients

ij
for the ith atom of the asymmetric unit transformed to the jth

equivalent position. Again the program makes the computation
by transforming the index products rathér than the ccef-

ficients themselves so that
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ex

pij = exp{"‘[(hz)jﬁgl + (kZ)JBiz + (12)353_3 +

1

(2nK) By, + (2h0) Bys + (20 Bas ]}

Here (hz)j, etc., are the transformed index products which
make the two expressions identical.

Rules for obtaining the transformed coefficients Bll’
etc., for any space group have been given by H. A. Levyliégzg
Cryst. (1956) 9, 679). From these rules it may be deduced
that for atoms in general positions (hz)j = (hj)z, etc., so
that the transformed index products are simply the products
of the transformed indices. This is not necessarily true for
atoms in special positions, however. OR FLS computes the

products of transformed indices and assumes that (hz)‘j = (hj)z,

etc., and therefore the computed anisotropic temperature factor

may not be valid for atoms in special positions.

Cells with translational symmetry (centering)

The specification of symmetry in the case of face-
centered, end-centered, or body-centered cells can be simpli-
fied (and the computing time reduced) provided that the
reflections which are extinguished by centering are not
computed. Similar consideratioﬁs apply to a rhombohedral
cell described by hexagonal coordinates. 1In these cases,
symmetry cards need be supplied only for positions not related
by translation. The atom multipliers should then be increased

by the appropriate factor.
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Special positions

The ways of performing the computation when atoms are
in special positions will now be considered. The important
effects of atoms being in special positions are (a) that the
number of these atoms is smaller than if they were in general
positions, (b) that there are certain restrictions on the
pesition parameters, and {c¢) that there may be some
restrictions on the anisotreopic temperature factor coeffi-~
cients. No restrictions on isotropic temperature factors
are introduced, however,

The ways of treating special positions with OR FLS
depend on several factors: (1) whether all the atoms are
in the same kind of special position, (2) whether the position
parameters have a fixed value or whether there is a relation-
ship among two or more coordinates, (3) whether anisotropic
temperature factors are used or not, and (4) if they are used,
whether there are (ai no restrictions on the coefficients,
(b) certain coefficients fixed at zero, or (c¢) a relationship
between two or more coefficients. H. A. Levy {(loc. c¢cit.) has
given a rule for determining the restrictions on the aniso-
tropic temperature factor coefficients’of atoms in special
positions.

Fixed parameters. When coordinates or temperature factor

coefficients have fixed values, these values may be put into
the list of trial parameters, and the parameter selection

cards are prepared s¢ that these parameters are not varied.
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Symmetry cards for the general positions are used so that
anisotropic temperature factors are correctly computed.

Symmetry cards for special positions. If all atoms are in

the same kind of special position, and if anisotropic temper-
ature factors are not used, then the correct result will be
obtained by using symmetry cards for the special positions.

For example, the space group P3,2 mentioned above has special

positions for y = x, z = 1/3 with the transformations:
X . Z
J J yJ na
1 X X 1/3
2 0 -X 2/3
3 -X 0 0

This information can be introduced with three symmetry cards
instead of using =ix for the general positions. All coordi-
nates y and z in the parameter input are then irrelevant, and
no attempt may be made to vary them.

Writing a special subroutine. It is possible to treat any

symmetry situation which can arise by using symmetry cards
for the general positions, allowing the program to compute
the transformed indices and the index products which would
be valid for these general positions, and then causing fthe
program to modify these transformed indices appropriately

by means of a specially prepared subroutine. Consider, for
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example, the special positions mentioned above. The basic
program alone would produce the trigonometric argument

h.x. + k.y. .7 t..
3% §¥i * LyZi vty

If Xy is assumed to be the independent variable, then Vi = %4
and z; = 1/3. Substituting these in the argument yields

h.x. k.x. /3 L. .
PSR ST A QJ/ + tJ

The program will produce this result if a subroutine is pro-
ided to replace h. by h! = h. k., k; by k! =0 . b

vi P iy RIS R Bt A » Ly by

Qj = 0, and tj by t! = t. + QJ/3. The parameters y and z will

J
again be irrelevant and must not be varied.
The restrictions on the anisotropic temperature factor
coefficients may be handled in a similar way. For the atoms
in the above example, Levy's rule shows that 3,, = S3,,,

B;3 = -By3. Taking 4, and fB,,; as independent, the trans-

formations to be performed by the subroutine are:

(h2)3 = (hz)J + (kz)j
(k‘)j = 0
(ﬁz)j = 423)3
(th)j = (th)j
(zh£)3 = (Zhﬁ)j - (zkg)J
(2kg)® = 0.

J

In this case f;, and B,; are irrelevant and must not be varied.
One subroutine named PATCH may be prepared by the user

1o transform both the indices and the index products. Speci-

fications for this subprogram are given below.

Although the parameters y, [(,,, and 3,; in the above
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example are irrelevant, it may be desirable to reset y = Xx,
B, = B11, and B,; = -B,, at the end of each cycle. 1In the
case of the anisotropic temperature factor coefficients,
this 1is necessary if the test for positive-definite form is
to be valid. Teo provide for such resetting, the program
calls two subroutines named RESETX and RESETB which may be
prepared by the user according to specifications given below.

There is no reason why a combination of the fixed
parameter and special subroutine methods may not be used.
In the above example the z parameters could be fixed at 1/3
while the subroutine provides for the restriction, y = Xx.
It may also be possible to choose a coordinate system which
simplifies the restrictions on the parameters.

Correcting the number of atoms. The program as written

always sums over all the equivalent positions specified by
the symmetry cards. Thus the effective number of times an
atom is included is equal to the number of symmetry cards

for non-centrosymmetric structures and twice that number for
centrosymmetric structures. If the symmetry cards describe
the general positions, then atoms in special positions may

be put in correctly by using the appropriate atom multiplier.
When the symmetry cards are written for the special positions

directly, an atom multiplier of unity will usually be correct.
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SPECIFICATIONS FOR SUBROUTINES

This section will give the specificatioms for the three
subroutines which may be needed when atoms are in special
positions. The purpose of these subprograms has been dis~
cussed in the previocus section, and examples of such routines
are included in the test problem which is provided. This
problem is a hypothetical one based on alpha quartz with
space group P3,2, and the general and special positions used
as examples earlier correspond to the positions of oxygen
and silicon atoms, respectively.

PATCH(I,TJ,HJ,HHJ)

In the calculation of cne structure factor, this routine
will be called NA times for each of the NS symmetry positions.
On each entry the argument I defines the atom which is being
considered so that I = 1,2,....,NA on successive entries for
a given symmetry poesition,

The remaining arguments represent the transformed indices
and index products as described in the glossary. On the first
entry for each symmetry position, that is, for I = 1, these
arguments will bave been set by the program according to the
information on oné symmetry card, It is the task of this
subroutine to modify these quantities appropriately. On
successive entries for the same symmetry position thesse
arguments will retzin the values set previously by the sub-
routine. The main program does not reset them until it

advances to a new symmeiry position.
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The array HHJ is irrelevant when isotropic temperature
factors are used, so that no difficulty will be incurred by
including a subroutine prepared for the anisotropic case in
an isotropic refinement.

The statements required may be outlined as follows:

SUBROUTINE PATCH(I,TJ,HJ,HHJ)

DIMENSION HJ(3), HHJ(6)

Interrogate I with one or more IF statements to
determine whether the values of the arguments are

t0o be modified.

Set the values of the arguments appropriately.

RETURN

END

The subroutine should be compiled and substituted for
the dummy program which is included with the card deck
provided.

RESETX(XYZ)

This subroutine is called once near the end of each
cycle of least squares. It is entered after the main output
of the adjusted parameters but before the auxiliary output
on cards or tape.

The array XYZ contains the atomic coordinates as
described in the glossary. The statements to be included

may be summarized as follows:
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SUBROUT INE RESETX(XYZ)

DIMENSION XYZ(3,20)

Set the values of the constrained coordinates equal
to the appropriate functions of the parameters which

have been adjusted.

RETURN

EXND

The subrcutine should be compiled and substituted for the
dummy program which is included with the card deck provided.
RESETB(BETA) |

This subroutine is called once near the end of each
cycle except that it is not called when isoiropic tempera-
ture factors are used. It is entered after the main output
of the adjusted parameters but before the tests for positive-
definite form and before the auxiliary output on cards or
tape.

The array BETA contains the anisotropic temperature
factor coefficients as described in the glossary. The

statements to be included may be summarized as follows:

SUBROUT INE RESETB(BETA)

DIMENSION BETA(6,20)

Set the values of the constrained coefficients equal
to the appropriate functions of those which have been

adjusted.
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RETURN

END

The subrcutine should be compiled and substituted for the

dummy program which is included with the card deck provided.

POSSIBLE CAUSES OF A SINGULAR MATRIX

A singular matrix may be the result of one of several
kinds of errors in the input data. When one or more zero
diagonal elements are found in the original matrix, the
following sources of error sheuld be considered:

1) Attempting to vary some undetermined parameter, for
example, a z-coordinate, when only hk(0 data are used.

2) Attempting tc vary a parameter which should be fixed
because an atom is in a special posgition.

A singular matrix with no zero diagonal elements may be
the result of one of the following errors:

3) Attempting to vary more parameters than there are
observations. An ervor in weighting could cause this
difficulty.

4) Attempting to vary redundant parameiers such as the
over-all temperature factor and all the individual atom
temperature factors, or the coordinates of all atoms when the
origin is nct fixed by the symmetry.

The singularity without zero diagonal elements is more
difficult to diagnose. If other approaches fail, the
redundant parameters can always be identified by trying

refinements with various parameters held constant.
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In either case, the output of the trial parameters and
parameter selection integers should be checked, as the diffi-
culty may simply be the result of a mistake on these input

cards.

CAPACITY AND ARRAY DIMENSIONS
The user may wish to recompile the program with modified
DIMENSION statements in order to allocate storage for a
particular problem. The following table illustrates the way
in which the storage used by the arrays depends on the
different variables. The figures included correspond to the

dimensions in the program as distributed.

Maximum

Values Storage Used

NV 100 5%¥NV + NV*(NV + 3)/2 5650

NP 230 3%NP 690

NO 2500 6*NO 15000

NA 20 45*%NA 900

NQ 9 2*NQ 18

NF 10 32%NF 320

NS 24 9*NS 216
Total 22794

|

The number of locations cccupied by the complete program

with temporary storage not listed above is about 6500. This
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leaves approximately 3400 locations for use by the monitor
system, for subroutines added by the user, or for expansion
of the capacity of the program.

For large problems a simple modification may be made
which will remove all restrictions from NO and allow NV to
increase to about 200. Since the observations are used one
at a time, the values of X, YO, and SIGYO may be written on
magnetic tape at input time, one chservation to a record, and
read back for use during the loop thrcough the observations.

Another approach to large problems would be to vary
different blocks of parameters successively. For this purpose
the user may wish to modify the program to read parameter

selection cards at the beginning of each cycle.

DATA INPUT

The limitations marked with an asterisk (*) depend only
on the dimensions with which the program is compiled.

1. Title card. FORMAT (12A6)
Celumns
1-72 Title consisting of any desired Hollerith

information. This will be put out as a
heading on each section of output.

2. (Contrcl cards.

First card FORMAT(613)
Columns
1-3 NC, the number of cycles to be run on this

job. Calculated values of YC, the scaled
structure factor or its square, will be
listed NC + 1 times. 1If NC = 0, one 1list
of YC will be put out, but no refinement
will be made.

46 NV, the number of parameters to be varied.
I£f NC = 0, then NV is irrelevant.
1 < N 100.%*



Columns
-9

10~-12

13-15

16-18

Second card
Columns
1-3

7-9

10-12

IW, the weight indicator. IW = 0 indi-
cates that individual standard errors will
be supplied by the user for each obser-
vation. JIW = 1 indicates that the program
is to weight each observation at unity.

IP, the parameter input indicater. If
IP = 0, the trial parameters P are tc be
read as input data. If IP > 0, then the
parameters are to be taken from the
magnetic tape cutput of cycle IP of a
previous jocb.

IT, the parameter ocutput indicator. If

IT = 0, parameters are not to be written
on tape for use as input to later least-
squares cycles. If IT = 1, they are te be
written on a private tape. If IT = 2,
they are written on the monitor auxiliary
tape in such a way as to yield punched
cards. The private tape is initially
rewound and is terminated by an end-of-
file while the auxiliary tape is not.

IXFE, the function and error output indi-~-
cator. If IXFE = 1, information including
the parameters and the variance-~covariance
matrix will be written on a private fape
for use by CR FFE. 1f IXFE = 0, no such
output will be made.

FORMAT(713)
IFSQ, the F2 indicater. 1If IFSQ = 1, the
program calculates s,F. 1If IFSQ = 2, the

program calculates (sqF)Z.

ITF, the temperature factor indicator.

ITF = 1 for isotropic temperature factors.
ITF = 2 for anisctropic temperature
factors. If ITF = 2, the program converis
isotropic temperature factor coefficients
to anisotropic form before refining.

NF, the number of different x-ray form
factor tables to be used. For neutron
diffraction NF = 0. 0 £ NF L 10.=*

NA, the number of atoms in the asymmetfric

unit. 1. NA K 20.%
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Columns

13~15 ICENT, the symmetry indicator. ICENT = 1
indicates a centrosymmetric structure with
the origin at a symmetry center. TICENT =
2 indicates a non-centrosymmetric
structure.

16-18 NS, the number of symmetry cards. For
non-centrosymmetric structures NS is equal
t0o the number of equivalent positions.

For centrosymmetric structures NS is equal
tc one-half the number of equivalent
positions. lqs NS\S 24 .%

19-21 NQ, the number of scale factors in the
parameter list. 1 NQ  9.*

Scattering factor tables. FORMAT (8F9.3)

Four cards are to be provided for each of NF tables. For
neutron diffraction problems NF = 0, and these cards are
omitted. Entries beyond the range needed for linear
interpolation may be left blank.

First card

Columns

1-9 Scattering factor for sing/x = 0.00
10-18 Scattering factor for sing/A = 0.05
64-72 Scattering factor for sing/Ax = 0.35
Second card

Columns

1-9 Scattering factor for sing/A = 0.40
Third card

Columns

1-9 Scattering factor for sing/Xx = 0.80

Fourth card
Columns
1-9 Scattering factor for sing/A = 1.20

6472 Scattering factor for sing/A = 1.55
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Symmetry cards. FORMAT(F11.6,212,F11.6,212,F11.6,212)
Each of these NS cards describes one symmetry transfor-
mation j of the atomic coordinates. For non-centro-
symmetric structures, NS is the number of equivalent
positions. For centrosymmetric structures (with the
origin at a center), NS is half the number of equivalent
positions, and only one position of each centrosymmetri-
cally related pair is used. ‘The basic position x, y, z
must be included in these cards. See the sample problem
for an example of this input.

Columns

1-11 Translational part of xj or blank.

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

J

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

16-26 Translational part of Y5 or blank.

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

31-41 Translational part of zg or blank.

42-45 Integers representing plus or minus x, Yy,
or z in the expression for the ftrans-
formed z,.

J

Reciprocal cell data card. FORMAT (6F9.6)

Columns

1-9 ax in reciprocal Angstroms

10-18 _ b* in reciprocal Aangstroms

19-27 c* in reciprocal Angstroms

28~36 cosg*

37-45 cosf3*

46-54 cosy*
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Trial parameter cards.

These cards are included only if IP = 0. Otherwise the
trial parameters (in exactly the same format) will be
read from the magnetic tape output of cycle IP of a
previous job.

A. Scale factor cards. FORMAT (8F9.6)
Columns

1-9 First scale factor, s;.
10-18 Second scale factor, s,.
64-72 Eighth scale factor, sg.

The scale factors are continued on additional cards if
there are more than eight of them.

B. Over-all temperature factor card. FORMAT (F9.6)

Columns

1-9 T,, the coefficient for the over-all
témperature factor exp(-T_sin?g/r?).

C. Atom parameter cards.

Two cards are needed for each atom i in the asymmetric

unit, where i = 1,2,..., NA.

First card FORMAT (A6,3X,5F9.6)

Colunns

1-6 Any 6 Hollerith characters identifying

atom i. These will be printed with the
parameter output.

7-9 Blank
10-18 X-ray scattering factor identifier or
neutron scattering factor. For x-ray

problems (NF # 0) this is an integer

from one to NF which identifies the
scattering factor table to be used for
atom i. The scattering factor tables

are numbered in the order in which they
were read. Include a decimal point after
this number.

For neutron problems (NF = 0) this is the
neutron scattering factor itself.
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Columns

19-27 A multiplier, aj, applied to the scatter-
ing factor of atom i. This number will
usually be 1.0 unless symmetry consider-
ations dictate otherwise.

28-36 The coordinate X for atom i.

37-45 The coordinate i for atom 1i.

46-54 The coordinate z for atom i.

Second card FORMAT (6F9.6)

For isotropic temperature factors (or for isotropic
temperature factors converted to anisotropic form before
refining) :

Columns
1-9 T., the coefficient for the isotropic
i .
témperature factor for atom i,
exp(-Tisinze/Az).

For anisotropic temperature factors:

Columns

1-9 Bi:i, a coefficient in the expression for
the anisotropic temperature factor for
atom i, exp[-(B;; h? + Bp;;k* + Bys 4% +
2By 2 jhk + 2B;5;he + 2B,3k0)].

10""18 Bzzi

19-27 1833 i

Reflection data cards. FORMAT (I1,F8.0,5F9.0)

One card is needed for each reflection observed or for
each structure factor to be computed.
1\6 NO\S 2499 . %

Columns
1 Blank
2~9 The index h. No decimal point is needed.

10-18 The index k. No decimal point is needed.
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Columns

19-27 The index f. No decimal point is needed.

28-36 The observed value of |F| or FZ, which-
ever is being refined. For structure
factor calculations this field may be left
blank.

37-45 The standard error of this observation.
If IW = 1 on the control card, this field
is irrelevant.

46-54 q, where 1 { q < NQ and Sq is the scale
factor to be used in computing this
reflection. No decimal point is needed.

Observation termination card. FORMAT(I1)

Column

1 1 as a sentinel for the end of the
observation deck.

Parameter selection cards. FORMAT(7211)

These cards specify the NV parameters to be varied. Con-
sider the trial parameters to be stored in the array P in
the following order: the NQ scale factors, the over-all
temperature factor coefficient, the six or eleven
parameters for the first atom, those for the second aton,
etc. The parameters for each atom are the scattering
factor, the multiplier, the three coordinates, and the one
or six temperature factor coefficients. Each column of
the parameter selection card contains an integer KI(I) so
that if KI(I) = 0, then P(I) will be held constant. If
Ki(1) = 1, then P(I) will be adjusted.

Six temperature factor coefficients per atom should be
assumed if anisotropic temperature factors are specified
or if isotropic temperature factors are to be converted
to anisotropic form before refining. For isotropic
refinements there is only one temperature factor per aton.

Note that for both x-ray and neutron problems the scatter-
ing factor is considered to be a parameter. The neutron
scattering factor may be adjusted by least sguares, Dbut
varying an x-ray scattering factor must not be attempted.

First card

Column
1 KI(L)

2 K1i{2)

72 KI1(72)
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Second card
Column
1 KI{73)

kI(NP)

TAPES REQUIRED
Listed here are the moniter tape control cards required
for operation at the Oak Ridge Central Data Processing
Facility. At other installations the necessary tapes should
be specified apprepriately.

*TAPE(3, POOL, SAVE)

i

This is required only if IXFE 1, indicating that data
for the Function and Error Program, OR FFE, are to be
saved on tape after the final cycle of refinement. This
tape is initially rewound and an end-of-file is written
upon completion of the job.

*TAPE(4, Reel number, SAVE)

This is required only if IP > 0, indicating that the
initial values of the trial parameters are to be taken
from this tape, which was written on a previous job.

*TAPE(5, POOL, SAVE)

This is required only if IT = 1, indicating that the

adjusted parameters are to be written on this tape

after each cycle. This tape is initially rewound and

an end-of-file is written upon completion of the job.
+*TAPE (6, AUXOUT)

This is required omnly if IT = 2, indicating that the

adjusted parameters are to be written on this tape



*TAPE(6, AUXOUT) Continued

after each cycle.

Jjob will then be punched off-line.

rewound and no end-of-file is written on it by the

program.

*TAPE(9, OUTPUT)

Cards suitable for input to another

This tape is not

This is the monitor output tape to be listed.

*TAPE(10, INPUT)

This is the monitor input tape prepared from cards.

Subprogram

Calling program
PRELIM

CALC

TEST

PTOSB

SBTOP

SMI

PATCH (dummy)
RESETX (dummy)

RESETB (dummy)

Type

Fortran
Fortran
Fortran
Fortran
Fortran
Fortran
FAP

Fortran
Fortran

Fortran

CARD DECKS PROVIDED

Symbolic Column

card binary card
numbers numbers

1 - 474 1472 - 1560%, T
475 - 629 1561 - 15907
630 ~ 929 1591 - 1636"
930 - 1018 1637 - 1649~
1019 - 1058 1650 - 1658
1059 - 1098 1659 - 1667
1099 - 1351 1668 - 1681
1352 - 1358 1682 - 1683
1359 ~ 1365 1684 - 1685
1366 - 1372 1686 - 1687

*The column binary cards provided were compiled and assembled

con an IBM 7090.

The calling program,

PRELIM,

CALC,

and TEST

should be recompiled if they are to be used on an IBM 704,
but the remaining subprograms should work satisfactorily on

either machine.

Tcard No. 1472 is a control card for the Oak Ridge Monitor
System. 1t may not be appropriate at other installations.
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Symbolic Column
card binary card
Subprogram Type numbers numbers

Library routines SQRT, SIN, COS, EXP, and EXIT (which termi-
nates the job) should be inserted here if they are not
supplied by the monitor system.

PATCH (example) Fortran 1373 - 1389 1688 -~ 1692
RESETX {(example) Fertran 1390 - 13298 1693 - 1695
RESETB (example) Fortran 1399 - 1408 1696 - 1698
Transfer card 1409
Permanent data cards 1410 - 14127
Data for example 1413 -~ 1471

TThese cards must be present con all problems.

GLOSSARY OF SYMBOLS

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

A Real component of the structure factor.
*AT(NA) Atom multipliers, a,.
AM{{NVX*{NV+3))/2) Matrix of the normal equations. This

area is also used for the inverse
matrix. Only (NV*{NV+1l))/2 words are
used for the matrix, but NV more are
used by the inverter. Only the upper
right triangle of the matrix is stored,
and this is stored forward in the
memory -~ i.e., backward in the Fortran

indexing system. 1If aij represents a

matrix element, then a;, is at
AM{{NV*(NV+1)}/2), a;, is at
AMC{NV*{(NV+1))/2-1}, etc., a,, is at

AM{{NV*{(NV+1)}/2~NV), and Ayy, NV is at

AM({1). For example, if NV = 4, the
storage is as illustirated:



* ATOM(NA)

B

*BETA (6, NA)

CA

CB

COS1J

DADAI(NA)

DADB{6,NA)

DADFI(NA)
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ay; = 12 = a;; = Ay 4 =
AM(10) AM(9) AM(8) AM(7)
a2 < azs Az4 =
AM(6) AM(5) AM{4)
az3 = az 4 =
AM(3) AM(2)
Ay g
AM(1)

Alphanumeric name of each atom read in with
the parameters of that atom and used in the
ouiput as a heading for ithose parameters.

Imaginary component of the structure factor.

Anisotropic temperature factor coefficients

Biis Bzzs Bsss Bizs Biss Bzz (in that order)
for the NA atoms. If isotropic temperature

factors are used, then BETA(l,I) is the coef-
ficient for atom I.

Coefficient of d9A/9p in the expression for
a(sqF)/ap or a(squZ)/ap,

Coefficient of 9aB/9p in the expression for
a(sqF)/ap or a(squz)ap.

Trigonometric contributionm of atom I in
symmetry position J. Also used for
COSIJ*EXP1J.

0A/da,; - This array is also used for
2f.cos. .exp
Ui ij

J

aA/aBIIi, etc. - This array is also used for

ij’

s . 2
%hj CosijeXpij’ etc,

aA/afi -~ This array is also used for

2COS .

. exp
j Y

ij°



DADX(3,NA)

DBDAI(NA)

DBDB (6, NA)

DBDFI{NA)

DBDX(3,NA)

DC{NP)

DFDAI{NA)

DFDB(6,NA)

DFDFI(NA)

DFDS (NQ)

DFDTO

DFDX (3, NA)

DIAG{(NV)

DV (NV)
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0A/0x, aA/ayf and aA/azi - This array is also

used for Zh.sin. .ex

.., etc.,
33774 Pij

aB/aai - This array is also used for

?f151nijexpij.

0B/3B;, ;, etc. - This array is also used for

Zh.%?sin, .exp etc.

R B e I
aB/afi - This array is also used for

Zsin, .ex
FIER M

ij°
9B/dx,, 3B/dy,, and 0B/8z; - This array is also

used for Zh.cosijexpa etc.

3 ij’

Calculated derivatives of YC with respect to
all parameters p.

a(sqF)/aai or a(quFZ)/aai -~ Later copied to
array DC.

a(sqF)/aBIIi, etc., or a(quFZ)/aﬁlli, etc.

Later copied to DC. When isotropic tempera-
ture factors are specified, DFDB(1,I) is used
for a(sqF)/aTi or a(quFZ)/aTi,

z2p2 i
a(sqF)/afi or a(sq F )/afi. Later copied to

array DC.

2wE2Y/
a(sqF)/asq or a(sq F ),asq,
array DC.

Later copied to

a(sqF)/aTO or a(squZ)/aTo.

a(sqF)/axi, etc., or a(squz)/axi, etc.
Later copied to DC.

Diagonal elements of the inverse matrix. These
are used for calculating the standard errors of
the parameters which were varied.

Derivatives of those parameters which are to be
varied, multiplied by the square root of the
weight.



DY

EXPI1J

FRACPT

FTA

FTACOS
FTASIN

*FX(32,NF)

*H(4)

HHB

HHJ (6)

HJI(3)

HOLD

HX

IC

* IFSQ
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YO(1I)-YC.

Anisotropic temperature factor for atom I in
symmetry position J.

sqF or quFZ. F is then copied to YC.

Atomic scattering factor, fi. Alsc used for

f,exp(-T;p) and for -f ,exp(-T;p).
Fractional part of PT.
aifi for anisctropic temperature factors, or

aifiexp(~Tip) for isotropic temperature

factors.

aifiexp(—Tip)?cosij,

aifiexp(-Tip)§Binij.
Scattering factor tables.

Untransformed indices h, k, and ¢, and the
scale factor specification, gq. H is the same
as column I or array X.

Exponential argument.

Transformed index products (hz)j, (kz)j, (ﬁz)j,
(28K) 5, (2hg);, and (2kL); in that order. '

Transformed indices hj’ kj’ and ﬁj.

Temporary location used in reversing the corder
of elements of matrix AM.

Trigonometric argument, hjxi + kjyi + szi + tJ.°

Identifying number of a particular cycle in the
job.

Symmetry indicator. TICENT = 1 for centro-
symmetric structures, ICENT = 2 for non-centro-
symmetric structures.

F2 indicator. If IFSQ = 1 the refinement is
based on the scaled structure factors. If
IFSQ = 2 the squares of these quantities are
used.



IHKL(4)

II

IiD

1J

IJD

*1P

IPT

I1Q

*ISENT

ISING

*18(2,3,NS)

ISTOP
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The array X(4,NO) converted to fixed peint
numbers for output purposes.

Index used so that AM{II) is diagonal element

A, ..
11

Increment subtracted from II to step down
diagonal of matrix AM(II).

Index used so that AM(1J) is gy
Increment subtracted from IJ to step down a
column of matrix AM{IJ).

Parameter input indicator. 1f IP = 0 the trial
parameters p are to be read as input data. If
IP > 0, the parameters are tc be taken from the
magnetic tape output of cycle IP of a previous
job.

Integral part of PT.

Independent variable, q, specifying the scale
factor, sq, associated with a given reflection.

Sentinel set at 1 to end the observation deck.

Singularity indicator set at 1 if a zero
diagonal element is found in the original
matrix or if:'a diagonal element becomes zero

or negative during inversion by SMI. Otherwise
ISING = 0.

Integers representing the non-tramslational
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,J) = -1 (for -x)
TS{(2,J) = 0.0
18(1,2,J) = -1 {for -x)
1s(2,2,J) = ©

TS(3,Jd) = 0,333333
IS{1,3,J) = 3 (for z}
18(253,91) =

Stop indicator set at 1 by subroutine TEST to
indicate that no further cycles are to be run
on this job. Otherwise ISTOP = 0.



*IT

*ITF

*1W

*IXFE

JK

*KTI(NP)

*LABEL(2, 14)

*NA

*NC

NCY

*NF

38

Parameter output indicator. If IT = O,
parameters are not to be written on tape for
use as input to later least-squares cycles. If
IT = 1, they are to be written on a private
tape. If IT = 2, they are written on the
monitor auxiliary tape in such a way as to
yield punched cards. The private tape is
initially rewound and is terminated by an end-
cf-file while the auxiliary tape is not.

Temperature factor indicator. ITF = 1 for
isctropic temperature factors. ITF = 2 for
anisotropic temperature factors. If ITF = 3,

the program converts isotropic temperature
factor coefficients to anisotropic form before
refining.

Unit weight indicator. If IW = 1, all obser-
vations are assigned unit weights. If IW = 0,
then the weights are taken as 1.0/SIGYQ(I)**2.

Function and error output indicator. If

IXFE = 1, information including the parameters
and the variance-covariance matrix will be
written on a private tape for use by OR FFE.
if IXFE = 0, no such output will be made.

Index used so that AM(JK) is ajk‘
Parameter selection integers. KI(I) = 1 if
P(1) is to be varied. Otherwise KI(I) = 0.

Alphanumeric labels read in at the start of the
problem and used 10 label each parameter at

the time of the output of the o0ld and new
parameters.

Number of atoms in the asymmetric unit.

Number of cycles of refinement to be performed
in the job. The program puts cut YC, the
calculated values of the scaled structure
factor or its square, NC + 1 times. If NC = 0,
YC is calculated and put out; but no refinement
occurs.

NC + 1, the number of cycles plus one. This
is the number of times the list of YC will be
put out,

Number of different x-ray form factor tables
to be used. For neutron diffraction NF = 0.



NO

NPCD

*NQ

*NS

*NV

PDI

PD(NV)

PIFI

P(NP)

POLD

PRCP(6)
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(NV*{(NV + 1))/2, the number of elements in the
matrix AM.

Number of observations.

Total number of parameters including those to
be varied as well as those to be held constant.

Smallest multiple of 8 greater than or equal to
NQ. Used for punching scale factors 8 to a
card.

Number of scale factors in the parameter 1list.

Number of symmetry cards. For non-centro-
symmetric structures, NS is equal to the
number of equivalent positions. For centro-
symmetric structures, NS is half the number of
equivalent positions.

Number of private or auxiliary tape used for
output of parameters to be saved.

Number of parameters to be varied. If NC = 0,
then NV is irrelevant.

Number of independent variables associated with
each observation. NX is fixed at 4 in this
programn.

PD(I).

Calculated parameter changes for those
parameters which were varied.

~Zwaifiexp(~Tip) or Zwaifiexp(—Tip).

List of NP parameters, some of which will be
varied. These are copied from various arrays
by the subroutine SBTOP, adjusted, and then
restored to the arrays by subroutine PTOSB.

Parameter before correction is added.

Products of the reciprocal cell parameters,
ax2/4, b*2/4, c*2/4, axbkcosy*x/4, akc*cosf*/4,
b¥c*cosag*/4, in that order.

1.0 + (sing/A)/.05. The location of FI in the
scattering factor table, FX.

R factor in which the summations are made over
all non-zero cobservations.



*RCP (6)

RHO
RNUM

ROW(NV)

RZ

RZDEN
RZNUM
*SC(NQ)

*SF(NA)

SIG

SIGP

*SIGYO(NO)

SINIJ

SINTHL
SQRTAB
SQRTW

SQSIG(2)

SQTO
TFIX

*TITLE(12)
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Reciprocal cell parameters, a*, b*, c*, coso*,
cosf*, cosy*, in that order.

p = (sing/A)2 for each reflection.
Numerator cf R.

A row ¢f the correlation matrix ready for
output.

R factor in which the summations are made over
all observations, including zero observations.

Denominatoer of both R and RZ.
Numerator of RZ.
NQ scale factors.

For neutron problems, SF{I) is the scattering
factor f£; for atom 1. For x-ray problems, it
is an integer (in floating point form) which
defines the scattering factor table to be used.

(SQRTW*{VO(I)}-YC))**2 summed over all
observations.

Standard error of a parameter.

Standard errors of the NO cbserved structure
factors or their squares.

Trigonomaetric coeatribution of atom I in
position J. Also used for SINIJ*EXPIJ.

sing/A = pl/z.

1/72
(\AZ x 82) 1/ 4

Square root of the weight for each observation.

SQSiIG(1) is the error of fit, SQRTF(SIG/
FLOATF{NO-NV}). SQSIG(2) is SQSIG(1l) saved
from the previous cycle of this job. SQSIG(2)
will be set tc zerc for the first cycle of
each jobh,

-~

/
sqexp(~Top) or sqzexp(—ZTop).

Isotropic temperature factor, exp(-’]_‘ip)°

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



Td

*TO

*TS(3,NS)

VARI

V(NV)

wDY

WR
WRNUM

WRZ

WRZDEN
WRZNUM

*X (4 ,NO)

*XYZ(3,NA)

YC

*YO (NO)
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Translational term, t.
argument, HX, J

, for the trigonometric

Over~all temperature factor coefficient, T,-

Translaticnal part of symmetry information.
{See IS for an example.)

SQSIG(1)**2, the constant used to convert the
inverse matrix to the variance-covariance
matrix.

Vector of the normal equations.

(YO(1)-YC)/S1GYO(1).

Weighted R facter in which the summations are
made over all non-zero observations.

Numerator of WR.

Weighted R factor in which the summations
are made over all observations, including
zero observations.

Dencominator of both WR and WRZ.
Numerator of WRZ.

Four independent variables for each of NO
observations. These are the indices h, Kk,
and ( and g, the number specifying the scale
factor. The latter will be moved to 1IQ.

Atomic coordinates x, y, and z for the NA
atoms.

Calculated value of the scaled structure
factor or its square stored by subroutine
CALC.

NO observed structure factors or their
squares.



SYMBOLIC PROGRAM LISTING

*TYPE(FCRTRAN] FLS
C OR LS, FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES FLS
C CALLING PROGRAM, A MOGIFICATICN CF CGR GLS FLS
COMMON NCyNVaNXs IWe TPy TTyNPy ISENT yNOSNMyNCY,LIC,SIG,YC FLS
CONMMIN SGREIWeCY s WY o JKy ISTNCy E14110,PDI,1Je[JD,POLD FLS
COMMIN STGP, ISTCPyNT NPCD, IXFE,HCLD, VAR FLs
CCNMMCON TITLF Py X YOy SIGYOsKI»SUSTIG,AMy Vo NC4CVyDIAG,PD+ROK FLS
CONYON RNUMy RZNUMGRZEEN, WRAUM y WRINUMyWRZDEN ,RyRZy Wy WRZ FLS
COMMON LARCL,ATOM, THKL FLS

CONMMCON IFSQeLTF NFONAZICENT yNS NGy TUO T HXyHHBEXP1D,C0STJ,SINTIY FLS
CONMMON FiyA B RHOZSINIFL, P Ty IPT,FRACPT,FTA,FTACCS,FTASIN,TFI,2IFI FLS
COMMON TQ,SUTO,SQRTAR,F,DFETO FLS
CCOMVCON SCySF,AL,XYZ,RETA,DACET,CBDFLI,CACAL,OBDAT,DACX,DE0X,0AD8 FLS
COMMCN URDR,DFLS CFCFIL,CFTATLZUFOXyNFEB TSy 1SyHI»HHI 4 RTPLFX,PRCP FLS

CCHKCN €A, CH FLS

FLS

C DIVENSICNS FCOR NVIMAXYHITOU,NPIMAXIH22C,NOIMAX) #2500 NX{MAX) HU, FLS
9 NEIMAX)H TG, NALHAX Y #20 ,nSIMAX ) H2U ,NQ{NAX) K9 FLS
DIMENSION TITLECT12),P{230),X{#,25%0),Y0(250i1),SI5Y0{2500),K1{231) FLS
DIMENSTION SOUSTGE2)1,AMIE150),v{1C0),DCL23M v 130} FLS
CIMEASICH DIAGLICD),PREICOY yROWIILD) JATOM(23) 3 LARKLI24]8), LHKL {4} FLS
DIMEASLICN SCU 9y, SE{200)Y,ATL20),XY2(3,23),8ETA(6,20),DA0F1(20) FLS
DIMONSICHW DRCFI(2U),CaDAT(20),08DA1120),DADX(34+29),0D8DX(3,23) FLS
CIMENSICN DADB{6,20),dCR{6,20),0FDST 9),0F0F L{217),CFDAL(20) FLS
CIMENSICN DFCX{3,20),3FC8164,201,7503,24),15(2,3,28),4J(3),H4] FLS
DIMENSICN HEJ(6),ROP 6}, FX{32,110)4PRCPLG) FLS

FLS

C FCRIAT STATEMENTS FLS
Q0031 FCRVMAT{AF?.6,412X) FLS
00032 FORMATIFD.6,75X) FLS
OC033 FORMAT{AL,3X,5F9.6,3CX) FLS
OCUSs FORMAT{6F9,6,430X) FLS
QCC35 FORMAT{69HUINPUT DATA FCR OR—FCRIRAN FUNCTICON AND £RROR PRCGRAM NOFLS
1T TG AE SAVFC) FLS
00037 FORMATISSHOINPUT DATA FCR OR-FCORTRAN FUNCYICON AND ERRQR PROGRAM/  FLS
130H TC BE WRITTEN Ch PRIVATE TAPE} FLS
00C41 FORMATLIHCY I X, 29HNUMERATOR DENOMINATOR R} FLS
J00u2 FORMATI(25HOR FACTOR INCLUDING ZEROS, 17X Fe3,U4XyFPa2,u4XF5,.3) FLS
OOCu3 FCRVAT{(24HIR FACTOR CMITTING ZERQS,y18X,FP43,4X,FPa344XyF5.3) LS
J004L FCR¥AT{3bHOWEIGHTEC R FACTOR INCLUDING ZERQS, FLS
TAXyFRo30hXy FRL33 X, F5.3) FLS
00046 FCRMAT({33HOWEIGHTEDS R FACTOR OMITTING Z2IROS, FLS
19X Fa3 ) uX  FRa3y3UX,Fb.3) FLS
00051 FCRMAT(12A6) FLS
00052 FORMAT(IHI12A6) FLS
00053 FORMATI2HTZ) FLS
JOCSk FCORMAT{32HINUMBER OF CYCLES IN THLS 408 [SI2/37HONGMBER QF PARAMETFLS
1FRS TO BE VARIES LSiy) FLS
00061 FORNMAT{3!HOWEIGHTS TC BE SUPPLIED BY USER) FLS
00062 FORMAY{34HMOUNIT WEICKTS TO BE SET 3Y PROGRAM) FLS
QCC63 FORMAT {36HOPARAMETERS YC BE REAC AS INPUY DATA) FLS
0CO64 FORMAT{ 3UHOPARAMETERS TC BE TAKEN FRCM CYCLEI2,i16H CF PREVIOULS JOBFLS
1) rLs
00067 FOURMATI{29HONUMBER CF PARAMEYERS READ ISI4) FLS
00068 FORMAT {11,F8.0,7F9.0) FLS
00069 FCRMAT(3IHONUMBER CF ORSERVATECONS READ ISL5) FLS
000730 FCRMATIT214) FLS
00671 FORMAT(10F]2.8) FLS
00072 FORMAT{u6HICALCULATEDL Y BASED CN PARAMETERS BEFCRE CYCLEIZ2) FLS

00073 FORMAT{97HO H K L Y{OBS) Y{CALC) A 8 FLS

T3NS E e N -

(472



1 CRS—CALC SIG(Q) {0-C}/515(0) (/14 ) FLS
OOGTB FORMAT( JHOAS FLS
BOBTS FORMATIIH 314, 7F1.b,57) FLS
00CE0 FURMATISIHDAGREEMENT FACTORS BASED ON PARAMETERS REFORE CYCLE 12/ FLS
PZOHOSUMIWa(0-CI®a2) 15 E1l.4/35HESORTF{SUR(W» {O~C)e=2} 7 (NO-NV)) [SFLS
2 FiGih) FLS
03081 FCRMAT(HUHOESTIMATED AGREEMENT FACTORS SASEC ON PARAMETERS AFTER LFLS
PYCLE T2/20HOSUMIWS10—C)e221 IS E11.4/35H0SQRTF(SUM(we{0-Cl=x2}/(NOFLS

2-nv1) IS FIC.4) FLS
00CH3 FORMAT{62H MATRIX HAS A ZERD DIAGONAL ELFMENT CORRESPUNDING TO PARFLS
TAMETERY 2, 16H OF THOSE VARIED) FLS
00085 FORMAT{4DH SEINGULARITY RETURN FRAGM MATRIX INVERTER) FLS
CO086 FURMAT{ZTHOPARAMETERS AFTER LEAST SQUARES CYCLEI2/6uH PARAMETER  FLS
} LD CHANGE NE W EXROR) FLS

UOHBB FORMAT{IHO2A6,F kT, 13X,F13.7} FLs
G089 FORMAT{IHD2AG, 1, uF 13,73 fLs
DOUY0 FORMPATLESROSUBRCUTINE TEST (NDICATES THAT JOB IS TC BF TERMINATED FLS
IFCR REASCNI2) FLs
Q0092 FORMAT U IHUINPUT DATA/20HT I PLEY KIEL3/44 ) FLS
05093 FORMAT(IH 13,Fi0.4,I4) Fts
OCU9% FCRMAT{SIHOCORRECTED PARAMETERS NOT TO RE SAVED FOR LATER USE) FLS
OCC?5 FCRFATISIRUCORRECTED PARAMETERS TO RE WRITTEN CN PRIVATE TAPE) FLS
BCO76 FORMAT(S5{HICORRECTED PARAMETERS TO BE WRITTEN FOR CARD QUTPUT) FLS
felalsboird VAT (1 9HOCORRELATEON MATRIX) FLS
GG098 FORMATIIHIIA, IOF9 8/ ¢ H 3Xy1TF9.4)) FLS
000929 FORMAT(REIS,8) FLS
FLS

o READ TITLE AND CONTRGL CARD FLS
REAT INPUT TAPE 10,0005, CILABEL{L, K, L41,2) K8 14) FLS

READ INBUT YAPE 10,CCO5t, (TITLEUIY,141,142) LS

WRITE CUTPUT TAPE 9,00C52, 1 TITLE(L) s L1412} FLS

REAC INPUT TAPE 10,BC052,NCaNV, In, 1P, LT, IKFE FLs

NX B b LS

WRITE QUTPUT TAPE 9,00C084,NC,NY FLS

00207 1F{IwCC2i0G,00288,002;50 LS
ELS

00208 wRITE QUTPUT TAPE 92,0006 FLS
50 TC QG214 FLS

FLS

ac210 wRITE QUIPUT TAPE 9,[0062 FLS
FLS

Q0211 LF(1PICT212,€0212,CC21% ELS
FLS

goai2 WRITE CUTPUT TAPE 9,CO063 FLS
¢ oTe GJ215 FLS

FLS

Go21 WRITE GUIPUT TAPE 72,C0064, 1P FLS
LS

00215 IFLIT-4)C021¢6,60218,00221 rLs
FLS

o216 WRITE QUTPUT TAPE 9,C00%U rLs
G0 TQ GC222 FLS

FLS

an21s WRITE QUTPUT TAPE 9,CL095 FLS
REWIND 5 FLS

GC T¢ o222 FLS

FLS

goa2i WRITE CUTPUT TAPE 9,00096 FLS
FLS

00222 1r(iIXFENRD225,00223,00225 FLs

61

62
63
23
65
23]
67
58
69
70
1

72
73
Tu

76
77
8
79
30
A
82
83
84
85

20
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a0223 WRITE QUTPUT TaP:t 9,C0035
CC TC QC3G:
ge225 wRITE OUTPUT TAPE 9,C0037
REAIND 3
C ENTER PRELIM TC READ CRYSTALLOGRAPHIC INPUT

gC301 CALL PRELIM

0C601 WRIYT CUTPUT TAPE 9,CO0C67,NP
9 REAC OBSERVATICNS TO SENTINEL
JEG
co8h: Jid+l
READ INPUT TAPE 10,CCO6B,ISENT,{X{T,J),1#1,3),Y0{4),SIuoYCiJ),
| X{l,yJ)
IF{ISENTICGEC:,CC8D1, 0110
0viCl NC#S~!
WRITE QUTPUT TAPE 9,CUCE9,NC
c REAC KEY INTEGERS 1F REFINEMENT IS TC BE MADE
LFINCYO1601,01601,01201
J13C1 READ INPUT TAPE 1C,CCOTIMURKICI),LH]4NP)
C INITIALIZE PROBLEM
Ci601 NM#{NVe{AV+E))/2
SESIGUI)#I.G
C PUT QUT TRIAL PARAMETERS AND KEY LMTEGERS
WRITE QUTPUT TAPE 9,00C9%2
BC Cih53 LHI,NP
01653 WRITE QUTPUT TAPE 72,00093,1,P11),KI{1)
C START LCCP TC PERFORM NC CYCLES AND CNE FINAL CALCULATION OF Y
NCYHNCH)
00 BT ICHI1,NCY
c CLEAR ARRAYS AM AND Vv CXCEPT ON LAST CYCLE
[F(IC-NCY)01851,025C1,020C1
01854 DO O1852 [HLNM
1852 AM{L}40.0
DO U902 [#1.NV
gie02 v{iiikQd.Q
C INITIALIZE FOR CYCLE I1C AND PUYT OUT CAPTICN FOR LIST CF Y{CALC!
C2cao! SUSTIGL2)ASYSIGIT)
SIGHC.Y
RNUMHD .0

rRINGMED . O
RZDEN#D.O
WRNUMED .G
WRINUMEL O

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
Fi8§
FLS
FLS
FLS
rLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FUS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

121

122
123
124
125
126
127
128
129
40
134

132
133
134
135
i36
137
138
139
140
141
142
143
ful
145
P46
L7
(%]
143
150
151

152
153%
154
155
156
157
158
i59
160
i6i

162
i63
164
165
166
167
168
169
16
171

172
173
174
175
P76
177
i73
119
187

1744



C
Q2201

g2s5a
02601

62701

ga7s2

C
02801

g28r2

03001

033G

[apuap
Quicl
c

c
C

WRIDENRD.O

WRITE QUTPUTY TAPE ,L0052,4¢TITLE{L),I#1,42)
WRITE QUTPUT TAPE 2,C007241C

wRITE QUTPUT TAPC 9,00073

START £CCP THROUGH MG OBSERVATLONS
00 05101 I#1,NO

ENTER SUBRGUTINE CALC TO COMPUTE YI{CALC) ANT CERIVATIVES
CALL CALT{X{1,1),YCyP,LCC)

GBTAIN WEIGHT AND CALCULATE QUANTITIES FROM Y(0BS)-Y{CALC}
IF{1w02601,02504,024601

SQRINAL.B/SIGYCET)
GG TG G2rat

SICYOLIIRILT
SQRTWHLLC

DYRYQ{1)-¥YC

WOYESCRTWaOY

SIGHSIG+WIYRWOY
RINUMERINUMFABSFICY)
RICENHRZCEN+ABSFIYO(L))
WRINUMEWRZINUM+HODY # %2
WRIDENHWRZOENFTISORTWAYC{ 1) jen2
TFIYN(1)1)02752,02¢€031,02752

RMUMERNUM+ABSF (DY)
WRNUMENRNUM+WEYOx2

PUT OUT Y{CALC) AND OTHER INFGRMATION FOR ONE OBSERVATION
D0 02802 K&l,4

THKLIKI#XU{K, 1}

WRITE QUTPUT TAPE 9,CCCT0, (LRKLIK) »KH 33, YO 1) 9 YC A2 ,0Y,
SIGYO{T) DY, IHKL ("7

BY-PASS DERIVATLVE AND MATRIX SET-UP CN FINAL CALC OF Y
IF{IC~NCY)O3001,C5108,C510¢

SYART LOOP TO STORE AN ARRAY OF NV DERIVATIVES
J#1
DC GuiCE K#1,NP

IF{KIIK)ICH (01,0u1C01,0330)
CVIJYHSQRTWSECIK)

RENES]
CONT INUE
END LCOP TG OBTAIN DERIVATIVES

START LCOP YO STORE MATRIX AND VECTOR. SEE GLOSSARY FOR
STORAGE SCHENME

JKENM

DO C5CO1 J#1.Ny

FLS
FLS
FLS
[
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLsS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

18]
182
183
184
135
[ 351-]
187
183
189
120
19)
192
193
194
195
196
197
193
199
20
201
232
203
234
235
206
207
238
239
210
244
212
213
2iu
215
216
217
213
217
220
221
222
223
224
225
226
227
228
22¢
230
231
232
23%
234
235
236
237
238
239
240

8%



04301
C
Ouy0:

ausM

cusll

50C1

[ N =}

3J5:C1

C5uC!

0580
C

IFIDVIJ))I0uS0),Cunty,ustl

BY-PASS {F DERIVATIVE
JKHIK=NV+ =}
GC 76 C°5L3)

D0 Ou€Dt K#J,NV

1S z7eRrQ

AMUJK)#AM(JK)+CVLEIS) #DV (K}

JKHIK=~1
CONTINUE

VI3 #VIDI+DVIJ) #nlY
CONTINUE

END LCOP TO STURE MATRIX AND VECTOR

CONTINUE

END L COP THROUGH NC OBSCRVATILIUNS

CUMPUTE AND PUT GUT AGREEMENT FACTGORS

SCSIGUIIHSQRIF(SIG/FLOATE(NO-NVY)

WRITE QUTPUT TAPF 9,C0U8L,1C,SLG,SQASIGHL)

WRNUMESQRTE { wrRNUN)
WRINUMASGRTF (WRZNUM)
WRZDEN#SQRTF(WRZCEN)
RERNUM/R7CEN
RZHRAINUM/RIGEN
WRAWRNUM/WRZCEN
WRZHWRINUM/WRIDEN

WRITE QUTPUT TAPE 9,C004%

WRITE QUTPUT TAPE 9,C00L2,RINUM,RIDEN,RZ
WRITE OUTPUT TAPE 9,T0083,RNUM,RIDEN,R
WRITE OUTPUT TAPE 9,CO00UN,WRZNLN, WRICEN,WRZ
WRITE OQUTPUT TAPE 9,00046,WRNUM,LRZDIMN,WR

RY-PASS MATRIX INVERSION AN PARAMETER OUTRUY

IF{IC-NCY)O5uC1,C87C),08701

START LOSP TO TEST FOR ZERGQ DIAGONAL

ISINGHD

T LANM

TITENY

DC OS5RO1 [#i.NV

LF{AM{IINICSTOL,056C,057M)

ISINGH#I

WRITE CUTPUT TAPE 9,COCE2,!

TI41I-1iD
LiC#EID—;
CONTINUE

ON FINAL CYCLE

ELEMENT

END LCCP TO TEST FCR ZFRO DUAGCNAL EUEMENT

TERMINATE JOB If ZERO C{AGCNAL ELEMENT WAS FCUND

IFCISINGLEIo01,C6C01, 11501

ENTER SUBROLTINE TC REPLACE
CALL SMITAM{AM]) NV, ISING)
IF{ISING)0620),003C1,06201

MATRIX wITH

INVERSE

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
LS
FLS
FLS
FLS
FLS
LS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLs
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
Fi$
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

24
2u2
243
2ub
244
2hé
247
248
249
250
25

252
253
254
25%
256
257
258
259
260
261
262
263
26u
265
266
2671
268
269
270
21y
272
273
27y
275
2176
271
218
277
2181
241
282
2133
234
285
2R6
287
248
2489
290
271
292
273
29L
275
296
297
298
299
304

9%



C
C6201

G633

067601

C
Go801

0690:
o7eo

Gr201
c

arus2
G745,

O7us6

a7457

Q7459

TERMINATE JOB IF SINGULAR MATRIX WAS FCUND
WRITE OQUTIPUT TAPE 9,CCO08S
GO TO 11501

STARY LOUP FOR MATRIX VECTOR MULYLPLICATION FOR
PARAMETER CHANGES
00 07201 1#3,Nv

PLIFD.LE
TJANM—T4+1
1J04NY-1

CO 07001 JAL.NV

PCIAPCI+AMIT ) vV )
IF{J-13C6701,C6801,06901

1J410-140
LIC#YID-1
GC 70 CT7C0d

SAVE DIAGONAL ELEMENTS OF INVERSE MATRIX
DIAGUI I HAMILY)

INE SN
CONTINUE

PEIIY&PCI

SIGH#SIG-POLsvi])

CONTINUE

€N LCOP FOR MATYRIX VECTCR MULTIPLICATION

RECOMPLYE ACREEMENT FACTCR USING MGCIFIED SIG
SQSIG(L)#SRRTFISIG/FLCATFING=NY))

PUT OUT CAPTION FOR LIST CF CORRECTED PARAMETERS
WRITE QUTPUT TAPE 9,CCUS2,(TITLE(L), 141 ,12)
WRITE QUTPLT TAPE 9,0C008¢,1C

START LGCP TO CCRRECT ANC PUT OUT PARAMETERS
JH

NH#d

DO CBOTL Lt yNP

SEV K TO SELECT APPRUOPRIATE LABEL
IF{I-NG—1)0T852,07454,07456

K#l
GO 70 Q7s5C)

K#2
G0 1O 07s5C)

[F{ITF-1)C7857,07457,C788}

KRXMODF { I-hNQ-2,4)+3
LE{K-8307462,07459,07459

K#LL
GO To 075

FLS
FLS
fLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLs
FLS
FLS

391
302
383
30k
305
306
307
38
309
318
31
312
313
3tn
315
s
nv
318
319
220
324
322
323
32k
325
326
327
328
329
33D
351
332
333
434
335
336
327
338
339
g
351
32
343
3un
3u5
346
3u7
348
349
350
353
352
353
354
355
356
357
358
359
360

Ly



07461
Q7462

07463

<
ars

07601

arm

gaces

gce201

Gs2C2

08209

B83Cl
08Luci
08501
C

C
08701

C
08801

KEXMODF{I-NQ-2,11)+3
1F(K-3)C7501,07463,0750)

WRITE OUTPUT TAPE 9,00078,ATOMIN;
NENT

TEST KEY INTEGERS
IF{Ki{1}ICT60t,07601,C¢7C1

WRITE CUTPUT TAPE $,0C088,{LABEL(L,K},LH1,2),
P{IY,P (I
GO 70 080C!

POLD#PLT)

PLI)HPOLD+PDI )

SIGPASQRTFIDIAGII) I=SASIGI1)

WRITE QUTPUT TVAPE 9 CCCH9,{LARFLIL,K),LH!,2),
POLD,PCUIY4P(1),SIGP

NENES

CONTINUE
END LCOP TO CORRECT AND PUT QUT PARAMETERS

PUT OUT ESTIMATEC AGREEMENT FACTORS
WRITE QUIPLT TAPE 9,C00B1,IC,SIG,SRSIGHI)

ENTER SUBROUTINE TG TEST PARAMETERS
1370740
CALL TEST

WRITE CCRRECTED PARAMETERS CM AUXILIARY TAPE IF
DFSIRED
LF{{TIC8B202,0R301,08202

NTY#IT+y

NPCDHBe L (NO=1)/8+1)

WRITE OUTPUT TAPE NT,COC31,{SCi{I1,141,NPCD)
WRITE OLTPUT TAPE nT,C0032,7C

00 CR2007 t#1,nA

WRITF DUTPUT TAPE NY,CD033,ATOMITI),SFLI) AL,
EXY2Z(K D) oKHE43)
WRITE QUTPUT TAPE NT,ZOC3U, (BETAIK,I),K#],6}

TERMINATE JuB fF INOICATED BY USERS SUBRQUTINE TEST
IFCESTOP)IENN) 2850 1,084T1

WRITE OULTPUT TAPE 9,0C090,1S5T0P
GO Tu LE79}

CONTINUE
END LCOP THROUGH NC CYCLES AND FiNAL CALC OF Y

TERMINATE J0B
TFINCIT 1708, 11701,0880)

CALCULATE AND PUT OUT CORRELATICN MATRIX
WRITE QUTPUT TAPE 9,C0052,{TI{TLE(L),1#1,12)

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
fLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS

361

362
363
364
365
366
367
368
369
373
371

372
373
574
375
316
377
378
379
380
381

382
383
38y
385
386
387
388
389
390
391

392
393
394
395
396
397
398
399
L0035
431

ug?2
403
¥y
405
436
407
408
Lo
410
Wi

L12
ul3
bik
415
Li6
L7
Lid
419
420

8%



09101

096401

16001
10zt

C
18503

10601

tG7C3

11208

11501
tiel)

117018

WRITE OUTPUT TAPE 9,0C897
CC 09101 I41.NY

CIAGI1)#1.0/80RTFIDIAGL(T})
CONTINUE

TIANM
00 10201 I41,RY

00 09601 J#t 4NV

ROW({JIHDLO
CONTINUE

0C 1000} J#E,NY
ROW{JIFAMILI) «CIAGL I} *0LAG( )
13#10-1
CONTINUE

WRITE OQUTPUT TAPE 9,CCCO&, 1o (ROWIIY 4 JRI 4NV
CCNTINUE

WRITE DATA REQUIRED FOR FUNCTICN AND ERROR PROGRAM
IF{IXFE)}10601,11508, 1060

WRITE QUYPUT TAPE 3,CO053,1TF,NG,NP
WRITE QUTPUT TAPE 3,CO071,iPlI}sLH1,NP)
WRITE QUTRUY TAPE 3,C007C, (KI{L),141,NP)
HWRITE QUYPUT TAPE 3,C0053,NV

VARTHSQSIG [ )=e2
CC 10703 Id1,NM

AM{T}EAM{T)2VARL

KM/ 2
L#NM
CG 11201 I1#41,K

HOLDEAM( 1)
AMITYHAMAL)
AMILI#HOLD
L#L—1
CONTINUE

WRITE GUTPUT TAPE 3,LC0U99,{AMIT) 181 ,NM)
ENC FILE 3

LFA{LT=1) 0370, 1160),11700

END FILE 5

CALL EXLT

*TYPE{FCRTRAN}

£
<

OR FLS, FORTRAN CRYSTALLOGRAPHIC LEAST SCUARES
REAC CRYSTAL STRULTURE CATA ANG STORE PARAMETERS

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

FLS
FLS
FLS

475
L7176
ury

%4



[aNal

16

24

SURRQUYTINE PRELIM

COVNON NCoNVaNXy IWy [Py IT NPy [SENTyNOGNMNCY,1C,SIG,YC

CCVMMCN SCRTWyDYyWCY s JK, ISING,yI1,LID,PCIL1d414D,P0LD

COMMON SIGP,1STOP,NT,NPCD,y IXFE,HOLD,VARI

COMMON TITLE; Py Xe YO SIGYD K 1,5QSIG,AM,V,DC,0V,01AG,PEROW

CCMNMCN RNUM,RINUMGRZCEN yWRNUM g WRZNUM yWRZDEN Ry RZyWRyWRE

CCMMON LABEL,ATOM, IHXL

COMMON IFSQyITFyNFyNARICENT JNSyNQy TU TUyHX g HHBLEXP 1 J4C0STJpSINEY
COMMON FlaA,8,)RHOSINTHL,PT,{PT,FRACPT,FTA,FTACCS,FTASIN,T I,PIF L
CC¥NMCON 1C,SQTD,SQRTAB, FyDFDTO

CO¥NMON SCySF,AT,XYZBETA,DACFI,CRDFI,DACAL,ORDAT,DACX,D80X,0AD8
CO¥MQON CBODB,OFCS,DFOFY,CFDAY,DFOX,DFCB,YS,1SyHI,HH{I,RCP,FK,PRCP
CC¥MCN CA,CB

OIMENSTONS FOR NV{MAXIH# | OUNPIMAXIH#230,NOIMAX) #2500 ,NXIMAX) #k,
NE(MAX)H IO NATMAX)#20 NS (MAX) A2 NA{MAK) #9

DIMENSION TITLE(12),Pi230),x14,2500),Y0(250C),S16Y0(2505),K11230)

DIMENSION SCSIG{2)AM{SI5(1),V(ICC)BCL230),0VCL)

ODIMENSICN DIAGIIOG) 4PDLICN} fROW{IID) »ATOMI2U) $LABEL(2,414), IHKL{Y)

DIMENSICN SCt 9),SF{20),A1320),XY2{3,20),BETALI6,2C0},0A0F11{20)

DIMENSION CBDFI1{20),DADAT(20),CRDALII20),DA0X{3,20),C8D0X{3,20}

OIMENSION DADS{6,20),0BC8(6,20)4,0FDS{ 9),0FDF{{20),0FDA1(20)

DIVEANSTICN OFOX{3,203,0FCB816,20),TS03,24),L5(2,3,24),HJ13),H(4}

DIVENSTON HHJ{6),RCPI6),FX{32,10),PRCPEE)

REAL ANC PUT OUT CONTROL INFORMATLON

REAC INPUT TAPE 10,241FSQ, ITFaNF  NAZICENT NS, NQ
FORMAT (7L13)

{FLIFSU—1)4,4,7

WRITE OQUTPUT TARE 9,5
FORMAT {)IHUBASEC ON F)
G0 fO 9

WRITE QUTPUT TAPE 9,8
FORMAT {3 9HCRBASED ON F SUQUARED)

IF{ITF=2)104+13416

WRITE QUTPUT TAPE 9,11
FCRMAT {3THZCISOTRCPIC TEMPERATURE FACTORS)
GO0 TG 19

WRITE QUTPYUT TAPE 9,14
FCRMAT {22HCANISCTROPIC TEMPRERATURE FACTORS)
GC T0 19

WRITE QUTPUT TAPE 9,17
FCRMAT (43HUISCTRCPIC TLMPERATURE FACTORS CONVERTED TO,
28H ANISCIROPIC BEFORE REFLINING)

WRITE CUTPUT TAPE 9,20 WNF

FORMAT {38HCONUMBER OF SCATTERING FACTOR TABLES (S 13)
WRITE OQUTPUT TAPE 9,22,0A

FORMAT {3BHONUMBER OF ATOMS IN ASYMMETRIC UNIY IS 12)
IFLICENT=3)24,24,27

WRITE QUTPUT TAPE 9,25

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLs

FLS
FLS
FLS
FLS
FLS
FLS
LS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
fLS
FLS
FLS
Fi$
FLsS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FiS
FLS
FtS
FLS
FLS
FLS
FLS
FLS
FLS
Fis
FLS
FLS
FLS
FLS

478
w79
480
uagt
482
ug3
434
485
86
487
488
489
490
491
492
493
Loy
495
1)
§oT
LOR
499
500
501
5C2
503
504
505
5N6
507
508
549
510
b1t
512
513
51
SIS
516
57
518
519
520
521
522
523
524
525
526
5827
528
529
530
53
5%2
533
534
535
536
537

04



(aX e}

25
27
28

29
30

32

40
50

55
56
57

60
70

T4 FORMAT (2IHOSYMMETRY INFORMATICN/6THE
ITRANSFCRMED ¥
WRIYE OUTPUT TAPE 9,76, ({TS{Led) s {LSTIKy T, 31 KHI 2141433308 1,NS)

76

0

Yy

130

140

150

170

FORMAT

1 16HCCENTROSYMMETRIC)

GO YC 29

WRITE QUYPUT TAPE 9,28

FCRMAT

{20HCNCN~-CENTROSYMMETRILC)

WRITE GLTPUT TAPE 9,30,NS
FCRMAT {23HONUMBER OF SYMMETRY CARDS 1S 13)
WRITE QUTPUT TAPE 9,32,KQ
FORMAT (2THONUMBER OF SCALE FACTORS IS 13)

REAL ANC PUY OuT SCATTERING FACTOR TABLES
IF(NFIUG, 60,40

READ INPUT TAPE JC,50,14FXII,J) e 1H1,32) 81 4NF)

FORMATY

(8F9.3)

CO 56 J#1,NF

WRITE OUTPUY TAPE 9455,J

FORMAT (24HOSCATTERING FACTOR TABLEI3/IK )
WRITE GUIPUT TAPE 9,5T74{FX{1,J).1#7,32)
FCRMATY (IH 8F12.3)

REAC AND PUT QUYT SYMMETRY TRANSFORMATIONS

READ INPUT TAPE 10, 7Ct{TS{1,d)y (ISIKa Do) o KA1 22) o IAT 3] 4d#3,NS)
FCRMAT (F1§.642124F11.6,212,F11.6,212)

WRITE QUTPUT TAPE 9,7

TRANSFORMED X
TRANSFCRMED Z/1F )

FCRMAT (IH F13,6,212,F20.6,212,F20.6,212)

REAC ANDC PUT OUT RECIPRCCAL CELL PARAMETERS
REAT INPUT TAPE 10,9Cs (RCPIK)yK#1,06)

FORMAT (4F9.6)

WRITE CUTPUY TAPE 9,94, (RCPIK)»KH#I1,6)
FORMAT (29HCRECIPROCAL CELL PARAMETERS oOF)1.06)
PRCP{IIHRCP( 1) #220e,25

PRCPIZ2IHRCP{2) %22%,25

PRCP{3IHRCP(3)r22%,25
PRCPLUIHRCP L] L#ROP(2)#RCP{H)#,25
PRCP(SIARCPUT I #RCPI3)#RCPIS) #4255
PRCP{EIHRCP {22 2RCP I 3)aRCP L), 25

SET TAPE NUMBER FOR PARAMETER INPUT
IFCIP) 130,180, 13C

NT#Y

REWIND 4

GQ TC 150

NT#1C

IP#i

START LCCP TQ REAC PARAMETERS UNTIL CESIRED SET

HAS BEEN READ

DC 190 J41,1P

READ INPUT TAPE NT,170,(SCHI), L41,NQ)

FORMAT

18F9.6)

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

538
539
540
543
542
543
Sl
545
Sho
547
S4B
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
56k
565
566
567
568
569
5710
571
572
573
57
575
576
517
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597

I¢



RTAD INPUT TAPE NY, 173,70 FLS »98

CQ 190 T41,NA FLS 599

FLS 600

READ INPUT TAPE NT,20C,ATOM{L),SFUI)4AT(L1)(XYZIK,I},KH1,3) FLS 601

190 READ INPUY TAPE NT.21C,IBETAIKyI)oK#1,6]) FLS 602
200 FORMAT [AG3X45F0.6) FLS 603
214d FORMAY {6F9.6) FLS 6Ub
FLS 805

C CONVERT [SQTROPIC TEMPFRATURE FACTOR TO AMISCTRCPIC IF SPECIFIED FLS 6U6
IF ((TF-3)280,23G,28C FLS 637

FLS 608

230 CO 260 i#i,NA FLS 609
FLS 610

TEIHBEYALL, I FLS 61}

DO 260 KAL,6 FLS 612

FLS 613

260 BETA(K, I)#TFLePRCP(K) FLS 61u
FLS 635

270 LTFKE2 FLS 616
FLS 617

C COMPUTE THE JOTAL NUMBER OF PARAMETERS FLS 618
280 (FUITF=-133105,290,310 FLS 619
FLs 5620

250 NPHOINATNQH] FLS 621
GC TC 320 FLS 622

FLS 623

310 NPHTI#NA+NGH] FLS 624
FLS 625

C CCPY PARAMETERS INTO THLC ARRAY P FLS 626
320 CALL SBFOPIP,SCeTOySF, AL XYZ4BETA,LTF,NA,NQ,NP) FLS 627
RETURN FLS 628

END Fis 629
«TYPE{FCRTRAN]} FLS 630
C OR FLS, FGRTRAN CRYSTALLOGRAPHIC LEAST SQUARES FLS 43]
C CALCULATE STRUCTURE FACTOR AND DERIVATIVES FOR ONE REFLECYICN FLS 632
FLS 633

SUPRCUT INE CALCUH,Y,PAR,CLR) FLS 634

FLS 635

COMMON NCoNVoNXy IWg IPy IT NP, ISENT,NCyNM,NCY,IC,S1G, YC FLS 636
COMNON SCRTwyDYswDY, K, ISING, 11, LLC,PDI+14,1J0,PCLD FLS 637
COMNON SIGP,15TCPeNTNPCD, IXFE,HOLDy VAR FLS 633
COMMON TITLE,P Xy Y0,SiGY0,KiySQSIG,AM,V,DC,LV,31AG,PD,ROW FLS 639
COMMCN RNUMZRINUM,RZCEN y WRNUM g WRZNUM yWRZDEN )Ry KZ s hR 9 wRZ FLS  6ul
CC¥MCN LABEL ATUM, IHKL FLS 64

COMMON IFSQy ITF NFoNA, TCONT o NSyNQ9pTOy TUyHX HHBLEXPTIJ4COSTJLSINIS FLS 642
CONMMON FI A B, RHCySINTHLPY IPT,FRACPT,FTA,FTYACCS,FTASIN,TFLI,PIF] FLS 643
COMMCEN 1G,SGTO.SGRTAB,FLDFDTO FLS buy
COMMON SC4SF,Al4XYZ,8ETA,CACFE,CBCF1,CACAL,CBCAL,CACX,DBCX,CADB FLS 645
CCMMCN CRDB,OFDS DFCFL,CFCALZOFDXsOFCB, TS, IS HI HHY,RCP,FX,PROP fLS &bub

COMMCA CA,CB FLS 647

FLS o6L8

c DIMENSICNS FOR NVIMAX)#IDD NP{MAX)H#230,NO(MAX) #2500 ,NX{MAX) KU, FLsS 649
C NF{MAX)# 1O, NAIMAX IR0 NS IMAX ) #24 NQ{MAX) 49 FLS 650
DIMENSICON TITLE(§2),P1230)3X{4,2500),Y0(2500),SI6Y0(2500),K11{230) FLS 651
DIVENSION SCSIG{2)4AMIS ST, vIILC),0CI230),LviICC) FLS 652

DIMENSICN DIAGUICOY,PRCICN) ,ROW(IOC) JATOMI20) 4 LABELI2,14), ITRKLI{U)Y FLS 653
DIMENSTON SCU 9),SF(207,ATE20) 4 XYZ13,20),BEYA{6,20),DADFL{2C) FLS 65

29



[sXu¥al

1C6

107

C

31

312

31y

315

316

DIMENSION QBOCFI(20).DADALIC2U),D8DALI20),0A0X(5,201,CBDX13,20)
DIMENSTON DAOCB(6,20),DBC816,20),0FDS{ 9),DFDFIL203,CFDAL{20)
DIMENSION DFOX{3,20),0FC814,20),TS{3,24),15(2,3,24) ,HJ{3),H{u}
DIMENSION HHJI6),RCPI6),FX{32,10),PRCPLE)

COMPUTE REQUIRED SUMS OVER NS SYMMETRY TRAMSFORMATICNS
FOR EACH OF NA ATOMS

CLEAR STORAGE ARRAYS

DO 109 I#1,NA

CACFIt1)#0.0
CACFI(I)ROLO
CC tC6 K#i1,3

CADX{K,1)#0.0
DBDX{K, I} 40.0

C3 1CY K#l,y0

DADBIK,1}40.0
DBOB (K, I1)#0.0

START LCOP THRCUGH THE NS SYMMETRY TRANSFORMATIONS
DO 2301 J#1.NS

STYCRE TRANSFORMED INDICES
TJ#3.0
G0 316 L#1,3

TIETI+HLTI*TS(T,J)
HITT140.0
DG 315 K#!,3

KKK#K
00 314 L#i,2

LLL#L
MEIS(LYKyJ)
LFIM-12312,311,312

HITTIHHIET Y 4H(KY
GO YO 31k

IF(M+I)318,313,3014
HILIIHHI(DI=H(K)
CONTINUE
CONTINUE
CONTINUE

CCMPUTE PROCUCTS OF TRANSFORMED INDICES
FHICL ARG ne?
FHI(2)8HJI(2) 222
FHILIIERILI ) #al
HHI(L A2, CaR(12aE3(2)

HHI{STH2 ORI (1231 3)
FHIGEIHZ 0oy (23 %Ky 3}

FLS
LS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLs
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
Fts
FLS
FLS
FLS

855
856
657
658
659
660
661
662
663
66h
665
666
667
668
569
670
671
672
673
&7h
675
676
677
478
679
680
681
682
683
684
685
686
4687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
70U
785
106
707
708
709
710
(4]
7i2
713
Tiu

€4



6C3

8l

8C3

9Cs

110

2C0!
2101

2231

IS

2301

STA
Cc

Cen
END

RT LCCP THROUGH THE NA ATOMS
22C1 T#1,NA

ENTER USERS SLBROLTINE 1O SFT
CALL PATCHE(I,TJd,EJ,HHD)

COMPUTE TRIGONCMETRIC TERMS

HXHATS

DC 603 K4i,3
HXAHX+HI(K) #XYZ K,y 1)

CCSIJ#COSF{6.28318531%kX)
SINIJH#SINF(6.2831EH5]1%HX)

INDICES FOR SPECIAL POSITIONS

COMPUTE ANISCTROPIC TEMPERATURE FACTOR

(FLITF=13901,5CH,£01

HHR 40.C
20 3C3 K#ls6

HHBH#EHB4+FHI (K *BETA(K, )

EXPIJREXPF (—HHE)
COSIJHCOS{J#EXPLY
SINIJHSINT JeEXPId

ACCUMULATE REQULIRED SLMS
DACFI(I)ADAQFI(IY+COSTY
CO 1i01 K#, 3

CALX{ Ky I)HCADX K, TI+HJIKI#SINTY

TFCITR=1)4500,1500,;3 308

DG 140) Kilsb

CACBUIK,y T)HCACRIK, 1) FHILK ) *COST Y

BYPASS REMAINING SUMS IF CINTRISYMMETRIC

IF{ICENY-1)2201,220%,1601

CHOFI{I)ACBORIIL)I+SINTY
DO 1801 K#1,43

ORCXUIK, I)HCBDX{K, [)4HI(K)#CCSTY

IF(ITF-1)220C1,22014,2CC)

DO 2101 KHI,6

CBOu{Ky L)HDBDR{KyI)+RHJIK)#SINT Y

CCATINUE
£NC LCOP THRCUGH THE XA ATCMS

TINUE
LUOP THROUGH THF NS SYMMETRY

TRANSFORMAYIONS

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLsS
FLsS
FLS
FLS
FLS
SLS
FLS
LS
FLS
FLS
FLs
FLS
FLS
FLS
LS
LS
FLS
FLS
FLs
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
fLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

715
116
Ty
718
719
720
721
722
723
724
725
776
727
728
729
73
73
732
73%
{34
735
136
737
7339
739
7ud
4]
Tu2
143
hu
745
he
™7
7u8
(8%
750
751
752
753
754
755
756
757
758
759
763
761
762
763
Tou
765
T66
767
768
769
770
717
772
713
774

14"



2701

c
2801

C
3001
3101
3201
330y

3u0y

c
3503

38018

COMPUTE A AND B AND THELIR CERIVATIVES

A#C.O

B#C.0

RHCHHU I 1w %2« PRCPITI+HIZ ) +22#PRCP(2)+H( 3 #224PRCP (3]}
i $2.0%HE I RR{I2)#PROPLLI+2.04HE 1 J#HI3)sPRCPLSY
2 +2.02H{ 21 #HL 3)2PRCP{6)

IF{NFI2T01,2801,2701

SINTHLA#SQRYF{RRO)
PTHSINTHL/.CS5+1.C
IPTAPY
FRACPTHPT-FLCATF{[PT)

START LCCP THRCUGH NA ATOMS
0C 5201 I#1,.NA

CBTAIN SCATTERING FALTCR
TFENFE3ECL, 3001, 3101

FLASF(1)
GO TO 320t

LASFLTS
FIAFXULIPT LY (FXCIPTHI,L)I=FX{IPToL} ) nERALPY

COMPUTE 1SGYROPIC YFNMPERATURE FACTOR
IFCITF—-123401,34C1,2201

TFIRELD
6¢ 10 35CH

TFIREXPF{(—BETAL{1,1}#RRCY
COMPUTE A AnD [TS DERIVATIVES
FYASFIwTFLe AL}
FYACUSHFTA=CACFI(I)
ARALFTACOS
CACAL{I)HFI=IFI*CACFI(1}
CACFItLIKATt I} =TFI«DADFILL)
PLEI#-6.2831853]1#F T4
CO 3801 KElss

DACX{R, IIAPIFI®DACKXIK, I
TFETTF=1)42C),4201,0C01

CC 8101 K#1,46

DACBIK I} #~FTA#DADBIK, 1)

GG TG 4301

OACB{{,1)¥-RHO=FTACOS

COMPUTE B AND ITS DERIVATIVES UNLESS CENTYRUSYMMETRIC
IFCICENT~1352C01,5201, 8401

FTASINEFTASDHOFILT)
BHBHFTASIN
COCAf(LIEFI»TF]eDROFLLIT)

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLSs
FLS
FLS
FLS
Fts
FLS
FLS
FLS
FLS
FiLs
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

775
776
777
778
719
740
78}
782

T84
785
86
787
788
789
790
{91

792
793
794
795
796
797
798
799
8C0
801

802
803
804
805
8C6
807
aca
#09
8i0
sy

8t2
B3
81k
815
816
a1y
818
819
820
821

822
823
624
825
826
827
828
529
830
g3t

832
413
11

sq



49GC;

5C01

™

laNal

56C1

57€)

S58GY

590!
59C2

6001

6201

COCFI{II#AI(I)#TFI«CRDFI{])
PLFI#=PIFL
CC 4701 Ki#le3
CHOX{K,y 1) EPIFI#DRCXIX, 1)
[FCITF=1)5i03,5100,49C
DG 50C) K#1,.06
DHCB(K, I)#—FTA*DBCB(K, 1)
GC TO 52C1

CBCA{ i,y 1)#-RRO*FTASIN

CCNTINUE
FND LCOP THRCUGH NA ATOMS

CLTAR TERIVATIVES WITH RESPECT 70O SCALE
DC 5332 T#1.,NQ

CFEOS({1)#C.0

FACTORS

CCMPUTE SCALE FACTOR TIMES CVERALL VYEMPFERATURE FACTCR

LoA-4)
SCICHSCHIQ) #EXPF{-TU*RKC)

CALCULATE F OR F##2 FOR CENYROSYMMETRICL
IFLIFSQ-1)5601,5601,600!
TF{ICENT=1)5701,5731,5801

CAHSTGNFL2.,0%SCTC,A)
cuy.n

FaChsA

GC TO 5901

SQRTARH#SCRTF{Aa#24B%=2)
FASQYO=SERYAR
IF{SQRTAR)IERET7,5804, 5807

Cant.C
ceRd.t
€O 7O 59C)

CA#SOTC#A/SCRTAR
CRHSQTC*B/SORTAR

CFOSUIQIANF/SCHLLQ)
CFCTCH-RHCHF
G0 TC 6501

SOTOHSQTCx=2
IF{ICENT=1)€2C1,06201,63C1

CAH#B.L#SCTC=A
Ca#d.C
FHACA=A/2.]

OR NCN-CENTROSYMNMETRIC
STRUC VURES

FLS
FLS
Fi$S
FLS
FLS
LS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FL$S
FLs
FLS$
LS

LS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
LS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
fLs
FLS
FLS
FLS
FLs

835
836
as37
838
2359
84l
Bu4)
8L2
Bl3
B4l
845
846
au7
848
8uQ
850
u51
892
853
354
855
856
857
358
559
Mol
361
862
843
Hab
364
s66
867
a6a
863
869
87U
87)
g2
/73
[Saan
874
876
877
arg
579
a80
(<1<
682
882
883
&8y
&85
EB6
887
s4g
89
8on
891
892

9%



[aXg)

6301

6401

650!

7001

72014

7301

740}

75034
C

GC TO 6401
FASQTC={A=22+4Ra42)
CAR2.025CT0*A
CBE2.C=S5QT10=8

CFCSUIQIHZ.02F/SCLIG)
CFOTQ0#-2.0%RHO=F

YHF

COMPUTE DERIVATIVES OF F OR F2s2

SYART LCCP THRCUGH NA ATOMS

0C 7501 I#4,NA
CFOFI(I)#CAXDADFI{I}+CR=0BDFL()
CFCAILI)HCA«DACAT{ L) +CR2CROATL])
0O 7001 KH§,3

CFOX{Ky L}#CARCACK{K, [)+CBaCHDX{K

IF(TTF~1) 7201 ,7201,73C10

CFOB{I,1)8CA=DADEL,1)+CB20R0B Y
6C 10 7501

8C 74Tt K#l,6

1}

« 1D

DFCR{K, IJHCA=CADB(K, 1} +CB#NECBIK, 1}

CONTINUE
END LOOP THROUGH Na ATOMS

CCPY CERIVATIVES INTG ARRAY DER WHICH

(S THE SAME AS O€

CaLt SBYCPIBER,CFOS,CFUTO,DFCFI,DFDAL,DFDX, OFDH, LTF ZNAZNG,NP)

RETURN
ENC

*TYPE(FCRTRAN)

€
C

CR FLS, FORTRAN CRYSTALLOGRAPRIC LEAST
TEST FOR NON-POSITIVE~-CEFINLTE TEMPERA

SUBRCUTINE TEST

SQUARES
TURE FACTCRS

COMNON NCy NV INXy IW, TP, LY NP ISENT , NOGNMyNCY, 10,516, YC

COMNMCN SCRYW,DY, wDY, Ky 1SING,11,110,PD

1,14, 130,PCLD

COMMCN STIGP,ISTGP,yNT NPCO, IXFE,HOLCy VART
COMMON TITLE,P X4 Y0 SECYQ, K1, SGSEG, AN, V00,0V, DIAC, PDSRON
COMMON RNUMyRINUMGRZCEN yWRNUMy WRZINUM y #RZDEN;RyRZ, WRy WRZ

COMNMCN LABEL,ATOM, IRKL

COMFON TFSQaLTFNFoMAL ECERT NS NG TC T HX, HHB , EXP L 4,C0S510,5ENLY
COMMON FIyA,ByRHQ, SINTHL,PT, IPT,FRACPT,FTA,FTACOS,FTASIN,TFI,PIF]

COMMCA TU,SQTQ.SQRTAR, F,DFECTC

CCMMCN SCoSF,ATXYZ,BETA,DACFI,CBCFI,DACAL,CRDAL,CADX,,DECX,DADB
COFMMCN CROB,CFLS,yOFCFY,CFOAL,DFCRVDFEBy TS, IS, HU W HHJ,RCP,FX,PRCP

COovMMTN CA,CB

CIMENSIGNS FOR NvIMAX)KIOC,NPIMAX}HZ2AC

P NOIMAX) #2500 ,NXIMAX) #uy

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs

FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

893
894
895
896
897
898
899
980
401
0z
903
Y0u
905
LA
987
2ae
209
F1i
11

12
913
CAL]
915
916
Q1T
918
319
920
921

22
723
Q2L
925
2246
927
2R
Q29

3G
931
232
$33
93k
?35
938
937
938
1238
739
40
Ty
942
943
Qhy
45
Pubd
87
ug

LS



¢ Xal

(o)

5C

6N

80

90

jic

120

i30

1ul
a5

150

160

1o
200

NEIMAXYH IO, NAIMAX K20, NS{MAXIH2U N [MAX) #9

DIMENSICN TITLE(12)4P{220),X(4,2500),Y0{2500},S1GY0{2500),KI(230}

DIMENS{CON SQSLG(2)4AMIS150),viILD),0C(230) «OViITO)

DIMENSTION DIAG(:00),PDUINC) yROWEION) ZATOMIZ20) JLABEL {2, ih8), [HKL{Y)

DIMENSICN SC{ 9),SF{20)4A1{2038,XY2{3,20)BETAL6,20),DADFI{201}
DIMENSICN BBCFI{2C),CADAL{20)DRDAL(20),DADXI3,2C),0B0X(3,20)
DIMENSICN DACB{6,20),0BC3:46,20),0F0S 9),0F0F1{20),C50A14i20)
DIMENSTCN DFDX{3,20),0FCB(6420),7513,24)415(2+3,2L),HI{3),H(4)
DIMENSICN HRJILO)4RCP{H) W FXU32,10),PRCPLE)

STCRE ACJUSTED PARAMETFRS IN VARIOUS ARRAYS
CALL PTOSBIP,ySC,TOWSFrATWXTZ4BETA,ITF,NA,NQ,NP)

ENTER USERS SUBRCUTIME TO RESCT SYMMETRY-RELATED CCCRDINATES
CALL RESETXIXYZ)

ENTFR USCRS SUBROUYINE TO RESET SYMMETRY-RELATEDZ ANISCVROPIC
TEMPERATURE FACTOR CCEFFICIENTS
IF(ITr~1)60,60,5C
CALL RESETBIBETA)

START LCCP THRCUGH NA ATOMS
DC 2210 THINA

IFLITF=-1110GC,90,1€C
DISTRIBUTE OVERALL TEMPERATURE FACTOR AMCNG AYOMS AND TEST
BETAL ) I)HBETAL{T,1)+TD
TA(BETATT,1))190,220,220
TF(TC)YI1G,13C, 110

CISTRIBUTE CVERALL TEMPERATURE FACTCR AMCNC RETAS
D0 120 Kél,6

BETA{K, 1)H#BETA{K, 11+TC#PRCP(K)

TEST ANISOTROPIC TEMPERAYURE FACTCR COEFFICIENTS
DC iu45 K#i,3

IFIBETA(K, 1))} 193, 145,15
CONTINUE

(F{BETA{], I)#BETAL2,1)-RETA(Y,L)=%2]190,160,1¢0
TFIBCTALT,, 1) #BETA{3, [)=BETAIS5, 1) %%2)190,170,170
IFLBETAL2, {)#BETALS, I)-BETALL, 1)»%2):00,)80,180

IF(BETA{I,1)=RETA{2,[)#BETA{3,])
+(BETA{L,J)*RETAL{S, 1) #BETALS6, L)1) #2.0

—BETA(L, 1) #BETALE, 1) 2=2-RETA(2,1)2RETA{S,1)=x2
—RETAU3, 1) #BETA(L, [)*%2) 190,220,220

PUT CUT ERRCR STATEMENT

ARITE QUTPUT TAPE 9,200,1

FORMAT(2RHOTEMPERATURE FACTOR OF ATOM 12,
250 1S NCT POSITIVE-DEFINITE)

ISTOP#!

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
£LS
FLS
FLS
FLS
FLs
FLS
LS
LS
FLS
FLS
LS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

u9
950
951
952
953
95y
755
956
257
958
959
260
961
962
963
o4
265
966
6T
968
269
TN
71
912
973
97U
975
976
97
978
Q79
980
981
982
983
984
9485
KRG
987
9&ER
989
990
9%
992
993
F9y
995
996
997
998
999
1300
o0
10C2
1C03
tGCu
1005
1006
1067
1608

8¢



c

220

CONTINUE
END LCOP THROUGH NA ATOMS

TCH#C.O

COPY PARAMETERS INTO THE ARRAY P

CALL SRTGQP({P,SCoTOySFyALXYZBETA, ITFoNA,NUWNP)
RETURN

END

eTYPE{FCRYRAN}
<

c

60
7C

8t

150
[N

120
{30

140
150
160
170
190

20
2108

228

GR FLS, FORIRAN CRYSTALLOGRAPHIC LEAST SQUARES
COPY PARAMETERS FRCM ARRAY P TG ARRAYS LSED £Y SUBRCUTINES

SUBROUTINE PTOSBIPySC,TC,SF ALLXYZ ,BETA,ITF,NANQ, NP}
DIMENSICN P(230},5C( 91,ST1203,AL(20),XY213,20),8E7A¢6,20)

L}
CC 4l Jk1yNC

SCUIIRPLI}
THI+}

TCH#PYIY

L#i+1

0G 220 J#1,NA
SFEII#P(I)
ALCJI4PLI+1)
181+2
CO 130 K¥1,3

XYZ{K S} EPLT)
IHE+g

IF{ITF-1}150,150,19C
BETAUL,JY#PL])
LEI+L
6o TQ 22C
CC 21C ®éY,0

BETALK,3)IAP(L)
TRi41

CCNTINUE

RETURN
ERD

*TYPE[FCRTRAN)

C
c

OR FLSy FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES
COPY PARAMETERS FRCM ARRAYS USED BY SUBROUTINES TO A4RRAY P

FLS
FLS
FLS
FLS
FLS
FLs
FLs
FLS
FLs
FLS

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FL$S
FLS
FLS
FLsS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

FLS
FLS
FLS
FLS

1009
1013
181
1312
18013
131k
1015
1Gt6
to17
AR ]

13319
1020
1021
1622
1823
1024
1025
1026
1027
1328
1Q29
1040
103t
i3z
1033
1034
1032%
1036
1037
1038
1039
1040
104}
10L2
1043
0Ly
tous
1046
1Cu7
1048
1049
1050
1051
1052
1353
10354
105%
1056
1057
1058

1359
1060
1061
1062

69



SURPQUTINE SBTOP(P,SC,IC,SFLAT XYZ,BETA,ITF,NAWNQLNP)
DIMENSTON P(240),SC{ 9),SF{200,A1(22),XYZ2{3,20),B6TA16,20)

10 143
200 DO B0 J#14NG
30 PLIVASCLY)
41 T#Hi+
50 Pi1)#T0
60 IdI+d
TC DC 220 J#1,NA
&0 PLLYASFLY)
90 PII+1IRALIY)
10 IRI+2
P10 S0 130 <KH#i,3
120 PLIHXYZ(K,J}
130 THiI+)
140 IFCITF=1215C,150,19C
150 PLIJHRETALY,J)
16C THI+I
170 GC 70 22C
199 OC 21T KAI+6
200 PLIYAHBETALK,J)
2i0 THTI+
220 CCONYINUE
RETURN
END
«YYPEIFAR)
CCUNT 23C
REM SYMMETRIC MATRIX INVERSE. SEE GLOSSARY FOR STORAGE SCHENME.
REM FOR USE ON 704, 709, OR TC90.
REM WRIYTEN IN FAP FOR ASSEMBLY ON 709 OR 709C.
ENTRY SMI
SM1 SXD T13,1
SXC Tik,2
LFTM
TNC #4]) OVERFLOW TOGGLES
CAL 1.4
cor
Pax 0,2
TXT #+1424)
CLA 244
STA Y}
CLA 3,4
STA Y28
STA SINGI
Yi LA O ADD SET

POX Ot

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
LS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

1063
106u
1065
1066
1067
1068
1369
i070
1071
1072
1073
1074
1075
1076
1077
1078
1679
1Csd
1e81
1082
1083
)8
1085
i1Da6
1087
i0ge
1089
id9g
1091
1092
1093
1094
1695
1096
1097
1098

09



Y2

Yu

Y7
¥8

Yi0

Y15
Yi6

Y164

REEH
Sxo
$X0
SXC
SXC
NRF4
ST2
LXE
SXEC
CLA
58p
Fse
™1
CLa
sSSP
ST¢
SXoC
TIX
HTR
TNX
TXI
CAL
ACC
POX
CLA
57¢
TSX
LXD
CLa
T2e
TMI
CLA
FOP
sTQ
cLs
510
CLa
sup
ARS
SYA
STA
CLA
SUB
ACD
ARS
STA
STA
LXD
LXR
CLA
sus
PCx
TNX
Lee
Fop
NG
SXD
TSX
Lxg
STO

Y27
T4l
¥25,1
T2, 1
¥3¢2
Tu
15,
TU,4
¥Y7,1
0.2

Th
Y?

G,2

Ty
TS,k
Y8,2,0

YiGelyl
Yholyl
T3

T2
Oate
15
Oyt
X1y
73,2
02
SING
SING
FLONE
0,2
B,2
0,2
LK)
PCN
T3

18
YIbA
Y19
PCN
T3

T2

i8
Yio
Y19A
12,1
12,2
T3

T2
Oyts
YiTalst
8.1
16
Yi6A
Ti2y4
CFL o4
Ti244
Oyt

Y2

¥3

Yh
v5

Y6

Y8
Y9
Yio

Yiil

Yra

Yi3

Yiy

Y15
Yié

DEC SEY Y4,DELTA

SEYS ACDRESSES
AY ¥

SETS ADDRESSES
AT M#N

ADD SET Yih,MN

ACD SET Yib,M

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
EFLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLs
FLS$
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLsS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

1120
1121
1122
1123
112h
1125
1126
1127
1128
1129
1130
113
1132
1§33
113k
1135
1136
1337
1138
1139
180
biug
tiu2
1143
jlun
1148
16
1547
ftug
Frug
1150
P51
1152
1153
1454
f155
1156
1457
t158
1159
1160
I R3]
1162
1163
t16Y
13165
L1166
tia?
1168
1169
IR R
IRNg
172
1173
11Ty
1175
1176
7T
1178
1179

19



CTi
Yir

Yi9

YI9A

Y98

Yi9C
Yo

Yau

Y25

Y2é

Y26A
Ya7

Y28

Y29
Y29A

Y33

TNX
FNX
PXD
PCX
LCG
FMP
TNO
SXp
TSX
Lt XD
FAD
™wC
SXZ
TSX
LXD
ST6
TX1
TNX
TNX
LXe
LXED
TNX
TIX
HTR
TXI
SX0
TXL
LXo
LXE
Xk
5TZ
EFTM
TRA
TX1
SXO
SXC
LA
SUR
ARS
STA
STA
STA
STA
S1A
CLA
SuUe
ACE
ARS
STA
sSTA
STA
STA
STA
STA
cLa
SuB
PDX
POX
512
TIX

Y15,0,C
Y2U, 240
0,2
Cyl

0.1
0,2
Y198
T12,4
OFL, b
T12,4
Gk
v19¢
TI2,4
CFLy b
T12,4
Ty
Y2, y—1
YIT,1,1
Y19,0,0
13,2
T2,
Y264,1,1
¥2,2,3
¥2
Y26h, 1,1
¥29,1
Y29,1,0
Tlah
Y13,
Tl4,2
Bl

Nyl
Y29A,2,0
T3.2
T244
PCN
73
18
Y35
Y35
Y39
Y398
Y39C
PCON
T3
T2
18
Y3i
Y36
Y36A
Y388
Y38C
Y39A
T2
ONE
Uy i
Je2
Oy
Y3ielyl

DEC FOR T1,C(1k)

Y17
Yi8
Yi® ADD SET Yju,M
ACD STT YIil,M+N
Y¥2o
Y2h
y25 OCEC SET Y2
Y26
Y27 PDEC ST Yi,C
Y28
ADD SET
NORMAL RETURN
Y29 DEC SET Y26
Y 3G
SETS ACDRESSES
AT M
SETS ADDRESSES
AT M+N
SETS LNDEXES
AT M—N
Y3i ADC SET Y30,M+N
Y32

FLS
FLS
FLS
FLS
FLs
FLS
LS
Fis
FLS
FLS
FLS
FLS
FLS
FLS
Fi$S
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
LS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
LS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

1180
1181
1182
1183
1184
118%
T1H6
i187
1188
1189
1190
1191
1192
i
i
l

194

195

196

197
198
1199
1200
1201
1202
1203
12004
1205
1206
12067
1268
1209
i230
121}
1212
1213
j21h
1215
1216
217
i218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
123}
1232
1233
1234
1235
1236
1247
1238
1239

<9



Y3y

Y35

Y36

Y354

Y3r
Y38

y3gs

Y38C

Y39
¥39A

Y39e

Y39C

DTI2
SING

SING!

CLA
SuB
POX
PXC
PLX
LeQ
Frp
TND
SXD
TSX
LXD
FAC
1RO
SX0
TSX
L%0
STO
TXI
X
LOQ
FMP
TNO
SXD
TSX
LXD
FAD
NG
SXO
TSX
LXD
$T0
TNX
LCQ
FMP
TN
$X0
TSX
LXD
£AD
TNG
SXD
5%
LX0
SYC
TiX
CAL
AED
PDX
CAL
SLy
TSX
LXE
LXD
TRX
PXC
LXD
LXD
LXD
CLA
ST

¥35,0,C
0,2

0,2
Y39B
T12,4
CFLab
T12,4

2]

¥39¢C
Ti2,4
CFEL,y 4
Ti2.4

B
Y3he2y1
13

Y2

Qe

Oa s

75

X144
73,2
1241
¥26,0,0
3,2
Ti3,)
Tiu,2
Thsls
ONE

a

Y33

Y34

Y35

Y36

Y37
Y38

Y39

yul
v50

Y51
¥52

ADD

ACC

ADD

ABD

ALD

ATD

ATD
ACD

ABC

SET

SET

SEY

SET

SET

SEY

SET
SET

SET

vY30,M

Y30, M4N

Y30,M+N

Y30,M

Y304 M

Y30y M+N

¥30,M
Y30,M+N

¥30,M

ADE SET Y30,M
GO T1¢ Y5L

CEC FCR 712
SINGULAREITY RETURN

ADD SET

FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
£LS
FLS
FLS
FLS
FLS
FLS
FLS
£Us
FLS
FLS
LS
FLS
FLS
FLS
FLS
Fts
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
ELS
FLS
£LS
FLS

1210
1241
1242
1243
t 20
1245
12h6
1247
$248
1249
£250
1251
1252
1253
1258
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1273
1272
1273
1274
1275
1276
1277
1278
£279
1280
1281
1282
1283
1284
128%
1286
1287
1288
1289
1290
129}
1292
1293
1294
1295
1296
1297
1298
1299

€9



CTiL
X1

x3

X6

X8

X8A
X9

ONE
FLCNE
POM
12
73
T
15
7!
Ta
112
Ti3
Tiu

EFTM
TRA
ARS
PBT
TNX
PXD
TRA
PXD
SSM™
TNX
CLA
{FAS
SX0
LXD
LXD
CAL
SuB
20X
STD
CAL
Low
SLwW
STQ
TNX
SXo
TXH
CAL
SID
TiX

i
|

OFL+5,0,0
G.0,0

bold

Oy

SING+1,0.0
15

1ok

Ti2,4

Y241

HYR O

X1
LXD
LX0
CAL
LCQ
SLW
STQ
LxD
iRA
PIE
DEC
PCN
PZE
PZE
PIE
PIE
SYN
SYN
SYN
SYN
SYN
END

#TYPE (FORTRAN)

T
c

OR FL

S, FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES
DUMMY SUBROUTINE TC BE REPLACED BY USER IF NECESSARY

ERROR RETURM
CVERFLOW—UNDERFLCW

DEC FOR T13,C01:3

DEC FOR T14,C(12)
X1

X2

X3

xb
X5
X6 DEC SET X2
x7

X8 CEC SET X5,X7

X9

xi0

ONE

FLONE

LGNO

T2 N

T34

TheX T6,-8B11
1544

CilIh)

-Bil

ClIy) FOR SR
c{ii)

ARV

SUBROUTINE PATCHI g TJaHJdyHRI)

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLSs
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

FLS
FLS
FLS
FLS
FLS

1300
1301

1302
1303
P304
1305
1306
1307
13068
1309
1310
131}

1312
1313
HEILS
31315
i316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331

1332
1333
1334
1335
1336
1337
1338
1339
1341
134)

342
i3u3
1344
1345
1346
1347
1348
1349
1350
1351

1352
1353
135k
1355
1356

9



RETURN

END
#TYPE{FORTRAN)
[ OR FLS, FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES
c pUMMY SUBROUTINE T8 BE REPLACED BY USER [F NECESSARY
SUBROUTINE RESETX{XYZ)
RETURN
END
*TYPE{FORTRAN)
C OR FLS, FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES
C DUMMY SUBROUTINE TO BE REPLACED BY USER IF NECESSARY
SUBRCQUT INE RESETB{BETA)
RETURN
END
*TYPE{FORTRAN}
< EXAMPLE. HYPOTHEVICAL PROBLEM BASED CN ALPHA QUARTZ.

SUBRQUTINE PATCH{I,TJ,Hd,HHY)
DIMENSION HI(31,HRI(6)

c BY~PASS MOGIFICAYION FOR FIRST ATOM
IF{L~1)2,241}

} HICH#HG (1) 4HL2)
HJ{2)60.0
HHIT Y HHHIL T ) +HHS (2]
FHI(2)8C.C
HHITS TAHHILS1=-HHIL6)
HRJIE6) KOO

2 RETURN
END

*TYPE(FORTRAN)

C EXAMPLE. HYPOTHETICAL PROBLEM BASED CN ALPHA QUARTZ.
SUBRCUTINE RESETX{XY2!
OIMENSIGN XYZ213,2)

XYZ(2,2)8XY211,2)

RETURN
ENC

#TYPE{FORTRAN}
C EXAMPLE. HYPOTHETICAL PROBLEM BASED GN ALPHA QUARTZ.
SUBRGUTINE RESETBIBETA)

FLS
FLS

FLS
FLS
FLS
FLS
FLS
FLS
FLS

FLS
FLS
FLS
FLS
FLS
FLS
FLS

FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLsS
FLS
FLS
FLS
FLS
FLS
FLS
FLS
FLS

Ft S
FL.S
FLS
FLS
FLS
FLS
FLS
FiLs
FLS

FLS
FLS
FLS

1357
1358

1359
1360
1363
1362
1363
|11
1365

13588
1367
1368
1369
1370
1373
1372

1373
1374
1375
1376
1377
1378
1379
1380
13814

1382
1383
138%
1385
1386
1387
1388
1389

1390
1391
1392
£393
§394
£395
1396
1397
1398

1399
1400
140}

9



DIMENSIGON BETA{6,2)

BETALZ,2)ABETALT,2)
BETA(6,2)4—-RETALS5,2)

RETURN
Ene
DATA FOR EXAMPLE
$CATA
SCALE FACTOROVERALL §  FORM FACTOR MULTIPLIER X
z BETA{1,1) BETAL2,2) BETALZ,3)  BETALI,2)

BETA{2,3) ATCHIC 8

EXAMPLE. RYPOTHETICAL PROBLEM BASED CN ALPHA QUARTZ.

215 1 0 C ¢C
2 3 2 2 2z 6 1
ige.coee 9.551 8.u475 7159 5.908
2.9%06 2.568 2.287 2.1C6 1.929
Pe574 1.515 Pau69 la425 1.38]
1,220 1179 la3u3 1.1C5 1.068
1000 .95 9.79 Q.54 2.20
T.3) 6.78 6.26 5.77 5.28
3.71 3,42 3.13 2.90 2.68
2.06 t.96 1.86 0 0
i 2 3
1-2 -2 -3
2-1 -1 0.33333333+3
-1 2-1 D.33323333-3
-2 1-2 06666666743
2 1 Cab6b666667-3
0.23508 Q0.23504 (0.185CY 0 o
1.0
c
9] 1. 1.C JeiLl0 G.27C0
0.28
S1 2. 0.5 0.5200 0.5200
O.43
1 0 0 23446
1 3 C 317.5
6 ] C 76.0
5 3 c 27.9
] 0 H 308.2
3 H H 56.5
3 2 ] 1.5
L 4 i 6.7
3 ] -1 199.8
5 2 -1 145.6
2 C 2 8.7
6 H 2 11.5
5 3 2 38.0
i o -2 8C.3
S 1 -2 45.2
3 2 -2 9.0
3 8] 3 T4
2 2 3 232.0
3 C -3 125
4 ] -3 231.3
] g L bu.l
6 2 4 32.0

L.857
1.812
339
1.033
8.79
k.85
2.50
0

C.50000

C.12CC

.3333333

Y

FLS
FLS
FLS
FLS
FLS
FLS
FL§

FLS
FLS

BETA{],3) FLS

4.028
Ta7ilk
1.299
0.997
8.33
Haok2
2.33

FLS

FLS

FLS

FLS
2.39UFLS
1.637FLS
14259FLS
0.966FLS
T.83FLS
4.06FLS
2.19FLS
OfFLs
FLS

FLS

FLS

FLS

Fi$

FLs

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

fLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

FLS

402
1403
Pu0hy
1405
1406
1407
1438

1409
Ju30
LN

14)2
int3
Ty
1415
1416
iy
1418
a9
1420
1u2)

1422
iu23
Ju2u
1425
1426
1527
1428
1429
t430
1631

1432
1433
143y
1435
1436
1437
1438
1439
1had
14
1442
1443
Thll
j4L5
4L
Juu7
1448
1449
1450
145)
1452
1453
1454
1455
1456
1457
1458

99



AN RTVIEIS g o (S TV R €]
(3= (e e IR LI =D

!
100011111181CCIB0ICT1ID

-4
-4

-5

~6

-7

-8
-9

18C.2
33.3
162.5
8.2
85.9
110.5
1C.8
T8.0
134.9
37.2
1C.8

FLS
FLS
FLS
FLS
FLS
FLS
FLs
FLS
FLS
FLS
FLS
FLS
FLS

1459
1460
1461
1h62
1463
fuey
1465
1468
ju67
1468
1869
1470
1471

L9



PROGRAM OUTPUT FOR EXAMPLE
EXAMPLE. WYPUTHETICAL PROBLENM BASEC ON ALPHA QUARTZ.
NUHBER QF CYLLES IM THIS Jo& 1S 2
NUMBER CF PARAMEYERS YO 8f VARIEL IS 35
UNIT AEIGHTS YO BE SET BY PRCGRAM
PARAVMETERS TC BE REAL AS INPLYT CATA
CORRECTED PARAMETERS NOT Y0 BE SAVEQC FOR LATER USE
INPUY CATA FCR QR-FCORTRAN FUNCTYICN AND ERRCR PROGRAM MCT 7O BE SAVED
BASEL ON F SCUARED
ISCTROPIC TEMPERAYTURE FACTORS CCOMVERTED T¢ ANISOYROPIC BEFORE REFINING
NUMBER CF SCATTERING FACYQR TABLES 1S 2
NUMBER CF AYOMS IN ASYMMETRIC UNIY IS 2
NCN~CENTRCSYMMETRIC
NUMBER OF SYMMEYRY CARDS IS 6
NUMBER CF SCALE FACTORS IS

SCATTERING FACTOR TABLE }

10.L0C 9.551 B.475 7.159 5.908 4,857
2.914 2.56¢8 2.287 2.106 1929 1812
1574 §e515 P.469 1.425 1.381 i.339
1.220 1179 1e1k43 1.105 1.068 1.033

SCATTERING FACTOR TABLE 2

1C.0BC 9.95C 9.790 9.543 9.2C0 8.790
7.31C 4.78C 6,260 5.773 5.280 4.85C
3.710 3.42C 3.13C 2.9040 2.4680 2.500
2.060 1.960 1.86C g. C. C.

SY®METRY INFORMATION

TRANSFCRMED X TRANSFORMED Y TRANSFORMED 2

~0. {=0 ~Je 2-0 ~0. 3-0
~-C. 1-2 ~J. -2-0 ~C. -3-0

~0. 2-1 ~C. -1-C 0.323333 3-0

~3. -1-0 -C. 2-i 0.323333-3-C

~0. -2-0 ~Ce -2 0.466667 3-C

~0. 2-C -0. =0 0.666667-3-C
RECIPROCAL CELL PARAMETERS C.235Cu4g £.235040 C. 185040 g

NUMBER OF PARAMETERS READ IS 24
NUMBER OF OBSERVATICNS READ IS 33

INPUTY DATA

4.028
IRYSR]
14299

J.997

8.330
b.420
2.330
0.

3.394
1.637
1.259
0.966

7.830
4.C60
2.190
0.

0.500000

89
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PLL)
1.00CC
¢

t.0000
}.E00C
C.4100
C.27100
G.1200
c.0052
0.0052
c.0032
G.0026
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EXAMPLE. HYPOTHETICSL #AJELEN BASED ON ALPHA QUARTI.

CALCULATED Y BASED ©OM PARAMETERS BEFORE CYCLE

H K L
j o o
H 1 g
] 1 ul
5 3 Q
4 g H
3 i i
3 2 H
) Y §
3 yo-3
5 2 -
2 Y 2
<] H 2
5 3 2
1 g -2
§ i -2
3 2 -2
3 C 3
2 z 3
3 © -3
% i -3
] i} 4
6 2 R]
5 0 -y
4 2 -y
3 ! 5
3 ¢ =5
2 2 ]
4 0 -3
i H 7
1 P77
3 g 8
2 i -8
2 g -9

AGREEMENY FACTORS BASED ON PARAMETERS

SUMiWeL0-C)ae2) 15

Y{0es)

23y4,6000
317.506CC0
16.00C0
27.9C860
338.2000
56.5CC0
15000
6. T10CC
$99.8C000
145.4C00
78,7000
1i.5800
38.0000
280.4CC0
45.20CC
9.COCT
Tu. 1088
232,002
$245C00
233.3000
44,40CC
32.C0CC
180.2000
33,3000
1462.5CC0
842800
85,900C
¥10.500C
10.400C
72,00¢80
134.9000
37.2000
$10.8000

YICALC)

218,736
437.2533
£5.8654
12,7558
205.8193
585033
14,4571
4.4200
240, 7540
148,129
78.5274%
25,2969
34,1203
69.5725
59.9i42
30.3347
90.0221
252.9857
fe2271
i99,2133
20.2246
17.2503
$83.03:7
21.6740
18C.01864
19.6520
106.5043
183,6337
i2.7427
72,2755
132.1975
IT7.147C
14.9334%

0.2852€ 05

SORTF{SUNIWe{C~CIae2i/7iND-NV]) 1S

R FACTOR INCLUDING ZEROS

R FACTCR OWMITTIMG ZERCQS

HEIGHYED R FACTOR INCLUUING ZEROS

WEIGHTEDG R FACTOR OMITIING LEROS

A 8
-14,790C -0.00C0
-17.140435 —10.7i57

~5,108¢6 =-He3062
~1.5922 3.3890
-7.:3032 -12.3330
~5.2233 L.9ICY
-1.5343 -3.531C%
-1.£372 t.022C
—34.59863 -9.8534
-5.325¢8 1C.3978
4.43C8 ~7e6THY
H.€h71 -$.6u438
D.757y ~5.9621
45,1735 7.2235%
-%.8528§ be7137
-1.587% ~-5.2739
-9.u503C 0.00CS
15.764L 241172
f.1C77 -3.C020
-8,4939 ~-3$35.2739
—-2,248¢6 -3.8947
-1.5961 -3.8344
-3, 76k5 Jia7i0Y
2,700k -3.792h
-9.{5%91 -H§.3288
~2.2165 -3.93%;
i0.3:29 043856
J1.$668 {l.Q0oc
Ja5u17 -Jekt8y
-{.7725 -3.3547
-5, 7488 9.9573
O.Cik7 0.9850
ZoEbhYy 0.4000

SEFQRE CYCLE

39.8031

OBS-CALL

i5.856u
-8%.7533
$0e 13k
1he 1450
106.38C9
5.0967
-13.14371
2.28L0
-4Ce 9547
-2.529%
D.5724
—-312.7949
1.8797
13.5275
~14.7162
-2143347
-i5.9221
-4£.9857
11a2729
32.0867
2641754
14,7897
-2.8317
11.4240
2.%4859
~11.4520
-20.5043
-33.1837
-2, 1527
S.7245
2.7025
g.8530
~-Ye133h

KUMERATOR DENJMINATOR

597.837 3095.200
597.837 3C95.2C0
368,892 742,077
168.892 T42.077

S

R
0.193
0.193
G.228
g.228

16(Q0)

1.000C
t .0000
i.0000
i .C000
1.C000
1.0000
1.000C
1.008C
1.00Ca
$-0C0U
1. 0000
$.0C00
1.0000
1.400C
1.0000
t.00C0
i.0CCY
i.ucen
{.00U0
1.0000
1.0000
1.0000
3 .0000
10000
10000
1.0000
1.0000
1.303000
148000
10000
1.0000
i.0C000
1.8000

{C~C1/351G(Q)

15.8564
~89.7533
101386
1%.4450
;T6.2809
5.0967
~313.3371
2.28C7
~4G.98%0
—2.529u
0.5724
~-312.7969
1.8797
10452795
-y4.7182
-231.3347
-15.922)
-30.9857
1142729
32.0887
24.1754
4. 7697
-2.8337
118260
2.%85¢
-11.4520
-2C. 6043
-33.18%¢
-2.1627
Se7245
2.702%
0.C53C
-h.1334

2
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EXAMPLE, HYPOYHETICAL PROBLEM BASED ON ALPHA QUARTZ.

PARAKETERS AFTER LEASY SQUARES CYCLE 1

PARAMETER
SCALE FACYOGR
CVERALL &

0
FORM FACTOR
BULT IPLLIER
X
¥
z
BETA(1,1)
BETA{2,2)
BETA(3,3)
BETA(1,2)}
BETA(),3)
BETA{2, 3}
st
FCRM FACTOR
MULTIPLIER
X
Y
z
BETA{1,1)
BETA{2,2)
BETA(3,3)
BETALL,2)
BETA{1,3)
BETAL2,3)

[¢] %]
1.000oceo
0.

1.80C0000
i.coogoce
0.u1000CC
Q.27000CC
0. 4200000
0.C052482
0.0052482
0.0032528
o.0026241
Q.

B.

2.£0ED0CE
. 5000G00
0.52000C0
0.5200CCC
D.3333333
£.0059387
8.0059287
£.0036808
£.0029693
0.

a.

CHANGE
0.0005857

0.C053155
-0.0023085
-0.C025466
-0.0C26719
-0.001939%
-0.0C05u68
~0.CC28946
-0.CCO9170

B.0C03u82

0.C08859%1

0.C033190

C.CCO%3Ca
D.COu426
0.0C04EHT

NEW
t.0005857
0.

1 .0000000
+.0000000
C.4153155
0.2678915
Cuti7L53h
G.0B25762
0.0033091
0.0o27C60
-0.000272%
-0.0009470
C.0003482

2.000ECo0
0.5800800
0.5288597
.5200000
0.3333333
0.0092577
o.oos938v
0.CCuit08
g.0grsi2g
0.00qusu9
Q.

ERROR
C.006u4983

€. 0006499
€.0008087
C.0006581
0.0023483
C£.0022263
£.0067256
C.0016950
C.001C200
0.0008352

£.0003916

C.0006799

C.0003u21
C.0011583
C.0004607

ESTIMATED AGREEMENT FACTORS BASEC ON PARAMETERS AFTER CYCLE 3

SUK{W*(G—Clus2) IS
SQRYF(SUMIW#(0~C)es2)/INO-NV}} IS

0.307CE £3

4,.1300

TL



SXAMPLE. HYPCTHETILAL PRGELEX BASED CON ALPHA QUARYZ.

CALCULATED Y BASEC CN PARAMETERS BEFORE CYCLE 2

K

POR I it - E RS U TN FWROWNUN - NONLWE WM EWNO w =

i

-

C!MOw-—-[JFJCI'—JNQMOWDNCJV‘JMUlgml_\‘;\.‘.,.—v‘l.‘r\}uﬂt_"m«

L

R N N S TRl o ot I ot [ o

D
R NN

TN

-3
L
y

-4

-y
5

-5
)

-6
7

-7
8

-8

-9

v{08S)

234.60C0
3i7.5000
76.0600
27.9000
30842000
56.50CG
1.58CC
5. T0C0
199.80CY
14546050
78,7000
11.50C0
38.C0C0
g80.1CCC
55.20C0
9.C0C3
?u.31CC0
237240000
32.5000
231.3C00
bis o TCD
32.CCC0
1802080
33,3C00
162.5C0C0
8.2000
£5,9320Q
$10.50C0
10.600C
78.C0CO
13u.9C000
37.20C0
§C.8CC0

Y{CALL)

222.7308
127.9457
58,1950
23,277C
352.7573
ug.£2C1
2.0536
3.3605
201.2066
1NC.T784
7341369
10.0a89
34,6810
E4.4342
wu.0862
12,2939
15,0796
251.9543
i3.4910
222.6U83
¥5.33%8
29.365
17C.2345
26.9555
16246359
1.59C3
£7.2194
507.7816
164373
154176
133, 1443
25,5369
§2.6012

A

-15.204¢ -
-16.4159 -
~4.,6793 -
—1.9372
~8.3373 =i
-5.39C2
-1.236C -
-i.7u12 -
31,4747 -
~-4.17252
4.2735 -
2.7C32 -
1a7145 -
4.5937
—2.4543
-2.7058 -
-8.6598
1h.u354
3.6729 -
-8.Cu5C -1
-3,264¢ -
~1 UT9Z -
-5.5199 H
3.49832 -
~-9.2382 -
-31.4037 -
9433150
10.32757
3.1009 -
-3 .885C -
-5.766C
5.89E9
3.5477

B 0BS—-CALL
£.0oco 1.8692
7.6210 — 10,4457
6.7985 7.8052
4.4155 4. 62320
5.3006 -4.5573
ba87:7 7.6799
0.723¢6 -1.5538
0.5098 3.3395
5.7272 —-1.uCe6
FeT665 4.8215%
T.4019 5.5631
2.9533 -4,5669
G687k 3.1200
7.953) -4.3342
6.1553 j.:138
3.0422 -4.293¢
J.La0k -C.9796
1.£23% C.Jus7
J.200C ~-0.991¢
2.554% 844517
5.827¢6 ~C.93248
5.2102 2.6318
12928 9.9655
4.C8u8 b 3uL5
8.78C6 -C.$359
2.43:3 .3C92
0459ES -143194
C.Cocd 2.71EY
£.8997 Qa1027
gab724 2.582%
9.9871 1.7557
1.082¢% 1e660Y
J.CcoCu -1.8012

AGREEMENT FACTORS BASED ON PARAMETERS BEFCRE CYCLE 2

SUMIN®{0=C)w=2)

IS B.6391EF {3

SQRTF{SUM{W#{C-CInna2)/{NC-NV}) IS

R FACTOR INCLUDING ZERDS

R FACTCR CMITTING ZERQS

WEIGHTED R FACTOR INCLUCING ZEROS

WEIGHTED R FACTCR OMITYING ZEROS

5.9588
NUMERATCR
111.083
111.083
25.281

25.281

DENCMINATOR
3£95.2C0
3C65.2C0

Tu2.077

742,077

S

I
0.036
0.036
D.034

C.03%

16¢0)

$.0000
1.0000
1.000C
1.0000
1.0000
t«OLCT
1« 0000
t.0C00
1.0000
1.CO0C
1.0000
1.0000
1.00G0
§.0C00
10000
1.0800
1.G30C
1.80040
1.0000
{0000
§.00030
t.0C0D
{0000
1.0000
1.0000
1.3000
1.80C3
1. 0C00
$ <0000
1.,000C
j.000c
{0000
1.GC00

¢5-C3/81G1Q)

1.8692
-10.4457
7.8C58
4.€230
~4.5573
T.6799
-J.5536
3.2395
-J.h066
4.8216
5.5534
-h.5669
2.42CC
~Ue3342
15338
-4.293%
-0.979%
G457
-0.%91C
8.¢517
—{.9348
2.63%8
9.9655
La2uuS
-0.1359
0.3392
-1.3194%
2.718%
J.14627
2.582%
1.7557
1.6601
-1.8012

[ =]
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EXAMPLE. HYPOTHETICAL PRUBLEM BASED ON ALPHA QUARTZ,

PARAMETERS AFTER LEAST SQUARES CYCLE 2

PARAMETER oLo CHANGE NEW ERROR
SCALE FACTOR f.0CC5857 -0.CCC2306 1.0003550 0.003091h
CVERALL 8 Q. 0.

o]
FORN FACTOR 1.0ococee 1.006cone
MULTIPLIER 1.0000Cce 1.000CCeg
X O.4153155 g.ocoas72 0.b8155727 C.0002937
Y 0.2676915 -0.CC00363 02674554 c.cog3nvt
z O 1170534 0.CC0Suéy C.1179998 C.00031u¢é
BETA{1,1) 0.C0257¢2 0.0013604 0.0039366 C.0009567
BETA{2,2) €.Co23091 C.CCy2008 C.00u5C99 £.0809366
BETAL3,3) 0.Co27C6C o.gpect22z2 0.0027282 £.0003578
BETAL(1,2) -0.00C2725 0.CE22977 0.0020252 C.0007T473
BEYAL1,3] -0.000947C C.0C0T445 C.o60C276 C.000u0u4S
BETAL2,3) 0.0003482  -C.COC)149 0.0002333 €.0003995
Si
FORM FACTCR 2.cooocee 2.000Ccoa
MULTIPLIER 0.50000C0 0.s5000000
X 0.5268597 0.CCOb168 0.529u4765 C.0001849
Y 0.52€8597 0.5288597
Z 0.2333233 0.3333333
BETA{1. 1) 0.C092577 ~0.CCL25950 GC.0066626 €.0003353
BETA{242) 0.C092577 0.00%2577
BETAL3,3) 0.00u11C8 -0.0CCL992 C.00uCit6 c.0001728
BETA{1,2) C.0071126 -C.CO36885 0.003u215 C.000586¢6
BETA(1,3) 0.COCu649 -0.C002781 0.0001868 c.0coi929
BETA(2,3) -0.CO0uéES -0.0004649

ESTIMATED AGREEMENT FACTORS BASED ON PARAMETERS AFTER CYCLE 2

SUMIWw{0~CI¥u2) IS 0.6423E (2
SQRTF{SUNMIK#(C~C)en2)/(NC=~NV]}) IS 1.889C

€L



EXASPLE. KYPOTHETIZAL PROUVLEX BASED ON ALPHA GUARYZ.

CALCULATED Y BASED (M PARAMETERS AEFURE CYILE 3

¥l S L Yi0gs) y{LALZ) [ B 085~CALL $iG{0s  43-C3/SIGI0) S
! o c 234.6000 234,33517 ~15.2959 e C.45683 1.0200 J.4683
! i C 517.5000 317.0134 -186.2i33 -7.3428 C.u369 i.0C00 D.4B69
4 i 0 Te.COCO 73.7327 -4.532C -7.559¢C —-1.7327 1.030C -1.7327
5 3 d 27.9C00 28.2117 —3.583C 5.068: -L.33)7 1.C200 -3.2:5147
4 2 i 3Tg.20C0 302.93¢2 -8.7352 ~15.,216% -0.73¢2 1.6300 ~-0.73482
3 1 B 56.50CC 54.833Y -5.6604 47699 IEE-X-1.1.) $.00CT 1.4666
3 2 H 1.58C0 L.88Le -J.%:37 ~D.47140 Cebi5h 1, 0000 O.£354
4 ] H §.7CLY 5.3824 -2+227C —C.6u72 1.3176 +LOCO0 1.2176
3 Po-t 199.8CC0 199.8347 —-11.097C -5.73¢8 C.1823 §.0000 0.8823
5 2 -3 185,60C7 47,9583 -H.8145 30.CYC2 -2.350% 1.C000 ~-2.3503
2 G 2 78.7CC0 14.99C5 4.3857 -7.5962 1.7095 1.7C95
& H 2 13,5400 1La3263 i.8i61 -2.6593 Ta 1237 141237
5 3 2 3%.CCC0 37.20¢8 2.Cus7 —5.7444 L7908 3.7905
! g -2 £€2.93CE 83.8v¥l7 4,577y 7.9283 -3.7707 -3.7707
5 -2 55.20LC0 44,2947 -2.892: 5.99:3 £.9%e3 J.90C83
3 2 -2 9.C0CC F.0882 -1.3479% ~2.856u; —C.94562 ~J.9862
3 C 3 4. 1000 75247 —8.671L C.CUCC EETEL NS —la.1u7%
2 2 3 212.00CT 21443139 iho4598 2.2528 -2.3:39 -2.3139
3 g -3 12.30C0 12.262; 3.50Q% -0.C0c8 C.2379 d.2379
4 r =3 233230040 23146782 -8.0738 -12. 8968 -C.3780 -0.3780
E:) o b 4u.u000 B3 9LF6 -3.3881 ~5.868% ~1.5496 —-i.5899
é 2 4 32.0300C 301578 =3e i34l -5.3722 18322 j.0322
S T -k 1&0.2000 10C.1200 —6e708: 116187 2.08C0 C.5800
4 P 33.300C 3743983 S.a080 4,227 Je%719 Yuv019
] 1 S $162.5000 161.5392 -9.2303 —£.73519 0.9518 0.96CH
3 1 -5 d.20CC 1.3309 -1.3515 -2.3378 C.88%¢ d.88G1
2 2 ] 85,9003 Bh.T985 LRV LTV Ce585h ~0.8945% -0.8985
4 c -é 11C.5C80 109.9934 10. 484} 0.C000 [APS-1e1.1) B.5066
b 4 ¥ 1C. 6000 11.9348 3. A502 ~Je.8260 ~{eJdikd -1.3148
i yo~=7 78.0000 T5.7974 —1e 5888 -B8.5378 Re 20120 242029
3 U 8 134.9000 135.99¢2 -5.8283 10.0959 -1.0982 -1.0982
z 3 -8 37.2000 37.1928 5.9845 12612 Ja.007% 0.E079
2 g -9 ig.8CiL i2.8088 3.58860 J.00C0 -2.0683 10000 -2.0688

AGREEMENY FACTORS EASED OM PARAMETERS BEFURE CYCLE 3

SURIWei0-C)en2) [S 0.63588 2

SQRYF{SLM{We{0~Cian2)/{RO~-NVI) IS 1.8795

NUMERATQR DENOMINATOR R
% FACTUR IMCLUDING ZERQS 37.50 3095.2CC0 D.012
R FACTOR OMITTING ZERQS 27.508 3C9¢5.200 D.012
WEIGHTED R FACTOR INCLUDING ZEROS 7.974 Tu2.077 0.01%

HEIGHTED R FACTOR OMITTING I€ERQS 7971 T42.C77 C.0%¢



EXAMPLE. HYPOTHETICAL PROBLEM BASED ON ALPHA QUARTZ.

CORRELATICN MATRIX

1.0000
0.3058

0.
-0.1273

.
-0.31731

Q.
0,361

Qe
~0.0u37

e
C.i512

O.
0,281
Oa
-0.1230
C.
0.3157
C.
-0.0818

.
1.6000

C.
C.

C.
Ce

C.
G.

C.
O.

-{.2333
U.t860

t.0000
B.0795

0.
-0.0925

O

G.0214

Q.
g.t582

g.
~0.1383

0.
~0.0295

C.
0.2205
C.
£.-03%0
Q.
0.0905
Q.
-0.3190

Q.
1.0060

Q.
528

Qe
g.

0.
Q.

~D.u564
G.0384

D.6823
B.3163

1.0CC0
0.3310

1
-~0.2946

Q.
0.2053

0.

B.1851

O.
-0.6210

Q.
0.3056

Q.
-0.1099

O.
1.0000

O.
C.

C.
O.

8.3507
-0.1157

-0,3278
0.3530

~0.4928
0.2453

1.00C0
-0.3009

C.
C.1425
129
C.Ue5t
Ce
=Q.21h¢
0]
0. 3943

G.
-G.2362

398
G.C514

Qe
~0. 4356
C.
0.8212
C.
Ca1563
.
1.0cc0

0.
G.

0.3961
~0,0327

~0.1397
~0.1878

0.029
-0.0533

-0.2308
-0.4763

1.C000
~0.C606

0.
g.0631

O.
-0.0209

0.
-0.0921

Q.
~0.1875

C.
8. 1980

0.
~0. 1780
Q.
~C.201%

Ca
-0.0327

O.
~0.2221

0.
1.C000

0.1185

C.2778

0.0029

~{.06h46

~Co3u9)

t.0e0e

[+

C.

0.

Q.

001093

~0.0905

-~ 087y

0.2524

-U.162%

~0.4iih

{.0000

c.

B.

0.

S.

8.

0.

[\

8.

0.2206

0.3230

Q.2678

-0.3875

0.h986

0.h683

~0.1634

1.0000

[+

0.

T.38u1

-0.2782

-B.3861

0.5343

B.U3s7

~-D.1232

O.1h826

-0.1179

1.L000

0.

178

0.

g.

O.

[+

-2.0880

-0.0385

-B.4487

C.1682

-0.3187

0.2852

0.0748

-0.0091

Q.1294

1.000¢C

0.

C.

e

Qe

Sl
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