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ABSTRACT

This report contains a description and op-
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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 (c) 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 expanded 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 hi - k are found, the ACTION routine performs three functions:

1. The phases are computed in the following manner:

E EEI sin (,+q.)
kr k k k h-k

g = tan- , (1)
LIEE I Cos ( o + )

kr k k h-k

where the E values are the normalized structure factors and the yp values are the phases.
For each vector h, k r is the total number of combinations of k and h - k which are
found. Phases are kept in a range -T < o _< iT. 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:

A 1/2 E E cos (' + 'p_) No. of Contributors, (2)
O4  kr

a 2
B L E E_ sin(N ' + q . o. of Contributors (3)

or 1 kr h h-

E= (A 2 + B2) 1 / 2  (4)

where

am = (NZ_

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:

RE = 
(5)

E Eobs I

where RE 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 lEhi calc 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., 7T, 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:

1. Symmetry transformation information

2. Reset phase information

3. Constant information for calculating normalized structure factors

4. Tape and rejection criteria information

5. Optional control information for manipulation of the reflection data
card information

Symmetry Transformation Information - Description of the Input Data
of the contents of card 1 is as follows:

and the vector

- A tabulation

Columns 1-5 6-10 11-72

Data JSYM CENTER CMNT

Format 15 F5.0 7A8,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

Data X Y Z

Format I5 I5 15

16-20

TRNSLTN

I5
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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 0 6

0 -1 0 0

0 0 -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 28-72

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:

The KIND entry in the
the following manner:

corresponding column position causes the phase to be adjusted in

Column ] Vector Type

1 0)0,0
2 0,0,g
3 0, 0, 7
4 0,g,0
5 0,g,g
6 0,g,u
7 O,u,0
8 0,u,g
9 0,u,u

10 g,0,0
11 g,0,g
12 g,0,u
13 g,g,0
14 g,g,g

Column Vector Type

15 g,g,u
16 g,u,0
17 u,0,0
18 g,u,u
19 u,0,0
20 u,0,g
21 u,0,u
22 u,g,0
23 u,g,g
24 u,g,u
25 u,u,0
26 u,u,g
27 u,u,u

KIND Function

1 REAL, e.g., 0 or PI
2 IMAGINARY, e.g., +PI/2 or -PI/2
3 No change
4 0
5 PI
6 + PI/2
7 - PI/2
8 Between - PI and + PI
9 Between 0 and 2 * PI

f
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ALPH is for input of Holldncth 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 F15.3 F15.3

SIG2 and SIG4 are the 02 and (4 constants used for calculating A and B in Eqs.
(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 10-12 13-15 16-18 19-21 22-24 25-27 2831 32-35 36-72

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

Format 13 13 13 13 13 13 13 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:

These options are useful
MTR.

when distinct data are stacked on one tape having logical unit

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

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
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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 input
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 7T.

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 14 14 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. If 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. If INS is greater than 0, the number of reflections is the
sum of the IDE and INE as described above. If 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. If IDS is greater than 0,
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. If 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 0, 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. If 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. If 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 Ih Ik I IfIE IP, 1  P 2  1P 3

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:

1. Transformation matrices
2. Phase reset information
3. Constant card
4. Tape and rejected criteria information card

'5. Manipulating data card
6. Reject vector cards (if required)
7. BCD data cards including phase information (if required)
8. Binary data with phase information from tape (if required)
9. Pass binary data with phase information from tape (if required)

10. BCD data card excluding phase information (if required)
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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:

A. Matrix number
B. Rotation matrix
C. Translation vector in twelfths
D. Holerith information
E. Phase adjustment entries
F. Sigma-2 and sigma-4 values

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:

A. Elapsed time in minutes
B. INEC (total number of binary input vectors for expansion)
C. IDEC (total number of BCD vectors submitted for expansion)
D. NBRJ (total number of reflections rejected from the rejected criteria)
E. NCSAVE (total number of expanded reflections)
F. INSC (total number of pass search binary data)
G. IDSC (total number of search BCD data)
H. INSN (total number of search binary data)
I. NBASIC (total number of reflections used for expansion)

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.

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:

A. Miller indices h, k, 1
B. Normalized structure factors
C. Phases in radians
D. Calculated structure factors
E. Calculated phases in radians
F. Total number of contributors

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:

A. Title of the manipulating data card
B. NC (total number of expanded vectors in the current cycle)
C. INEC (total number of binary data for expansion)
D. IDEC (total number of BCD data for expansion)
E. LSQ - option
F. NBRJ (total number of rejected vectors due to criteria)
G. NBASIC (total number of vectors with attached phases)
H. IRMTR - option for MTR tapes
I. IFLMTR - option for MTR tapes
J. MTD - option for expanded data tape
K. NTD - option for search data tape
L. MTR - option for binary input tape
M. MTW - option for binary output tape
N. ERJ (normalized structure factor rejection value)
0. CHANGE (upper limit for phase changes)
P. KCOUNT (upper limit for the number of contributors)

7. This section is a typical sigma-2 listing. The output prints out the list of k, E-
and E, - -,, for each 9i, E1. 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:

A. Miller indices h, k, 1
B. Observed phases
C. Calculated phases
D. Observed normalized structure factors
E. Calculated normalized structure factors
F. Real part A of the normalized structure factors
G. Imaginary part B of the normalized structure factors
H. Total number of interactions

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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TANGENT FORMULA PROGRAM



Appendix B

COMPLETE FORTRAN-63 SOURCE PROGRAM LISTING

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

PROG3RAM TANGFERM
C XTArK STGMAw2 TAK~GENT FO.RMULA SCHEFULAP
C STEPPEN HRENNERvNRL VERSION 1l/CQ/67

CIAMMM~N ISFARE(25)tF(5 0 )
HANK,( 1 ),/R&FLCT/,(n)TANCF8RM,,/
COMMON /REFLCT/ H( 465 n) ,K C46n) .L (4f5fl) ,EC 4A5n) .R4 65,) ,FCC4650)
COMMO~N /I/ AP(465') ,P(46950 ) ,tNTRP (4650)
DIMFNSIAN 14RFJ(1 nQ) KRFJ(1oU) .LRPJCIOO)
DI MFNSI PN HKL( 3)91 TC 1~o) TITLE 9) ,PT( 9)
LO~GICAL TZ.TPPTR!NSW
LOGICAL EZwPCYCLEsSFCPT
INTIEGFR W#HKL#HFgHLTIPREJ

FOUTVAL},NCE (F(6),PA), (F(7),PI)
EOLJ!VALFNCE (F(50 ),SCLALL),(F(49),C ANGE). (TSPAPEV51),i STK)
EOUIVALFNCE CF(48),rr:.7w)

C SYMMETRY GEFRATFR STOPAGES
COMMN/C~ERTRKTUREJSYM,,GENKKJDFSGCFNTRTJI3ME

I ,#MSYM(3,4,48),JGFNFR(1 46), IDFNT(48),JHP(3.48)
2 FIE8L@NG(48),! 0(96), tNIVPCJ)
DImFN'SICFN KKK(48) ,JS!GNC48)

C CALLIN~G PRO~GRAM DEPENrENT
COMMrON/EXPAND/HE(96),KE(9E).LF(g6),EF(96)sRF(96),EX(96).AX(96),

IHX ( 96 )
2 ,JH#JK.JL#FI .RI ,CfRA,PR

COMMMN/ATEMS/SIG2-SIG4

M W 'a 1

ID SK 3

I YLWfl:'5
HI. Tz200

LIMITHz500
L I MI T K a50 0
LI M TLz5OO
INS(~izD

I 0 1MSz46E50
NC 85:10 l0
R =I n0.
SCLALLUD .0
PT :3.*141 5926535898



CNVRTv7.
C CNVRTz3.3

CYCLE', TRLE.
EZwz *FAt SE,
13:-MW
TIMFI: TIPFFO)X)

REAn SYPMFTRY MATPICES
CALL TXPAND

RFAD FIXED PHASE APJUISTMENT TA8L
HxRESET (H(L ,R

REAP 29SIG2PSIG4
2 FORMAT (2FI5.3)

WRITE (MW,3) Sl(G2#S!G4
3 FORMAT ( * SlG2m.,F15.3,. SIG49*,FJ5,3)

SIG4zSQRT(SjG4)
tKPLT PARAMFTFRS FOR WHORLF JOB

P5 CONTINUF

REAnCMR55)lRMTR,IFLMTRMTDNTD,MTRMTWLYTX.LSTKKr~eLJNT
I ,ERJ,CW4ANGE. (FMT(I), 1:1,5)

55 FORMAT (913p 2 F4, 2 o4A8jA5)

IF(PPJ.FQ.0,6)PRJzPT.
IF (MTR.EC.01 MTR225
IF (MTW.EC.01 MTWz25
I TFMPaMYW
MTW:T A8S(?'TW)
IV(ITEMP.LT.0) REWIND MTW
ISP ARECI) MYW
ISPARE C ):MTR
IF( IRMTR,LE.0) REWIND MTR
I TFMPmMT0
MTD I ARS CPTD)
IF(MTD,FQ,01 MT~wMR
IF( ITFMP. T. 0. AN[l, MYD.NE ,k
I TEMPmNTD
NTDxI AIS(KTI))
IF(NTD.FQ,0) NTD=MR
IFC ITEMP.*GT. 0.AND. NYD.NE * R)

60 IFCIFLMTR,LF.,O) GO~ TO 65
61 READCMTP) JH

IF(JH.LT.,-LT) GO TO 61
IFLMTRE TFLMTR-1
GO To 6nl

65 CONTINUE

75 CONTINUE

RE61ND MTD

RE61ND NTD

READ CONTR('L INFFRMATIFNq INITIALIZE EACH SET

100 REAflCMR,105)IKE. IDE. IkS.I!S.INEP, mERe INSP,.IFmTRLSn,
l(TITLEC I)#IujITL.WD)

105 FORMATC7I4.212#5A8)

RADNSUPI/180.
IF (IFMTBGE,3) RADNkS:1I.a
IFMTRxMC0DCIFMTB,3)
IFC IFMTP,LT.11 IFMTR:1
IFCLSO.LT.1) LS~xi.
ISPARE(3)US0
CLOCKC TIPEF(XX)
FLAPSE' (CL0CK.TImE)/6n000,



16

TIMEI' MLCK
106 CONTINUE

WRITF(MW .120)ELAPSF, INEC. JDECNBFJNCSAVF, INSC. InSC. !NSN.NBASIC
1,(TITLE(I)eIs1,TLWr),INE.ID~aINSirsiNEPIDFRINSPIF4TB,LSQ

120 FORMATC±71-IELAPSED MINUTESEF9,3o2H*f//56H INEC IDEC NBRJ MCS
IAVE INSC IDSC INSN hBASIC,/8171////IH 5A8 //63H INF
2IflE INS IDS INER IDER IKSP IFMTP LSO u/917)

c
C IN IT IALI ZE 16

REWIND ;flISK
IF(IRMTR,EQ.0) REWIND MTR
IF( IARS( IRMTR) .GE.3) IRMTR.0

C CFUKTS
C AFTER FIRST CALL# SSWF VALUE ALTEREr ONLY BY SIGNA4. KEY AT CeNSOLF

IF (SENSE SWITCH 4) 123,124
123 STOP
124 lIt INE,FQ,AND, IDE,EC0.AND, INEPEC.0) RETURN

C
NCxO
INECuD
I DEC a t
I NSCxn
IDSc:0
jmmo
NRASICxr
NBR.Jx0

c REAr PEJECTS
125 NREJu()

IF(IDEREC,0) GO TO 140
130 NREJzNRFJ41

READj(mRPT) b'REJ(NREJ) ,KREJCNREJ) .LRE4CNREJ)
IF(HREJ(NREJ).LT.WLT) GO TO 130
NREJuNRF.J-i

140 CANTINUF
C INPLT TA FXPANSTSK

IF(INE.FQ,O) GR TO 200
C BINARY INPUT

050 INRsi
I NM: IT) IMS
IF( INE,LT.O) INMaIAPS( INE)

160 INECxINFC41
Ir(INEC.GT.INM) GO TB 190
RFAn(MTP) JI~D4KsJLEI RI .CE,BIRPNRA RBXTRA1.KTRA2
IF(JH.LT,kLT) GO TO 250

190 INECzINFC-l
200 CONTINUF

C BINARY PASSING INPUT
IF(INEP.EC.0.FR.JH.GE.HL.T) GO TE 209
INR.3

2111 INFCmINEC'1
RFAn(MTP) JHtDJKJL,FI ,RICEBRPNRARBXTRAI.XTRA2
IFJH.LT,I.LTJ GO TO 250
INECaINFC-1

2nl9 CONTINUF
IFCIDE,F0.0) GO TO 245

C BCD INPUT
I N3R at2
INN: IDImS
IFC IDE,LT,0) INMxIAPS( IDE)

210 IDECzIDFCIl
IF(InEC.GT.INM) GO TO 240
REATICMTDFMT) jHJK,j4#L, RI

IF( JW.GE,HLT ) Ge TO 240
C VARIABLE F@RMAT



C PWASF IS ASSUMED GIVEN IN RACIAN , UNLFSS INPUT VALUF

C EXCFEES * CKVRT=3,3 * IN WHICH CASE CONVERSION
C FACTOR FROM DFGRFES TO PADIANS IS APPLIED,

IF( ABS(RT) ,GT. CNVRT) RI=RI*RADNS

BRzRT

RA- O 0
RRfl , 0

C RE.FCT F.NCODF:D PHASE REFLECTIONS
IF(NI,GE.6.3) GO TO 25f

C REFLFCTI(N ACCFPTANCF FASED CN INDEX VALUES
IF( IABq(.H).GT.LIMITH ) GO TO 256
IF( IABS(.K).GT,LIMITK ) GO TB 256
IF( TABSC L).GTLIMITL ) GO TO 256
GO TO 260

240 IDEC=IDFC-1
245 CONTINUF

GO Tn 3no
C PR(CESS PEJECTIKS

250 CONTINUF
C REECT FER S'AIL E

IF(CF.LT.FRJ) GR TO 256
C RE.ECT FFR LFW ACTIVITY

IF(RNLT,FLFAl(CnUNT)) Ge TO 256
C REVECT FFR DISPARATE PHASES

251 CONTINUF
IF (INEr,GTINSCI) GO TO 252
TPP= ABS(RI-RH)
IF (TPP.GT.Pl) TPP=2,O*PITPP
IF (TPP.GF.CHANGE) nO TO 256

252 CANTINUF
C REECT IF LISTED RFJECTION

IF(NPFJ.LE,0) GO TO 260
D) ;55 J:I,NREJ
IF(JH.NFV.RFJ(J5) GO TO 255
IF(JK.NFKREJ(J)) GC TI 255
IF(JL.EOLREJ(J)) GO TO 216

255 CONTINUF
GO Tn 260

C
C LIST REJECTS AND RFTPIFVF NEXT RaCORD

256 NRRJaNBRJ*1
IF (N8RJ,EQ.j) WRITF (MW,258)

258 FORMAT (////33X,*H K L El R Cc BR
t NN * //)
WRITF (CW,257) JHJK,JL#FIRRpCERI ,N

257 FORMAT (*REWECTED *,AT5,5F1n,4)
CE:ET

HRxRI

RNaO, 0

XTRAI:O.O0

XTRA2=0 .0
WRITE(ISK ) JH,JK,JLEIOICE,ERBKRARR.XTRAIXTPA?
GO TO (16a,2j0oo1),INBR

260 CONTINUP
C

262 CONTINUF
C WPITE DISK FOR SEARCH

WRITF(IPISK) JHJKJL,EIRICE,PRBNRARRXTRAI XTRA2
C EYPANr OR PASS

GO TO (265,265,?O1),IN8R



265 CONTINUF

CALL TXPAND

IF( NC.mE ,GE, InIMS)
NBA S IC=2NBA S IC *
00 270 Jx1,ME
NC: NCl
Mt NC) :HF C,
K (NC) :KF (w)
L (NC) :LF (,)
E CNC ) EF (v)

EC(NC)xFX(J)
AP( NC ) AX (J)
RPCN)zRX(4
CN Tq W~ N( ) 2 RN

EVPANr,

Ge TO 200

RESET FOR *E7W*
270 CONTINUF

NCSAVEzNC
IF(LISTX.LT.1) GO-TP 280
L ISTX:L ISTX-1
WRITE(MW*275) (NE(J) ,KEtJ)aL~fJ)vFE(J)vRE(J)s

i Jxsi.mE)
275 FORMAT (JOHo EXPAND /so H K L F PHASE *

i (315-2FiD.4))
280 GO TO (16a,210)#IN8R
300 CONTINUE

L I S T X O
INITIALIZE SEARCH

WRITE (I I SK) WLT, JK JL ReA. BpB# 6 # B#8
IF (NRRJ,LE.0) GO TM 311)
REWIND ISM
IRRJx0

305 IRRJ:ISPJ~j
READ (ISK ) JHJK,4LDEIURIDCE,8RIRAPRA.XTRAIXTRA2
WRITE(II)ISK)JHJKDJLDEIDRICE,~pBNRAR9,XTRAIXTRA2
IF (IBRJ.LT,NRRJ) GO TO 305
REWIND 15K

310 CONTINUE
IF(IRMTR,E0.0) REWIND MTR
REWIND TDI5K

PRINT PARAMFTERS
WRITF(MW,315) (TITLEC I). Jaj* TL6D) NC, INECIDFCLSONBRJNBASIC.

1IRMTRIIFLM'TR , NTD.NTD, NTRNTWD ERh w iPR,, KCOUNT
315 FORMAT t1I-1,5A8//* NC INEC IDEC LSM NRRJ NBASIC IRMTR IrLM

ITR MTD NTD MTR MTW ERJ CkANGF KCOUNT */t2f6,2Ft6.4
?# 16///)

317 CONTINUF
316 FORMAT (40X#316)

IF(NCNF,C, G@ To 325
NCxNCSAVE
GO TO 350

325 CONTINUE
SFRT

CALL SRTSAB(NC,9.I D3DDKL ,ERECAP ,2PCNTRB)
SFARCW TABLE PREPARATION

CALL MKTBL (ITii5oH#NCK#L)
INITIALIZE BASIC SET

350 CONTINUE
IHuo
INSNxO
I1sI.
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CALL ACT ICN(HK LINEIlE. IF)
C PASS SEARCH BINARY

IF(lNSP.EC.O) GO) Te 400
1 R-6
I N M: 21 m S
IF( INSP.LT.*0) INM:I APS( INSP)'

451 INSN=INSN41
IF(INSN,GT,INM) GB Te 459

492 RFAr) CIPISK) IN, 1K, ILFE,FRBEFRB~ *PAPRXTRAIXTRA2
IF(IH-GF. LT) GM TB 459
CALL ACTIEN (HKL,mEsMFIR)
GO TO 41'ji

459 INSNaINSNI.
C HINARY(nISK) SEARCH INPUT

400 IF(INS*POO OBR, IH,GE,I-LT) CB TE 450
INF3R:1
I N M=ID I mS
IF( INS,LT.0) INMzIARS( INS)

410 INSCmINSC4l
IF(INSC.GT.INM) GO TO 440
READ ( InISK) IN. 1K, LFFsFRoeEPR,8N ,PA.P~,XTRA ,XTRA2
IF(1W.LT. LT) GO ) T 500

440 INSC:IcNSC-i
450 CMNTINUE

INSCaJNSC + * S
INS C 1:1 NSC
IF(InS,F0.0) GB TO 495

C BCD SEARCH INPUT
IN4R:?2
I N M: I D I MS
IF (IOS ,L T-0) 1 NMeIAPS (I PS)

460 IfSCDSC1l
IF(IDSC-G7.INM) GO,! TO 490
RFAn(NTnoFMT) IN, 1K, LpFE.FR

C VARIABLE FTRMAT
IF( ARS(FR) *GT, CNVRT) FRaFR*RADNS
REaFF

PAMMO
Pp:On . 0

470 CANTINUF
IF(IH.LT, -LT) GO TB 500

490 IfSC:IOSC-1
495 CONTINUF

IF (NRRJ.LE.O) GO TO 600

INRR:O

497 IPRJ:1B'RJ~1
IF (IRRJ.GT.Nf3RJ) GO TO 660
RFAn C IISK) IN. 1K, IL,Fe,FRBEPR,BN ,PAPOXTRAI,oXTRA?
GO Tm 5n0

C IKITIALIZE PASIC VECTIRS
500 IR:?

C EXCEPTIONAL CMNrITIFN DISCONTINUE
IF (SENqE SWITCH 3) 570,565

C
5E65 CALL ACTIEN(HKLMF,ME@IB3)

C SEARC
CALL SEARCH(HKL#H#KoL.NC, IT)

C F(,NCTIMNS FOR EACH BASIC VECTMR
IR4

CALL ACT IEN(HKL#ME,ME, IR)
GO TO 575



570 10:6
CALL ACTION (HKLMEsMF,IR)

575 CONTINUF
ON-LINE MONITORING

IF(PINSW(i) ) CALL DSPLAY( !NSC,5, IDSCx5)

GO TO (410*460,497),IN8R

600 CONTINUF

I R 25
CALL ACT IeN(HKL, JNSIDS, 10)

CYCLE: ,FALSF.
GO TM (75925)aIFMTB
END

LFSP THRU VECTORS OF 9ASIC SET

FLNCTIONS OVER BASIC SET
(CORRELATIONS)

9LMPARY

SLBROLTINE ACTION H,KACYNLACTN*IP
ACTION TANGENT PHASE ADJUSTMEKTS

H*BASIC VFCT@RK*POINTER#L*FOINTER (H-V(K)aV(L))

COMMON /REFLCT/MH (4650) ,MM(4650),ML (4656).E (4650),R (4650) .EC (4650)
COMMON /I/ AP(4650) ,BP(4650) ,CNTR8(4650)
COMMON ISPARE(25)oF(50)

COMMON/ATFMS/S IG?,51G4

DIMENSION H(3) ,M(3)
INTEGER H.HLT

EQU!IVALENCE
EOU! VALFNCE
EOUT VALENCE
ECU! VALFNCE

C ISPARE(3 ,LSC) ( ISPARE(1) .NTW), (ISPARE(4h 11403)
(F(50),SCLALL)#(FC49)oCi-ANGE)o(ISPARE(5),LISTK)

ECU! VALENCE (F (9), CREAL), (F (10),C IMAG)
EQUIVALFNCE cFc11),A), (F(12),B), (F(13)oSCL)
EQUIVALENCE (F(2o),BASIC), (F(?j,#PA15)
ECU! VALENCE (F (22), SFF) , F (23), SBE), (F (24), SFR) *(F( 75) ,SDR)

1
2
3
4
5
6
7

STORAGE ASSIGN MENT DESCRIPTI@N

08SERVEE E
eRSFRVEr (PREVIOUS) PHASE
CALCULAIEi E
CALCULATEE (CURRENT) PHASE
NUMBER FF INTERACTIONS
REAL PW~ASE CAMPONENT
IMAGINARY PkASE CMMPONENT

LS091 TANGENT FMOULA
LSQx3 TANGFNT FOR E PNLY, NO NFW PHASE

X TR A1:0 .0
X T R A20 *0
MW=61
ISKz3
HLT2200

VAR! ARLE

FE
FR
RE
RR
RN
PA
Pp



PI=3.1415926535898
CIRCLE=3,14?
TUPI=6,2831853071796

K:KACTN
L=LACTN

ENTER PROPER PROGRAM SEG EKT
q0 TO (100,200,.0f,400,500,600),IF

100 CONTINUF-

REWIND ISK
00 105 J.20.35

J05 F(J):n,
ARN=f,
RETJIPN

200 CONTINUE

RN.')

A=O
8.0.
CREAL20,0
CIMAGO 0
IF (LISTK,LT,i
WRITE (MW,245)

245 FORMAT (iCOo *
WRITE (MW,246)

246 FORMAT(
iL E

250 CONTINUF
RETURN

300 CONTINUF

NITIALI7E OVER 8ASIC SET ANID FOR THIS ROUT,

NITIALIE F R EACI BASIC VECTOR

Gm TB 250
H(1)tH(2), (3)#(F(J)#J =1. 2)
HASIC REFLFCTION:* 315,2F8.3)

H K L P H K* 0
R /

COMPUTF FUNCTIONS ANT) SUPS FOR EACH INTERACTIBN
THIS SECTION ENTEFEE FY SFAPCH 19=3

RNaRN*I,
CxARS(E(K)*E(L))
D:R (K)+P(L)
A=A+C* rOS(P)
8=8*c, SIN(D)

375 CONTINUF
IF(LISTK.LT.1) GO TF 385
WRITFtMW.380)H(K),K(K),PL(K) ,F(K),P(K),MH(L),MKCL),MLCL),E(L)

1,R(L}

38 0 FORMAT (5X,3', 2F8,3o3I5,2F8,3)
385 CONTINUF

RE TURN
PROCESS PASSFD VECTORS

6fO CONTINUF
o0 pn5 1015,16

605 F(I)=w,
RR=FR
PASS=PASS*I.
CREAL2OO
IMAG= ,0
S CL3 .5
GO TO 45n

FUNCTIONS
400 CONTINUE

RESULTS FOR EACH BASIC VFCTAR

A = A*SIG2/(SIG4*RN)
B R*SIG2/(SIG4*PN)



C
IF CA-EQ.0,tO.AND#H,EQ.O,0) GO TO- 401
RAWPxATAN2 (BsA)
GO TO- 402

4011 CONTINUF
R A W P n, n

402 CONTINUF
BR=FR
IF(LSO. EQ.I,1) R:RESFTCHRAWP)
BE =S0RT(A*AO*8)
SFE=SFE 'FE
SRE:SRE'BF
SCLs2, 5
ABN=ARN + BN
IFCLISTK,GT. 0) LISTK=LISTH-1

450 CONTINUF
C SUP'S

BASIC:BASIC+..
C SAVE FOR SCALING

WRITE (ISK) (H(-J)oJxi,3)s (F(I)oI:1,14)
RETULiRN

5110 CONTINUF
C RESULTS OVER BASIC SET
C SCALES At D CFUNTS

AFE:SFE/(EASIC-PASS)
ARE=SRE/ (BASIC-PASS)
ARNzARN/ CBASICvPASS)
SCALEcAFE/ARE

C nMNT SCALE IF USING CORRECTIFN TERP
NzB ASIC
REWIND ISK
SDEztfl.
SFFA=D0,
SREA=D,

C
C HEADING

WRITE(MW ,505'
5M15 FMRMAT(IHl,40X,41H* .* TANGENT P'ORMLLA RESULTS *a//

isaH H K L ORS R CALC R OFS E CALC E A
2 N //

C
C RE-SCALEoPRINTAND SAVE

Do 550 JuljON
READ (15K) (M(I)tI:1,3), (FCII)oIlu1,14)
IF(SCL.GT.3.0) G14 TR 515
BEE RE *SCAL E
P A: ASC ALE
P~xRaSCALE
SDE=SDE * ABSC FE-BE)

515 SFEAsSFFA+FF
SRE A.SBEA 'BE

C PRINT
WRITE CMW,525 )(MC I) , 1.13) ,FR, RFE.EEpPA ,Pi8,BN

C
525 FORMA (IH ,315v7F8.3s2F8,3)

C SAYE BINARY FRR NEXT CYCLE
WRITF(MTW) (M(I), Iul,3),FEBRBEFRoNPAPRXTRAI,XTRA?

550 CONTINUE
REWIND ISK
WRITECMTW) WLTlHLT,WLT, CF'( I), 1:9)

c CORRELATION RESULTS ONoAND OFF.!LINE
RE: SDE/SFE
SCLALLsSFEA/SBEA
AFE AsSF FA/BAS IC
WRITE (mW,570)RE ,SCALE ,SCLALLBASIC,'PASS



570 FORMAT(37 0 R-FACTORS
Is/24HO SCALE FACTORS.
2UNTS- T@TAL,F8,1 ,7H
RFTURN

FOR CALCULATEE VALUFS- FF8,4
CALC EIF8,4, 8H OVERALLFR,4/?4H0 VECTOR CO

PASSEDF8,I/)

END

CTXPAND
C

SLBROUTINE TXPAND
GENERATES SYMMETRY MATES FqR MqST SPACE GROUPS

FOR XTAN

C SYMMETRY GENFRATeR STORAGES
COMMON/GENRTR/KTUBEJSYM,JGENKMJDESIG.CFNTERTJ,13,ME

I ,MSYM(3,4,48),JGENER(146),IDFNT(48),JHP(3,48)
2 sIBL0NG(48),ID(96),INDxP(3)

DIMENSION KKK(48),JSIGN(4@)
EOUIVALFNCE (ID(I),KKK(1),(ID(49),WSIGK(I)),(13 I4)

C CALLING PROGRAM DEPENCENT
COMMON/EXPAND/HE(96),KE(96).LE(96),EE(96),RE(96),EX(96),AX(96)o
IBX(96)
P ,JHJKJLEIsRICEpRARB
INTEGER HE
DIMENSION CMNT(8)
DATA (ISTARTvI)

C FIRST CALL READS AND CF-CKS MATRICFS
GO TO (5o50),ISTART

5 ISTARTuP
13=61

C CENTER=O S CENTERED SPACE CRRUP

REAn 15,JSYMCENTERj(CMNT(L)pLzlp8)o
I ((( MSYM(I.J.K),J=i.4),lala9 ),KNIuI.SYM)

15 F9RMAT(15,FS.,7A8,A6/(4IS))

CALL GENCHK

WRITE (13,20)(CMNT(L)PL21,8)
20 FORMAT(34HoSYMMETRY MATRICES FOR

GO TO (55t,600),KTURE

50 CONTINUE

Tuo,
PHASEuRI
Jal

N=2
Nx0
INDXP(1)a
INDXP(2)v
I NDXP ( 3).

70 CALL GEN

SPACE GRMUP7AAA6)

SURSEQUENT CALLS EXPANr UNIOLE VFCTORS

INITIALIZE

JL
FILL GENERATION eAND

C CISCeNTINUE ON ERROR
GM TO (75,600),KTUBE

C INTERROGATE FIRST MATRIX

75 CALL FLSFLN(K)
C INSIST ON IDENTITY MATRIX F

IF(KK,NF.1) GO TO 600
GM TO (300,600,600n)K

100 CONTINUF
C GENERATE NEXT SYMMETRY MATE

CALL FLSFLN(K)

IRST



GO TO (C125,500,600),K
C SO THAT A AND B ACJUSTMENT WILL WORK

125 IF(KK,NF.1 .AND. KK,NE.7 ) GO TO 600
T=TJ*6,2831853071796
Jzl

PHASE=RI
C CO NOT ADD CURRENT REFLECTION IF DUPLICATE

2no DO 250 Iu1,N
IF(INnXP(t) .NE. HEM!) ) Go TO 250

IF( INDXP(2) .NE, KF(I) GO TO 25n
IF( INDXP(3) .EQ, LF(I) ) GO TO 400

250 CONTINUF

C ADD NEWLY GENERATED SYmMETFY MATE
300 NzN*$

HE(N)= INDXP(l.)
KF(N)= INVXP(?)

LF(N)= IN[)XP(3)
RE(N)=HFMIR (PHASE + T)
S= COS(RE(N) )

AX(N)mRA*SIGN(1.,S)
S=SIN(RF(K) )
BX(N)=RP.SIGNfl,,S)

4no CONTINUE
C GENERATE NEGATIVE OF PREVIOUS REFLECTION

GO TO (4 1
0 ,10

0 ),J
410 J:2

DO 425 1:1,3
INDXP(I)s-INDXP(1)

425 CONTINUF
PHASE=,PI
GO TO 200

C GENERATION COMPLETE
500 MEUN

C FILL E SLBTS
DO 510 I:1,N
FE( I )=EI

510 EX(I)mCE
550 CONTINUE

RETURN
C ERROR CONDITION rETECTFD

600 CONTINUE
PRINT 6M5,KTUEsKsKKJDESIG

605 FMRMAT(25"O ERROR DURING GENERATION P414)

STOP
END

SUBROUTINE MKTBL (TpNorpLsDK,DL)

CMKTBL PREPARATION OF PSEUDG-ADDRESS TABLE. PRFSUMFS (L) SIRTED
C INCREASING PREER INTEGER DATA(D) OF LIMITED NUMBER OF SPECIES, TABLF
C (T) ENTRIFS ARE CUMULATIVE COLNT FOR EACH PSSSIBLE SPECIE(N). FOR

C GIVEN H, (H- T(1j=I) IS INDEX LOC, IN T SLCN T(I)-T(I-i) IS NUMBER MF
C H DATA, T(I-j).i IS LqC, RELATIVE TO D() OF FIRST SUCH H,
C

DIMENSION T(N),D(L)
DIMENSION DK(L),DL(L)
INTEGER TDCMPROSZ
INTEGER DKDL
INTEGFR PARMTR

C SZzSIZE TABLE T REQUIRED, NuSIZE AVAILABLE
PARMTRmY
SZsD(L)-O(I) * PARMTR

IF(SZ,LFN) GO Tg 20
PRINT i5,SZN

15 FORMAT(120 TABLE SMALL215)
STOP



20 T(1):D(1)-PAR TR
25 T(PAPMTP-I-x)

ITEMPaL
T(2)= 1000
T(3)l 1000
TC4)u IlO00
T(C5)='100

C
C D 125 JIIEMP

C MINIMUM K
T(2): MINO ( DK(IJ)#T(2) )

C MAXIMUM K
T(3)= MAXO (C K(IJ),T(3) )

C MINIMUM L
T(4): MINO (CDL(IJ),T(4) )

C MAXIMUM L
T(5)z MAXO ( DL(IJ),T(5) )

J25 CONTINUF
C CMPR IS CURRFNT SPECIE TYPE COMFARAKND
30 CMPR=PARMTR

C M IS CUMULATIVF CFUNT AND LFCATION IN U
35 MZj

C KND IS SPECIF NOW AVAILABLE
40 KND=D(M5-T(1)

45 IF(KND-CMPR) 85,50,70
SO M2M*j
55 IF(M.LE.L) GO TO 40
60 T(CMPR)=M-1
65 RFTURN
70 T(CMPR)tM-1
75 CMPR:CMPR 1
80 IF(CMPRLE.CD(L)-T())) GO TO 45
85 PRINT 90,CMPR

90 FRRMAT(.HO,2oX,32H*MKTBL* DAlA NOT PREPERLY SMRTEP,I5)
STOP
END

SUBROUTINE SEARCH(HKL#HK.L,N,IT)
CSEARCH SIGMA-2 TYPE INTERACTION SFARCI-, ASSUMFS LEXICOGRAPHICAL
C LY INCREASING ORDERED VECT9RSCHKL) C@ PRISING EXPANDED PECK, FOR
C HKLFINDS (L) WHERE H"K=L USING TABLE OF RELATIVE LOCATION AND NUMBER
C OF VARIOUS SPECIES OF(L),(HKL),
C

INTEGER HHAHDHKL
EQUIVALFNCE (J(1),HA),(J(2),KA),(J(0 ),LA)

DIMENSION HKL(3),IT(150),H(N),K(N)#L(K),J(3)
C
C WA/H, H/K, HC/L ,IN H-KvL N@ HDSIA-H
C

ISRCHzin
IRANGE=?

35 IRRNCH3
5 HAXHKL(l)

10 KANHKL(P)
15 LA=HKL(3)
20 MHvH(N)
40 DC 135 I=3,N
45 HP.HA-H(I)
50 IF(HnLT.(I).ORHDGT.MH) GO TO 135
55 Kn:KA-K(I)

IF( KDLTIT(2) ,OR, KD,GT,IT(3) ) GO TO 135
65 LD=LA-L(I)

IF( LD,LT.IT(4) ,)R, LDGT,IT(5) ) GO TO 135



P IHC-IT(1)
M2xIT(Ml-1)+l
M3xI T (MI )

IF(M2.GTM3) CO TO 135
RANGING

SUB-SET BETWEFN M2 ANr M3 RFDUCFD SLCCESSIVFLY RY IRANGE
UNTIL SEARCH SFT OF 517E ISRCH DETERMINED,

P4=M3-M2*I
IF(M4.LE,ISRCH) GO TO 95
M5=M2 + M4/1RANGE
IF(KD-K(M55) 255,240,245
IF(LD-L(M5)) 255,265,245
M2M ..

GO TE 210

GO TO ?1
PRRCFSS EQUALITY (INFRFQUENTLY)

11:1

IF(M5,LT,II) GO TO 135
CALL ACTION (JIIM5,IRRNCF)
G) TO 135

SEQUENTIAL DIRECT COMPARISENS

DO 130 PuM2,M3
IF(KD.LT,K(M)) Go TO 135
IF(KD,NFK(M),R.LD,NF.L(M)) GI TO 130
MMuM
Iult
IF(MM.LTII) GO TO 135

*ACTION* ROUTINE ENTERED EACH
CALL ACTION (JaIMMIBRNCH)

GA TO 135
CONTINUE

CONTINUE
RETURN
END

TIME INTERACTION IS FOUND

SUBROUTINE GENCHK GENCO020
C VERSION OF NoV 62 GENCOn3O
CGENCHK- ARRANGES AND CHECKS SYMMETRY OPEFATI@NS FOR GEN, GENCO010
C LIFTED FROM * XxRAY 63 a
C JAMES STEWART DARREL HIGH
C ADAPTED ON CDC 3800 BY STFPHEN BRENNERoNRL
C A FORTRAN SUBROUTINE TO CHECK SYMMETRY FPERATIONS SUPPLIED TO DATAGENCO040
C REDUCTION PROGRAM AND PUT THEM IN PROPER FORM FOR GEN THE GENCO050
C FOURIER CeDE GENERATOR. THE ROTATIBN MATRICFS ARE SEARCHED FOR GENCO060
C DUPLICATES. THE PRESENCE EF THE IDENTITY MATRIX IS ESTARLISHED, GENCO070
C THE SYMMP MATRICES ARE CHECKED FOR ROWS OR COLUMNS OF ZEROS. IF GENCO080
C THERE APE M6RE THAN ONE SFT OF ReTATIeN MATRICES(I,E, TFTRAGONAL GENCO090
C OR HIGHER SYMMETRY(HKL,-HKLH-KLO-,H-KL))A CHECK IS MAnE TO MAKE GENCO10
C SURE ALL SETS HAVE EQUAL KUMBERS OF EKTRIFS. GENCOIO
C THE SUBROLTINE IS CALLED FY CALL GEKCPK GENCO12O

C ALL NECESSARY QUANTITIES ARE IN COMPON STORAGE, GENC0130
C GENC019O
C SYMMETRY GENERATIR STORAGES

COMMON/GEKRTR/KTUREJSYM,JGENK ,JDESIGCENTERTJD13,ME
I *MSYM(3,4,48),JGENER(146),ID NY(48),JHP(3,48)
2 *IBL@NG(48)sID(96),INDjP(3)
DIMENSION KKK(48)oJSIGN(4F)
EOUIVALENCE (ID1.),KKK(1)),(I0(49) ,IwSIGN(1)),(13#14)

C /GENRTR/ OCCUPIES S 1070 $ LOCATIOKS,

210
215

230
240
245
250
255
260

265
270
275
280

95
100
i5
110
115
116

C
120
125
130



C GENCO300
C MAKE A CONSTANT FOR DO LOfP UPPER LIMITS. GENC0310

N3=3 GENCO320

C CLEAR ORDERING CODE BAND TO ZERF GENCO330
DO 901 Jmls96 GENCO340

9011 In(J)o GENCO360
Do Qf2 J.1,48

9n2 IDENT(J):O
C SET SIGNAL TO NO MISHAPS GENCO370

KRAD=I GENCO380
C CHECK ROTATION MATRICES FFR DUPLICATIEN, GFNCO390

KTURFO GENC0400
1001 KGENui GENC0410
1002 KGENI=KGEK+i GENC0420

IF(JSYM - 1) 8990,1101,1003 GENC0430
j003 DO 1010 j a KGENI,JSYM GENCO440

D J004 LGEN tjpN3 GENC0450
DM 04 LGENiaIN3 GFNC0460
IF(MSYM(LGENLGEN.IKGEN)"MSYM(LGENPLGENIJ ))0n5#in04,1005 GENCo470

1004 CONTINUE GENC0480
GO TO 1090 GENC0490

1005 DO 1006 LGEN 8 1,N3 GENCO500
DM 1006 LGEk1:1,N3 GENCO510
IF(MSYMfLGEN,LGENIKGEN), SYM(LGENLGENIJ))lO1t,1006,1010 GENC0520

1006 CONTINUF GENCO530
1007 K8AD:2 GENCO540
1010 CONTINUE GENC0550

KGEN=KGFN*i GFNCO560
IF(KGEN-JSYM)1002pl01, 1101 GENCO570

C ERROR DETECTED DUPLICATE POTATIFN AMOKG SYMRPS, GENCo580
1090 WRITE (14,1091)K#JGEN GENCO590
1O91 FMRMAT(5 0H ROTATIONAL PART OF TH SYMMETRY OPERATION OF CARD 14,I9HGENC 0 60 n

i IDENTICAL To CARD 14,tH,l GENC0610
KTU9E=KTU8E*j GENC0620
GO To 9001

C MAKE SURE IDENTITY ROTATIFN MATRIX FRESENT AND NO COLUMN OR ROW GENC0640
C IIS ALL ZEROS, GENC0650
1101 CONTINUE GENCO660

DO 1120 JIsJjSYM GENC0670
NAT= 0  GENC0680
DO 1105 LGENZIN3 GENCO690
NKTUREmn GENC0700
DO 1104 LGENIIN3 GENC0710
IF(MSYMfLGEN,LGFN1,J))1103,1104,1102 GENC0720

1102 IF(LGEN"LGFN1 pl03,11031,1103 GENCO730
1103 NOTxI GENC0740

GO TO 1105 GENCO750
11031 NKTU8Exl. GENCO760
1104 CONTINUE GENC0770

IF(NKTU0E)11041,11041,1105 GENCO0780
11041 KTURFRKTUBE41 GENCO790
1190 WRITE (14,1191)JLGFNI GENCO800
1191 FPRMAT(1SH SYMMETRY CARD 14s5H POW 14#29H OF RBTATIMN MATRIX ALL ZGENCo81o

IERO.) GENCO820
NMTxI GENCO830

1105 CONTINUF GENCO840
DO 1107 LGEN181,N3 GENCO850
00 1106 LGENv1,N3 GENCO860
IF(MSYM(LGENtLGENIJ))1107,1106,110 7 GENCO870

1ij6 CONTINUE GENCO880
1192 WRITE (14#1193)J#LGEN GENCO90
1193 FMRMAT(1 5w SYMMETRY CARD 14#8H COLUMN 14,29H OF ROTATION MATRIX ALGENC09 00

IL ZFRO,) GENC091o
KTU9ERKTUPE&I GENC0920

1107 CONTINUF GENCO930



C CHECK TO SEE IF IDENTITY MATRIX FOUND, GENCO940
IF(NqT)1120,1110,1120 GENCO950

C IF InENTITY MATRIX SEFMS FOUND PAKE SLRE TRANSLATION VECTOR ZERO. GENCO960
1110 DO 1111 LGEN:1,N3 GENCO970

IF(MSYM(LGEN,4,J))12no1111e20 GENCo0980
1111 CONTINUF GENC0990

IDENT(1)3j GENC 1000
In(J)ZI GENClOIO
N I=02 GENCID20

1120 CONTINUF GENCI 30
IF(IDFNT(1))1194,1194,1201 GENCI040

C IF NO IPENTITY MATRIX GIVE UP DATA RECUCTION, GENCjn50
1194 WRITE (I4,1195) GENCt060
1195 FORMAT(?6H NO IDENTITY MATRIX FFUND,) GENC1070

KTURE=KTUEE*i GENCIn80
30 TO 1601 GENC1090

C HAVING FOLND THE IDFNTITY MATRIX FIND HFW MANY ROTATION MATRICES GFNCIOO
C RELONG To ONE SYMMETRY CLASS HEREINAFTER-WHMOPS.AND SORT THESE GENC1110
C TOGETHER FY MEANS OF AN INDEX IrENT(J), CHECK TO MAKE SJRE EACH GENC120
C GROUP OF ROTATION MATRICES HAS THE SAPE NLJMRER OF MATRICES. GENC1130
C RETURN FRROR IF THIS CONDITIeN NeT MET, GENC1140
1201 ASSIGN 1211 TO ISWMTP GENClSO

NQUI GENC1160
KaInENT(1) GENC1170

C SEARCH FOR NOK-ASSIGNED SIMILAR MATRICES. GENC1180
12n5 DO 1210 JxNOJSYM GENC190

C SKIP TESTS IF ENTRY ALREArY ASSIGNEE, GENCi20
IF(ID(J))1210,1206.1210 GENC1210

1206 DO 1209 IPl,N3 GENC1220
DM j209 ISz1,N3 GENC1230
IF(MSYM(IP,ISK))1.207,12Oe,1207 GENC1240

1207 IF(MSYM(IPIS.J))12n9,1210s1209 GENC1250
1208 IF(MSYM(IPIS,4))120 ,1209,12i0 GENC1260
1209 CONTINUF GENC1270

C MATRICES ARE SIMILAR IF HERE, GENC1280
GO TO (1710,1701),KBAO GENCI29O

17ni DOR 705 IPx1,N3 GENC1300
OR 175 IS:1,N3 GFNC1310
IF(MSYM(IPIS#K) *MSYM(IP,lS1J)) 1210.1705#1210 GENC1320

1705 CONTINUE GENC1330
C MATRICIFS ARE ENANTIOMORPNBUS IF HERE, GENC1340

I1(J) a I GENC1350
GO TO 1210 GENC1360

1710 CONTINUF GENC1370
In(J)=1 GENC1380
InENT(NID)=J GENCJ390
NROTP=NRBTP+i GENC1400
NID:NID*1 GENC1410

1210 CONTINUF GENC1420
C SWITCH TO CHANGE PATH AFTER FIRST TIME, GENC1430

Go To ISWMTP,(1211,1212) GENC1440
1211 NROTxNID- GENC1450

ASSIGN 1212 TO ISWMTP GENC1460
GO TO 1213 GENC1470

C CHECK THAT ALL GROUPS HAVE SAME NUMEER AS FIRST, GENC1480
1212 IF(NROT-NRBTP)1290,1213,1290 GENC1490
1213 NR@TPU1 GENC1500

C SEARCH FGR NEXT UNASSIGNEE(FIRST LEFT Ik TABLe) GENC1510
DO 1214 JxIJSYM GENC1520
IF(ID(J))1214,1215,1214 GENC1530

1214 CONTINUF GENCI54o
GO TO 1301 GENCi550

C MARK IT AND GO ON, GENC1560
1215 KuJ GENCI570

IDENT(NID).J GENC158n



NO=Ki GENC1590
NID=NID*I GFNC1600

ID(J)=1 GFNC1610

IF(N0-JSYP)1205,1205*1301 GENC1620

C ERROR BLOCK-UNEVEN GROUPS, GENC163o

1290 KTURE=KTUPE*1 GFNC1640

WPITF (14,1291) GFNCI65D

1291 FORMAT(86H THERE IS EITHER A SYmMETrY OPERATION CARD MISSING OR INGENC166D
I EXCESS OF THE CORRECT NUMBER,) GENCI67D

GO TO 1601 GFNC168n

1301 CONTINUE GENC1690

C CHECK IF KROT IS A(INVICATES A NON-CFKTRO SPACE GROUP WHICH GFNC1700

C COULD BE CENTRIC), GFNC1710
1401 IF(NROTr8)140",14021490 GFNC1720

1402 GO TO(1i501,5l,1490,15nl1490o149O,1490,1403),NROT GFNC1730

1403 IF(CFNTER)1404,149D,1404
14M4 WRITE (13,1405) GENC175n

1405 FORMAT(55H SPACE GR.JIJP COLLD BE MADE CEKTRIC RY CHANGE IN ORIGINGENCI70

GO To 1601 GENC1770

1490 WRITE (14,1491)NROT GENCI780

j49j FORMAT(,H 14,32H ROTATION MATRICES FOLNE, WHY.,.) GENCI790

KTURE:KTUPE*i GFNC19O0

GO To 1601 GENC1800

C CHECK THAT NM-H,rK,PL ROTATION POSSIBLE, GENC1I20

15o1 GO TO( 1j6n,159 0 ),KBAD GENC1832

1590 WRITE (14,1591) GENC84n
1591 FORMAT(62H SYMMFTRY OPERATION TABLE CeNTAINS OPFRATION THROUGH A CGENC1950

IENTER,) GENC1860
GO TO 1601 GENCIS70

C CHANGE THE TRANSLATIOK VFCTOR CEMPONENTS TO MPDIJLl TWELVF, GENC1880

16n1 DO 16n9 4=1,JSYM GENC1990

DO 1609 I=isN3 GENC1900

Ci6n3 CALL XMPDTW(MSYM(U,4,4)) GENC1910

16m3 IF(MSyM( ,4,J)) 1604,1609,1609 GENC1920

1604 MSYM(I14o,-) a MSYM(I,4J) * 12 GENC1930

16n9 CONTINUE GENC1940

C TEST THAT ROTATION MATRICES HAVE DETERMINANT O nR w ONE. GENC1950

1801 DO 1.804 J z J,JSYM GFNCI9O

ICKFY X MSYM(i,I,J)*(?SYM(22J).MSYM(33,J)-MSYM(2,3,J)*MSYM(3,2,GFNCI970
1J))-MSYt(2,I,J)*(MSYH(1,2,J)*MSYM(3,3,J)-MSYM(1,3,j)*MSYM(3,2J))4GENC1980

2MSYM(3,1,%d*(MSYM(1,2,J)*PSYM(2,3,J).MSYM(1,3,J)*MSYM(2,2,J)) GFNC199O

!F(ICKEY) 1802,189ol1002 GENC2000

1802 IF(ICKEY - 1) 1803,1804p1803 GENC2010

1803 IF(ICKEY * 1) 1890,1804,1890 GENC2020

1890 WRITE (13, 1 891)J GENC2n30

J891 FMRMAT(35H THE DFTERMINANT OF ROTATION MATRIX 13, 19H IS NOT * OPGFNC2040

i - ONE, ) GENC2n5o

KTURE x KTUBE * I GENC2060

GO TO 104 GFNC207O

1804 CONTINUE GENC2080

C CHECK FOR GROUP PROPFRTIES, GENC2090

C ALL CHECKING COMPLETED GENC2100

8901 IF(KTUBF)8902,890,8990 GENC2110

8902 CONTINUE GFNC2120

WRITE (13,8903) GENC2130

8903 FPRMAT(38HjSYMMETRY OPERATION CHECKING COMPLETE,) GENC2140

C WRITE OUT FOURIER SYMOP MATRICES ANE VECTORS GENC2150

WRITE (13,8904) GENC2160

89n4 FORMAT(IHOIoXj5HRFTATI0K MATRIX ,oX,32HTRANSLATION VECTOR (IN TWGENC217o

IELFTHS)/IHO) GENC2180

DO 8955 IJK a JJSYM GFNC2190

J z IDENT(IJK) GENC2200

8954 WRITE (13,8905)J,((MSYM(IsIP J), IP1,4), 11,3) GENC2210

8905 FnRMAT(IH ,14,8X,314,9X#14/13X#314,X,14/13X,314,9X,14/iH ) GFNC2220

8955 CONTINUE GENC2?30



GO TO 9001 GENC2246

8990 WRITE (13,8991)KTURF GFNC2250

8991 FMRMAT(IH 14#24H ERRORS FFUND IN SYPOPS,) GENC2?60

GO TO 8902 GENC2270

9001 CONTINUF GENC2280

C KTUBE : % K :2 S ERROR
KTURE:MINo(KTUBE,1 ).j
RFTURN GFNC23 0 0

END GENC23iO

SUBROUTINE GEN
CGEN - DEVELOPS FOURIFR DIRECTING CFDES FOR EACH REFLECTION, GEN 0010

C VERSION OF 4 AUGUST 1963 GEN 0030

C LIFTED FROM a XYRAY 63 =
C JAMES STEWART DARREL HIGH

C ADAPTED ON CDC 38C0 BY STEPHEN HRFNNERNRL

C HKAND L ARE OPERATED UPON BY THE ROTATION MATRICES ST9RED GEN 0040

C FROM THF SYMMETRY CARDS, THESE MERE PLACEn IN PROPER FORM BY GEN 0M50

C SUBROUTINE GENCHK, THIS SLBROUTINE GENERATES A CODE(JDESIG)FOR GEN 0060

C EACH TRICLINIC REFLECTION (134+4,23.**,=:-*,4**,5--,6.-, GEN 0070

C 72-.-,8.-.) AS WELL AS A COVE (KK) WHICH TFLLS THE TYPE OF GEN 0080

C FRINGE FUNCTION TO RE APPLIED TO CHANGE THE PHASE OF THE UNIQUE GEN 0090

C REFLECTION To THAT OF THE GENERATED REFLECTION DESIGNATED BY THE GEN 0100

C JDESIGTHE ROTATIONS ARE GROUPEE RY THE ARSOLUTF VALUES OF THE GEN 0110

C GENERATED MILLER INPICES, GEN 0120
C GEN 0160

C SYMMETRY GENERATER STORAGESG
COMMBN/GEKRTR/KTUHEJSYMJGENKKJDESIG.CENTERTJ, 3,ME

1 *MSYM(3,4,481hJGENER(146),IDFNT(48),JHP(3,48)

2 mIBLONG(48)ofD(96),INDXP(3)
DIMENSION KKK(48),JSIGN(4F)
EOUIVALFNCE (ID(1),KKK(1)),(ID(49),fSIGK(t)) (13, 4)

C /GENRTR/ OCCUPIES 5 1070 $ LOCATIONS,

C THE ORIGINAL * ISIGN * HAS BEEN ALTERED TO * JSIGN *
KTUBEXO

JSYM a JSYM GEN 0300
DO 9fl1 I * 1,JSYM GEN 0310
JSIGN( I)xO
KKK(I) v 0 GFN 0330
JHP(1,I) a 0 GEN 0340

JHP(2,I) 2 0 GEN 0350

JHP(3,I) x 0 GEN 0360

IRLMNG(I) x 0 GEN 0370

901 CONTINUE GEN 0380

C GENERATE A SET OF EQUIV, PEFS, FROM THE UNIQUE MNE, GEN 0390

DO 1701 K a I*JSYM GEN 0400

IDO x IDEKT(K) GEN 0410

DO 1301 I x 1#3 GFN 0420
1301 JHP(IK) x INDXP(1)*MSYM(1,I.IDO)+IKDXP(2)*MSYM(2,IIDO)+ GEN 0430

1 INDXP(3)*MSYM(3#I#IDF) GEN 0440

C FIND THE VALUE OF JDESIG 6HICH TELLS THE REFLFCTION CLASS GEN 0450
IF(JHP(I K)) 1401.1405,1409 GEN 0460

1401 IF(JHP(2,K)) 140201403,1464 GEN 0470

1402 IF(JHP(3,K)) 1505,1505,1508 GEN 0480

1403 IF(JHP(3oK)) 1505#1505,1502 GEN 0490

1404 IF(JHP(3,K)) 1507,1502,1502 GEN 0500

1405 IF(JHP(2#K)) 1406#1407.1408 GEN 0510

1406 IF(JHP(3,K)) 1505.1505.1503 GEN 0520
1407 IF(JHP(3,K)) 1505.1425,1501 GEN 0530

1408 IF(JHP(3#x)) 1507,1501,1501 GEN o54o

1409 IF(JHP(2#K)) 1410,1411,1412 GEN 0550

1410 IF(JHP(3,K)) 1506,1506,1503 GEN 0560
1411 IF(JHP(3&K)) 1506,1501,1501 GEN 0570
1412 IF(JHP(3oK)) 1504#1501i150l GEN 0580



1425 CONTINUE GEN o590
WRITF (13,1426)(INJ)XP( I), 113) GFN 0600

J426 FMRMAT(6 0 o0 HW CAN A 0,00 REFLECTIFN RESULT FROM GFNERATION FROM GEN 0610
ITHE 14,1,I4,1H,I4) GEN 0620
KTURF=3
GO TO 1901

C SET CORRECT VALUE OF JDESIG FOR THIS REFLECTION GEN 0640
C CORRESPMNtS TO *+* GEN 065n
1501 JSIGN(K)21

GO TO 1555 GEN 0670

C CARRESPONDS TO -++ GEN 0680
1502 JSIGN(K):2

GO TO 1555 GEN 0700
C CORRFSPONES TO *.+ GFN 0710
15n3 JSIGN(K)23

GO TO 11i55 GEN 0730
C CORRESPPNrS TO ++- GEN 0740
1504 JSIGN(K)s4

GO TO 1555 GEN 0760
C CORRFSPONDS TO -.- GEN 0770
1505 JSIGN(K)25

GO TO 1551 GEN 0790
C CORRESPONES TO *-- GEN OR00
1506 JSIGN(K)z6

Go To 1551 GEN 0820
C CORRESPMNDS TO "+ GEN 0030
1507 JSIGN(K)s7

GO TO 1551 GEN OR50
C CORRFSPONES TO GEN 0860
1508 JSIGN(K)u8
C FOR CENTRIC SPACE GROLPS, 5-8 ARE IDENTICAL WITH l-4, RFSP, GEN 0980
1551 IF(CFNTeR) 1555,1554,1555
1554 JSIGN(K)=SIGN(K)-4
1555 CONTINUE GEN 0910
C FIND H*T AND SET PHASE COrE(KK), GEN 0920
C PHASE CODE INDICATORS. I CORRESFONDS TO TRANSLATION OF ZERO GEN 0930
C TWELFTHS, 2 TO ONF TWFLFTw, 1....,, 12 TO il/12, THFSE CODES GEN 0940
C GIVE THE. TRANSLATION SYMOPS FOR LEAST SGUAHES 2ATOM GENERATION. GEN o95o
C AND THE PROPER FRINGE FUNCTION FELATIEN FOR THE FOURRIER GEN 0960
C cREFLECTION GENERATI@Nz, GEN 0970
1601 KK x INDXP(1).MSYM(i,4,ID)*INDXP(2)*MSYM(2,4,IDO)* GEN 0980

1 INDXP(3)*M5YM(3,4#IDE)
1602 IF(KK) 1603,1607,1605 GEN 1000
t603 KK=KK*12 GEN join

GO TO 16n2 GEN 1020
1605 KKaMmD(KK,12) GEN 1030
1607 KK:KK* GEN 1040

C PRINT 1608, (INDXP(I), IllJ), KK,',SYM
C16n8 FORMAT (jX, 3NGEN,515)

KKK(K)KK GEN In5o
GO TO (1701,1690,1.701,1701,1701,169C,17nj,169o, GEN 1060

I t701as701,17n1,1690),KK GEN 1070
C SET JGENER To CORRECT KK GEN 1080
1690 WRITE (14s1691)KK GEN 1090
1691 FORMAT(51l IMPOSSIBLE TRAKSLATIeN FOR CRYSTALLOGRAPHIC SYMSP,5H KGEN 1100

1Kzs4,1H,) GEN 1110
KTURE x 3' GEN 1120

1701 CONTINUE GEN 1130
C AT THIS PEINT THE TABLES FF GENERATED REFL, ARE STORED ALONG GEN 1140
C WITH TARLES OF SIGN AND PHASE IKFORATION. GEN 1150
C SFARCH THE WHOLE TABLE OF GENERATED HKLS FOR DUPLICATFS GEN 1160
C AND WHEN' ONE OF SIMILAR MAGNITUDE HOL IS FOUND, ASSIGN AN INDEX GEN 1170
C CALLED IBLONG (I) GEN 1180

ISTART a I GFN 1190
JAM 1 GEN 1200



MUL-T = I GEN 1210

IRLONG(I,) a 1 GEN 1220
C IF THERE IS rNLY ONE SYMnP WHY FPTHER ...... GEN 1230

IF (JSYM.1) 2225,2225,2205 GEN 1240
C GEN 1250
2205 IGonD = ISTART + 1. GEN 1260

IF (IG rE-JSYM) 2?06,2206,2225 GEN 1270

C GM OVER THE LIST nF GENERATED RFFLECTIO S LARELING THOSE WHICH GEN 1280
C HAVF THP SAHE MAGNITUDF OF HKL GEN 1290
22n6 DO 2214 I=IG9LE,jSYH GEN 1300

C ON FIRST PASS COUNT UP THE NJUMREF OF NEN LIPLIrATFD REFL;CTIONS GEN 1310
C INCLUrING THE POSSIRILITY OF CENTRO RELATED ONES, GEN 1320

IF (ISTART-1) 2209,2207,2209 GEN 1330
2207 DO 2208 IG=1,3 GFN 1340

IF (JHP(IGI)-JHP(Ir,1l) 12209,2208s122n9 GEN £350
2208 CONTINUE GEN 1360

MULT = MULT + 1 GEN 1370
GM TM 2209 GEN 1380

1.2219 nn 1.2210 IG a 1,3 GEN 1390
IF(JHP(TGI) * JHP(IG,1)) 2209,1221C,22n9 GEN 1400

12210 rONTINUE GEN 1410
MULT z HLULT + 1. GEN 1420

22n9 CONTINUF GEN 1430
C SEE IF THERE IS ANOTHFR REFLECTION 6ITH EXACTLY SAME MAnNITUDE HKLGFN 1440

DO 7210 IGzi,3 GEN 1450
IF(IARS(JHP(IGI)) - IARS(JHP(IGISTART))) 2214,221£ns214 GEN 1460

2210 CONTINUF GEN 1470
C THIS REFLECTION RELPNGS TF THE SAME GROLP OF MAGNITUDE AKL GFN 1480

IRLONG(I) : 1AM GEN 1490
2214 CONTINUF GEN 1500

C SEP IF FVERY ONE HAS REEN ASSIGNED A GRFUP ID (IRLONG) GEN 1510
2215 DO 2217 I:1,JSYM GEN 152n

IF (IRLONG(l)) 2217,2218,2217 GEN 1530
C SOMF STILL UNASSIGNED,GM PACK AND KFEP SEARCHING GEN 1540
2218 JAM : 1AM + 1 GEN 1550

IRLONG(1) x JAM GEN 1560
ISTART : I GEN 1570
GO TO 2205 GEN 1580

2217 CONTINUF GEN 1590
C SFE IF NEXT HKaL WAS THE SAME AND HAS FEEN IDENTIFIED, GEN 1600
2225 CONTINUF GEN 1610

IMAT 2 I GEN 1620
JGEN a I GEN 1630
IMON 2 1 GEN 1640

C COPY THE TARLES INTO THE JGENER BAND SEPARATING EACH SST OF GEN 1650
C H, K, L BY -1 AND ENDING 1ITH -2 ANt THE REFLECTION MULTIPLICITY GEN 1660

Do 2525 I=j,IAM GEN 1670
2501 JGENFR(JGEN) 2 -1 GEN 1680

JGENER(JGEN*I) 2 IAPS(JHP(IIMAT)) GFN 1690
JGENER(JGEN.2) a IAPS(JHP(2oIMAT)) GEN 1700
JGENFR(JGEN*3) • IARS(JHP(3#IMAT)) GEN 1710
JGFN : JGEN + 4 GEN 1720

DM 2511 JxI,JSYM GEN 1730
IF (IM@N-IBLONG(J)) 2511#2510,2511 GEN 1740

2510 JGENER(JGEN)uJSIGN(J)
JGENER(JGEN*1) a KKK(4) GEN 1760
JGEN c JGEN*2 GEN £770

2511 CMNTINUE GEN 1780
IMON a TMEN#1 GEN 1790
DM 2520 Jzi,JSYM GEN 1800
IF (IMON-IBLONG(J)) 2520,2521.2520 GEN 1810

25?1 IMAT x J GEN 1820
GO TO 2525 GEN 1830

2520 CONTINUE GEN 1840
GO TO 1801 GEN 1850



2525 CONTINUE GEN 1860
1801 JGENFR(JGFN)=-2 GEN 1870

C SET MULTIPLICITY MF CURRENT REFLECTION AT THE END OF THE GEN 1880

C GENERATION TALE. GEN 1890

JGEN=JGFN+i GEN 1900

C THE LAST JGENER(JEK) IS ACTUALLY THF MLLTIPLICITY OF TqE REFL, GFN 191n
JGENER(JGFN) = JSYM/MULT GFN 1920

19M1 CONTINUF
C KTIE m. $ OK f2 T FRROR

KTURE=MIN0(KTU F,1 )+1
RETURN
END GEN 1960

SUBROUTINF FLSFUN(IC@NTR)
CARFUN REFLECTION GENERATOR FOR RRFLS krIFIFD VFRSION FRR x-RAY
C VERSION 1 JUNE 1963
C LIFTED FROM = XFRAY 63
C JAMES STEWART DARREL WGH
C ArAPTED ON CDC 3HCO BY STEPHEN RRFNNER,NRL
c
C SYMMeTRY GENERATER STORAGES

COMMON/GENRTR/KTUREJSYMjGENKKJDESIGCFNTERTJ,13,ME

£ ,MSYM(3,4,4B| JGENFR(146),IDFNT(48 )JHP(3,48)
2 ,IRL@NG(48),ID(96),INDNP(3)
DIMENSION KKK(48),JSIGN(4F]
EOUIVALENCE (ID(£)pKKK(1)),(ID(49)IbSIGN(1)),(13,14)

C /GFNRTR/ OCCUPIES S 1070 S LFCATIOKS.
INTEGER Hi
DIMENSION HJ(3)
EOUIVALFNCE (INDXP,HJ)

C
C ENTER WITH ICONTRa2
C FLSFUN SETS ICFNTR=I
C FLSFUN SFTS ICFNTRv2 AT COMPLETION OF GENERATION
C ICONTR=3 FeR ERROR

GO TO (102,#lfl) ICRNTR
101 ICONTR =

Jal
JGEN a JGEN

102 IF(JGENFR(J) 6 1) 61,1,03,201
103 J a J* 6

C GET OUT THE ABSOLUTE VALUE OF THE INDICES
IATCH = JGEkER(J - 5)
IKAY = JGENER(J . 4)
IELL = JGENER(J - 3)
GO To 2P2

201 J a J + 2
C SET UP THE SIGN ASSIGNER

202 JOESIG a ;GENER(J - 2)
C SET TRANSLATION GENERATOR

KK z JGENER(J w 1)
C PUT OUT CERRECT TRANSLATIFN FOR THIS GENERATION,,

c
GA TO(301,9975,302,303,304 9 9 7 5s305,9975,306,307,308,9975),KK

C
301 TJ a 0i

GO TO 401
302 TJ 2 016666667

GO TO 401
303 TJ z 0,?5000000

GO TO 4n

304 TJ w 0,333333333
GO To 401

305 TJ 9 0,5000000000



Go
306 TJ

GO
307 TJ

GO

30A TJ
GO

C PLA

40 GO
C
40? HJ(

GO
403 HJ(
405 GO
40A HJ(

GO
407 HJ(

TO 40t1
zfn,66666667

TO 401

= 0,7500n00000
TO 4nI
= 0,p33333333
T0 401
CF THE CPRRECT CPMRINATION OF SI,CNS N HKL

TO(4o2,403,4n2.402, 403,4o2,4C3, 
4 C3)#DFSIG

1) a IATCH

Tn 4n5
I) a .IATCH
TO (4n6,406,407,406,407,407t406,407),JDESI0

IKAY
To 41,1
.) 9 -IKAY

411 GO TO(412,412.412,413,413,413,413,412),.. DFSIG
412 WJ(3) a IELL

GO TO 501
413 HJ(3) a -IELL

C
50£ RETURN
9975 PRINT 9980,KKJGEN,J
9980 FORMAT(4oHOFLSFUN ERROR ,,, IMPESSIFLE TRANSLATION ,315)

I CONTR=3
GO TO 5r1

601 ICONTP = 2
GO To 5n
END

SUBROUTINE SRTSAB (LSINDF
INTEGER H
DIMENSION H(LS)oK(LS)#L(Lg
DIMENSION Al(LS),A2(L, ).Al

,NANM,H,AL,E,RoAlA?,A3#A4)

)pE(L5),R(L5)
(LS),A4(LSI

7030 SORTING ROUTINE BY STEVE A, BRFNNFR,NRL

N=LS
N~xN/2
KKaN2*1
DO 50 I22,N2
KKxKKpI

II uKK
GO TO (5,15,25)

5 CALL SIFTLP (II
GO TO 4S

15 CALL SIFTLP (II
GO To 45

25 CALL SIFTLP (II

45 CONTINUF
50 CONTINUE

JaN+j

KCSTxi
Do J50 1a2mN

j =Jr

oNK
#NoL*K,HER,A , A2 A3 ,A4#,LS)

,N. KH L ,E ,R ,A , 2 A2o A! %, A4 , LS)

,N,H,KLoE,R A1,,A2,A ,A4,LS)

GO TO (1.05,l15,125),NK



1,05 CALL SIFTLP (KCST,JJtLKHER, Aj#A2#A3,A4#LS)
GO To 145

115 CALL SIFTLP (KCST#J.JKH,LpERp A1,A?,A!,A4#LS)
GO TO 1,45

1,25 CALL SIFTLP (KCSTJJHKLEpR, A1,A2#A3,A4*LS)
145 CONTINUE

CALL EXCHG (KCSTJHKL,ERAI ,A2,A!,oA4,LS)
i~o CONTINUE

RETURN
ENn

SURROUoTINE SIFTUP ,NIH1KJLESAAA3AL)
DIMENSION IW(LS)#IK(LS)#IL(L$)
DIMENSION ES(LS) ,RS(LS)
DIMENSION Al (IS), A2 (LS)lA! (LS)oA4 CLS
I COPYI :1K (I)
I COPY?:IL (I)
COPY3z ES(I
COPY42RS( I)
C9PY5=Aj,(I)
CMPY6aA2( I)
C@PY7zA3( I
C@PYRxA4( I)
ICMPY:IH( I)

1000 J:x2 *I
IF (J-N) 2000o210004000

2000 IF IHJ)I() 21n002010#?050
2010 IF (IK(J+1)-IK(j)) 2100,2-020,20530
2020 IF (IL(J+1)-IL(J)) 2100,v2100,2050
2050 J=J*i
21010 IF (IH(J)-ICOPY) 4000,211,0,2200
21,10 IF (IK(J)-ICOPYI) 4ooos?120s2200
21,20 IF (IL(Jh-ICrOPY2) 4000#4000,220o
2200 CONTINUE

I L ( I )na L- C )
ESCI )ES(J)
RS( I zz:R S(

A 2( I r A 2 (J)
A3(1I)aA3I(%W)

GO To 1000
40n0 IH(I):VOP-Y

IK( J):ICMPYI
IL( m)ICOPY2
ES(I)m CGPY3
RS(I): CO@PY4
AI(I)a COPY5
A2(I)x COPY8
A3(I)z tMPY?
A4(I)a rCOPY8
I a i
RETURN
END

SUBROUT INE EXCHG (KCST ,J, H ,K ,L ,E R, AlA2 ,AJ, A4 LS)
INTEGER H
DIMENSION H(LS), K(LS),L(LS)
DIMPNSION E(LS) ,R(LS)



11IMENSI(ON A1(LS) ,A2(LS),A17(LS) ,A4(LS)
ITi.: H(KCST)
1T2= K( CST)
IT,5= L(K<CST)
T 4:E(K~CST)

T6=A1(KCST)
T7=A2 (C5T)
T13=A3( k4CST)
T9=A4(C 5T)

W. CKCST ) :g4( j)
K CKCST ) :K(j)
L (KrCS-T )=L (J)
E KCST ) E (J)
R( KflT):R ( j)
Al.(KCST ) zAI( j)
A?(KCST)=A2(J)
A3 ( KCST :A 3(j)
A4 (KCST IzA 4(j)
H J) IT 1
K(J) IT 2
L(J) IT 3
E(J : 7
W(J) T5
At( J) T 6
A ?( J) 77
A 3(J c T 8
4 4J1 T 9
RETURPN
ENO

RPSE T
FUNCTIiFN RFSF&T (H,A)

FLNCTION AD)JUSTS PHASES ACCERCING TO vErTOR

DIMHENSVI rN H (3),TYPE(3) ,KIND (27)sALPH (9)
INTFGER HTYPE
DATA (ISTART:1)

C
C INITIAL ENITRY RES CONTRIIL FLNCTIONSCARD.

1I ~1 =61
P1 2:1 57079632679
PI=3, 14t59265359
GO To (5,50),ISTART

5 ISTART:?
READ- 10,(KINn( I), I:1,27),(ALPHU,.),Ja£,6)

10 FMRMAT(?71j-5A8sA5)
C LOAD ZERe'S WITH STANDARD

On 15 1=1#27
IF (KINf'I).LE,0) KINr,(I):8

15 CONTINUE
C PRINT FOR REFERENCE

WRITE (161,20) *(KINl ), :1,27), (ALFH(J) ,JxI,A)
20 FMRMAT(24HOUPHASE ADJUSTMENT SPECS,#,;X,271?,2X,6A8)

C299. 9
GOn TO 300

50 C9NTTNU-

INDEY TYPES 1:0 2xG J:U
VECTMR CLASSIFICATION (TYPE)

000 non flOf) GGG GGG GGG LUU UUL UUL
000 GGr' LUL (n0n (GG LXJU C0n (GGG OUL
nGiH OGI OGtL nO 0W. OGU OraU 0GL GOL

1 4 7 1,0 13 16 19 2? 25

TYPF

ACJ(JSTMENT OPTIONS

SICNIFICANCF OF
POSITION'S IN TABLE,

*** POSITION
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C A VECTER IS Ct, ASSFIEjD ACCORrING TYPF.

C THE ENTRY IN THF CFRSPONDIO FOSITION CAUSES PHAq:
C ADJUSIMFNI AS FLIOWS...
C EKTRY FUNCTION (PHASE A% JSTFU TO,,)
C 1 PEAL 0 OR pi 210
C 2 IMAGINARY -F/2 O-k +PI/? 220

C 3 NO CHANGF * 230

C 4 24n
C 5 p1I 25o
C 6 +P1/2 266

C 7 -pl/2 27n
C 8 PETWFFN -PI AND *PI 2A0
C 9 PETWEEN 0 AND 2PI 2Q0

C TYPF rETERMINATION
DO 75 I:1,3
TYPF(I)=j
IF( H(I).EQ.0 ) W- Tr 75
TYPF(T)rHeD( IARS( H() ),2 ) + 2

75 CONTIMUE
C * KIND * APDRESS (REVFRSE FORTRAN NORMAL)

LMC= TYPE(3) * 3,TYPE(2) * 9*TYEF(1) - 12
KAD J=KIND(LPC)
BOA

C APJUST INITIALLY 10 -PI,+PI
B=HFMIR(R)

C DO ADJUSTMENT
GO To (210,220,230o24Cs25n,260,270,28n,29n),KADJ

210 CONTINUE

IF( ARS(B),GT.P12 ) COPI
GO To 30

220 CONTINUF

IF( R.LT,0.0 ) Ca-C
GO TO 300

230 CONTINUE
C=A
GO TO 3nO

240 CONTINUF
C =0 . 0
GO TO 300

250 CONTINUF

COPI
GO TO 3nO

260 CONTINUF

GO TO 300
270 CONTINUE

C:-PI2
GO TO 300

280 CONTINUF
CaR
GO TO 3n0

290 CONTINUP
C:O

IF( P,L.0.0 ) CZR+PI+PI
GO TO 300

300 CONTINUF
RESETaC
RETURN

END
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FUNCTION EMIR (C)
CHEMIR REDUCES RADIAN ANGLE To THE RANCE +,3.14(180) TO -3,14(-18n)
C
C

PIx3.14l.59265359
TUP l:6,2831853071796

5 A:
A:AMSD(AoTUPI)
IF( ARS(A) ,GT. PI ) AaA . SIGN(T(JPI,A)

25 HEMIR:A
RETURN
END



Appendix C

SAMPLE INPUT CONTROL 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.

NO, 19 P,385
X

P212121 D4/2
7

1/2-X "Y 1/2*Z

112+X 1/2.Y

WX 1/2*Y

n4/2

0

} 6
0

6
6
6
)
0
6
6

1 122
1530,52.

4

4
1
0
0

-1
0
0
1
0
0

-1
0
0

11 111
3176.

5
0
0
0
0

-1
0
0

-1.
0
0
I
0

221121

1.

5
4
9
14
7
17
18
7

16
5

13
3-
9
7
6
6
5
4

22
21
7

17
23
19
10

21

.3 2,2 (315sF10
5 CYCLE ON WR

0,00
1,5/
0,00
1,5/

,-1 .5 7
3,14
3,14
-1.t7
0,00
0400
.1,t7
3,14
1,5/
3,14
3,14
3,14
-1,57
-1. 7

0.00
3.14
0,00
1,51
0,000
1157
-1, t17
0.00
"l,!)

4
P2121212

4 3

1/2-7

LAST P212121 D4/2
RESET CARD

,6,24XFlO.3)
IGIVAL DECK

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
D1,57
3,14
-1,57
-1,57
0,00

1i,57

4,651
4.444
3.924
3.662
3.318
3,242
3.085
3,012
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



4 20 0 2.101 3.14 O,0

1 10 2 2,075 3,14 0.0

10 9 2 2.059 -1.!7 -1.57
3 21 0 2.019 w.i.7 -1,57

4 22 0 2.008 0,0 3.14
4 I5 2 2.005 3.14 0,0

0 1 4 1.990 0.00 0,0
1 15 3 1.982 -1.)7 1,57
5 3 1 1,.65 1,5/ 1,57

3 17 2 1.964 OO 0,00
4 1£ 3 1.956 3,14 0,00

6 10 3 1.948 0,00 0,00

7 16 3 1.943 115/ -1,.57
4 15 2 1.941 0,00 3,14

11 11 1 1.935 -1.'7 -1,57

5 25 0 1,927 -- 157

4 1,3 2 f,917 3,14 0,0
7 7 2 1,874 -1,!7 l,57
4 10 3 1.845 3,14 0,0

12 1 1 1.822 -I, 7 1,57

5 13 2 1,821 1,5/ 1,57
1 8 2 1.791 1.5/ m1,57

4 14 0 1.726 0,00 3,14

0 2 1 1,724 3,14 3,14

5 12 3 1.716 3,14 3,14

3 14 U 1.712 1,5/ 1,57
8 1 2 1,637 3,14 3,14
4 19 1 1.632 3,14 0,00
4 22 2 1.628 3,14 0,0
8 5 2 1.554 0,00 0,00

7 13 1 1.544 -1 ,7 1.57

4 17 1 1.466 0.00 3,14
6 21 2 1,414 .1.57 "1.57

20 3 ,3 2,2 (315,F1O
4 3p24XFjO,3)

1,I

1 1 1 IST ADDITIONO'E CYCLE

0 1 4 2.778
0 5 2 2.287
9 3 0 2.060
3 8 0 1,972

0 25 2 1,971
8 12 0 1.959
1 19 0 1,953
9 1 0 1.939
4 7 3 1.920
8 0 1 1,900
0 21 4 1.899
0 17 2 1,864
8 11 2 1.846
7 9 3 1.844
7 9 0 1.842
£ 27 0 1,839
5 5 0 1.818
9 11 2 1.816
1 15 0 1,816

0 21 3 1.814
0 15 3 1.807
5 8 3 1,806
7 14 4 1.800
8 8 1 1.799
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1 13 4 1.793
0 4 0 1.787
5 4 4 1.775
4 18 2 1.775
1 2 1 1.772
5 2. 0 1.761
8 9 4 1.752
0 10 3 1.746
0 5 3 1,737
2 16 2 1.733
5 12 2 1,727
1 6 2 1.727
2 12 2 1,725
2 7 0 1.719
2 22 4 1.703
0 19 2 1.701

9 9 2 1.697
3 6 0 1.693

11 ? 1 1.680
11 1 1 1.680
11 0 1 1.680

7 13 0 1,679
6 0 0 1.676
7 13 4 1.671

10 0 2 1.668
7 8 2 1.647
4 14 3 1.642
0 16 2 1.639
0 21 2 1.634
7 12 4 1.631

10 0 0 1.622
8 1 1 1.611
7 4 2 1,610
1 3 3 1.608
1 26 1 1.601
7 17 2 1.583
5 21 1 1.574
1 19 2 1,570
7 10 0 1.556

10 13 2 1.550
o 19 1 1,547
8 14 0 1.539
4 6 4 1.537
7 15 3 1.536
8 16 3 1.535
2 5 0 1.533
8 12 4 1,532
3 16 2 1,532
6 19 3 1.522
7 11 2 1.509

200
1 1 1 2ND ALDITION,BNE CYCLE
8 18 0 1.508

11 2 0 1.503

7 5 3 1.495
0 20 1 1.495
0 18 0 1.483
9 6 0 1.482

11 7 1 1,476
£ 5 2 1.474
0 15 5 1.473



7 10 2 1.470
4 1 1 1,468

11 4 0 1.463
4 25 1 1,461
1 17 2 1,461
9 5 1 1,459
7 17 3 1,452
8 I 1 1,448
9 14 0 1.445
2 9 2 1.44.5

10 1 2 1.439
10 4 1 1.436
0 22 1 1 432
9 1 4 1.431
8 13 3 1 .431
9 11 1 1.430

10 3 3 1.429

3 12 1 1,425
4 23 2 1.422
9 2 2 1.421

10 7 2 1.418
1 21 2 1.418
8 4 0 1,412
3 9 3 1,411
3 12 3 1.407

10 11 1 1.402
2 26 2 1.398
5 0 4 1.396
0 17 1 1.396
5 11 1 1.389
1 10 3 1.388
0 12 3 1.387
8 3 3 1 385
6 13 1 1 .385
8 9 1 1,383
8 18 2 1,375
2 17 0 1,374
9 10 0 1.371
4 7 4 1.370
6 8 3 1.368
1 19 4 1.364
7 2 0 1,360
1 16 2 1.357
1 11 1 1.356
0 1 3 1,355
2 12 3 1.356
5 9 1 1,346
3 11 4 1.337
4 19 2 1.335
5 9 0 1.334
2 14 2 1,334
3 7 4 1.328
1 23 1 1.326
8 14 3 1.325
7 6 2 1.324
6 15 2 1.323
6 9 2 1.323
4 25 0 1.318
6 17 3 1.311

12 3 0 1.307
9 1 2 1.307
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8 17 3 1,307
1 4 1 1.307
1 25 2 1,306
0 5 1 1.306
7 20 1 1,298
4 24 1 1.298
8 14 1 1.297
2 25 1 1,297
4 9 3 1.296
8 6 3 1.286
2 20 0 1.282

200



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 spacebefore printing; the character 1 ejects the page before print-
ing; and a blank character causes a single space after printing.
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