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ABSTRACT

This report contains a description and op-
erating instructions for the tangent-formula
refinement program applicable to noncentro-
symmetric crystals. This program is coded
entirely in FORTRAN language for a large-
sized memory computer and is completely listed
in the Appendixes.
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THE TANGENT FORMULA PROGRAM FOR THE X-RAY
ANALYSIS OF NONCENTROSYMMETRIC CRYSTALS

INTRODUCTION

The uses of the tangent formula in x-ray crystal structure analysis are the refine-
ment of the basic set of phases already determined and the generation of new phases
associated with vectors whose normalized structure factors are fairly large (1). Utiliza-
tion of the tangent formula also improves an approximate set of phases obtained from the
partial structure of a crystal and provides additional phases through recycling processes
from the original set (2). This formula was derived in 1956 by Karle and Hauptman (3).
The current version requires high-speed-core storage equipment containing 65,536 48-
bit words for data processing and is written entirely in FORTRAN-63 language designed
to be run with the Drum Scope Monitor System on the Control Data 3800 computer located
at the NRL Computation Center (4).

BASIC DESCRIPTION OF THE PROGRAM

The tangent-formula program consists of a main program and twelve subroutines,
excluding the trigonometric and the computer system subroutines. The flow chart is
illustrated in Appendix A, where most subroutines are grouped into three important sec-
tions, such as (a) symmetry transformation section, (b) sort section, and (¢) sigma-~2
calculation section.

TANGFORM is the main program, which not only reads in or lists out all the neces-
sary information or data but also transfers proper controls to several subroutines which
perform their own chores. The TANGFORM program manipulates the reflection data.
These data contain the normalized structure factors, which are obtained from the experi-
mental intensity data by several appropriate geometric corrections and a K-curve cal-
culation (5). The K-curve calculation and geometric corrections are incorporated into
the data reduction program written by H. Norment (6) and revised by Stephen Brenner.
For each cycle of refinement in the TANGFORM program, the data containing fairly
large magnitudes of the normalized structure factor are divided into two parts. The
first one, labeled the basic set, comprises all the unique three-dimensional reflections
with the phases associated with them; the second one comprises the vectors with no
phases assigned. Each set can be read from the three different sources: (a) system
card reader, (b) input tape read in either BCD or binary mode, and (c) tape generated
from the last refinement. All or some reflections in the above two sets constitute the
search deck, or h deck, chosen for the application of the two-vector interaction relation-
ship.

The heart of the TANGFORM program is the utilization of the sigma-2 algorithm,
whereby the h are obtained from the combinations of k and h - k. All the reflections
in the basic set are ez_gpa,nded severalfold, depending on the space group, and this set
comprises the k or h - K, deck and can be called the expanded deck. One of the most
important features in the TANGFORM program is the provision for an automatic gener-
ation of symmetry-related vectors for most space groups. This operation is performed
with the aid of the four routines comprised of TXPAND, GENCHK, GEN, and FLSFUN,
giving the permutations of the Miller indices and the phase changes (7).
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To speed up the sigma-2 interaction in the SEARCH routine, it is essential to sort
all the expanded vectors lexicographically. TANGFORM calls for SRTSAB, SIFTUP, and
EXCHG, all of which have the capacity of sorting thousands of three-dimensional data in
a few seconds (8). To further speed up the sigma-2 interaction, the MKTBL routine pre-
pares a pseudo address table for all the expanded Miller index values and also deter-
mines the maximum and minimum values of h, k, and 1. For each search reflection h
for which pairs K and B - K are found, the ACTION routine performs three functions:

1. The phases are computed in the following manner:

2 IE_E, | sin(g,+ 9, )
h-k k h

k k - -E)

¢, = tan~! , (1)
2. |E_E, | cos(p,+9, )
k k h-k k h-k

r

where the E values are the normalized structure factors and the ¢ values are the phases.
For each vector h k. is the total number of combinations of K and h - K which are
found. Phases are kept in a range -7 < ¢ = 7. This is taken care of automatically in the
HEMIR routine. Phases whose vectors have particular symmetry properties, e.g., pure
real, pure imaginary, or both, depending on the space group, are usually adjusted in the
RESET routine.

2, The normalized structure factors are calculated in the following order:

g
= —52 2 E E, , cos (¢, + ¢, _}/No. of Contributors, (2)
Vik. R ORE B R-K
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where

) <:§1 Z?>m’

in which Z is the atomic number of j atoms and N is the total number of atoms in the
unit cell. ‘

3. The sums involved in the following R factors are accumulated for all search h:

||Eobs ‘Ecalci
Ry = , (5)
z ‘Eobs|

where Ry is the R factor for the normalized structure factors. At the end of each
iterative cycle, all the calculated normalized structure factors are rescaled so as to be
on the same level as the observed ones. Before going to the next cycle, each search
reflection is subjected to three rejection criteria. The phases are rejected (a) if the
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structure-factor magnitude |E,|_.,,. is too small, e.g., 0.3, (b) if the change in the phase
value from one cycle to the next is too large, e.g., 7, and (c) if the number of contribu-
tors is not large enough, e.g., 3. For criteria (a) and (c), the vector will be searched
again in the following cycle, whereas for criterion (b), the vector will be discarded.
After sufficient phases are generated, an E map may be computed employing the nor-
malized structure factors as Fourier coefficients. :

INSTRUCTION INPUT

The data input consists of several control cards and the vector data cards. These
input cards are usually positioned at the end of the program cards, which together with
the input cards are loaded from the system card reader. There are other vector data
which are read from an auxiliary tape having a specific logical unit number.

Description of the Input Data
The input data are categorized into five main parts:

Symmetry transformation information

Reset phase information

Constant information for calculating normalized structure factors
Tape and rejection criteria information

Optional control information for manipulation of the reflection data and the vector
card information

_mu:-cow-—a

Symmetry Transformation Information — Description of the Input Data — A tabulation
of the contents of card 1 is as follows:

Columns 1-5 6-10 11-72
Data JSYM CENTER CMNT
Format I5 F5.0 TA8,A6

Card 1 contains the following information:

1. For each space group, JSYM is the numbered sets of general equivalent positions
for atoms not related by centric inversion or lattice translation.

2. CENTER determines whether the crystal is centrosymmetric or not. If it is
centrosymmetric, CENTER is 0.0; otherwise, it is nonzero for noncentrosymmetric.

3. CMNT is the BCD information, which spells out the space group. For example,
one can punch the following: P212121 D4/2 NO. 19 PAGE 385. A maximum of 62 char-
acters is allowed.

A tabulation of the contents of card 2 is as follows:

Columns 1-5 6-10 11-15 16-20
Data X Y Z TRNSLTN

Format 15 15 I5 15
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Card 2 consists of symmetry matrix information for each space group. Each matrix
contains three cards, listing a general equivalent position in terms of rotation and trans-
lation properties. The translation part can be expressed as an integer multiple of one-
twelfth. For instance, if one has a general position, such as X + 1/2, -Y, -Z + 1/4, one
can punch the following way:

-1
0 0o -1 3

The number of matrices is specified by JSYM in card 1.

Reset Phase Information — Adjustment Phase Card — A tabulation of the contents of
card 3 is as follows:

Columns 1-27 28-T72
Data KIND ALPH
Format 2711 5A8,A5

Card 3 has the function of adjusting phases according to the special reflection type.
Each Miller index is classified whether it is even (g), odd (u), or zero (0). Each vector
type is located in the following column order:

Column f Vector Type Column I Vector Type
1 0,0,0 15 g,gu
2 0,0,g 16 g,u,0
3 0,0,7 17 u,0,0
4 0,g,0 18 g,u,u
5 0,2,g 19 4,0,0
6 0,g,u 20 u,0,g
7 0,u,0 21 , u,0,u
8 0,u,g 22 u,g,0
9 O,u,u 23 u,g,g

10 g,0,0 24 u,g,u
11 g,0,g 25 u,u,0
12 g,0,u 26 u,u,g
13 g,e,0 27 u,u,u
14 8,8,8

The KIND entry in the corresponding column position causes the phase to be adjusted in
the following manner:

Function

REAL, e.g., 0 or PI
IMAGINARY, e.g., +PI/2 or -PI/2
No change

0

PI

+P1/2

-P1/2

Between -PI and +PI

Between 0 and 2 * PI

5
&

QOO b W
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ALPH is for input of Holléncth information, e.g., the name of the space group and its
listing number in the International Tables. It mainly serves to identify this reset card.

Constant Information for Calculating Normalized Structure Factors — Constant
Card — A tabulation of the contents of card 4 is as follows:

Columns 1-15 15-30
Data SIG2 SIG4
Format FI5.3 F15.3

SIG2 and SIG4 are the ¢, and 04 constants used for calculating A and B in Egs.
(2) and (3). The latter are used to compute the normalized structure factors. Note that
the program will take the square root of SIG4 in the denominators for both the A and B

parts.

Tape and Rejected Criteria Information Card — The control card provides informa-
tion in the logical unit of several tapes, serves the option of listing necessary information,
and gives specifically the rejection criteria for accepting phases.

A tabulation of the contents of card 5 is as follows:

Column| 1-3 4-6 7-9 110-12) 13-15] 16-18 | 19-21 | 22-24 25-27 28-31) 32-35 | 36-72

Data IRMTR | IFLMTR | MTD NTD MTR MTW LISTX | LISTK | KCOUNT | ERJ |CHANGE |FMT

Format{I3 13 13 13 I3 I3 I3 13 13 F4.2 |F4.2 4A8, A5

Card 5 contains all the input parameters which are explained as follows:

1. IRMTR represents the binary cycle-tape rewind options for tape with the logical
unit specified for MTR (card 5, part 5). The options are set up in the following table:

IRMTR Options
-1, -2 Initial rewind only
-3 Initial rewind; IRMTR will be reset to zero
before search technique takes place
0 Initial rewind before data are expanded and
search technique takes place
+1, +2 No rewind
3 No initial rewind; IRMTR will be reset to

zero before search technique occurs

These options are useful when distinct data are stacked on one tape having logical unit
MTR.

2. IFLMTR refers to the number of the block deck to be skipped over after the
IRMTR options. Note that each block is terminated with a 200 in the h field. If IFLMTR
is blank or a negative number, this acts as a no operation code.

3. MTD is the logical unit number for the tapes containing all the data to be sub-
mitted for expansion. If MTD is positive, the tape will be rewound. Otherwise, it will
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not be rewound. If MTD is zero or blank, this will be reset to the standard or system
input number, which is 60.

4. NTD is the logical unit number for the tape containing all the data to be submitted
for expansion. If NTD is positive, the tape will be rewound. If it is negative, rewinding
will not take place. NTD will be automatically reset to logical unit 60, a standard 1nput
number, if NTD is zero or blank.

5. MTR is the logical number for the binary tape containing all the data to be used
for expansion. It is a cycle tape. If MTR is zero or blank, the program will reset MTR
equal to 25 automatically.

6. MTW is the binary output tape number. It will be reset to 25, if MTW equals to
zero. If MTW is less than zero, the tape will be rewound; otherwise, no rewind will
take place. Note usually MTW and MTR are one and the same tape if one data set is
used in sequential cycles.

7. LISTX is the number of reflections for which symmetry mates are listed on the
standard output.

8. LISTK is the number of reflections for which sigma-2 interactions are listed on
the standard output.

9. KCOUNT is the rejection factor number. If the interaction count is less than the
KCOUNT, a new phase value will not be assigned to the vector and will be redetermined
in the next cycle.

10. ERJ is the normalized structure factor rejection factor. If the calculated nor-
malized structure factor is less than ERJ, then the reflection associated with this cal-
culated normalized structure factor will be rejected and will be entered again in the next
cycle. For example, values between 0.3 and 0.5 can be used.

11. CHANGE is the phase rejection factor. A vector will be rejected and will not
be used again in the program, if the change in the phase values from one cycle to the
other is greater than the CHANGE magnitude. If CHANGE is zero or blank, it will be
reset to 7.

12, FMT is the format specification for the BCD data loaded from the standard
input system. The specification list includes the left and right parentheses and also
contains editing codes, such as:

Iw = decimal integer conversion,
Fw.d = single precision floating point without exponent,
and
wX = intraline spacing,

where w and d are unsigned integer constants. As a typical example for a vector card
containing the Miller indices, the normalized structure factor, and the phase information,
the format specification can be punched as (315, F10.3, F5.1).

Optional Control Information for Manipulation of the Reflection, Data and the Vector
Card Information — This control card contains many options for handling data checks
and is usually read from the system input source. The data deck is input either from the
system or auxiliary source, as determined by the tape and rejected criteria information
card. The data deck is logically divided into two parts. The first part consists of vec-
tors with the attached phases, and the second part consists of vectors whose phases have
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not been assigned. The amount of each logical type of data and the interpretation of the
actual data are controlled by two features: (a) certain information on the control card
and (b) the position of the optionally included control cards within the deck. A card within
the data is recognized as a control card by the occurrence of 200 in the h (Miller index)
field. The control function instigated by the appearance of the 200 card in the data deck
overrides specifications provided by the initial control card. This control card (card 6)
is described as follows:

—

Columns | 1-4 { 5-8 | 9-12 | 13-16 |17-20 | 21-24 | 25-28 { 29-30 31-32 | 33-72
Data INE | IDE | INS IDS INEP |[IDER | INSP | JFMTB | LSQ |TITLE
Format | I4 4 14 14 14 14 14 12 12 5A8

The variable INE is a number to indicate how much input data is read from the
binary tape to be submitted for the symmetry expansion. If INE is greater than 0, all
data in the binary tape will be read up to 200 in the h field. If INE is equal to 0, there
are no input data. I INE is less than 0, the number of vectors read from the binary tape
is equal to the magnitude of INE.

The variable IDE is a number to indicate how much input data can be read from the
standard input source to be submitted for the symmetry expansion. If IDE is greater
than 0, all data from the standard input source will be read up to 200 in the h field. If
IDE is equal to 0, there are no standard input data. If IDE is less than 0, only the mag-
nitude of IDE will be stored into the memory from the standard input system.

The variable INS is a number to indicate how many vectors in the disk are to be
used for the search technique. ¥ INS is greater than 0, the number of reflections is the
sum of the IDE and INE as described above. I INS is equal to 0, no data deck will be
searched at all. If INS is less than 0, the input on count will be equal to the magnitude
of INS.

The variable IDS is a number to indicate how much input data can be read from the
standard input source to be submitted for the search technique. I IDS is greater than O,
all the data will be loaded from the system input up to the 200 card. If IDS is equal to 0,
there are no data to be used for searching. If IDS is less than 0, the magnitude of IDS
will be stored into the memory from the standard input equipment.

INEP deals with the disposition of vectors input from the binary tape. I the INEP
indicator is 0, all reflections will be submitted for expansion, and none of them will be
passed by. However, if INEP is any number other than O, the vectors will be first read
in from the binary tape according to the magnitude of INE (e.g., INE is less than 0), and
then the remaining vectors up to the 200 termination record will be copied into the disk
and will not be submitted for expansion.

IDER is the test flag to indicate whether the rejected reflections should be read in.
If IDER is equal to 0, no rejected vectors will be introduced. I IDER is greater than 0,
input rejected reflections (up to the 200 card) will be read in before the BCD input data,
specified by IDE, are submitted for expansion.

INSP deals with the disposition of vectors input from the disk. ¥ INSP is equal to
0, each vector from the disk will be submitted for search. If INSP is greater than 0, the
data will be copied from the disk to the binary cycle tape (up to the 200) without perform-
ing any search. If it is less than 0, the number of data on the basis of the magnitude of
INSP will be copied from the disk to the binary cycle tape. The remaining vectors will
be submitted to search or discard, depending on the value of INS.
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A test flag JFMTB indicates which control card is to be read in the next cycle. If
JFMTB is 0, 1, or 4, the manipulating data card will be read next. If JFMTB is 2 or 5,
the tape and rejected criteria information card will be read next. If JFMTB is greater
than 3, no conversion of the phase angle values to radians is required. However, in the
BCD input data, all phase angle values are assumed to be in degrees and will be con-
verted automatically to radians.

LSQ is the indicator variable for processing the following options: (a) if LSQ is 0
or 1, the tangent-formula calculation will be performed and (b) if LSQ is 3, normalized-
structure-factor calculation by the tangent formula will be performed without phase ad-
justment.

TITLE is the Hollerith information. A maximum of 40 characters are allowed. It
is useful for the purpose of naming the crystals and specifying which cycle the tangent-
formula program performs.

NOTE: The entire calculation will be terminated if control card 7 is entirely 0 or
blank.

Card 7 or the reflection card contains the following information:

Data h k 1 E P, P, P

P

3 N

The vector card comprises (a) the Miller indices, e.g., h, k, 1, which are typically
punched in the fixed-point mode (I), (b) the observed normalized structure factor E, and
(c) the phases P, both of which are in the floating-point mode.

In cases where several phase possibilities are assigned for a particular reflection,
one may punch in as many fields as there are on a card. A particular phase to be read
in can easily be handled by specifying the variable format described by card 5, part 12.

Note that the phase are usually expressed in degrees. If the phase contains a num-
ber greater than the radian value 15, the vector associated with it will be rejected and
will be reused in the next cycle of refinement.

A termination card, or 200 card, is defined as a card with a number 200 in the h
field. It is generally used at the end of every vector data set so as to let the program
give the total count automatically.

Sequence of Input Data — The Preparation and Arrangement of
All the Input Data for Processing the Tangent Formula

The composite data deck is set up in the following way:

Transformation matrices

Phase reset information

Constant card

Tape and rejected criteria information card

Manipulating data card

Reject vector cards (if required)

BCD data cards including phase information (if required)
Binary data with phase information from tape (if required)
Pass binary data with phase information from tape (if required)
BCD data card excluding phase information (if required)

OO0 IO T OB

[y
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11. Pass binary data with no phase information
12. Binary tape with no phase information
etc.

The information control card for every new cycle, except the first one, usually be-
gins with one of the control cards, such as 4 or 5, so as to continue the cycling processes.
It is noted that the vector data in 7, 8, and 9 contain not only reflections and normalized
structure factors but also has phase angle information. These data are to be used for
expansion and searching. On the other hand, the vector data in 10, 11, and 12 have no
phase values assigned to them and are used for the searching process only. The binary
data in 8, 9, 11, and 12 are usually generated by the program from the last cycle in the
course of the refinement process. Thus, the only vector data that can be prepared by the
user would be in 6, 7, and 10, since the data are easily punched on cards. It is noted that
the data cards in 6, 7, and 10 all use the same variable format described in card 5,
part 12.

OUTPUT DESCRIPTION

Most of the output is self-explanatory. The output consists of nine parts (consult
Appendix D concurrently with reading the following information):

1. The leading one-page output occurs immediately after reading the symmetry,
reset, and constant cards. The preliminary output consists of:

Matrix number

Rotation matrix

Translation vector in twelfths
Holerith information

Phase adjustment entries
Sigma-2 and sigma-4 values

AEUQwe

2. On the next page is a line output, which occurs immediately after reading the
manipulating data card and before any data vectors are read. Usually, it prints the
summary of the following results from the previous cycle:

Elapsed time in minutes

INEC (total number of binary input vectors for expansion)

IDEC (total number of BCD vectors submitted for expansion)

NBRJ (total number of reflections rejected from the rejected criteria)
NCSAVE (total number of expanded reflections)

INSC (total number of pass search binary data)

IDSC (total number of search BCD data)

INSN (total number of search binary data)

NBASIC (total number of reflections used for expansion)

AEQMEUOD

3. The next line is a printout of the tape and rejected criteria information card, and
all the variables have already been described in '"Tape and Rejected Criteria Information.’
This output line serves the purpose for the user to verify his punching control card
correctly.

A

4. This output lists the symmetry expansion of the basic reflections. This output is
not always obtained, as it depends on the option of the program user. This output for
each basic reflection consists of:
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A. Miller indices h, k, 1
B. Observational normalized structure factors
C. Phases

5. This section prints out the vectors rejected on the basis of the three criteria
described in the description of the program. For each rejected vector, the list is as
follows:

Miller indices h, k, 1
Normalized structure factors
Phases in radians

Calculated structure factors
Calculated phases in radians
Total number of contributors

mEpowp

6. The output is mainly a listing of the tape and rejected criteria information card
and a brief summary of the result of the expansion process:

Title of the manipulating data card

NC (total number of expanded vectors in the current cycle)
INEC (total number of binary data for expansion)

IDEC (total number of BCD data for expansion)

LSQ - option

NBRJ (total number of rejected vectors due to criteria)
NBASIC (total number of vectors with attached phases)
IRMTR - option for MTR tapes

IFLMTR - option for MTR tapes

MTD - option for expanded data tape

NTD - option for search data tape

MTR - option for binary input tape

MTW - option for binary output tape

ERJ (normalized structure factor rejection value)
CHANGE (upper limit for phase changes)

KCOUNT (upper limit for the number of contributors)

WOZENrFumEQEImUOWY

7. This section is a typical sigma-2 listing. The output prints out the list of f{, Ep
and h - K, E?.-IZ for each h, E-. This output either is or is not obtained at the option of
the program user.

8. The output lists the results for all the reflections in each cycle. The printout for
each vector is as follows:

Miller indices h, k, 1

Observed phases

Calculated phases

Observed normalized structure factors

Calculated normalized structure factors

Real part A of the normalized structure factors
Imaginary part B of the normalized structure factors
H. Total number of interactions

QEEUOWy

9. The tangent-formula statistics are printed out just before the end of every cycle.
The output result is:

A. R factors for the normalized structure factors
B. Scale factors for the calculated normalized structure factors
C. The overall scale factors
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D. Total number of reflections processed
E. Total number of reflections bypassed
TAPE REQUIREMENTS

All the tapes available for operating the tangent-formula program are listed in the
following table:

Symbol Logical Unit Description

MR 60 Standard input

MW 61 Standard output

MTR 25 Binary cycle tape

MTW 25 Auxiliary binary cycle tape
MTD 60 BCD tape for expansion
NTD 60 BCD tape for search
IDISK 2 Special auxiliary tape

ISK 3 Special auxiliary tape

At the NRL Computation Center under the CDC 3800 Drum Scope Monitor, the
physical equipment for L.U. 60 is the card reader and that for L.U. 61 is the on-line
printer. L.U. 02 and 03 sources could either be magnetic tapes or disks. The only tape
that must be saved is the binary cycle tape (L.U. 25) and can be used as an input tape for
the Fourier program. Note that the user may use different logical unit numbers for
MTR, MTW, MTD, and NTD.

LIMITATIONS

There are only two restrictions imposed on this program for a computer containing
65,536 words: (a) the program will accommodate no more than 4650 expanded reflec-
tions and (b) the total number of rejected input vectors must not be greater than 100.
For the computer whose memory size is less than 65,536 words, one can modify this
program by reducing the dimension size in common block of /1/, REFLCT and
EXPAND.
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Appendix A

TANGENT FORMULA PROGRAM
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Appendix B
COMPLETE FORTRAN-63 SOURCE PROGRAM LISTING

The complete FORTRAN source program listings are reproduced in this appendix.

PRWGRAM TANGFERM
C XTAN SIGMA-2 TANGENT FRARMULA SCHELULAFR
c STEPHEN BRENNER,NRL VERSION 11/(9/67
CAamMMAN TSFARE(25),F(5()
BANK, (1), /REFLCY /4 () TANCGFORM, 1/
COMMAN /REFLCT/ H(4A%Sn),K(465n),L (4€50),Et4h58) ,R(4A50),FC(465))
camMaN 74/ AP(4650),BP(465p),CNTRE(465))
DIMENSIAN KREJ(ypp)sKRFJC1DU))LRFI(10 )
DIMENSIAN HKL(3),1T(150) TITLE(G) ,FMT(Q)
LOGICAL TZ,TP,T,BINSW
LOGICAL EZW,CYCLE,SFCPT
INTEGFR H,HKL,HE,RLT,FREY _
EQUIVALFNCE (F(j).FFh ‘F‘?)DFR)o(F(E)DBE).‘F(4)aBR)n(r‘5’laN’
EQUIVALENCE (F(6),PA)Y,(F(T7),PR)
EQUIVALENCE (F(50),SCLALL)Y»(F(46),CHANGE), (ISPARE(5),] ISTK)
EQUIVALENCE (F(48),CE7W)
EQUIVALENCE (FKL(4)oTh) ) (RKLE2) 1K) o (FKL(3),]1L)
c SYMMETRY GENFRATER STORAGES
COMMAN/GENRTR/KTURE ¢ JSYM, JGEN ) KK, JDESIG,CFNTER, 1)+ I3, ME
1 +MSYM(3,4,48),JGENFR(146),IDENT(48),JHP(3,48)
» IBLONG(48),1D(96), INDXP(3)
DIMFNSIFN KKKt48),J SIGN(48)
EQUIVALFNCE (1DCq),KKK(1)),(1DC49),,SIGN(4)),(13,14)
c CALLING PRAGRAM DEPENTENT _
COMMAN/FXPAND/HE (96) ) KE(QE)2LE(96) yEE(IE) ,RF(96),EX(9K),AX(96),
1BX(94)
2 tJH UK UL F1 R, CE,RALFR
COMMAN/ATEMS/S1G2.S1G4
c ttt.t#tOl.*t*littttttt*‘ii‘.'t'..t"‘t"“#‘t‘ltttt
MRz4N
MWEAY
IDISK=4
1SK=3
17LwWnED
HL Y2200
LIMITH=500
LIMITK=%00
LIMITL=500
INSC13D

IDIMS=4650
NCBS=s1000

R=100.

SCLALL=0,0
P123,1415926535898
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c

c

CNVRT=e7,
CNVRT=3,3
CYCLE=,TRLE.
EZW=,FALSE,
13=MuW

TIME4=s TIVEF (XX)

READ SYMMETRY MATRICES

CALL TXPAND

READ FIXED PHASE ANJUSTMENT TaBLE

R=RESET(FKL,R)

READ 2,81G2,516G4

2 FORMAT (2F15.,3)

WRITE (MW.3) 5]1G2,S16G4

IF(S162.,L.7,1.0) S1G?2=4.0
1F(S1G4.L.T,1.6) S1G4=1,0
S1G4=SQRT(SIG4)

25 CONTINUF

3 FORMAT t * S1G2=#,F15,3,s S1G4=»,F15,3)

{APLT PARAMETERS FOR WHOLF J@B

READ(MR/55) IRMTR, IFLMTR MTD/NTD,MTR/MTW(LISTX,LISTK,KCOUNT

4,ERJ,CHANCE,(FMT(1),121,5)

55 FORMAT (913,2F4,214AB,A5)

IF(PRJ,FQ.0,0)PRysP]

IF (MYR,EG,0) MTR=25

IF (MTW,EC,D) MTW=25
1TEMPEMTM

MTK=T1ABS(MTH)

IF(ITEMP ,LT.0) REWIND MTW
1SPARE(1)eMTW
1SPARE(?)=MTR

IF( IRMTR,LE,0) REWIND MTR

{TEMP=MTD
MTD=1ABS(MTD)
IF(MTD,FQ.0) MTDeMR

{F(ITEMP ,GT.0.AND,MTD,NE,¥R) REWIND MTD

1 TEMPENTD
NTDs1ABS(ATD)
IF(NTD,FQ.0) NTD=MR

JFCITEMP.GT.0.AND.NTD,NE,¥R) REWIND NTD

60 IFCIFLMTR.LE,0) GO TO 65
61 READ(MTR) UH

IF(JHLT, KLT) GO T@ 61
IFLMYRaIFLMTR-1
GO 1O 60

65 CONTINUE
READ CONTRFL INFERMATIEN,
75 CONTINUE

L(TITLEC(T ), 184, 17LWD)

105 FORMAT(714,212,5A8)

RADNS=P1/180,

IF (IFMYB,GE,3) RADAS=1,D
[FMTR=MOD(IFMTB, 3)
IFCIFMTR,LT. 1) IFMYR=y
IF‘LSQOLTII’ LSQsi
I1SPARE(3)=2LSQ

CLBCK= TIMEF (XX)

FLAPSEs (CLOCK»TIME1)/60000,

INITIALIZE EACH SET

100 REAN(MRs105)INEIDE,INS,ICSsINEF, IDERIINSPLIFMTR,LSO,

15
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TIMEg=® CLECK
106 CONTINUF
WRITE (MW +320)ELAPSE, INEC, JDEC,NBRJ,NCSAVE, INSC,INSC, INSN,NBASIC
1,(TlTLE(]),‘llo!TLND)nlNE.IDEnIBS.IESDINEPD!DER-INspglFMTBaLSQ
120 FORMAT(47H1ELAPSED MINUTES=F9,3,2He,//5¢H INEC IDEC  NBRJ NCS
1AVE INSC IDSC  INSN NBASIC,/817,////4H SA8 // 63 INF
21DE INS 1ps$ INER  IDER  IANGP tFMTR LSO 4 /917

c INITIALIZE 16
REWIND JDISK
1F(IRMTR,EQ.0) REWIND MTR
IF(1ABS¢IRMTR),GE,3) IRMTER=0
c CEUNTS
C AFTER FIRST CALL, SSWF VALUFE ALTEREL ONLY BY SIGNAL KEY AT CBNSOLFE
1F (SENSE SWITCH 4) 123,124
123 ST@P
124 IF(INE,FQ.0.AND.IDE,EQR,O0,AND,INEP,EC,D) RETURN

NC=0
INEC=D0
IDEC=0
INSC=0N
1DSC=0
JH=0
NBASICs(
NBRJ=0
c REAC REJECTS
125 NREJ=0
IF(IDER,EC,DY G@ TO 140
130 NREJaNRFJe1
REAND(MR,FFMT)Y HREJ(NREJ), KREJ(NREJ).LREJ(NREJ)
IF(HREJ(NREJ)Y LT ,HLT) GO TO 130
NREJsNRFE J=14
140 CONTINUF

c INPLY TO EXPANSION
IF(INE,EQ,0) G@ TO 200
c BINARY INPUTY
150 INBRz21
INM2INIMS

1F(INE,LY.0) INMzI1ARSCINE)
160 INECsINFC+1
{F(INEC,GT,INM) GO TR 190
READ(MTR) JKW,JKsJL,E1,RI,CE,BR,EN,RA,RB,XTRAL,XTRA2
IFCJH.LT,KLTY GB TO 250
190 INECsINFC~1
200 CONTINUE
(o} BINARY PASSING INPUT
IF(INEP.EC,0,BR,JH,GE.HL.TY GO TE 206
{NBR23
201 INECsINEC+%
REAND(MTRY JW,JK4JL,F1,R1,CE,BR,EN,RA,RB,XTRAL1,XTRA2
IF(JH.LT, FLT) GO TO 250
INEC=2INFC~1
209 CONTINUE
1F(IDE,FQ.0) GB THA 245
c BCD INPUT
{NBRe2
INMEIDIMS
{F(IDE,LT.0) INMsIARS(IDE)
210 IDECsIDEC+1
IFCINEC,GT,INM) GO TQ 240
READ(MIN,FMT)Y JUH,JK,JL,EI,R!
IF( JW,GE,HLY ) GE T8 249
c VARIABLE FERMATY
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240
245

250

251

252

256
258

257

280
2682

PHASF 1S ASSUMED GIVEN IN RACIANS, UNLESS INPUT VALUE
EXCEELS « CMVRY=3,3 » IN WHICK CASE CONVERSION
FACTOR FROM DFGREES TO® RADIANS 1S APPLIED,
1F( ARS(RI!) ,GT. CNVRT) RIsRI#RADNS
CE=E1
BR=2R1
BRNzN.0
RA=N,0
RR=0,0
RELECY ENCADED PHASE REFLECYIOAS
IF(R1,6E.6.3) GA TA 256
REFLECTIEN ACCEPTANCE BASED CN INDEX VALUES
IF( 1ABS(.H),GT.LIMITH ) GO TO 256
IFC TABS(.K) ,GT,LIMITK ) €0 T@ 256
IF({ TABS(.L).GT,LIMITL ) GO TO 256
GO T0 260
1DEC=1DFC-1
COANTINUF
G To 300
PRCCESS REJECTIGNS
CONTINUF
RELECT FER SFALL E
IF(CE.LT,ERJ) GR T@ 256 )
RELECT FFR LEW ACTIVITY
IF(RN.LT FLEAT(KCAUNT))Y GE TO 256
REJECT FER DISPARATE PHASES
CONTINUF
1F CINEC,GT,.INSC1)Y GO TO 252
TPP= ABS(RI-RR)
1IF CTPP.GT,P1) TPP=22,n+P1~TPP
IF (TPP.GF,CHANGE) G@ TA 256
CANTINUE
RELECT IF LISTED REJECTION
IF(NREJ,LE,0) GN TO 260
pA 255 J=31,NREY
IF(JH.NF L FREJCUYY GO TN 255
IF(JK.NFEKREJEUIY GO TN 255
1IF(JL.EN,LREJLIY)Y GO TD 256
CONTINUF
GO TN 260

LIST REJECTS AND RFTRIEVE NEXT RZCORD

NRR.JsNBRJ+1

{F (NBRJ,EQ.1) WRITF (MW,258)

FORMAY (€2/7//733X,%H K L El R Cce
1 NN /7))

WRITE (MW,257) JH, UK, JL+F1,BR,CE,R] (BN

FORMAT (s REJECTED ,315,5F10,4)
CEsE]

BRzR1

Bnsh, 0

RA3N,O0

RReN, D

XTRAL1=0,0

XTRA2=0,0

WRITE(]ISK Y JH,JK,JL.EI,R]1,CE,ER,;BN,RA,RR,XTRAY,XTRA?
GO YO (160,210,201)sINBR

CONTINUF

CONT[NUF
WRITE DISK FOR SEARCH
WRITFUIDISK) JHoJK,JLJE1,RI4CE,ER BN ,RASRRIXTRAY,XTRA2
EXPANT OR PASS
GO TN (265,265,201), INBR

BR

17
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c
c

c

265 CONTINUF

EXPANE
CALL TXPAND

IF( NC+ME ,GE. INIMS )Y Ge& TO 280
NBASICaNBASIC+1
De 270 Js1,ME
NC=NC+1
HINC)=HF (J)
KI(NC)z=KF(y)
L(NCYZLF ()
E(NC)Y=EF ()
RINCY=RF (.}
EC(NC)YsEX(J)
AP(NEC)=AX(J)
BP(NC)3R/X(J)
CNTRB(NC)2BN
RESET FOR #E2uW*
270 COANTINUE
NCSAVE=NC
IFCLISTX,LT.1) GO T@ 280
LISTX=L1STxX~1
WRITEU(MW,275) (WE(J),KE(JY,LECJ),EE(Y),RELY),
1 J=1,ME}
275 FORMAT (40Ho EXPAND /g H K L F PHASE s/
1 (315,2F10,4) )
280 GO TO (160,210)+INBR
300 CONTINUE
LISTX=0
INITIALTZE SEARCH

WRITECIDISK) WLT,JK,JL,B,EB,B,B,R,B,F,B,8
IF (NBRJ,LE.O0) GA TR 310
REWIND 1SK
1BRJs0
305 IRRJU=1BRJ+1
READ (ISK ) JKW,Jk,JL,E1,R1,CE,BR,BN,RA,RR,XTRAL,XTRA2
NRITE(IDISK)JHoJKoJLpEIoﬂluceaaﬁpBNoﬁﬂsaanXYRlloXTRAZ
IF (IBRJ,LT.NBRJ)Y G® T® 305
REWIND 1ISK
310 CONTINUE
IF(IRMTR,EQ.0) REWIND MTR
REWIND IDISK
PRINT PARAMETERS
WRITE(MW,315) (TITLE(1), 184, iTLwD)NC,INEC,IDEC,LSQ,NBRJ,NBASIC,
IIRMYR.1FLNTR.MTD,NTD,HTR.PTN.ERJ,PR,.KCGUNT
315 FORMAT (1h1.:5A8//» NC INEC IDEC LSO NBRJ NBASIC IRMTR 1FLM
1TR MTD NTD MTR MTW ERJ CHANGF KCOUNY =/1216,2F10,4
2:.16777)
317 CONYINUF
316 FORMAY (40X,316)
IF(NC.,NE,0) G& To 325
NCzNCSAVE
GM YO 350
325 CONTINUE
SERY
CALL SRYSABINC,9,1,3,H,K,L,E)R,EC,AF,BP,CNTRB)
SEARCH TABLE PREPARATIGN
CALL MKTBL (17,150,H¢NC,KsL)
INITIALYZE RASIC SET
350 CONTINUE
1430
INSN30
{Bs1
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451

452

459

400

410

460

470

490

495

497

500

565

CALL ACTIEN(HKLINE,ITE,IR)

PASS SEARCH BINARY
IFCINSP,EGC,0) 6P TR 400
I1R=4&
INM=]1DIMS
IFCINSPLLT, 0) INMsTARS(INSP)
INSN=INSN+1
IFCINSN,GT,INM) GO TE 459
READ CINISK) TH, 1K, IL,FE,FR.HE,ER,BN,PA,PR)XTRAL,XTRA2
[F(IK.GE,FLT)Y GO TO 459
CALL ACTIEN (HKL,ME;ME,IB)
GA TR 454
INSN=sINSN-1

BINARY(ND]SK) SEARCH INPUT
IF¢CINS,FQ.0 .QR, IH,GE,KLT) C@ TE 450
INBR=1
INMs1DIMS
IFCINS,LY.0) INMzIARS(INS)
INSC=sINSC+1
IFCINSC.GT.INM)Y GO TO 440
READ (INISK) IH,IX,1L,FE,FR,BE,PR,BN,PA,PR,XTRAY,XTRA?2
IFCIH.LT,RPLTY GO TR Sop
[NSCsINSC=1
CANTINUE
INSCzINSC + INSN
INSC1=INSC
IF(INS,FQ.D) GO TH 495

BCD SEARCH INPUT
INHR=22
INM=IDIMS
1FCIDSLT.0)Y INM21ARS(INS)
INSC=1DSC+1
IF(IDSC.GT,INM) GO Yo 490
READ(NTYD,FMT)Y 1H,IK,IL,FE.FR

VARIABLE FERMATY

1F( ARS(FR) ,GT, CNVRT) FRaFReRADNS
BE=FE
BR3FR
BRN3N, 0
PA=zN, O
PR=20,0
CANTINUF
IF(IR.LT FLT) GB T@ 500
{NSC=10SC-1
CONTINUE
IF (NBRJ,LE.O) GO TE 600
INBR=3
{8RJ=0
1BRUsIBRJ+1
IF (1BRJ,ET.NERJY GB TO 400
RFEAD C(IDISK) IHWIK,IL,FE,FR,)BE,RR,BN,RPA,PB,XTRAY{,XTRA?
Ga@ T@ 5nQ

INITIALIZE RASIC VECTARS
1R=z?2

EXCEPTIANAL CONCITIEN DISCONTINUE
IF (SENSE SWITCH 3) 570,565

CALL ACTIEN(HKL ME,ME,]B)
SEARCHK
CALL SEARCH(HKL HsKsLiNC,IT)

FUNCTIANS FOR EACH BASIC VECTOR

IR=z4
CALL ACTIEN(HKL ,ME,ME,[R)
GA TR 575

19
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570
575

6N0

{R36
CALL ACTIEN (MKL,ME,ME,IR)
CONTINUE
AN=L INE MONITQRING
IF(RINSW(1)) CALL DSPLAY(INSC,5,1DSC,5)
LE@F THRU VECTERS GF BASIC SET
GA TA (410,460,497),INRR

CONTINUF
FUNCTIGNS OVER BASIC SET
(CORRELATIANS)
1725
CALL ACTIENCHKL,INS,IDS,IR)
SUMMARY
CYCLE=,FALSE,
GO TO (75,25)41FMTB
END

SULBRBUTINE ACTIGAM ( HyKACTN,LACTN,IR )

ACTION TANGENT PHASE ADJUSTMENTS

H*BASIC yECTOR,K+FOINTER,LFRINTER (Hey(K)ay(L))

[ FE R AR ER R E R R R R R A R I R TR R R YY)
COMMEN /REFLCT/MH(4650) ,MK(4650) ,ML (4650),E(4650),R(4650),EC(4650)
COMMAN 71/ AP(4650),8P(4650),CNTRB(4650)
COMMAON ISPARE(25),F (50n)

COMMAN/ATEMS/S1G2,S1G4

DIMENSIAN H(3) ,M(3)
INTEGER HW,HLT

EQUIVALENCE (F(L1)sFE) (F(2))FRY(F(3),BE),(F(4),BR),(F(5),;BN)
EQUIVALENCE (F(6),PA),(F(7),PB)

EQUIVALENCE (ISPARE(3),LSC))(ISFARE(1),MTW),(ISPARE(4),11403)
EQUIVALFNCE (F(50),SCLALL)Y,(F(49),CrANGE), (ISPARE(5),LISTK)

EQUIVALENCE(F(9),CREAL) ) (F(10),CIMAC)

EQUIVALENCE (F(11),A),(F(12).8),(F(13),SCL)

EQUIVALENCE (F(20),BASIC),(F(21),PASS)

EQUIVALENCE (F(22),SFF),(F(23),8BE), (F(24),SFR),(F(25),8DR)

VARIABLE Fe ) STORAGE ASSIGNMENT DESCRIPTYI@N
FE 1 OBSERVEL E

FR 2 @BSERVEL (PREVI®US) PHASE

BRE 3 CALCULATEL E

BR 4 CALCULATEC (CURRENT)Y PHASE

RN 5 NUMBER EF INTERACTIONS

PA 6 REAL PHASE COMPANENT

PR 7 IMAGINARY PKASE CAMPONENT

LSQ®1 TANGENT FORMULA
LSQ33 TYANGENT FBR E ENLY, NO NEW PHASE
EREP IR RPN B AN AR S S AR RS NS B N PR S R I NGRS F SN RSB RS

XTRA1=0.0
XTRA2=0,0
MW=61
1SK=3
HLT=200



Qoo

P123,14159265358¢98

CIRCLE=3,142

TUP1z6,7831653074796
KzKACTN
LELACTN

ENTER PREPER PROGRAM SEGMENT
GG TA (100,200,30Nn,400,500,600),18

100 CONTINUF

INITIALIZE OVER BASIC CET AND FRR THIS ROUT,
REWIND ISK
ne 105 J=20,35
105 F(J)=0, )
ARN=N,
RETURN

200 CONTINUF
INITIALIZE FER EACk BASIC VECTER
RNz=0,
AzQ,
B=0.
CREALED,D
CIMAGE0.0
1F (LISTK,LT,1) GA Y@ 250
WRITE (MW,245) H(1),H(2), k(3o (F(J)adE1,2)
245 FORMAT (qkps * BASIC REFLECTIONzs 315,2F8,3)
WRITE (MW,246)

246 FORMAT({ 0 H K L E R H K
1 L E R & /)

250 COANTINUF
RETURN

300 CONTINUE
COMPUYE FUNCYJONS AND SUMS FOR EACH INTERACTIOGN
THIS SFECTION ENTEFELD BY SEARCH 1B8=3
BRNzRAN+1,
C=xARSIE(K)$E(L))
DeREKYSR(L)
AzA+Ce CAS(D)
BzReC* SIN(D)

375 CONTINUF
[F(LISTK,LT.1) G@ TG 385
WRITE(MW,IBOIMHIK) ¢ MKIK) g MLIK) (B (KDY (RIK) MHLL Y g ML) MLELYSELL)
1.R(L)
380 FARMAT (5X,315,2F8,3,315,2F8,3)
J8&5 CANTINUF

RETURN
PROCESS PASSED VECTYORS
600 CONTINUF
De 605 1215,16
605 F(13=0,
BRsFR
PASS=zPASS+1.
CREAL=0.0
IMAG=0,0
SCL=3,5
GO T 450
FUNCTIGNS
400 CONTINUE
RESULTS FBR EACH BASIC VFCTAR

A = A*SI1G2/(S]1G4xRN)
B = R*SIGZ/(S1G4«BN)

21
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401
402

450

500

505 FORMAT(1H1,40X,41Hs » »
K

515

525

550

1
2

IF (A.,EQ,0,0,AND,R,EQ.0.0) GO TE€ 401

RAWP=2ATANZ (B.A)
GO TMm 402
CONTINUF
RAWP=0,0
CANTINUF
BR=FR
1IF(LSQ,FR.1) BRSRESET(H,RAWP)
BE =zSORT(AsA+BeR)
SFE=SFE+FE
SRE=SBE+RF
SCL=2,5
ABN=ABN + BN
IF(LISTK,GT.0) LISTK=LISTK~1
CONTINUF
SUvS
BASIC=BASIC*1.

SAVE FOR SCALIANG
WRITE (ISK) (H(J)yJd=1,3), (F(1),121,14)

RETURN
CONTINUF

RESULTS @VER BASIC SEY
SCALES AMND CEUATS

AFE=SFE/(BASIC-PASS)

ABE=SRE/ (BASIC~PASS)
ABN=ARN/ (BASIC~PASS)
SCALE=AFE/ABE

NDONT SCALE ]F USING CORRECTIEN TERM

N=BAS!IC
REWIND ISK
SDE=n,
SFEA=O,
SREA=0,

HEADING
WRITE(MW,505)

88H H L @8BS R

CALC R

N /77 )

RE-SCALE,PRINTAND SAVE

D6 550 J=i,N

AES E

READ (ISK) (M(1),Ix1,3), (F(I1),]1m1,14)

IF(SCL.6GT.3.0) GO T8 515
BEsBE*SCALE
PAZA»SCALE
PRzR=SCALE
SDE=SDE + ABS( FE~BE)
SFEA2SFFA+FE
SREA=SBFA+RE
PRINY

TANGENT FORMLLA RESULTS

CALC E

WRITE(MW,525)(M()),121,3),FR,BR,FE,EE,PA,PB,BN

FORMAT(1H ,315,7F8.3,2F8,3)

SAVE BINARY FAR MNEXT CYCLE

WRITE(MTW) (M(l).lti.3);FE.BRnBE.FRcBh;PA.PB.XTRhi.XTRA?

CONTINUF

REWIND 18K
WRITE(MTYW) HLT,HLY,HLT,(F(1),

!'!p9)

CORRELATION RESULTS ON~AND OFFeLINE

RE=SDE/SFE
SCLALL=SFEA/SBEA
AFEA=SFEA/BASIC

WRITE (MWi570)RE,SCALE,SCLALL/BASIC,PASS

s ¢ & ///

A



570 FORMAT(37Fg R-FACTORS FOR CALCULATEL VALUES- E,F8,4
14724Hy SCALE FACTORS= CALC E/,F8,4, €H OVERALL.FR,4/724Hg VECTER
2UNTSe TQOTAL,F8,1,)7H PASSED:F8,1/)
RETURN

END

SLBRAUTINE TXPAND
CTXPAND GENERATES SyMMETRy MATES FGER MEST SPACE GROUPS

FER XTAN

aQaaaa

SYMMETRY GENERATER STORAGES
COMMAON/GENRTR/ZKTURE , JSYM, JGEN, KK, JDESIG,CENTER, YJ, 13, ME
1 +MSYM(3,4,48), JGENER(146),IDENT(48), HP(3,48)
2 +1BLONG(48),1D(96),INDXP(3)
DIMENSIAON KKK(4B),J JSIGN(48)
ENUIVALENCE ¢I1D(q),KKK(1)Y, CIDC(49) /wSIGN(1)),¢13,14)
c CALLING PROGRAM DEPENTENTY
COMMAN/EXPAND/HE (96) ,KE(96)4LE(SH) JEE(9E) ,RE(96),EXL96)+1AX(96),
1BX(96)
2 1 JH,JKWJL,EL1,RI,CE,RA,RB
INTEGER MHE .
DIMENSION CMNT(8)
DATA (1START=1)
c FIRST CALL READS AND CHECKS MATRICES
GO T8 (5,50), 1STARTY
5 ISTART=?
13261
c CENTERzZN § CENTERED SPACE GREUP

READ 15, JSYM,CENTER, (CMNT(L),L=1,8),
1 (00 MSYMOT  JoKY U3 ,4),13128) 4K3g,/ SYM)
15 FORMAT(I5,F5,0,7A8,A6/(415))

CALL GENCKK

WRITE (13,20)CCMNT(L),L=1,8)
20 FORMAT(34HOSYMMETRY MATRICES FGR SPACE GROUP,7AR,AH)

G® Yo (550,600).KTURE

c SUBSEQUENT CALLS EXPAND UNIQLE VFCT@RS
%0 CONTINUE
c INITIALYZE
T=0,
PHASE=aR]
Jsi
Ka2
N=0
INDXP(1)s JH
INDXP(2)s JK
INDXP(3)s JL
FILL GENERATION BAND
70 CALL GEN
CISCENTINUE ON ERROR
G YO (75,600),KTUBE
INTERROGATE FIRSY MATRIX
75 CALL FLSFULN(K)
INSIST ON IDENT]IYY MATRIX FIRSY
IF(KK,NF,1) G® T@ 600
GO YO (300,600,600),K
400 CANTINUE
c GENERATE NEXT SYMMETRY MATE
CALL FLSFUN(K)

QG O a o

co
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GA TA (125,500,600),K
c SO THAT A AND B ALJUSTMENT WILL WORK
125 1F(KK,NF,1 .AND, KK,NE,7 ) GO& TE 6400
T=TJ»6,2831853n71796
J=1
PHASE=zR!
c CO NOT ADD CURRENT REFLECTIGN IF DUPLICATE
200 DO 250 1si,N
IFCINDXP(4) ,NE, HEC(I) ) 68 TO 250
IF(C INDXP(2) .NE, KF(l) ) GO Y@ 250
IFC INDXP(3) .EQ, LF(1l) ) GO T@ 400
250 CONTINUF

c ADD NEWLY GENERAYED SYMMETRY MATE
3IN0 Nz2N+1
HE(N)= INEXP (1)
KE(N)Y= INDXP(2)
LE(N)Y= INDXP(3)

RE(N)=HFMIR (PHASE + T)
Sz COS(RE(N) )
AX(N)=RA#SIGN(1,,S)
SxSIN(RE(N) )
BX(N)=RReSIGNt1,,S)

400 CONTINUE

c GENERATE NEGATIVE OF PREVIEUS REFLECTION

GO TO (410,100),J

410 J=2
DO 425 1s31,3
INDXP(])s=INDXP(])

425 CONTINUE

PHASE==R]
GO T 200
c GENERATION COMPLETE
500 MEsN
o FILL E SLOTS
DA 510 1s31,N
EE(1)=E!

510 EX(1)=CE
550 CANTINUE
RETURN
C ERRAR COND!TIGN CETECTED
600 CANTINUE
PRINT 608,KTUBE,K,KK,JDES!G
605 FORMAT(25kg ERROR DURING GENERATION ,414)
STEP
END
SUBRAUTINE MKTBL (T,N,C,L¢DK,DL)
CMKTBL PREPARATION QF PSEUD®eADDRESS TABLE. PRESUMES (L) SORTED

C INCREASING ORCER INTEGER DATA(D) OF LIMITED NUMBER OF SPECIES, TABLE
C (T) ENTRIFS ARE CUMULATIVE COLNT F@R EACH PESSIBLE SPECIE(N), FBR
C GIVEN W, (He T(1)=]) IS INDEX LOC, IN T SLCH T(I1)=T(]=4) IS NUMBER OF
C H DATA, T(l-1)+1 IS LAC, RELATIVE T€ D(y) OF FIRST SUCH H,
c

DIMENSIAN TIN).D(L)

DIMENSIAN DK(L) DL (L)

{NTEGER T.D:CMPR,SZ

INTEGER DK,DL

INTEGFR PARMYR
c SZ3S12E TABLE T REQUIRED, N2SIZE AVAILABLE

PARMTR=27?
SZ=D(L)=D(1) ¢ PARMIR
IF(SZ.LE.N) GE T@ 20
PRINTY 15,SZN

15 FORMAT(12K TABLE SMALL215)
SToP



20 T(1)zD(1)=PARMTR
25 T(PARMTR-1)=p
1TEMP=L
T(2): 1000
T(3)=-10p0
T(4)=s 1000
T(5)=z=1000

DO 125 1031, ]1TEMP
MINIMUM K
T(2)Yz MIND ¢ DK(1J),T(2) )
MAXTIMUM K
T(3)= MAXD ( CK(1J),T(3) )
MINIMUM {
T(d)z MIND ( DLOIJ),T(4) )
c MAXIMUM |
T(53= MAXO ( DPL(IJ),T(B) )
125 CONTINUF :

o 0O 0 a0

c CMPR IS CURRENT SPECIE TYPE COMFARAAND
30 CMPR=PARMTR
[ M 1S CUMULATIVE CEGUNT AND LFCATIGN IN D
I35 M=z
c KND 1S SPECIF NOW AVAILABLE

40 KND=D(MI=T (1)
45 IF(KND=CMFR)Y 85,50,70
S0 MaMeq
55 1F(M,LE.L) G@ T6O 40
60 T(CMPR)=M=1
65 RETURN
70 T(CMPR)EM~1
75 CMPR=CMPR+1q
80 IF(CMPR,LE, ID(L)-T(1))) GE TO 45
85 PRINT 90,CMPR
99 FORMAT(4HO, 20X, 32HaMKTBL s DATA N@T FREPERLY SARYEDN,15)
STRP :
END

SUBRBUTINE SEARCH(HKL,H,K.LsN,1T)
CSEARCH SIGMA-2 TYPE INTERACTIEN SEARCH, ASSUMES LEXICRGRAPHICAL
C LY INCREASING ORDERED VECTBARS(H,K,L) COMPRISING EXPANDED DECK, FOR
C WKLFINDS (L) WHERE H=K=_ USING TABLE OF RELATIVE LOCATION AND NUMBER
C BF VARIAUS SPECIES OF (L) (HiKsL),

c
INTEGER HsHA,HD, HKL
EQUIVALENCE (JUL) s HAY  (J(2),KA),(J(2)Y, LAY
DIMENSION HKL(JI), 170150,k (N)JKIN) L (N),Jt3)
c
C HA/H, H/K, HL/L +IN Hekszl N@, HDzhA=H
c
[SRCH=10
IRANGEs=?

35 IRRNCH=3
5 HAsHKL(1)
10 KAsSHKL(?)
15 LA=HKL(3)
20 MHEH(N)
40 DO 135 1e1.N
45 HWNDsHA=H(])
50 IF(HD.LT,H(1).OR,HD,GT MH) GO TF 13°
55 KNeKA=K(])
1IFC KD,LT,1T¢2) ,OR, KD,GT,IT(3) ) €O T® 135
65 LDsLA-L(])
1FC LD,LY,1T(4) PR, LD,GY,IT(5) ) CG@ TE 435
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c .
75 M1EHD-1T(1)
80 M2 [T (Myw1)ey
85 M3I=]T(M1)
90 IF(*2.GT,M3) GO TA 135
c RANGING
c SUB=SET BETWEFN M2 ANC M3 RFDUCFD SUCCESSIVELY BY I[RANGE
c UNTIL SEARCH SFT @F S]ZE [SRCH DETERMINED,
C
210 M4zM3I =MD+
215 IF(M4 ,LE,1SRCH) GB TO 95
MBEMZ + M4/]RANGE
230 IF(KD=K(M5)) 255,240,245
240 1F(LDelL (M5)) 255,265,24
245 M2EM>5 -
250 G TE 210
255 M3zM5
260 Go 16 240
c PROCFSS EQUALITY (INFREQUENTLY)
265 I1=1
270 1F(M5,LT.,11) GO YO 135
275 CALL ACYI@GN (Jy)11,M5,BRNCH)
28¢g Ge Y€ ¢35
c
c SEQUENTIAL DIRECT COMPARISENS
C
95 DO 130 MeM2,M3
100 IF(KD,LY,.K(M)) Gp TO 135
105 IF(KD,NE,K(M),OR,LD,NE.L(M)) GO TB 130
110 MM3M
115 11!
116 IF(MM,.LT,I1) GO 1O 13%
c ¢ACTIONs RAUTINE ENTERED EACK TIME INTERACTION IS FOUND
120 CALL ACTION (J,!],MM,1BRNCH)
125 GA TO 135
130 CONTINUE
135 CONTINUE
RETURN
END
SUBRAUTINE GENCHK ‘ GENCOO020
c vERSION @oF N@y 62 GENCODJO
CGENCHK- ARRANGES AND CHECKS SYMMETRY BPERATIENS FOR GEN, GENCDO10
c LIFYED FROM = XaRAY 63 =
c JAMES STEWART DARREL H]GH
c ADAPTED N CDC 3800 BY STEPWEN BRENNER,NRL
(o A FARTRAN SUBROUTINE TO CHECK SYMMETYRY EPERATIONS SUPPLIED T@ DATAGENCQO40
c REDUCTION PROGRAM AND PUT THEM IN PRAPER FORM FOR GEN THE GENCO0050
c FAURIER CEDE GENERATYOR, THE ROTATI®BN MATRICES ARE SEARCHED F@R GENCOO060
c DUPLICATES, THWE PRESENCE EF THE JDENTITY MATRIX ]S ESYARLISHED, GENCOQO70
Cc YHE SYMAP MATRICES ARE CHECKED FBR K@WS B8R COLUMNS OF ZEROS, IF GENCOOBO
C THERE ARE MERE THAN ANE SET OF ROTATIEN MATRICES(!,E, TETRAGONAL GENCDO9O
C ®R HIGHER SYMMETRY(HKL,=HKL H=KL,~HeKL))A CHECK 1S MADE TO MAKE GENCOD100
c SURF ALL SETS HWAVE EQUAL MNUMBERE OF ENTRIES, GENCp110
c THE SUBRELTINE 1S CALLED EY CALL GENCHK GENCO120
C ALL NECESSARY QUANTITIES ARE IN COMMON STARAGE, GENCD130
c GENCO190
c SYMMETRY GENERATER STORAGES
COMMON/GENRTR/KTURE, JSYM, JGEN,KK, JDESIG,CENTER, T J» 13, ME
1 1MSYM(3,4,48), JGENER(146), IDENT(48), HP(3,48)
2 1 ]BLANG(48),1D(96), INDXP(3)
DIMENSIAN KKK(48),JSIGN(48)
EQUIVALENCE (IDC1) KKK(L1)Y, (ID(49) i SIGN(1)),¢13,14)
(o /GENRTR/ @CCUPIFS § 1070 % _€CATIONS,



901
902

1001
1002

1003

1004
1005

1006
1007
1040

c
1090
1991

c
c
1101

1102
1103

14031
1104

11041

1190
1191

1105

1106
1192

27

GENCD300
MAKE A CONSTANT FOR DE LOEP UPPER LIMITS, GENCO0310
N3s3 ' GENCO0320
CLEAR GRDERING CODE BAND Y0 ZERf GENCO330
DO 901 J=i,96 GENCO0340
IDtJ)r=g GENCQ360
Do 9n2 J’io‘&
IDENT(J) =0
SET SIGNAL TO N® MISHAPS GENC0370
KRAD= Y GENCD380O
CHECK RM®TATIAN MATRICES FER DUPLICATIEN, GFNC0390
KTURF=0 GENCO400
KGENa1l GENCO0410
KGEN1=KGEN+1 GENCO0420
1FeJSYM - 1) 8990,1101,1003 GENC0430
DA 1010 v 3 KGENY,JSYM GENCp440
DB 10904 LGEN %4,N3 GENCg450
DO 1n04 LGEN1®=4,N3 GENCp460
IF(MSYMC CEN,LGFENY KGEN)wMSYMLLEEN,LGENY,J ))14005+1004,1005 GENCp470
CONTINUE GENCQ480
GO Te 1090 GENCO0490
DO 1006 LGEN = 1,N3 GENCQ500
DA 1006 [ GEN1Z1,N3 GENC0510
IF(MSYM(LGEN,LGENL ,KGEN) «¥SYM(LGEN,LGEN1,.))1010,4006,1010 GENCO0520
CONTINUE GENCO0530
KRAD=s?2 GENCOS40
CONTINUE GENCO0550
KGEN=KGFN+1 GENCD560
IF (KGEN=JSYM)1002,1101,1101 GENCO0S570
ERRAR DETECTED DUPLICATE ROTATIEN AMBNG SYMAPS, GENCp580
WRITE (14,1091)K,JGEN GENCO0590
FARMAT (5gk ROTATIANAL PART @F Tk SYMMETRY QPERATION OF CARD 14.19HGENCg6p0
1 IDENTICAL T@ CARD I4,1H,) GENCQ&10
KTUBE=KTUBE+4 GENCQ620
GA T 9001
MAKE SURE IDENTITY ROTATIEN MATRIX FRESENT AND NO COLUMN BR ROW  GENCO0640
118 ALL ZERGS, ' GENCD650
CONTINUE GENCO0660
DO 1120 J=1,JSYM GENC0670
NAT=j GENC 689
D® 1105 LGEN=1,N3 GENCG690
NKTUREan GENCp7p0
DB 1104 [ GEN121,N3 GENCOQ710
IF(MSYM{LGEN,LGEN1,J))1103,1104,1102 GENCO0720
IF(LGEN~LGFN1Y1103,11031,1103 GENCO730
NBTz4 GENCQ740
GO Te 1105 GENCO0750
NKTUBE=sY GENCO0760
CONTINUE GENCO0770
IF(NKTURE)11041,11041,110% GENCO0780
KTURBEaKTUBE®y GENCQ790
WRITE (14,1191)J,LGENL GENCO080O
FORMAT (15F SYMMETRY CARD 14,5H ROW 14,294 GF RBTATIAN MATRIX ALL ZGENCQB40
1ERG.) GENC0820
NBT=q GENC0830
CONTINUE GENCO0840
DO 1107 LGEN1®1.,N3 GENCO0850
NGB 1106 LGEN=1,NJ GENCQB60
TF(MSYM(LGEN,LGEN1,J))1107+1106,110" GENC870
CAONTINUE GENCo880
WRITE (14,1193)J,LGEN GENCO0A90
1493 FORMAT(45k SYMMETYRY CARD Y4,8H COLUMN 14,29H AF ROTATION MATRIX ALGENCp9p0
1L ZERO®,) GENCQ9¢0
KTURESKTURE Y GENC0920
CONTINUF GENC0930

1107
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aaogoaoan

1110

1111

1120

1194
1195

1201

1205
1206

1207
1208
1209

1704

1705

1740

1240

1211

1212
1213

1214

1215

CHECK Tm SEE IF INENTITY MATRIX FOUAND,
IF(NOT)Y1120,1110,1120

IF IDENTITY MATRIX SEFMS FQUND MAKE SLRE TRANSLATION VECTOR ZER®,

DA 1111 LGEN=1,N3
IF(MSYM(LGEN,4,0))1120,111141120
CANTINUE

1DENT(1)3

Intdrsy

NID=2

CONTINUF

IFCIDENT(1))1194,1194,1201

IF N@ IDENTITY MATRIX GIVE UP DATA RECUCTION,
WRITE (14,1195%)

FARMAT(26F NO® IDENTITY MATRIX FEUND,)
KTURE=KTUEE+1

80 Te 1401

"HAVING FAUND THE IDFNTITY MATRIX FIND HEW MANY ROTATION MATRICES
RELANG T® ANE SYMMETRY CLASS HEREINAFTER-WHAAPSwAND SORT THESE
TOGETHER RY MEANS OF AN INDEX ILENT(J), CHECK TP MAKE SURE EACH
GROUP BF RATATIGN MATRICES HAS THE SAME NUMBER OF MATRICES,

RETURN FRROR 1F THIS CONDITION NQT MET,
ASSIGN 1211 T@ I1SWMTP

NQs1

Ka]NENT(1)

SFARCH FGR NAA-ASSIGNED SIMILAR MATRICES,
NG 1210 JaNGQ,JSYM

SKIP TESTS IF ENTRY ALREAPRY ASSIGNEL,
IFCINGJYINI1210,1206,1210

DG 1209 [P=1,N3

ne 1209 1S5Sz1,N3
IF(MSYM(IP,IS,K))1207,1208,1207
IF(MSYM(IP,15,49)1209,1210:1209
IF(MSYMUIP,1S,4))1210,120%,1210
CAONTINUF

MATRICES ARE SIMILAR IF HERE,

GO TO® (1710,1701),KBAD

DO 1705 1Fz4,N3

DO 1705 1531,N3

JF(MSYMUIP,1S:,K) +MSYM(IP,1S)J)) 1210:1705,1210
CONTINUE

MATRICIFS ARE ENANTIQMORPWRUS IF HERE,
IDCJY = g

Go TH 1210

CONTINUE

IDtJYsl

INDENT(NID)=J

NROTP=NRATP+1

N1D=N1De+1

CONTINUF

SWITCH Y9 CHANGE PATH AFTER FIRST TIME,
GO TO ISWMTP,(1211,1212)

NRBTaN]IDet

ASSIGN 1212 10 ISWMTP

GO 1o 1213

CHECK THAT ALL GRAUPS HAVE SAME NUMEER AS FIRST,
IF(NROT=-NRQTP)1290,1213,1290

NROTP=1 .
SEARCH FBR NEXT UNASSIGNEE(FIRST LEFY IN TABLE)
DA 1234 Jsi,JSYM
1F(IDGJY)121451215,1214

CONTINUF

GO TA 1301

MARK 1T AND GO @©N,

KeJ

IDENTI(NID)»J

GENCO940
GENCO0950
GENCO0960
GENCO970
GENCQ980
GENCp999
GENC1000
GENC1010
GENC1020
GENC1N30
GENC1040
GENC41n50
GENC1040
GENC1070
GENCiNnao
GENC1090
GFNE1100
GENC1110
GENC1120
GENC1130
GENC1140
GENC1150
GENC1160
GENC1170
GENC1180
GENC1190
GENC1200
GENC1210
GENC1220
GENC1230
GENC1240
GENC1250
GENC1260
GENC1270
GENC1280
GENC1290D
GENC1300
GENC1340
GENC1320
GENC133p
GENC1340
GENC1350
GENC1360
GENC1370
GENC1380
GENC1390
GENC1400
GENC1410
GENC1420
GENC1430
GENC1440
GENC1450
GENC1460
GENC1470
GENC1480
GENC1490
GENC1500
GENC1540
GENC1%20
GENC1530
GENC1540
GENC1550
GENC1560
GENCi1570
GENC1580



c
1290

c
c

c

c

¢
c

c

1291

1301

1401
1402
1403
14n4
1405

1490
1491

1501
1590
1591

1601

1603
1603
16n4
1609

1801

1802
1803
1890
1894

16804

8901
89p2

89n3

B9n4

8954
8905
8955
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NOz=K+1 GENC15910
NID=NIDe+1 GENC1600
ID(Jy=1 GENC1610
IF(NO=JSYM)1205,1205,1301 GENC1620
ERROR BLOCK=-UNEVEN GREUPS, GENC163p
KTURE=KTURE+1 GENC1640
WRITE (14,1291) GFNC1650
FORMAT(B4F THERE IS FITHER A SYMMETRY OPERATION CARD MISSING OR INGENC1660
1 EXCESS OF THE CARRFECT NUMBER,) GENC1670
GO TA 1601 GENC1680
CANT INYF GENC1690
CHECK 1F NREGT 1S R(INDICATES A ANONeCFATR@ SPACE GROUP WHICH GFNC1700
coauLd BE CENTRIC)H, GFENC1710
IF(NROT=8)1402,1402,1490 GENC1720
GA Y0(1501,150111490,1501+1490014%90+1490,1403),NROT GFNC1{730
IF(CENTER)1404,1490,1404

WRITE (13,1405) GENC1750
FARMAT (55K SPACE GRGUP COLLD BE MADE CENTRIC BY CHANGE IN BRIGIN,)IGENC1760
GO To 1601 ) GENC1770
WRITE (14,1491)NRET GENC1780
FORMAT(9H 14,32H RATATION MATRICES FOULND, WHY.,.) GENC1790
KTURF=KTUBE+ GENC1B00
GO TA 1601 GENC1810
CHECK THAT NP-H,=K,=_ ROTATION FPSSIRLE. GENC1820
GO TA(16n1,15%90),KBAD GENCy1A3n
WRITE (14,.1591%) GENC4184n
FORMAT (#2F SYMMETRY QOPERATION TABLE CENTAINS @PFRATION THRAUGH A CGENC185p
1ENTER,) GENC1860
GO Te 1601 GENC1870
CHANGE THE TRANSLATIGN VFCTOR CEMPOAENTS TO MADUL® TWELVF, GENC1880
DO 1609 Js1.,JSYM GENC1890
DO 1609 1%51.4N3 GENC19p0
CALL XMODTW(IMSYM(I1,4,U)) GENC1910
IF(MSYM(T1450)) 1604,1609,1609 GENC3920
MSYM(I,4,y) = MSYM(1,4,J) ¢ 12 GENC1930
CONTINUE GENC394p
TEST THAY ROTATION MATRICES HAVE DETERMINANT + AR « ONE. GENC1950
DO 1804 J = 1,JSYM GFNC1960

ICKEY = MSYM(1,1, )% (MSYM(2)22J)eMSYM(3,3,J)eMSYML2,3,JrsMSYM(3,2:.GFNC1970
1J))=MSYM(2,4,J)®(MSYM(1,2,J)9MSYM(F1 30 J)~MSYM(1,3,J)«MSYMIJ,2,J))+GENC1980

2MSYM(3,4,u) e (MSYM(1,2,J)eMSYM(2,3,J)aMSYM(1,3,J)oMSYM(2,2,J)) GENC1990
IF(ICKEY) 1802,1890,1802 GENC2000
IF(ICKEY =« 1) 1803,1804,1803 GENC2010
IFCICKEY + 1) 189n,18n4,1890 - GENC2p20
WRITE (13,1891)J GENC2030
FORMAT(35F THE DETERMINANT OF RETATION MATRIX 13, 49H 1S NOT ¢« BRGENC2n40
{ - ANE, ) GENC2n50
KTURE = KTUBE ¢ 1 GENC2060
GO T 1R04 GFNC2070
CONTINUE GENCZ2080
CHECK FAR GRALP PRAPERTIES, GENC2090
ALL CHECKING COMPLETED GENC2100
IF(KTUBE)B902,8907,R990 GENC2110
CONTINUE : GFENC2120
WRITYE (13,8903) GENC2130
FARMAT(38F1SYMMETRY MPERATION CRECKING COMPLETE,) GENC2140
WRITE QUY FEURIER SYMOP MATRICES ANL VECTORS GENC2150
WRITE (13,8904) GENC2160
FARMAT(1HO,10Xs15HRETATION MATRIX ,€X,32HTRANSLATION VECTOR (IN TWGENC2170
LELFTHS) /1K) GENC2180
DO 8955 1JK = ,JSYM GENC2190

J = IDENT(IJK) GENC2200
WRITE (13,8905)J, ((MSYM(],IP,J),1P21,4),]121,3) GENC2210
FARMAT(IH ,1448%,314,9X,14/13X,314,6X,14/43%X,314,9X,14/1KH ) GENC2220
CONT[NUF GENC2230



30

8990
89914

9001

GEN

aaooooooaoaooagoaooo000nn

901

1301
c

1401
1402
1403
1404
1405
1406
1407
1408
1409
14490
1411
1412

GO T 9001
WRITE (13,8991 )KTURF
FARMAT(4HW 14,24H ERRORS FEUND IN SYMQAPS,)
GO YA 89p2
CONTINUE
KTUBE 1 § ¢X 22 § ERROR
KTURESMING (KTUBE, 1)+
RETURN
END
SUBROAUTINE GEM _
-~ DEVELOFS FO RIFR DIRECYING CEDES FER EACH REFLECTIGON,
VERSION OF 4 AUGUST 1963
LIFTED FROM = XZRAY 63 =
JAMES STEWART DARREL KIGH
ADAPTED ON CDC 38€0 BY STEPHEN BRENNER,NRL
H,KsAND | ARE OPERATED UPEN BY THE FATATION MATRICES STHRED
FREM THF SYMMETRY CARDS, TYHESE WERE PLACED IN PRAPER FORM BY
SUBRAUTINE GENCHK, THIS SLBROUTINE GENERATES A CODE(JDESIG)FOR
EACH TRICLINIC REFLECTION (15+44+,28044,334m¢,45040,580-~,684==,
73=4=,82=>4) AS WELL AS A CODE (KK) WHICH TFLLS THE TYPE @F
FRINGE FUNCTION TO RE APPLIED T€ CHANGE THWE PHASE OF THE UNIQUE
REFLECTIGN TA THAT OF THE GENERATED REFLECTYION NESIGNATED BY THE
JNDESIG,THE RATATIONS ARE GROUPEL RY THE ARSALUTE VALUES OF THE
GENERATED MILLER INDICES,
SYMMETRY GENERATER STORAGES
COMMON/GENRTR/KTURE , JSYM, JGEN,KK, JDESIG,CENTER, T J,13,ME
1 sMSYM(3,4,48) , JGENERt146),IDENT(48), JHP(3,48)
2 » IBLONG(48),1D(96), INDXP(3)
DIMENSIAN KKK(48), SIGN(48)
EQUIVALENCE (ID(1),KKK(1)),(ID(49), SIGN(4)),(]13,14)
/GENRTR/ OCCUPIES § 107p $ LECATIBNS,
THE ORIGINAL » ISIGN * HAS BEEN ALTERED T8 * JSIGN #
KYUBE=(
JSYM & JSYM
D& 9n1 I = 1,JSYM
JSIGN(I)=mO
KKK(1) = 0
JHP(1,1) = 0
JHP(2,1) 2 ¢
JHP(3,1) = ¢
IBLONG(]) = ¢
CAONTINUE
GENERATE A SET ®F EQUIV, REFS, FRBM THE UNIQUF BNE,
DO 1701 K = 1,JSYM
100 = IDEANT(K)
Dp 1301 | = 1.3
JHP (1K) = INDXP(4)*MSYM(1,1IDE)SINDXP(2)sMSYM(2,1,1D0),

1 INDXP(3)sMSYM(3,1.1DC)
FIND THE VALUE pF JDESIG WHICHM TELLS THE REFLECTlAN CLASS
IF(JHP(1,Ky) 1401,1405,1409
IF(JHP(2,K)) 1402,1403,1404
IF(JHP(3,K)) 1505,1505,1508
IF(JHP(3,K)) 1505+,1505:1502
IF(JHP(3,K)) 1507,1502,1502
IFCJHP(2,K)) 1406/)1407,1408
IF(JHP(3,K)) 1505,1505.1503
IF(JUHP(3,K)) 1505,1425.,1501
IF(JHP(3,K)) 1507,1501+1501
IF(JHP(2,K)) 1410,1411,1442
IF(JHP(3,K)) 4506,1506.:1503
IF(JHP(3,K)) 1506,1501+1501
1F(JHP(3,K)) 15044+1501:1501

GENC2240
GENC2250
GENC2260
GENC2279
GENC2280

GENC23p0
GENC2310

GEN
GEN

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

GEN
GEN

GFN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GE

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

0010
0030

0n4o
ons50
0060
onzo
0080
0090
0100
o110
0120
0160

0300
0310

0330
0340
0350
0360
0370
0380
0300
0400
0440
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580



1425 CONTINUE
WRITE (13,1426)CINDXP(]),121,3)
1426 FARMAT (6gknHOW CAN A g,0:0 REFLECTIEN RESULT FRAM GENERATION FROM
1THE 14,1k, 14,1H,14)
KTURF=3
GO TA 1901
€ - SET cPRRECTY VALUE @F JDESIG FAR THIS REFLECTIAN
CARRESPANTS TR +4«
1501 JSIGN(K)=1
GO TO 1555
c CARRESPONLS TE -4+
1502 JSIGN(K)Y=2
GA TR 1555
[ CARRESPANLS TG +e+
1503 JSIGN(K)33
GO TA 1555
c CARRESPANLS 76 +e=
1504 JSIGN(K)=4
GO TA 1%55
c CARRESPANLCS TE ~»-
1505 JSIGN(K)=25
GO Te 1551
C CORRESPANES TO ¢wm=
1506 JSIGN(K)3é
Gn To 1551
c CORRESPANLS 10 waw
1807 JSIGN(K)s7?
GO TO 1951
c CORRESPANLS TE »ae
1508 JSIGN(K)=8
c FOR CENTRIC SPACE GROLPS, 5-8 ARE ITENTICAL WITH 1.4, RESP,
1554 IF(CENTER) 1555,1554,1555
1554 JSIGNIK)Iz SIGN(K)=-4
1555 CONTINUE
FIND H«T AND SET PHASE COATLE(KK),
PHASE CODE INDICATARS., 1 CORRESFONDE TO TRANSLATION OF ZERO
TWELFTHS, 2 T8 ONE TWELFTH, tveeyr 12 TE 11/12, THFSE CODES
GIVF THF TRANSLATION SYMAPS FOR LEASYT SGUARES =ATHOM GENERATIGN2
AND THE PROPER FRINGE FUNCTION RELATIEN FAR THE FOURRIER
sREFLECTIEN GENFRATIANZ,
1601 KK z INDXP(1)sM8YM(4,4,IDE)+IADXP(2)*MSYM(2,4,]D0)e
1 INDXP(3)*M8YM(3,4,1D¢)
1602 IF(KK) 1603,1607.,1605
1603 KKaKK+{?
GO TO 1602
1605 KKaMAN(KK,12)
1607 KKzKK+4
PRINY 1608, C(INDXP(I), 131,3), KK,,SYM
C1608 FORMAT (X, 3IHGEN,5185)
KKK (KWK
GO TR (1701,1690,1701,1701,1701,169C,1701,1690,
1 1701+¢17061,1701+1690) 1 KK
c SET JUGENER 79 CORRECT KK
1690 WRITE (14,1691)KK
1691 FORMAT(SqK IMPOSSIBLE TRANSLATIEN FER CRYSTALLOGRAPHIC SYMBP,5HK
1K‘l]4!1Hn’
KTUREF = 3
1701 CONTINUE
AT THIS PEINT THE TABLES €F GENERATED REFL, ARE STORED ALONG
WITH TARLES BF SIGN AND PRASE INFORMATIEN,
SFARCH THE WHOLE TARLE OF GENERATED HKLS FOR NDUPLICATES
AND WHEN ENE GF SIMILAR MAGNITUCE HKL IS FOUND, ASSIGN AN INDEX
CALLED IBLONG (1)
JSTART = ¢
1AM =

QoOoOoaaon

aaaaa

GEN
GFN
GEN
GEN

GEN
GEN

GEN
GEN

GEN
GFN

GEN
GEN

GEN
GEN

GEN
GEN

GEN
GEN

GEN
GEN

GEN

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

GEN
GEN
GEN
GEN
GEN

31

0590
0600
0610
0620

0640
0650

0670
6680

0700
0710

0730
0740

0760
0770

0790
0800

0820
0830

0850
0860

0880

0910
0920
0930
0940
0950
0960
0970
0980

i000
1010
1020
1030
1040

L E R R N2
(X E L R

GEN
GEN
GEN
GEN
GEN
KGEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
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c

c
2205

c

c
2206

o

c
2207

2208

12209
12210

2209
c

2210

2214

2215

2218

2217

2225

2501

2510

2511

2521
2520

MULT = 1
IRLANG(1) = 1

IF THERE 1S ANLY QNF SYMOP  WHY EOTHER, +« . 4 . ,
IF (JSYMal) 2225,2225,2708

1GONE = [START + ¢
1F (1GOPE-JSYM) 2206,2206,2225
G® AVER TKE LIST AF GENERATED REFLECTIANS LARFLING THASE WHWICH
HAVF THF SAME MAGNITUDF AF H,K,L
ne 2214 1=1GALE, JSYM
AN FIRST PASS COUNT UP THE NUMBER OF NEN DUPLICATED REFLECTIBGNS
INCLUPING THE PASSIRILITY OF CENTR® RELATED QNES,
IF (ISTART-1) 2209,2207,2209
na 22p8 1G6=1,3
IF (WP CIG, I)~JRP(IG,1)) 12209,7208412209
CONTINUFE
MULT = MULT + 1
Gn Ta 2209
nm 12210 16 = 1,3
IF(JRPCIG,]I) * JHP(IG.1)) 2209,1221C.22n9
CONTINUE
MULT 3 MULT + 1
CONTINUF

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GFN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

SFE IF THERE 1S AN@THER REFLECT!AN WITH EYXACTLY SAMFE MASNITUDE HWKLGEN

DA 2210 16=1,3
IFCTARSCURPUIG, 1)) « TARSCJUHP(IG,ISTART))) 2214.42210.221 4
CONTINUF

THIS REFLECTIAN RELANGS TE THE SAME GROLP OF MAGNITUDF HKL
IRLANG(T) = 1AM

CONT INUF

SEF |F EVERY GNE HAS BEEN ASSIGAED A GRFUP ID (1RLONG)

DO 2217 1=31,JSYM

IF (I1BLONG(1)) 2217,2218,2217

SAME STILL UNASSIGNED,G® BACK AND KFEF SEARCHING

[AM = 1AM + ¢

IBLANG(T) = [AM

ISTARY = 1

GO T 27205

CONTINUFE

SFE IF MNEXT HWiK.L WAS THE SAME AND kAS EEEN INENTIFIED,
CONTINUF

IMAT = 1

JGEN = 4

IMON 3 1

CAPY THE TARLES INT® THE JGENER BAND SEPARATING EACH SET OF
M) K, L BY -t AND ENDING WITH -2 ANP THE REFLECTION MULTIPLICITY
DA 2525 134,1AM

JGENER(JGEN) = =y

JGENER(JGEN+1) = TARS(JHP(14IMAT))

JGENER(JGEN+2) = TARS(JHP(2,IMAT))

JGENFR(JGEN+3) = TARS(JHP(3,IMAT))

JGEN = JGEN + 4

DA 2511 J31.,JSYM

IF (IMEN-IBLONG(Y)) 2511,2510,2511

JGENER(JGEN)3USIGN(J)

JGENER(JGEN41) = KKK (J)

JGEN = JGEN+2

CANT INUF

IMON = IMENe3

DA 2520 J31.JSYM

IF (IMON«1BLANG(J)) 2520,252142520

IMAT =z J

GO TR 2525

CONTINUE

GO TR 1R01

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740

1760
1770
1780
1790
1800
1810
1820
1830
1840
1850



2525 CANTINUE

1801

JGENER(JGEN)Y==2
SET MULTIFLICITY OF CURRENT REFLECYION AT THE END OF THE
GENERATIAN TABLF,
JGENZUGFN+1

THE LAST JGENER(JEN) 1S ACTUALLY THE MLLTYIPLICITY AF T4F REFL,
JGENER(JGFN) = JSYM/MULT

CANT INUF
KTUKE =3 § @K =7 § FRROR
KTUREEMINO (KTUBE, 4 )4,
RETURN ‘
END

SUBRAUTINF FLSFUNCICANTR)

CARFUN REFLECTIAN GENERATOR FBR ORFLS MALIFIFD yFRSIAN FAR yx=RAY

aaaaaaan

aQaoaooaa

101

102
103

201
202

a aao o o

301
302
303
304
305

VERSIAN 1 JUNE 1963
LIFTED FROM = XsRAY 43 =
JAMES STEWART DARREL WIGH
ACAPTED BN CDC 3BCO BY STEPHEN RRENMER,NRL

SYMMETRY GENFRATER STORAGES
COMMAN/GENRTR/KTURE, JSYM, UGEN, KK, JDESIG/)CFNTER, TJ, 13, ME
1 tMSYM(3,4,48),JGENFR(146),INDFNT(48),JHP(3,48)
2 »IBLONG(48),1D(96), INDXP(3)
DIMENSION KKK(4R), JSIGN(4E)
EQUIVALENCE (I1DCq),KKK(1)),(ID(49),.SIGN(1)), (13,14}
/GENRTR/ ACCUPIES § 197p % LECATIONS,
INTEGER HJ
DIMENSION HJ(3)
EQUIVALENCE (INDXP,HJ)

ENTER WITH JCONTFa2
FLSFUN SETS ICENTR=}
FILSFUN SFYS ICENTRs2 AT CAVMPLETIGON BF GENERAT]ON
JCONTR=3 FER ERRER
GO TP (902,1n1), ICANTR
ICONTR = ¢

J g1

JGEN = JGEN

1F(JGENFR{J) ¢ 1) 601,103,201

J e U+ &

GET QUY ThE ABSOLUTE VALUE OF TrE IADICES
IATCH s JGENER(J = 5)

1KAY = JGENER(Y « 4)

JELL = JGENER(JY - 3)

GO Te 202

J o3 g e 2

SET UP THE S{GN ASSIGNER

JNDESIG ® UGENER(J - 2)

SET TRANSLATIEN GENFRATOR

KK = JGENER(Y « 1)

PUT QUT CERRECT TRANSLATIEN FOR THMIS GENERAT]ION,,

GO TP(303.,9975,302,303,304,9975,305,9975,306,307,308,9975),KK

Ty = 0,0

GO TR 4014

TJ = 0,166666¢67
GO TP 404

TJ = 0,25000000
GO Tp 4n%

TJ = 0,333333333
GA TR 4ny

TJ = 0,%5000000000

GEN
GEN
GEN
GEN
GEN
GFN
GFN

GEN

33

1860
1870
1880
1890
1900
1910
1020

1960
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306
307

30R

401
402
403
495
406
a07
411
412
413
501

9975
9980

601

aaQaaoq

15

25
45
50

GO Te 401

TJ = N,66666667

GO Te 404

YJ = 0,7500000000

GO Tn 4nq

TJ = 0,833333333

GO T 40t

PLACF THE CORRECT CAMRINATION GF SICNS 6N H,K,L
GA TO(4n2:,403+402,402:403,402+403,4¢3).,DESIG

HJ(1) = TATCH

GO TR 4ns

HJ(1) = «1ATCH

GM Tm (4n€,406,407,406,407,407,406,407),JNESIA
HJ(2) =5 IKAY

GO Te 411

HJ(2) ® =1KAY

GO TE(412,412,412,413,413,413,413,412),.NDFSIG
HJ(3) = lELL

GO Tm 501

HJ(3) = «~l1ELL

RETURN
PRINT 9980,KK.JGEN,J

FARMAT (4pHQFLSFUN ERRER ,,, IMPESSIELE TRANSLATIAN ,315)
1CANTR=3

GO YO 5r1%

1CONTR = 2

GA TP 501

END

SUBROAUYINE SRTSAB (LS, INDE,NAJNK,H,K,L,E,RsAL,A2,A3,A4)
INTEGER H

DIMENSION HILS) s KILS) L(LS) E(LS),RLLS)

DIMENSIAN AL(LS),A2(LS) AS(LS)  A4(LS)

7030 SERTYING RRUTINE BY STEVE A, BRENNFR,NR|

N=| S

N2=N/2

KKeN2+1

Do S0 1=22.N2

KK2KK=1

[1aKK

GO TH (5,15,25),NK

CALL SIFTLP (11 .N,L,K)H,E.R1AL,)A2,AZ,A4,LS)
GA TR 45

CALL SIFYLP (11 sNsKsHiLIFiRIAL,)A2,AZ,44,LS)
GM T 4%

CALL SIFTLP (11 oNsHsK:iLsE2R1AI,A2,A2,44,L8)
CONTINUF

CONTINUE

JEN#+1

KCST=1

DO 150 1z2,N

NENLE]

JJs J

GO TO (105,115,125),NK



105

115

125
145

150

1000

2000

T 2010

2020
2050
2100
2110
2120
2200

4000

CALL SIFTLP
GO T@ 149

CALL SIFTLP
GO TA 145
CALL SIFTLP
CONTINUF
CALL EXCHG
CONTINUF
RETURN

END

35

(KCST dJ, LK, hsEsR, A1,42,A3,A4,LS)

(KCSTyJJ Ky H,L2E2R, AL1,82,A3,A4,LS)
(KCSToJuJsH, K, Lo E9yR, A1,42,A3,44,LS)

(KCSTyJiH)KaLsE'RIAL,A2,A2,4A4,LS)

SUBRAUTINE SIFTUP (1 ,N,TH,IK:JL,ES,RS,A1,A2,A3,A4,.LS)
DIMENSIAN TW(LS), IK(LS),IL(LS)

DIMENSIAN ES(LS),RS(LS)

DIMENSION A1 (LS),A2(LS),A3(LS),A4(LE)

1CAPYY=1K(])
1coPy2s1L (1
CoPY3z ES(
COPY4=RS (]
coPyYS=a1(]
CAPY&zA2(]
COPY7=A3(]
COPYBzAA(]
[capy=IH(I)
J=2#])

)
!
)
)
)
)
)

)

IF t(J=N) 2000,2100,4000

IF (IH(J+1)=TH(J)) 2100:2610,2050
IF (IK(Je1)=1K(J)Y) 2100.,2020+20%50
1F CIL(J+1)-1L(J)) 2100+210022050

JaJ+g

1IF ¢1H(J)=1CAPY) 40N0,2110,2200
IF C(1K(J)=1CAPY1) 4000,2120¢2200
1F (1L(J)=1CAPY2) 4000,4000+2200

CONTINUE
[H(TY=TH ()
IK(I)Y=IK(L)
fLey=21Ley)
ES(1Y=ES(J)
RS(1)=RS(J)
A1(1)Y=A1(J)
A2(1)=A2(J)
A3(1)=A3(.)
Ad(l)=aa(y)
| EN]

Go Te 1000
[H(1)=1CaFY
IK(1)=[CAFYL
IL(1)s]COPY2

ES(1)= CEPY3
RS(1)= COPY4
AL(1)= CEPYS
A2(1)=z COPY®
A3(1)= CRFY?
Ad4(1)s CEPY8

1=4
RETURN
END

SUBR@UYINE EXCHG (KCSY.J.P.K.L,E,R,AL-A?.AS-A‘.LS)

INTEGER MW

DIMENSION HILS), K(LS),L(LS)
DIMENSI®ON E(LS),RILS)
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aaa

(¢ Ke]

aoaoaoaogaoaan

RES

10

15

20

50

x

E

NIMEN
ITy=
172=
IT3=

SION AL(LS) ,AQ(LSY AZ(LS), A4(LS)
H(KCST)
K(KCET)

L{XCET)

T4zE(KCST)
T5=RIKCST)
Té=A1(KCST)
T?7=AP(XCST)
TBzA3(CSET)
T9=A4(%CST)

HIKCST)Y=zH(Y)

K(KCST) =K (J)

L(KESTY=L ()
E(KCSTY=E(J)
RIKNST)=R(Y)

A1 (KCST)=sA1 ()

A2 (KCSTYsA2(Y)

AZ(KCSTYIZAZ ()
Ad(KCSTYI=A4G( )

H(J)= 171
K(Jds 172
L(J)Y= 173
E(J) = T4
R(J) s 15
A1(J)r= T6
A2(Jy=s 17
A3(Jd)= T8
A4(U)= T9
RETURN

END

FUNCTIEN RESETY

T

(H,A) .
FUNCTIAN ADJUSTS FPHASES ACCERCIMNG

DIMENSTIAN HIZ),TYPE(I),KIND(27),ALPKF(9)
INTEGFR H,TYPE

DATA

(ISTART=1)

10 yECTOR TYPE,

INITIAL ENTRY REALS CONTRAL FULNCTIONS CARD,

161=61
P12=21.57079632679
P1=23,14159265359

GA TP (5,50),ISTART
ISTART=?

RFAD 10, (KINDCT)Y,121,27), CALPH(J),J31,6)

FORMAT(2711,548,A5)
LAAD ZERGS WITH STANDARD
ne 15 l=1.27

IF (KINN(IY.LE,0) KIND(I1)=8
CONTINUF
PRINT FEBR REFERENCE
WRITE (161,20),(KIND(T),131,27),(ALFH(J), =1,4)
FARMAT (24FPHASE ADJUSTMENT SPECS,»2Xs2712,2X,6A8)
€z99,9
660 Ta 3nQ
CAONTINUF

INDEX TYPES 1=0 236 3=y
VECTAR CLASSIFICATYION (TYPE)

ap0n noh Npn GGG GGG GGG LUU UUL UUL
000 GGH LUL 000 GGG LuU 000 GGG UUL
nGlL OGY O0GL 0L AGgL O0GU OGU OGL OGL
1 4 7 10 13 16 19 22 2%

ACJUSTMENT APT!ANS

SIGNIFICANCE AF
POSITIONS IN TABLE,

*ss PASITIAN



OOO0O0ONNOOO00O0n0N

7%

210

220

230

240

250

260

270

280

290

300

A VECTER IS CLASSIFIFD ACCORTING TYPF,

THE FATRY IN THF CARRFSPONDING FQASITIAON CAUSES PHASE

ADJUSTMENT AS FRLLOWS, ..

ENTRY FUNCTIAN  (PHASE ADGUSTFD TH,...)
1 REAL 0 eR PI
2 IMAGINARY =F1/2 AR +P1/?2
3 * N@ CHANGFE »
4 6
5 Pl
é +PI/2
7 -P1/2
8 RETWEEN =Pl AND «F]
9 RETWEEN 0 AND 2F]
TYPE DETERMINATIAN
Do 7% [=1.3
TYPF(1)=q

1IFC HIDY,EQR.0 ) GO TA 78
TYPE(1)=MEDC TABSL H(1) ),2 ) + 2
CONTINUF

¢« KIND * ADDRESS (REVFRSE FORTRAN ABRMAL)
LAC= TYPE(3) + 3«TYPE(2) ¢ 9sTYFFE(1) - 12
KADJsKINDC(LOC)
B=A

ANJUST INITIALLY 1@ =F1,+P]
R=HEMIR(R)
DO ADJUSTMENT

Ge T0 t?10.2?0.?30,246.250;?60-270.280.?90).KADJ
CANTINUE
C=0,0
1F( ABS(B),GT.Pl2 ) C=PI
GO Te 3nrp
CONTINUF
CzP12
1F( B.LY,0,0 ) C=z~C
6o Tp 300
CONTINUF
CzA
GA Te 3IND
CONTINUF
C=0.0
GO Te 300
CONTINUE
C=P!
Ge T 3nD
CONTINUF
C=P12
GO T@ 3no
CANTINUE
C==-P12
GO Tm 300
CONTINUE
C=zR
GA TR 3IND
CANTINUF
C=8
1FC R,LY,0,0 ) CeRe+PI+P!
GA Ta 300

CAONTINUF
RESET=C
RETURN
END

210
2?0
23n
249
250
260
27an
280
290

37
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CHEMIR
c
v

25

FUNCTION FEMIR (R)
REDUCES RADIAN ANGLF 1@ THE RANCE +3,44(180) T@ =3,14(-180)

P133,14159265359

TUP126,78318583071796

A=RB

A=zAMAD(A,TUPYD)

1F( ABRS(A) 6T, Pl ) A=A « SIGN(TUP],R)
HEMIR=A

RETURN

END



Appendix C

SAMPLE INPUT CONTROIL CARDS

This is a typical example of the refinement of the phases from the basic deck in the
first two cycles. In subsequent cycles, additional phases are generated from the set
already refined.

ODOFPOOOFOOHF OO+ A

11 111 221121

3176,

[y
COWNAHF OMARA DO ODH DO ADODWNAOD @

)
QO OO OOoOF,PODrPOoOWM

OO+ OOMOOHROO

PRV WODOFPFPWHNNHFE MMM NNOFROONNREROO

*POODODRROPO>O>SODIDO

1 2
153032,

4 4

-
n
N

4,651
4,444
3.924
3,662
3.318
3,242
3.085
31012
2,988
2,865
2,795
2.763
2,758
2,536
2,514
2.499
2,457
2.400
2.390
2.324
2.262
2.230
2.157
2.156
2,120
2.114
2.113
2,103

3

V2D WWWNNN P -

'3
5

N®, 19 P 385

X

1/2=X

1/72¢X 1/2aY

-X

212121 n4/s¢

1/72eY

P212121 D4rs2
Y 2
-Y 17242
-2
1/2-7

LAST P212121 D4/2
RESET CARD

2,2 (315,F10,5,24X,F10,3)
CYCLE ON ®R]IG]IVAL DECK

39

0,00
1,5/
0,00
1.5/
0,00
vl.b7
3.14
3,14
1,97
0,00
0,00
-1,97
3.14
1,5/
3,14
3,14
3,14
'1v>7
1,27
0.00
3.14
0.00
1,57
0,00
1.57
-1,57
0.00
1,97

0,00
1.57
0,00
1,57
3,14
1,57
3,14
0,0
1,57
0,00
0,00
“1,57
3,14
1,57
3,14
3,14
0,0
*1.:57
»1.,57

3,14
0,0
0.00
“1.57
3,14
*1.57
1,57
0,00
1,57
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[

HANOCLBLWVHROSLDEWORL

[N

-

OB NDLALADGWVORBFL,AVNNAENAWN

[\M]
[~

-

ONVOOH OV, NNOO®PAOYOHEHR IO WOOO

20
19

HANWWLNN, NSO NND

NPT WHROORN RPN O

P AULUWWBMONOOOWNNARMWODOCSNDON S

2,101
2,075
2.019
2.008
2.005
1.990
1.982
1,965
1.964
1.956
1,948
1.943
1.941
1,935

1,927
1,917
1,874
1.845
1.R22
1.821
1,791
1,726
1,724
1.716
1,712
1,637
1,632
1.628
1.554
1,544
1.466
1,414

2,778
2,287
2.060
1,972
1,971
1,959
1,953
1,939
1,920
1,900
1,899
1,864
1,846
1,844
1,842
1,839
1,818
1.816
1,816
1.814
1.807
1,806
1,800
1.799

3

1

3

3,14
3,14
-1.%97
'10’7

3.14
0.00
1,57
1.57
0,00
3'14
0,00
1,57
0,00
1,27

-1,97
3'14
-1,97
3,14
‘1097
1,5/
1.5/
0,00
3.14
3,14
1,57
3,14
3'1“
3,14
0.00
'1057
0,00
1,57

2,2 (315.,F10,3,24X,F10,3)

0,0
0.0
*1,57
«1,57
3,14
0.0
0,0
1.57
1,57
0,00
0,00
0,00
“1.57
3,14
.1|57

=1.57
0,0
1.57
0,0
1,57
1,57
=1,57
3,14
3,14
3.14
1,57
3,14
0,00
0.0
0,00
1-57
3,14
'1:57

1ST ADDIT]ION,@NE CYCLE



ONNNP MINDODU A NO

-

-

n
= O
ODOFPrH VOO NPR® ONOLOINIOINDMDDOONFHL VINRHEH NSO NOO ANONON

-

-

[
DB UND NS N OO

N
o

[y
o, aO N

NATCSCNONUNWWHEDHE LD A

NGND2OGWMOKENONEREPNRPRUNHOBLBNNGNN LADOR L ON

VNP OORWOO

1,793
1,787
1.775
1.775
1.772
1.761
1,752
1,746
1,737
1.733
1,727
1.727
1,72%
1.719
1,703
1,701

1.697
1,693
1,680
1,680
1,680
1.679
1,676
1,671
1,668
1,647
1.642
1.639
1,634
1,631
1.622
1.611
1,610
1,608
1.601
1.583
1.574
1.57¢0
1,556
1.550
1,547
1,539
1.537
1'536
1.535
1,533
1,532
1,532
1.522
1,509

1,508
1.503
1,495
1.495%
1.483
1,482
1,476
1.474
1,473

1

2ND ADDITION,BONE CYCLE

41
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-

-
OOV VODONOD®NOH B A

[ors

-

-

[N
VNN WNVAWUVNOREPENPLOOAONIDROPDCHUVIOUNINODGLGHIE O OL W

1
17
11

NWNHGUAERPNONNOP WENNSOPRN

NOGONMNNWFANONDBDRL UWWHER NOAWADONMHEE GWOLWWRHEH AN WOGO NN NN =

1.470
1,468
1,463
1,461
1.461
1,459
1,452
1.448
1,445
1.443
1,439
1.436
1,432
1!431
1.431
1.430
1,429

1.425
1,422
1.421
1,418
1.418
1,412
1,411
1.407
1.402
1.398
1,396
1‘396
1,389
1,388
1.387
1,385
1.385
1,383
1,375
1,374
1.371
1,370
1.368
1.364
1,360
1.357
1.356
1,355
1,358
1,346
1,337
1.335
1.334
1,334
1.328
1.326
1,325
1.324
1.323
1.323
1,318
1,311
1'307
1,307



n
o

ONDANDE IO D

O GG+ s 1A N O

1.307
1.307
1,306
1.306
1,298
1.298
1.297
1.297
1.296
1.286
1,282
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Appendix D

PROGRAM OUTPUT AFTER PROCESSING THE SAMPLE
INPUT CONTROL CARDS IN APPENDIX C

When printing on any output source (off-line or on-line), the first character of each
line is a carriage control character for spacing on the printer. For example, the char-
acter 0 is a double space before printing; the character 1 ejects the page before print-
ing; and a blank character causes a single space after printing.
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