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ABSTRACT

Supervisor: Professor James Trotter.

The crystal and molecular structures of three
chlorinated carbohydrates whose formal nomenclatures
are

methyl 2~-chloro-2-deoxy-d-D-galactopyranoside

methyl 4,6-dichloro-l4,6~-dideoxy~ % -D-glucopyranoside,

methyl b,gfgichloro-u,6-d1deoxy-<x-D-galactopyranoside
have been determined by X-ray diffraction using various
methods. A scintillation counter was used in each case
to collect the datas for the fiist, CuKy radiation was
used; for the second and third, MoK, radiation was used,

The structure of the 2-chloro-galactoside was solved
by a combination of the Patterson method and trial and
error methods, Two possible positions of the chlorine
atom found from the Patterson function were differentiated
by minimizing R (using h k 0 projection data only) in
rotation of a model of the molecule about each chlorine
position, A model was used to go from the éolved two
dimensional structure.to three dimensions, Successive
Fourier summations and block dlagonal least squares
refinement established the crystal to be composed of a
mixture of the « and /3 anomers of methyl 2-chloro-2-
deoxy-D-galactopyranoside in the approximate ratio of
2 3 1/3 « Both the o and ﬂanomers are in thelr expected
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C-1 (chair) conformations., Hydrogen bonding involving
0(3), 0(4) and 0(6) links molecules together into
infinite sheets, two molecules thick and perpendicular
tp the x-axis. ﬁean-bond distances ares C-C = 1.53 A,
C-0 = 1,42 A and C-C1l = 1,75 A,

The structure of the #,6-dichloro-glucdside was
solved by a combination of the Patterson method (to
locate the two chlorines), successive Fou:ier summations
(to locate the carbons and oxygens), block dlagonal least
squares refinement, and a difference synthesis (to locate
eight of the hydrogens). The absolute configuration wés
determined by the anomalous dispersion method (CuKg
radiation). The molecule.is in the expected C-1 conforma-
tion, Hydrogen bonding, involving 0(2) and 0(3), links
molecules together into infinite chéins.parallel to the
y?axis; the mean planes of the molecules are approximately
perpendicular to the direction of these chalns. Mean
bond distances are C-C = 1,52 4, C-0 = 1,42 A and C-Cl =
1,78 A, _
| The structure of the 4,6-dichloroc-gelactoside was
solved by direct methods applied to the two dimensional
data of two centrosymmetric projections. A series of
programs, employing the Vand-Pepinsky method of phasing
:eflexions contained in Sayre felationships, was written
to do this, After refinement using block diagohal least

squares, the two solutions were combined into the three



dimensional solution,:whioh was further refined.‘ A
difference Fourier summation'revealed the position of

six hydrogens. The molecule is agaln in the expected

C-1 conformation. Hydrogen bonding involved 0(l), 0(2),
and 0(3) in a complicated network which includes a
bifurcated hydrogen bond., As in the‘2-ohloro-galactoside,
molecules are linked by hydrogen bonds into infinite
sheets, two molecules thick and perpendicular to the
X-axis, bﬁt whereas 1n that structure the basioc symmetry
elements propagating the networks of bonding were unit
cell translations and two-fold rotation axes, the basic
elements propagating the networks in 4,6-dichloro-galacto-
side are unit cell translations and two-fold screw axes,

. Mean bond distances in this structuré eret C-C = 1.53 A,

C,"’O = l.bS A’ and C=-Cl = 1080 A.

iv
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GENERAL INTRODUCTION

Since 1913, when Bragg used 1t to determine the
first crystal structure, X-ray diffraction has been
used to solve many thousands of structures. The
theory and standard techniques of the sclence of X-ray
crystallography, culminating in a representation of a
orystal in terms of its electron density (the "Fourier")
may be found in any of many standard reference books on
the field,’™> and will not be desoribed here. Standard
techniqﬁea now include not only "trial and error®
methods and the Patterson method but also direct methods®-9
Although they have been successfully applied to structure
determinations 1n~n6n-oentrosymnotrtdﬁ space 3roups,7
d;recf methods are by far easlest to apply to (and have
in the majority of cases been applied to) structure
determinations in oentrosymmetrlc space (and plane)
groups,

The series of three compounds which were studied
for this thesis were chosen'because they lend themselves
to a variety of methods bf solution. The two pertinent
features of these compounds are that )

1. although the structures of all three belong
to non-centrosymmetric space groups (as a necessary
consequence of the fact that they are optlicelly actlive
non-racemates), they each belong to space groups having

projections as centrosymmetric plane groups, and that



2. the structure of each has one short exis
(of circa 5 A) of projection along which 1t can be
assumed to have no overlap and to be easlly recognizable.

Thls thesis is thus mainly concerned with the pro-
cedures of structure'detéfm;natlon (of which the most
important part 1s_fhat’eﬁplby1ng direct methods),
Secondary emphasis is put on the actual crystal and
molecular structures of the compdﬁnds analysed., The
most important feature of the corystal structures of
the chlorinated carbohydrates is the hydrogen bonding they
contain., Replacement of a hydroxyl group with a chlorine
should not alter the shape of the molecule (because of
the simllarity of the size of Cl and OH).- Were efficlent
packing the only consideration in determining the crystal
structure, a chlorinated carbohydrate would be expected
to have the same structure as a non-chlorinated one.
However, because of hydrogen bonding, replacement of a
hydroxyl group removes one possible'donor to a hydrogen
bond with resultant alteration of the crystal structure
(e.g. methyl u,6-dlchloro-b,6-d1deoxyf<x-D-glucopyranoside
belongs to space 02,10 while methyl d—D—glucopyranoside
11) '

belongs to P212121
This thesis is divided into two parts., The first
describes the structure analysis of the three chlorinated

carbohydrates studied, which are (respectively)



methyl 2-chloro-2-deoxy- & -D-galactopyranoside,

methyl b,6-dichloro-4,6-dideoxy-cx-D-sluoopyran031de,
eand, methyl 4,6-diochloro-4,6-dideoxy~- o« -D-galactopyranoside.
The second part desoribes the main programs written for
special purposes in these analyses, These include a
collection of four programs for generating solutions by
direct methods, completely general for the primitive
centrosymmetric plane groups of the oblique and rectangular
systems., Also included 18 the trial and error program
used for the methyl 2-ohloro-ga1aotoside and a general
program for contouring the electron density grids produced
by the Fouriler summation program used by the X-ray

Crystallography group.



PART 1

THE STRUCTURE OF

THREE CHLORINATED CARBOHYDRATES



1., THE STRUCTURE OF METHYL 2-CHLORO=2-
DEOXY- & =D-GALACTOPYRANOSIDE

Introduction

The compound analysed below was prepared by chloro-
methylation of a 3,4,6 tri-0- ace'cyl-hexal.l2 The hexal
used was a sample of D-glucal which can yleld four
possible products: the « and B anomers of methyl 2-chloro-2-
deoxy-D-glucopyranoside and the o and B anomers of methyl
2-chloro-2-deoxy-D-mannopyranoside. A crystal of .the pro-
duct is below, however, shown to be composed predominantly
of methyl 2-chloro-2-deoxy- &« -D-galactopyranoside (although
the ﬁ anomer 18 also present). The reaction performed on
the hexal should not invert the configuratloh at C(4) (the
only difference between a glucoside and a galactoside).
Oﬁly if the starting material 1s D-galactal (possibly
present as en impurity in the D—glucal sample) can the

results be explained., The proposed reaction is

?Hon S

CHzoAC 2
O OM e
OAc

OAcH / ICHLOROTN:(E)THYL— H (l:H OHCL
2.0

H l EACETYLATION OMe
H | ‘(' / 1
I
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Experimental
Crystals are oolourless plates elongated along b,
The ocrystal chosen had dimensions 1,0 x 0.5 x 0.1 mm.
Unit cell and space group data were determined from
rotation and Weissenberg photographs (CuKey).
CBYSTAL DATA ( A, CuKu= 1,5418 A)
Methyl 2-chloro-2-deoxy- &(~D-galactopyranoside
C7H1305Cl, M 5.212.7
Orthorhombic ¢t a = 29,57 ¥ 0,05, b = 6.92 ¥ 0,03,
c = 4,69 ¥ 0,02 A,
U=959.7 A3

Dm = 1l.45 sm/bc (fiotatlon in carboh tetrachloride-
‘benzene). _

Z =14, Dy = 1.470 gm/co.

Absorption coofticient for X-rays, lL(Cuxd) = 35,1 cm™ -1

F(000) = 448

Absent spectra h 0 0 when h = 2n + 1
, 0k O when k = 2n ¢ 1

Space group 1is P2; 2, 2 (D23)

The intensities of the reflexions were measured on a
General Electric XRD - 5§ hanually operated spoctrogonlometer
with a scintillation counter. CuK, radiation was used
together With a Ni-filter and pulse-height analyser. Of
662 reflexions with 20 (Cuks ) € 119.48 (minimum interplanar
spacing 0,89 A), 278 whose net intensities (corrected for
background) were less than 50 counts, (maximum counts 56470
for (1 0 1)) were classified as "unobsérved" and were
included in the analysis with F, = 0,6 F (threshold).

The crystal was mounted with b parallel to the @-axis of

the goniostat. A general background correction was made



for each reflexion (scanned for A(20) = 2°)'w1th special
treatment given to reflexions occurring on streaks of
lower order reflexions. Lorentz and polarizétion factors

were applied, and the structure amplitudes derived.

 Structure Analysis

a. Two Dimensional (xy) solution and refinement

The three—diménéibhal,Patterson funetion presents -
two possible chloftﬁefatqﬁlpositlons, one af (0.05,0,0),
and the other at (0 167;0'0'10), each appearing to be
equally likely positions.i Due to the shortness of the
z-axis, the mean plane of the molecule can be expected to
lie approximately porpendloular to z. A model of methyl
2-chloro-2-deoxy- .bemqnnopyranoside, fhe proposed
c@nstltuent of the'éryéfgi investigated, was used to
calculate approximate relative positione 1in projection,
of at least 11 of the 13 atoms, Radial coordinates (r, @)
of the 6 carbons and 4 oxygens in the model used (a rough
diagram of which follows) were caloulated using chlorine
as the origin, assigning C(2) a & value close to 0.0,
and assigning the clockwise direction to increasing

values of & . The radial coordinates of the eleven atoms arej

atom r(A) & (radians
0(1) 3.0 +1,005
0(3) 2.7 -0,930
o(k) 4,9 ~0,459
0(5)  3.94 +0,302
Cc(1) 2,64 +0,482
c(2) 1.70 -0,026"
c(k)” - 4,10 -0,300
C(5) b,s +0,017



A program (ROT;'see Appéndix) was wWritten which
would rotate the non-chlorine atoms about a given fixed
position for a chlorine, starting with & at 0 with the
C1(2) - C(2) bond parallel to the y-axis. This program
. uses the projection data, F(h k 0), to calculate the
disorepancy value, R, for different values of ® s, as the
model 1s rotated clockwise about the chlorine by small
increments through 2x radians. The meaning of the
various parameters referred to above 1s best illustrated
by a diagram (Figure 1) which follows,

The results, on 76 reflexions of highest intensity,
for the two posslible chlorine atom positions are shown in
Figure 2, as plotted by the program.

The minimum value of R, 0.480, with Cl at (0.05, 0.0)
occurred rfor ® equal to 0.855 (angles between Jt and 3 /2
need not be considered as for those values, the molecule-
lies on a two-fold axis). Seven cycles of refinement by
the method of least squares on all two dimensional data
resulted in the following reductiong in the R-value:
0.594 (initial), 0.526, 0.483, 0.461, O0.446, 0.433, 0.412,
and 0.391. As 0(3), O0(4), C(3) and C(5) st11l hed large
positive shifts (~ 5.,0) indicated to already large values
of thermal parameters (B~ 7,0), these atoms were deleted
from a Fourler summation, The peaks on the Fourier map,
apart from those corresponding to the atoms used in the
phasing, bore no recognizable relation to a carbohydrate

molecule,



Y

X

Figure 1. Approximate representation of model used
for rotation program (ROT).



Cl at (0.050, 0.00)

Cl at (0167, 0.00)

T | T
J't/z n SJyZ 2n
THETA _

Flgure 2, Results for two possible chlorine positions as R versue @plots.
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The minimum 7alué of R, 0.499, with the chlorine
atom at (0.167, 0.0) occurred for ® equal to 4,175,
Seven cycles of refinement by least squares, egain on
all two dimensional data, resulted in the following
reductions in the R- valuet 0,590 (initial), 0.532,
0.492, 0,467, 0.449, 0.430, 0,415, and 0,402, Now
however, only 0(4) and 0(l) still had large positive
shifts (~ 7.,0) indicated to large values of thermal
parameters (B==6.0); A Pourier summation based on the
calculated phases of the remaining nine atoms clearly
indicated the actual positions of the exoiuded atoms,
The position,in projection, of 0(4) needed to be shifted
by 0.7 A, and that of 0(1), by 1.3 A. Further Fourier
summations placed all thirteen atoms.(The atom which had
pfeviously been labelled 0(1l) became C(7). Five cycles
of least squares refinsment (applying after each cycle
only 50% of the indicated shifts) resulted in the
following reductions in Rt 0.283‘(1n1tlal), 0.226, 0,203,
0.189, 0,182, 0.176

As the C(4) to C(5) distance in projection was
1.64 A, en attempt was made to redefine the positions of
the two atoms involved by a Fourier summation from which
they were excluded. The final four cycles of leaét
squares refinement (each atom was given an initial tem-
perature factor B, of 4.0 AZ; 50% of the calculated shifte

applied after each cycle) gave after each cycle, the
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following R~ values: 0;33? (initial), 0.262, 0,202,
and 0.189, The C(4) to C(5) distance was now 1,52 A,
and no other bond was larger in projection than its

expected value in three dimensions,

b. Three Dimensional Refinement ‘

The only model which could successfully be fitted
onto the two dimensional refined structure was one in
which,Cl(Z) eand 0(4) were inverted with respect to
mannoside proposed as the constituent of the orystal., As
the z-coordinate of Cl(2) is known, only two possible
solutions exist, which are related by reflexion through
the plane z = Z51- Least-squares refinement of the tem-
perature factors, scale, and z-coordinates was carried out
for the two possibilities. The first yielded for two
cycles, the following values of R ¢+ 0,457 (initial),
0,419, and 0,412; the second ylelded: 0.290 (initisl),
0,243, and 0,222, When all the coordinates were allowed
to shift, the R- value for the second possibility was
reduced to 0,192 in two further ocycles of refinement.

The data had originally been mounted with "minimum
observable” intensity as 50 counts (maximuﬁ recorded was
56470 for 1 0 1), Any reflexion which has a net intensity
of less than 50 would be excluded from the calculation
of R, As it was felt that this value excluded too many

reflexions, the counter data was sgain processed reducing
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this value to 9, and at the same time adjusting the
readings of nine reflexions which on the basis of
Welssenberg films appeared to have values very different
from those originaily estimated from the counter., Of -
the 662 reflexions recorded, 578 (87%) wére now classi-
fied as observed with the remalning 84 oclassified as
unobserved, As the solution proposed above (except for
the inversion at the two centres) is the'engntlamorph

of the correctvconriguratioh, subsequent iork was carried
out on the above struoﬁﬁ;e mirrored through y = 0., After
three cycles of refinement by least gqﬁares; the R- value
was 0,26, A Fourier summation with phases based on all
13 non-hydrogen atons,:wgsioarriod out to try to relocate
C(7) and 0(1) which hed temperature factors (7.7 and 6.8
reépectively) higher than was expected. (Also the C(1) -
0(1) bond length of 1.16 for the refined structure was
very short). In this Fourier map C(?) and 0(1) appeared
in the refined positions with maximum density of 4,2 e/Al
and 7,0 e/A3, respectively. However, 0(1) was greatly
extended in the z-direotion, enough so that two distinct
mexima occurred in that direction and that both am o=
OMe and a ﬁ-one group could be postulated as attached

to the rest of the pyranose ring. Two 0-Me groups (with
temperature factors B = 7,0 for each atom) were introduced
into the structure factor calculation, the oxygens sepaiated
in the z-direction by approximately 2/5 g,'the carbons by
approximately 1/4 ¢ (the oxygens were also slightly
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displaced in y-direction), After one cycte of refinement,

the R- value was reduced to .0,218, The temperature

factors on the ﬂ group were, however, larger than those

on the o - group. When each group was trled separately

for one cycle (100% of the indicated shifts to the thermal

parameters were applied), the results were

K =group: R- values 0,255 (initisl), C.244 (final)
final tempersture factors for C and O,
8,9 end 9.4 respectively. ‘
f-group: R- values 0,294 (initial), 0.285 (final)

final temperature factors for C and O,
11.4 snd 9.9 respectively.

The W-group gave better sgreement but the problem pérsisted,

especlslly after a Fourler summation with the phases of

only ten atoms (deleting C(1l), 0(1) and C(7) revealed both

the ol-group andig-group although the latter was somewhat

wéaker. The best it to the data appeared to be a combina-

ticn of the two structurés'in the approximate ratio of

20¢ ¢ 1,@ . oSubsequent refinements were carried out on a

postulated structure consisting of 2/3 0(1l) - C(7) 1in

the of position and 1/3 0(1) - C(?7) in the/s position.

Five cycles of least squares refinement produced the

following reductions in the R- value: 0.232 (initial),

0,211, 0.201, 0,189, 0,185, and 0.183. When anisotropic

thermal parameters were 1ntroducéd for the ten .atoms

excluding 0(1) and C(7), and C(1) which was separated

into two positlons separated by 0.5 A, and the scale

changed slightly, five cycles of block-diagonal least

squares refinement on 21) parameters, except those of
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C(l), resulted in these reducticns ln the Rp Value: 0 189
(initial), 0.176, 0.168,- o.lsu_"i'a.lw. and 0,147, ' The
weighting scheme which was nsq‘ for the refinement of
this structure and otherﬂ in"thns”thesls aasign84d§ =1
when |F,| £ P*, end Ji‘ =zui, |

Cwhen [[®)] > Pe. Fcr.the'

final stages of the rcf;ngggﬁignﬁitas here given amvalue
of 6,0. R 4 O -

A final difference Bourtcr aynthesis shcwed only
; EOQWQen 0.3 e/A3 and 0.3
e/A3 the maximum: value att&lnad being 0.6 c/A3 i One

random fluctuationt. 3enej¥

very encouraging sign for tﬁ@ eorrectness of the above
refinement was that reflexlon 0 0 1 after -the refincnent
of the structure which 1nﬁlundﬂ only an o~ Oue group, had'
IFol /IPol as 52.4/9.7, wmxe cteor refinoment of the final
mi xed structure, had |Fo| / lPel as u3 7/41, 2. )

Prior to the final computaticn of structure factors,
the intensities of the roflexlpnq,wlth the worst egreement
between observed and'ccioulctcahvalﬁcs of the structure
factors were reestlmated ustng fllms. The following
seven reflexions were then’ included wIth a revised value
of intensity for the rccalculatIon'or'obaerved structure
factor magnitudes whichtatpcéx'In Table I: 02 2, 3 3 4,
120,011,211, 231, and 10 1 2. A8 these changes
are small and few in numbers, they do not alter the
previous results or the finai R# value. The final posi-
tional and thermal parancteza.nre 31van in Table II, the
bond lengths and valency angles In Table III, eand the
shorter intermolecular distulgcn in Table IV,
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'Discueéiou" |
a. Moleoular Structure and Dimensions

The crystal structure 1nvestigated has been shoun
to be a mixture of an ubgalactoside and a,ﬁ-galactoside
in the approximate ratio of 2:1.: 0(1) and C(7) were |
shown in the refinement to occupy two distlnct positions
(o and,g ). In the actual 9’39'351 »which_ coutains 8
mixture of the two structuree} 1uetead:of the rest of
the atoms oooupylng the mean positlons 1ndiceted by the o
rerinement, they oocupy slightly dlfferent posltlons
depending upon ‘Wwhether the terminal group 18 X or /3
This group would affeet the poeltion of C(l) most (and |
for this reason, c(l) was separated 1nto C(l) and c(1')
end 0(3), O(h), and: 0(6) least (espeoially as these ere
hydrogen bonded among themeelvea)..

The conformation of the moleoule 18 shown in
Figure 3 in projection along c. The,gx(c(l)-o(l)ec(7))
group appears with s__oiid Iines; the ﬁ(C(l'_)-O(l')-C(?'))
group appearslwith»brokeu lines. Both the X=-anomer and
the IB-anomer ha‘ve‘a..chalr-»form ‘pyranose ring on which
the substituents have‘oontormatione (dtla2e3elasSe;
ﬂ;leZeBebaSe). The packing of t'he‘molecule in the
unit cell is shown in F;guréfh; _The'bdndjlength and
the velency angles 1n‘the'molecuie ere givenfiu
Table III. The values for thelC(l)hQ(Ich(7) and
C(1?)-0(1')-C(7') group have beendincluded.but will be
less accurate than the rest;»‘Thebrgnégrof.the carboﬁ-

carbon distances (not 1nc1ud1ng?those51hﬁthe_termlnal
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Figure 3,

Superimposed sections of electron density distribution (contours
at 1,2,3...e/A3) and a drawing of the molecule.

91



Figure 4, Packing diagram; view along c.

it
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group) is 1,48 - 1,60 A'(O'f 0,02), with a mean value

of 1,52 (0= 0,01) while the range for the C-0 distances
(again exeluding those in the terminal group) is 1,40 -
1,45 A ( 0= 0,02), with a mean value of 1,42 A (o= 0,01).
The variation in valency angles (not including those
involving atoms of the "terminal®™ group) is from 104° to
114° (0 = 2°) with a mean value of 110.5°.

‘The standard deviations quoted above are those
estimated from the inverses of the dlagonal elements of
the matrix of the normal equations used to calculate shifts
to parameters in the least squares refinement, A block
diagonal matrix 1s used to approximate the correct full
matrix. Estimates of the standard deviations tend to be
too low in such an approximation because of the neglect
ofithe interatomic interactions. Also, for a structure
which 1s 2 mixture, the parameters refined for each atom
(except 0(1) and C(7) which are separated into distinct
positions) give the "average" position of each atom with
the possibllity that the bond lengths and angles may not

correspond to either molecule in particular.

- be Intermolecular distances and hydrogen bonding

All intermolecular distances less than 4,0 A were
caelculated and those less than 3.6 A are included in
Table IV. The three shortest approaches that occur
correspond to possible H-bonds between‘the three atoms

0(3), O(4) and - 0(6). Figure 5 shows the arrangement of
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|

[—O

Figure 5. Hydrogen bonding; view along ¢ of near origin region (the dotted .
0's have been offset for clarity).

61
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atoms around the origin and shows these close approaches,
Two hydrogen bonding schemes are poséible, both of which
correspond to a hydrogen bonding network which spirals
along the z-direction. The two ares

l, 0(4)-H (lower level)...0(3)~H (level of

molecule represented),..0(6)~H...0(4)-H...
0(3)-H (higher level)...etc. |

2, 0(4)...H=0(3)eseH-0(6)s0 H-0O(4)...H~0(3).

If the bonding hydrogens are located between oxygens
then the successive H-0-C angles for the two schemes
would be |

1. 141° - 122° - 119° - 141° - 122° etec.

2. - 879 - 115° - 1110 - 87° etc.
Assuming that these éngles tend toward the tetrahedral
angle (H-0O-H in water is 105°, in ordinary ice 0'-0-0"
is tetrahedral), the second scheme 18 the most probable
one,

Only two other short approaches ooccur, C(7')-0(1*),
a distance of 3,09 A gnd 0(4)=-C(3), a distance of 3,15 A.
The former separation involves the ﬂ-groﬁp whose position
18 poorly defined; the latfer arises és a consequence of
the hydrogen bond of 0(4) to the oxygen attached to C(3)

(1.e. 0(3)) and corresponds to a van der Wasls separation.



TABLE I

Measured and calculated structure amplitudes (x 10).
‘Unobserved reflexions have P, = -0,6 F (threshold).

HWox L FO FC H kK L Fo FC H X L fO BC oKL T XKoL fD (14 oKL
2 0 0 244 279 0 4 0 386 359 B 1 1 306 322 12 5 1 33 1wy 2 .92 «? T 2
4 0 0 881 907 1 4 0 61 st 9 1 1 321 30 1305 1 31 noo3 2 -5 10 8 2 3
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16 0 0 29 37 ? 4 0 189 216 1St 1 &3 4y s 1 13 11 s 2 sa «1 e 2 3
18 © 0 103 108 8 4 0 70 63 16 1 1 67 79 < s %% 18 3 2 5 o6 15 2
20 0 o0 18 100 9 4 0 -1k 3 17 1 1 16l 187 i 1 50 19 1 7 54 %5 16 2 3
22 0 0 99 74 10 4 0 4B 58 ig 1 1 59 62 2 6 1A 20 3 7 a9 42 172 3
240 0 101 100 1« 0 =15 5 911 4y 62 3 6 1 80 21 3 2 -1t e 18 2> 3
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5 1 0 114 {9 20 4 0 2m 18 28 17 1 -le 19 12 6 1 53 6 3 2 sl 22 6 3 3
6 1 0 45 46 2L &« o0 29 2¢ o 2 1 s&12 351 o o 2 535 T4 2 159 Q5% T3 3
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18t 0 120 &9 25 4 0 =18 I “ 2 L L6 154 « 0 2 [SF] [ T € v9 1oy
1L 1 0 1T el 26 &4 0 26 22 s 2 1 230 239 5 o 2 65 12 & > 2 29 12 1 3
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17° 2 0 104 108 16 0 -ty 26 16 3t 44 a4 17 1 2 65 T w2 7 10 0 4
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' PABLE II

—tatt

ISOTROPIC THERMAL

FINAL POSITIONAL PARAMETERS (fractional),

PARAMETERS (A%), AND ANISOTROPIC THERMAL PARAMETERS

2 2
(exp -{511n2 *+ byphk + bygll + b, kS + byqkl + byl }),

together with estimated standard deviations in parenthesis,

referring to the last decimal positions of respective values,
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TABLE III

BOND LENGTHS AND VALENCY ANGLES

Angle
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TABLE IV

SHORTER INTERMOLECULAR DISTANCES ( 3.6A)

xI_ bl 1 p(xI-y')
0(5) 0(1) II 355 A
c(7") o(1') VI 3.09
o(1*) c1(2) II 3.54
o(4) c(3) 11 3.15
0(5) Cc(3) II 3.36
C(4) 0(6) v 3.42
c(6) 0(3) v 3. 44
c(6) 0(3) I1X 3.59
c(6) 0(4) v 3.51
o(k4) 0(3) 11 2.89
0(6) 0(3) IIX 2.78
0(6) 0(3) v 3.56
0(6) o(h) I11 3.52
o(4) 0(6) \/ 2,61
'_Symmetrx Code

I b:¢ y Z
11 x y z + 1
III x y+1 z
Iv X y+1 z +1
v -X -y +1 z
VI - + % y + % -z + 1
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L 2. THE CR STAL AND MOLECULAR STBUCTUBE OF

| Introduction
| Methyl 4,6-dichloro-k,6-dideoxy-o~D-glucopyranoside _J
" 18 prepared by reéction of methyl o~-D-galactopyranoside
~ wWith sulphuryl chloride, followed by desﬁlphation.13 |

The reaction goes as followss

CH,OH
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The present crystal structure 1nvestigation of the compound
was undertaken with three objects in views to examine the
use of direct methods of orystal structure analysis for
non-centrosymmetrical structures; to attempt to measure

the absolute éonfiguration using the enomalous scattering
of the chlorine atoms ( f" = 0.7 for CuK, radiation); and
to obtain further detalls of the geometry and dimensions

of carbohydrate molecules., Since the structure was

readily determined from the Patterson funoction the first
object has not been pursued, but the structure and absolute

configuration have been determined.

Experimental

Crystalsbof the compoundv(from chloroform/petroleun
ether) are colourless plates, elongated along b, with (001)
developed, Unit cell and space group data were determined
from rotation'and Weissenberg photographs end on the G.E,
spectrdgoniometer.
Crystal data

(A, CuK, = 1.5418 A; A, MoK, = 0.7107 A)

Methyl 4,6-dichloro-4,6-dideoxy- &=D-glucopyranoside

07H120uC129 Mo W. 23101
m. 119-121°; ©dp = +122° (e, 1.9)

16.21+1 0.03,

5.06 * 0,01

13.16 1 0,03 A, B=115.6"% 0.1°
U= 991 A3

Monoclinic, a
b
c

D, =.1.54 (flotation in carbon tetrachloride-
acetone)
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z = u, Dc= 1.558.01!1.-3

Absorption_coefficlients for X-rays, F(CuKa ) =
58 cm,~1

v(MoKa ) = 6.4 om,~1
F(000) = 480
Absent spectras hkl when h + k = 2n + 1

Space group 18 C2(C 3) Cm and CZ/m being
excluded since tﬁe compound 1s optically active .

The intensities of the reflexions were measured on a
General Electric XRD 5 Spectrogoniometer, using a scihtll-
lation counter, MoKy radiation (Zr filter and pulse height
enalyser), and a 0-26 soan. Of 810 reflexions with
260(MoK ) £ 47° (minimum interplanar spécing, 0.89 A), 544
had intensitlies greater than 1.5 times the background. The
266 reflexions with intensities less than 1.5 times the
béckground were classified as unobserved, and were included
in the analysis with |F,] = 0,6 F(threshold). The crystal
was mounted with b parallel to the ¢ axis of the gonlostat,
and had‘cross-section 0.2 x 0,05 mm;; no absorption correc-
tions were applied; The intensitles were corrected for
background (which was approximately a function of & only),
Lorentz end polarization factors were applied, and the

structure amplitudes were derived.

'Structure Analysis
The chlorine atom positions were determined from
the three-dimensional Patterson function as (0.067, 0, 0.192)
and (0.125, 0,5, 0)s A three-dimenslonal electron-density
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distribution, computed with phases based on the chlorine
atoms (R = 0,48) hed false mirror planes at y = 0 and %,
but the whole molecule was nevertheless clearly lndicated,
and coordinates were obtained for all non-hydrogen atoms,
except C(1) and C(6), which were pooriy resolved, A
second Fourier summation revealed thg positions of these
two atoms, The structure was then refined by least-squares
methods, with minimization of Zw(|F,] = IFOI )2, with

N% = 1 when |Fo| ¢ F*, and 4w = F#/ | F | when |Fo| > F+,
Analysis of the values of w( |F§| - |F°|)z during the
course of the reflnemeﬁt indicated F* = 25 as belng appro-
priate., The scattering factors of the International
Tables were used, without correction for anomalous dis-
persion, since the correctléns are negligible for MoK«
radiation. B, initially 0.33, was reduced by five isotropic
cycles to 0,13, and by five further anlsotropic cycles to
0.,11. At this stage, an (F, - F,) synthesis revealed the
positions 6f all the hydrogen atoms, except the three
methyl hydrogens and the hydrogen bonded to 0(2) [in fact
the measured 0(3) - H(8) distance is gbout 1.3 A in an
intermolecular 0(3)...0(2) hydrogen bond of length 2.70 A,
8o that H(8) appears only slightly closer to 0(3) than

to 0(2), and 1ts exact location 1is doubtfuil. Two further
cycles of least-squares, 1n which the hydrogens were
included but not réfined, completed the refinement, the
final R being 0.09 for the 544 observed reflexions,
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The measured and final calculated structure factors
are listed in Table V., Seotlions of the final three-
dimensibnal electron-density distribution are shown in
Figure 6, together with a dréwing of the structure., A
final difference map showed maximum fluctuations of
$0.6 e.A™> near the two-fold axes and the chlorine atoms,

The final positional and thermal parameters are gliven
in Table VI, the bond lengths and valency angles in Table VII,

and the shorter intermolecular distances in Table VIII..

Absolute Conflguration
As a final step in the analysis the absolute configu~
ration of the molecule was determined by the anomalous dis-

14

persion method. Structure factors were calculated for
all the hkl and hkl reflexions, using scattering factors
for the chlorines of the forms
£=lfg + ')+ 215
For Cukyrediation, f° = 0.3, f" = 0,7.7 Thirty-two pairs
of reflexions with the largest differences between F,(hkl)
end F,(hkl) were chosen, and the intensities were
measured with a scintillation counter and CuKy radiation.
The crystal was mounted about b, 8o that with a quarter-
circle orienter it was necessary to use two mountings to
perform the measurements. The intensities of the hkl and

hkl reflexions were recorded, the crystal was remounted

upside down, and the hkl and hkl intensities were measured.
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I,(hkl) was taken as the average of the first two readings,
and I (hkl) the average of the second set.‘ The results
(Table IX) 1ndieate'(unamPiguously,-gpart from one reflexion
of those measured) tﬁat the’parametérs“uséd to caloulate

the structure fact058 (fhosé'¢f Table VI referred to a
right-hahded set 6f axes).represent_theffrue absolute con-
figuration. All the diaérgma.depictfthe oorféct absolute

configuration of D-glucose.

Disousaion

The analysis has establlshed the structure and absolute
conflguratlon of methyl L, 6-d1chloro-4 y6-dideoxy~ ol-D-
glucopyranoside, the‘molecule.having the usual chair confor-
mation (Flgure 6). The C-C bond distances (Table VII) are
in the range 1.5041.55 A (0= 0.04 A), mean 1.52), A
(0= 0.02 A), and the range of C-0 distances is 1.39~1.44 A
(0= 0,04 &), meanll;#zz A (0= 0,02 A), The C-Cl distances
are 1.75 and 1.81 A, mean 1,78 A (o = 0,03 A). None of
the individual bond distances differs significantly from
the mean lengths, The mean distances ere similar to those
in other pyranoid sugars.16 The carbon valency angles.
within the ring very from 107°to 110° (0= 2°), mean 108.6°
(0 =1°), and the angle at 0(5) is 113°, perhaps slightly
larger than the ﬁetrahedral';ngle,'as is commonly found in
other sugars.l® The external angles are in the range 106°
to 114° (o= 2°), |



Figure 6,

Superimposed sections of electron density
distribution (contourg at 1,2,3...0/A3 for

C and 0; 1,5,10...e/A° for Cl) and a
drawing of the molecule.,
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The bond lengthé énd;vq}enoy-anglqs involving hydrogen
(Table VII) have béeﬁidgtérﬁined less preclisely, and the
methyl hydrogensfandftﬁe bﬁdiégen bonded to 0(2) have not
been located.,-Ihe>ra§geffqriq-ﬂ bonds 18 0;9-1.3 A
(0'= 0.3 A), and for H-C-X angles (X = C, 0, or C1) 92°- 128°
(0= 17°). The average valﬁééfafevl.l A and 109°, and the
differences betﬁeen 1nd;v1dhélfva1ﬁes ére hot significant,

~ The packing of the:molécules in the unit cell (Fig.7)
and the shorter 1ntermoleculer distancea (Table IV) indicate
the presence of one def}nlte_hydrogen bopd, 0(3)...0(21v) =
2.70 A, and a ée&on‘d: possible bond, 0(2)...0(31V) = 3.08 A,
This latter distance 18 however at the extreme of hydrogen
bond distances usually found16 (2. 68-3.04 A). The angles
at 0(2) and 0(3) (Figure 8) support the assignment of
H(8) to 0(3), and the hydrogen bonding scheme: ...0(2III) -
H...0(3) -H..,O(ZIY) -H... The other intermolecular

distances correspond to ién der Wasls interactions.
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Packing diagram; view along b.

Figure 7.



Figure 8. Hydrogeh bonding; view along-a.
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Measur_ed and calculated structure amplitudes,
Unobserved reflexions have Fp = <0.,6 F (threshold).
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TABLE VI

=g

FINAL POSITIONAL PARAMETERS (fractional), ISOTROPIC THERMAL

A ———

" PABAMETERS (4%), AND ANISOTROPIC THERMAL PARAMETERS

(exp = (byyh® + by hk + bygkl + byok? + bygkl + bysl?)),

together with estimat¢d standafd deviations in parenthesis,

referring to the last decimai ﬁoéitions of respective values.
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Hydrogen positional parameters (B taken as 3 0 A% for
all hydrogen atoms)

Hydrogen Attached

atom to X y z
H(1) c(1) - 0.392 0,417 0.325
H(2) c(2) 0.275 . 0,600 0.358
H(3) c(3) 0,225 0.042 0.375
H(4) c(l) . 0.125 0.433 0.208
H(5) c(5) 0,233 -0,017 0,167
H(6) - C(6) 0,100 0,000 0.033
H(8) - e(3)

0;158"m_;a0;150 - 0,467
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Angle‘

TABLE VII

Bond Lengths and Valericy Angies
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Bond Lengths and Angles Involving_Hydrogens
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i J D(1)) X Angle (1 jk)
| 1 0(1) 113°
H(1l) c(1) 1.0 A ’ {.0(5) 105
. - c(2) 106
H(2)  ¢(2) 1.1 c(1) 112
{cw) - 109
0(2) l09
(C(2) : 117
H(3) c(3) 1.0 , {c(u) . 103
» o Lo(3) 109
(S(3) 105
H(4)  c(b4) 1.1 {0(5) 118
o le1ts) 107
c(h) - 128
H(5)  €(5) 0.9 {0(5)*. 103
c(6) - 99
- {0(5) 92
H(6) c(6) 1.3 Cl(6)v 118
H(7) c(6) 1.1 {8{%2) igg
H(B) 0(3) 1.3 c(3) 102
Mean 1.1 A 109°



Shorter Intermolecular Distances

TABLE VIII

xt o 1 p(xI-y!)
0(2) 0(3) III 2,70 A
0(2) 0(3) 1v 3.08
0(3) 0(2) III 3.08
0(3) 0(2) v 2.70
0(2) c(3) 11 3.17
0(3) c(7) v 3.31
c(2) 0(3) ITI 3.40
0(3) c(3) - I1I 3.48

c1(6) c(6) 11 3.49
c(2) 0(1) 11 3.53
Symmetry Code

I x ¥ z

II x vyt 1l z

III -x + % y + % -z +1

v -x + 1 y-1 -z + 1

s 7
\' x-% y+ % z

4o
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TABLE IX
Determination of the Absolute Configuration (CuKy radiation)
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The XZ Projection of the Glucoslide
by Direct Methods

The set of four programs (described later) for
solving centrosymmetric projections by direct methods
Wwere written after the glucoside structure had been
solved by the conventional methods described earlier.
However, the direct methods programs were tried on this
structure both to test the initial versions of the pro-
grams and to suggest alterations and additions to be made
to them., The 1n1tia1 results will not be presented but
the following is a description of a run made on the
glucoside X2 projectioh with the programs in their final
form:

The PREDIR program was run with all the three-
dimensional data with sin@/)\ less than 0.5 (596 reflexions)
placed into 10 ranges of sinf/A. A primitive cell was
assumed by fitting the data to é structure consisting of
2 molecules in the unit cell, The weilghts used for the
first two ranges were 0.0 and 1,00 respectively, The scale
constant found was 2,45, the average temperature factor
found was 5,00, and the probability coefficient a3/023/2
was 0,26, The séatistlcs for the 596 refiexions after
soaling were {IEI) = 0.84, {|E[®) = 0.99. [E(h',0,1)]
where h' = h/2 were then put.out on tape for those 66
reflexlons where |E|31.0.

The 35 reflexions with |E|2 1.4 were introduced into

the Sayre program and 68 Sayre relationships were found.
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When the relationshipé which included reflexions #21 and
22 ((4,7) end (4,8) respectively) were deleted as these
reflexions each occurred in only 2 Sayre relationships

of "relatively®™ low probablility, the number of relation-
ships was reduced to 64. Each reflexion which occurred
in th;s smaller group occurred in at least 2 relationships
and ﬁhere a reflexion occurred in only 2, those relation-
ships were of "relatively" high probabllity. The proba-
bility that no more than 8.relationsh1pé fail in 64 was
calculated to be approxlﬁately 0.998,

At this stage thé signs of these 33 reflexions for
the correctly solved structure were calculated to assure
that the origin fixing reflexions ﬁould be assighed phases
to yleld the 1denfioal golution to that already solved by
the convential methods., AS a result reflexion #1 (0 O 5)
was assigned as +, and #32 (7 0 =2) a8 - for the SIGNS
program run next., Out of 31931 solutions registering no
more than 4 fallures in the first group, 1818 solutions
satlisfy the additional condition that no more than 8
relationships fail in all. Of the latter.number the 24
solutions which also satisfy the condition that for .no
reflexion K 1s the sum over K of |Eu||Ex|| En~&| (the
sum taken only over relations that fail) greater than 10.0,
This corresponds to the statement that in no possible
solution is any sign indicated to be the opposite of that

predicted to a probabllity of greater than 0.995. A linear
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dependence arose such that for any combiha%ion of
fallures reflexion #34 couid be arbitrarily assigned a

+ or - sign., Apert from the two perfectly consistent
solutions where no failure 6f Sayre relationship occur,
the‘corfect solution has the lowest valué of the above
test, However, there are 3 seﬁs of solutions (l.e. 6
solutions) with the.same minlmum value.‘.Nevertheless,
fhe correct solutlon woﬁld be readily abparent on
drawiné-ub all the abdée 8 §6881blg solutions since such
‘a large number of sigqs (33) are determined. The E - map
for the correct solution with 17 + signs and 16 - signs
eitracted from tape by phe‘gggggp program and drawn up by the
CONTUR prégram 1s'shownv1n'Figure 9 with the model of the

correct solution superimposed (Note a' =’a/2).



Figure 9.

0 T 7 AXIS

E-map of xz-projection (contours on arbitrary scale) with final
. .refined solution superimposed. . - . _

18
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Introduction

Hethyi “,6-dichiorof#;6-d1aeoxy-ubD-galactopyra-
noside 1is prepared“by fé&ctibﬁ of methyl dFDuglucopyrano-
side with sulphyryl chloride followed by desulphation.l3 17
The steps in the reaction are slmilar to those involved in
the preparation of_the glucqside whosg structure analysis
precedes this one. E '”. | . . |

Although chemioal evldenoel3 had establlshed the
" absolute configuration ‘of the dichloro-dideoxy hexose
product, the actual crystal structuré.ahdrthe nature of
the hydrogen bondihg in the éblid were unknown. This
cqmpound also showed promise for application of direct

methods to its structure determination.

Experimental

Crystals (from ohloroform) of this galactoside are
colourless needles elongated in the c-directlon. A sult-
able crystal was cut to about 0.10 mm, from a well formed
needle of diameter 0,05 mm. and used in all subseqﬁent '
work. Unit cellvand space groﬁp data were determined from
rétgtlon and Weissenberg photographs and on the G.E. spectro-
gbniometer. (Approximate values of the cell dimensions were
obtained from film. Using these,18 arbitrarilly selected
medium intensity reflexions were found on the counter, and

their 28 values accurately measured, More accurate values
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of a, b, and ¢ were then found by applying three oycles
of refinement by least-squares to these parameters using
the 26 data in a program (CELDIM) written by Simon
Whitlow to do this).
Crystal Data (A, MoKy = 0.7107 A)
Methyi 4,6-dichloro-4,6-dideoxy-o-D-galactopyranoside
CoHy 504,012, M = 231.1
m.p. 158°C, [odp = +184
Orthorhombic: a = 23,12 (0 = 0.05),
b =8,18 (o= 0.02)
6 = 5,091 (o= 0,004)A
U = 962.8 A3
Dn = 1.59 gm cm=-3 (suspended in ccly, £20° = 1.595)
Z=4, Dy = 1.595 gn.em. ~3 |
Absorption coefflclent ‘for X-rays,
| po (CuKy ) = 60 em™1 k(M°K¢) = 6,6 em~1
F(000) = 480
Absent spectras.h 0 0 when h = 2n '+ 1
0 k O when k = 2n + 1
and 0 01 whenl

2n +1

Space group 1s P212;2; (D,")

The intensities of the reflexions were measured on
a General Ele@tric XBRD 6 automated (Datex card controlied)
spectrogoniometer, with a scintillation counter, MoKy
radiation (Zr filter and pulse-height analyser), and a
28 scan, The crystal (of length 0,10 mm., and diameter
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0.05 mm.) was mounted with ¢ parallel to the § axis of
the gonlostat. Of 807 reflexions with 20(MoKy) ¢ 45.58°
(minimum interplanar spacing 0.92 A),'201 whose net '
intensities (corrected for background which was recorded
for each reflexion;before;and after the scan . of ~2°)
were less than 30 counts (maximum counts of 29440 for
(800)), were classifled a8 “"unobserved" and were included
in the analysis (but not in calculation of R-values) with
|Fo| = 0.6F (threshold),‘ Lorentz and polarization factors

Wwere applied but no absorption corrections were made,

Struoture Analysis
a. Dlrect Methods on the x&-projection.

The shortness of the c-axis indicated that the mean
blane of the molecule lay perpendicular to the c-axis., It
was8 hoped that if direct methods were carried out on the
Xy projection, and several solutions were possible for the
structure, the correct one would be apparent on simple‘
inspection of all these solutions (a program had previously
been writtén which could rapidly draw.contoured Fourier
maps on U,B.C. Calcomp 565 12% drum plofter).

Using the PREDIR program (latér'deéoribed), the full
three dimensional data was divided into nine ranges of
sin 0/,\ for each of which the average intensity was calcu-
lated ((;%). The average temperature factor, B, and the

overall scale, K, were determined by least-squares using
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the <129 versus sin 94% data (the first range was
excluded as it included too few reflexions) in the
equation :
2 2
Zf° = K exp [B (sin 8/)) J <I>6

2 _ pe? 2 . 2 2

where =f
B was found to be 6,824 and K to be 22,9. These con-
stants, however, are normally quoted for scaling of I
and not I (B = B/2 = 3.42 and K- =4K = 4.79). 4s
the reasonableness of the temperature factor indicated
that the scaling could now be acocepted, !E(hkl)]'s where

E2(hkl) = I(hkl) exp (B(sinf/n)2) ,
If<e

were calculated, E(hk0O) data where |E|3 1,0, were output
on tape-for subsequent work by direct methods.

The average value of |E| for the three dimensional
data was 0.852, a clear indication of an acentric distribu-
tion ( (|El)1s 0,886 for acentric and 0.798 for centric
distributions), and further indication for acceptance of
the above scaling.

All possible Sayre relationships among the 27
reflexions (hko data only; plane group pgg) with ]E}a.1.30
were found by the SAYRE program (1f their probabillty of |
holding was greater than 0,60).ﬁhlch was run next. Fifty-
four relationships ( - . ~ - ") were found
in which each of the é6 reflexions occurring in relation-
ships occur in at least two relationships (reflexion #22,

(11 6 0) with E = 1,68 occurs in no relationships).
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‘Solutions were then generated by the SIGNS program.
Reflexion #12 (9 3 0) and #21 (9 2 0) were given signs of +
to define the origin as they were strong reflexions and
occurred in the'greaﬁestAnumber of Sayre relationships.

The probabillty that, 1n}the correct solution, no more

than ten Sayre reléflonships'(but of 54).fai; was calculated
in the previous prograﬁ to ﬂe approkimately 0.88. As the
maximum number of failure8?1n thé first group that could

be handled was at the time of this work limited to four,
all solﬁtions satisfying'the'ooﬁditlon:that no more than
four relatlionships faii in the first group and no more than
ten fail in all, weré‘exgmined. Oout of the 880 solutions
satisfying these conditions; only 16 solutions also satisfy
the condition teéted for by ITEST, that is, that for nb
reflexion K in a possible solution is the sign indicated

be thé opposite of that in the solution to a probability
greater than 0.985 (i.e.2R |EgllEgll Bg_g|> 11.5, the
summation being over relations that fail). All 16 of

these were plotted, but only the first (the "most probable,"
l.e, with the lowest value of thé opposite indication of
sign) had a distribution of peaks to whioﬁ a model could

be fitted. That solution, which proved to be correct in
every sign, had only two fallures of Sayre relationships,

#21 E(10 1 0)* E(9 2 0)* E(19 3 0)~+
with probability 0,785; and

#36 E(9 2 0)* E(19 3 0)* E(10 5 0) ~ =
with probability 0,782,
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For that solution, no felations in the first group failed,
and two signs (#17 and #21) were indicated to be the
opposite of that in the solution to a probability of 0,93
(£EEE = 7.0). The E-map (a Fourier whose coefficlents

are the E(hkO)'s of knowngphase) for this solution is
glven in Figure 10 with the structure initially postulated,
superimposed.

Five cycles of refihament by the ﬁethod of least-
squares of only the isOtropic temperature factors and
,scale‘were carried out (50% of the calculated shifts
applied after each cycle). All behaved well except 0(1),
C(2) and C(4) whose temperature'faotors went to 10,5, 10.0
and 16.6‘A2, respectivel&. ‘A Fourler summation based on
the calculated phases of the remalning ten atoms was carried
out and the missing atoms were relocated (Figure 11), Note
that C(7) 18 noticeably shifted towards 0(1) from the
position in which it was included in the Fourier summation,
Five cycles of least-squares refinement of the positional
parameters (x and y) and 1sotropic temperature factors
(B = 3.0 A2 1n1t1a11y_) of all 13 non-hydrégen atoms, together
with thé scale, K, were carried out, applying after each
cycle, 50% of the indicated shifts., The successive values
of R were: 0,283 (initilally), 0,174, 0,130, 6.113, 0.110
énd 0.109. The final Fourier map for the xy-projection

appears in Figure 12 with the refined structure superimposed.
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As the z-axis 1s‘such a short axis some doubt
initially existed as to whether the space group was
P27272y0r P27272, the absence of only 0 0 1 and 0 0 3
not being conclusive proof of the former., After the
solution of the projéction, the former space group is
confirmed to be correct since in the latter space group
€1(6)...C1(6) across a centre in projection would be
"across a two-fold axls in three dimensions and would put
Cl(6)...C1l(6) non-bonding distance at 2.8 A.

Attempts were made to solve the structure three
dimensloﬁally by superimposing a model on the projection
and, to fix the z-coordinate of the molecule, using the
postulate that 0(3) of one molecule 1s hydrogen bonded to
0(2) of the neilghbouring molecule (hydrogen bond distance
~ 2.7 A). As these attempts proved unsuccessful, it was
decided to try direct methods on the xz projection as in
that directlion there is no overlap of one molecule on
another, as the x-coordinates of all the atoms are known,
as the phases of the h 0 0 data are known; and as the
molecule occuples s roughly predictable position because

of the hydrogen bonding of 0{3) to 0(2). -

b, Direct Methods on the xz-projection
PREDIR was agaln run with the same input parameters
as before, but this time normal structure factors (E's) of
the type (h O 1) where |E|> 1,0 were output on tape.
All possible Sayre relationships (59) among the 26



reflexions with |E[>1.0 were found by SAYRE but the
number of relationships was reduced to 55 by exclusion of
those relationships involving reflexions #15 (10 0 3) and
#16 (8 0 5) as their signs cannot be determined to a
sufficient probabllity. As a result, no reflexion of
@ither even~odd or odd-even parity occurred in a Sayre
relationship. Reflexion #14 (2 0 1) with |El = 1.93 was
arbitrarily given a + sign even though it occurred in no
relationship. The other Qrigin determining reflexion
chosen was #21 (11 0 3) because of 1its magnitude (lEl =
1.55) and because of its frequent occurrence in relation-
ships., The phase of the structure invarient reflexions
# (8 00), #2 (10 0 0), #3 (16 0 0) and # (24 0 0) were
already known from the solutlion of the xy-projection,

The SIGNS program was run with the above origin
determining reflexions assigned as + and the other four
reflexions assigned thelr proper signs, Out of 514
solutions which satisfied the condition that no more than

four Sayre relationships faill in the first group and no.
more than 15 fall in all (80% probability of finding the
correct solution in éhis'set), only elghf solutions
satisfied the suxiliary condlition that for no reflexion
is its sign indicated to be opposite to a probability of
greater than 0.983 (zEEE >11,0).
The two most probable solutions, i.e., the two with
the lowest values of ITEST, differred only in the sign



of one minor reflexioﬁ, #24 (21 03, IEl =1,23). &s
the E-maps of both solutions would be almost indistin-
guishable, only one was drawn up, that shown in Figure 13
- with the postulated structure superimposed. Subsequent
refinement of this postulated structure established that
the second most probable solution which contained 14 +
signs and 10 - signs was correct in every sign.

Four cycles of least-squares refinement of only

the z-coordinates of‘the 13 non-hydrogen atoms was carried

out gilving successlve R-values of 0,252 (1n1t1ally), 0.204,

0,180, 0.170, and 0,168, A Fourier based on all 13 atoms
with the parsmeters of the last cycle was summed and, as
the shift 1ndicated (but not applied) to the temberature
factor of C(7) was aﬁndrﬁally high (+6.2 AZ), this atom
was relocated from the resulting contour map (not shown).
Five more cycles_of ieast-squares refinement were then
carried out, again shifting only the z-coordinate of eéch
atom (50% of calculated shifts applied after each cycle).
The successive R-values were 0,167 (1n1tlally), 0.145,
0.138, 0.137, 0.136, and 0.137. The final xz projection
Fourler map with the refined structure suberimposed is

shown in Figure 14 following.

¢, Full three dimensional refinement.
The xy- and xz- projection data were combined with
sultable translatlons of the coordinates since the pro-

Jections of the screw axes of P27272iwhich become the

57
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centres of 1nversion‘in two dimensions, are not at 0,0

a8 they are in the plane group pgg. Full three dimen-
sionel réfinement on all parameters (applying 504 of
calculated shifts) with F* = 25,0 in the standard weighting
scheme noted earlier, was carried out ylelding, for 7-
cycles of refinement, successive R-velues of 0.186 (ini-
tially), 0.162, 0.155, 0,151, 0.148, 0.146, 0.14%4, and
0.143, Refinement was continued incorporating anisotropic
temperature factors, and yielding; for four cyocles,
successive R-values of 0,143 (initially), 0.133, 0,128,
0.126, and 0.125. As this B-value was rather large in
comparison to the expeoted acouracy of the data, a re-
appralsél wes made of the value which should be classified
‘a8 a minimum observable intensity. it was noted that the
background was of the order of 300 counté, (the maximum
intensity reflexion (8 0 0) on this scale hed a scan of
29440 counts). ‘A value of 100 as the net counts for a
minimum observable reflexion was substituted for 30 which

was previously used (On the average, 100 would correspond

to a reflexion whose standard deviation is 4100 + 2 x 300 =
A700 = 26 = 100/4). On this basis,only reflexions with
net counts greater than 40 are classified as observed.

Of the 807 reflexions recorded, only 335 (41.5%) were now
classified as observable, Using the parameters which
previously gave an R-value of 0,125, a recalculation of

R using the new observable reflexions ylelded a value
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of 0,077, Four cycles of refinement by least-squares,
appiying 50% of the.calculated shifts after each cycle

and weighting reflexions by the standard scheme (see
before) where F* = 25,0, ylelded the R-values: 0,077
(1n1fial), 0.071, 0,070, 0.069 and 0,068, A difference
Pourler summed over only observable reflexions indicated
the positions of the six hydrogens given in Table XI.

The hydrogens on 0(2) and 0(3), however, were not found,
After reflecting the molecule through z = % to make the
solution contain the correct optical enantiomorph, and
after including the previously found hydrogens all with
isotropic temperature factors of 3,0 Az, a structure
factor calculation revealed that the R-value had decreased
to 0,0596., The measured and final calculated structure
‘factors are listed in Table X. A tinal‘dlfference
synthesis showed fluctuation of -O.3e/A3 to +0.39/A3.

The final positional and thermal parameters are in Table XI,
bond lengths and valency angles are in Table XII, and the

shorter intermolecular distances are in Table XIII.

Discussion
a. Moleoular Structure'and Dimensions
The foregoing analysis has established the structure
of methyl 4,6-dichloro-4,6-dideoxy-0-D-galactopyranoside,
That the crystal contains the ((-anomer of the galactoside
h;s been established, but that it contains the D-enantio-
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morph has not. As the latter can be inferred from the
preparation, the sanamolous dispersion method was nqt used
on this crystal to ascertain its absolute configuration,
All drawings depict the correct enaﬁtiomorph referred to
a right handed set of axes. |

Figure 15 shows the conformation and configuration
of the molecule in proJectlon‘along the z-axls. The
conformetion adopted is the chalr form of the pyranose ring
on which substituents are attached in the manner la2e3elase
(1.8., the expeotsd Cl conformation in Reeves' notationla).
The packlng.of mdleculeé in the unit cell 1§ shown in |
Figure 16, . 1 ‘_ ‘_m

The bond lengﬁhsxand“valency'angléé 1ﬁ-the molecule
are given in Table XII; The'rangés for the C-C bond lengths
is 1.51-1.54 A (0= 0.02 A),fof which the average value 1is
1.532 A( O= 0,01 A). The two C-Cl bond lengths have an
average value orel.BO‘A(a'e 0.01); ‘The C-0 bond lengths
are in the rénge 1,48-1.,41 A(0 = 0.02) with the lengths |
involving the gl&cosidic oxygen, 0(l1), at the extremes (Jefferey
and Rosenste1n16 have noted that in honosaééharides, C(1)=-0(1)
tends to be shorter than the normal~C-O~bbnd), the othér c-0
bond lengths covering a narrower range., The average C-0
bond length is 1.45 A( 0= 0,01). The mean value for C-C is
as found in other carbohydratesl6, but the C-0 value is at
the upper range of those found. Except, perhaps, for those
involving 0(1), none of the individual bond lengths differ

significantly from their means,
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~ Within the ring the carbon valency angles range
between 109.2%and 110.3° (= 1,.3°) with a mean value
of 109.7 (= 0.7°). The angle at 0(5) is 115,0°, larger
thén the tetrahedral ahgle as 1s commonly found in other

16 AThe external angles are in the range

simple sugars.
 104°-116° (0"= 1.3°). Table XII gives the bond lengths

and valency angles for six hydrogens, calculated from their
coordinates as they appeared on a difference synthesis,

They range in bond length between 0,93 A and 1,22 A with a
mean value of 1.04 A, The valency angles in which they
occur range between 97° and 134° with a mean value of 109.9°.

The standard deviation of the mean values quoted in Table XII

is the root-mean-square-deviation from the mean.

b. Hydrogen Bonding in the Structure

Table XIII contains the intermolecular distances
which are less than 3.6 A. The shorter distances represent
possible hydrogén bonding and these are included in Fig.l?7,
a view along the y-axis of the near origin region of the
unit cell, Only'two independent hydrogens per molecule are
avallable for hydrogen bondings:s one on 0(2), the other on

0(3). A possible hydrogen bonding scheme 1s

e 0(2)III - H-----0(3) - H etc,



Figure 17,

Hydrogen bonding; view along b,
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The hydrogen on 0(3) of molecule (I) islpostulated to
be directed between 0(1l) and 0(2) of molecule III to form
a blfurcated19’2° hydrogen bond. Two reasons make a
bifurcated hydrogen bond reasonablet .
1. The distances 0(3)I...0(2)TIT ana o(3)%...0(1)11!
are both within the limits of hydrogen bonding
found in carbohydrates (2.68-3.04 A)16
2, If the hydrogen on 0(3)I is directed between
0(1) and 0(2) then the angle H-0(3)-C(3) would
be closer to fhe tetrahedral angle then it would
be were the hydﬁogen directed to only one oxygen,
One interesting short approach existing in the
structure 1s that of 0(2)IV,..c1(4)T (3.28 A). It 1s
tempting to postulate“hjdrogen bonding between the two
atoms, possibly as a bifurcated system in which 0(2)Iv is
hydrogen bonded to both 0(3)I and Cl(b)I. However, this
oxygen-chlorinevdistance 1s longer than that usually found
in hydrogen bonding‘(2.86¥3.2liA; mean 3,07 A),3 and more
probably correspondsvtd_oﬁly van der Haals interaction

between the two atoms., The other intermolecular distances

in Table XIII correspond to wvan der Wails separations,
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TABLE X1

FINAL POSITIONAL PARAMETERS (frectional), ISOTROPIC THERMAL

PARAMETERS (A2), AND ANISOTROPIC THERMAL PARAMETERS
2

: 2 1 e : 2
(exp - {b)1h" + byohk + byghl + byk” + byskl + byjl®}),
together with estimated standard deviations in parenthesis,

referring to the last decimai positions of" the parameters,
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Atom X y z B
Cl(4)  0.13114(15) 0,8545(5) 0.7650(8) 3.35(7)
Cl(6) 0,24867(17) 0,8354(6) = 0.2494(11) 4,67(10)
0(1) 0,0912(4) 0.3636(12) -~ 0,283(2) 3.7(2)
0(2) =0.0039(4) 0.4807(13) 0.538(2) 3+9(3)
0(3) 0,0190(4) 0.8233(11) 0.487(2) 3.7(3)
0(5) 0.1535(4) 0.4975(11) 0.576(2) 2,9(2)
c(l) 0.0977(6) 0.,4213(16) 0,541(3) = 3.4(4)
C(2) 0.0521(5) 0.5526(17). 0,601(3) 2.7(3)
c(3) 0.0598(5) 0.6982(16) 0.417(3) 2.,4(3)
C(4) 0.1217(6) 0.7667(16)  0.442(3) 3.0(3)
C(5) 0.1653(5) 0.6295(16) 0.400(3) 2.7(3)
C(6) 0,2276(6) 0.6713(17) 0.455(2) 3.5(4)
c(7) 0.1218(7) 0.2077(18)  0,246(4) 5.3(5)
11 P12 b13 b22 b23 b33
Cl(4) 0.00170(6) -0,0006(4) -0,0008(9) 0.,0156(5) 0.009(3) 0,027(1)
Cl(6) 0.,00217(8) -0,0014(5) -0,0036(11) 0.,0203(6) 0,002(3) 0.056(2)
0(1) 0.0024(2) 0,0007(10) 0,004(2) 0.0105(14)-0,003(7) 0.043(5)
0(2) 0,0016(2) =-0.0057(11) 0,000(2) 0.0209(19) 0.006(7) 0.049(5)
0(3) 0.,0024(2) 0,0027(11) 0,002(2) 0,0132(17) 0,014(6) 0,046(5)
0(5) 0,0012(2) 0.0006(10) 0,005(2) 0.0134(16) 0,003(6) 0,035(4)
C(1) 0.,0019(3) =0.0027(14) 0,009(3) 0,0089(21) 0.007(7) 0.019(6)
c(2) 0,0006(2) -0,0026(14) 0.,003(2) 0,0128(24)-0,021(8) '0.035(7)
C(3) 0.,0009(3) -0,0024(13) 0.004(3) 0,0095(24)~0.011(7) 0,042(7)
c(4) 0,0022(3) 0.0027(15) 0.013(3) 0.0082(21) 0.,007(7) 0,022(6)
c(5) 0.,0010(3) 0.,0002(12) 0,001(2) 0,0060(20)~0,030(7) 0.038(6)
c(6) 0,0016(3) -0,0024(15)-0,004(3) 0.0124(24)-0,013(9) 0.046(8)
c(7) 0.,0031(k) 0,0017(18) 0.013(5) 0,0136(26) 0,004(12) 0.071(10)




POSITIONAL PARAMETERS OF HYDROGENS (Not refined; B taken

as 3,0 A2 for all hydrogen)
Hydrogen :
atom Attac_:hed ‘to X Y z
H(1) Cc(1) 0.1037 0.321 0.700
H(2) c(2) 0.0691 0.618 0.800
H(3) C(3) 0.0648 0,630 0.267
H(4) C(k) 0.1317 0.842 0.300
H(5) c(7) 0.0994 0.145 0,133
H(6) 0.1512 0.182 0.367

c(?)
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TABLE XII

Bond Lengths and Valency Angles

Angle
(1jk)
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Bond Lengths end Angles Involving I;derogens" “

4 ] D(13) k Angle (1 1k)
S 0(1) 115°
H(1) Cc(1) 1,17 {"0(5) - 97
: A c(z) 116
(c(1) 105
H(2) c(2) 1.22 { c(3) 97
, 0(2) 131
'{ c(2) 93
H(3) c(3) 0.96 - { c(4) 100
. - lo(3) 134
- . { c(3) 112
H(4) C(4) 0.99 - c(s) 102
c1(k) 113
H(5)  C(7) 0.93 0(1) 107 -
H(6)  C(7)  0.9% 0(1) 117
N g 0.12 12°
Mesan 1,04 109.9
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TABLE XIII

Shorter Intermolecular Distances (< 3,6 A)

xE ' 1 p(xI-y!)
ci(4)  0(2) Iv 3.28
Cl(4) C(4) S 0 S 3.55

0(3) 0(1) 111 | 2.92

0(3) 0(2) v 2,78

0(3) 0(2) 111 3,00

0(3) c(2) Iv 3.28

0(3) c(7) 111 3.60

0(3)  0(2) 111 3. 54

Symmetry Code
I X y z
II X y ' z +1
IIT -x y+% -z+4%
IV -x y + % -z + 3/2
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PART' II

DESCRIPTION OF PROGRAMS
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DIRECT METHODS PROGRAMS

Introduction

A Sayres relationship in a centrosymmetric space
" group relates the signs of three large reflexions as

S(Fﬁ) . S(Fg) . S(F-ﬁ_-lz) o+ 1
where S means "the sign of." The probability of the
relation holding i1s a function of the magnitudes of the
reflexions involved,

Following is a deScriptlon of a set of four programs
which attempt to solve two dimensional projections using
- Sayre relationships in the Vand and Pepinsky approach to
the Cochran and Douglas procedure.8 The set of pfograﬁs
begins with unscaled three-dimensional (or two dimensional)
lFol's as output by DATAPREP (our data processing program)
and produces8 in the end a tape suitable for input to FOURIE

(our Fourier summation program) containing up to six possible

solutions at one time, For working with direct methods,
8

7

either unitary scattering factors, U's (Woolfson~ p.4), or
pP.855) can

be used., As the trend is toward increasing use of the latter,

normalized structure factors, E's (Karle & Karle

these are used in all subsequent work. A simple definition
of 1E] 18 that 1t is the ratio of the actual observed
(properly scaled) magnitude of F to that expected for its
value of sin B/A which is simply ’Enleé where the summation
1s over atoms in the unit cell, In terms of E's the

expression used to calculate the probability of the above
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Sayre relationship holding i

= % + % tanh {0’3/0'23/2 ,E-o' Ep- E-.-.lf
where 03/023/2 1S a constant dependent upon the consti-
tuents of the unit. cell.; :

. No allowance’ 13 made in this set of programs for
specification of any but the tape unit normally specifiable
for all progrems, i.e., 00, Ol, 02, 03, and Ob, With the
exception of EDIR and-E§lgﬁD (see later), input and output
can be on differentkfiles‘of'the same tape. The tape output
from these prograﬁs'haéibeéh.made tdf@;?bompletely compatible
with our regular'pfograms (DPAUTO & LSSQR & PATTER) so that
‘output from any of these programs, except of course ESIGND
(c.f.LSSQR) can be 1ntefﬁixed witﬁ regular.structure factor
‘data, and so that all rour‘direcf'methods3progréms,DPAUTo,
LSSQR & PATTER are able to read to appropriate files on

intermixed tapes,

(1) PREDIR

This program accepts a three-dimensional (preferably
but not necessarily) structure factor tape prépared by
DATAPREP end scales the |F | 's based on a knowledge of the
composition of the unit cell. The data tape 1s first scanned
to find the limits of s&in a/; « The tape is then reread and
the unscaled intensitles placed into a specified number of
equal ranges of sin 5/;\ « Two tables similar to Tébles 1.1
and 1,2 of Woolfson8 (p.8) are constructed, and for each

range, ENfZ/(I) is computed,



76

Assuming an average temperature faotor (B) can be
used for all the data, one can write for each range of

sin 9X (= S):s

ZNf / (1) = K exp (+ BS?') (1)
This can be rewritten asi | '
log (ZNfZ/ (I)) = log K + BSZ‘ e (2)

Least-squares 18 used to find the 'best! value of K and B
in equation (2).

. This program fheﬁ'ccmputes and outputs E 's both
printed and on tape,.thellarter exactly 1den§1cal to the
ordinary structure factcr tape produced by DATAPREP except
that |F| becomes |E| and P2 becomes E-, (For interpretation
of EPSILON in the printed output, see the footnote in Karle &
Karle’, p.855). R S

As a final‘check‘on the method of scaling the data,
average values of both IEI2 and [E| are output, the latter
indicating the presence or absence of a centric distribution
of atoms in the structure. |

Two useful. options are 1ncluded to ensure that scallng
(and subsequently, calculation of(]El) and (lEl2> ) 18
carried out for only the‘best-part of the data. These ares
(1) Weights can be specified for the first two ranges of S,
(2) The limiting value of S can be specified to be smaller

than actually contained on tape, |
The necessity of the first option is that the first two

ranges may not contain enough reflexions to make (I>



statistically significant there. The necessity of the
second is that at hlgh values of S, many reflexions
become too weak to be measured and ére classifled as
"unobserved.," However, E's are calculated and output

for all the data on the input tape.

The data cards for input to the PREDIR program are

as followst

POSITION = DESCRIPTION - FORMAT

Card 1
1=2 INPUT tape unit no. : . . 12
3=l INFILE - file no. (= 1l lf left blank) I2
5-6 OUTPUT tape unit no, (1f any) (OUTPUT #
; ~ INPUT) 12
. 7-8 OUTFIL -:Output file no. (=1 if left
‘ 4 | blank) 12

9-10 NINTVL - no.- of intervals of S (=10 1if
left blank) I2

11-12 "_IPBOJ - Af output is projection (along
1=x, 2—y, 3=z) 12

13-14  IHALPF - Af an index is to be halved
' ‘ ~on tape output specify here I2

16-20 STLMAX - maximum value of S for scaling
if other than limit of data '
on‘tgpe 12.

minimum value of E for
printer output F5.2

- 21-25  MINEPR

26-30 MINETP - minimum value of E for tape

output (usually 1,0) F5.2

31-35 WEIGHT (1) - weight for first range
for scaling F5.2

36=40 WEIGHT (2) - weilght for second range
- for scaling ‘ F5.2
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Card 2 (Multipllicity factors for extending data

1-5

6-10
11-15
16-20

to whole of reciprocal lattice)

MULTAX - (a8 in FOURIE) multlpliclty of
axial reflexions

MULTPL (1) - of 0 k1 data
MULTPL (2) - of h 0 1 data
MULTPL (3) - of h k O data

d 3 (Specification of systematic absences in

1-2

data; a blank card must be included 1if,
as in PI, no systematic absences oocur)

NEXT - no., of sets of extinctions
following

BLANK
IEX (1,1) Specification of
IEX (1,2) 18t set of extinctions

IEX (1,3) e.8. h X 0 h=2n — 1102
EXMULT (1) 0 01 1=tn —4_0014
BLANK h 0O 0 h=2n -— 1002

repeat of 6-10 for 2nd set of extinotions
repeat of 6-10 for 3rd set of extinctilons

etc,

Card 4 (Composition of primitive unit ceil)

1-2

NATOMS (1) - no. of atoms
NATOMS (2) - no. of atoms

NCURV - no, of atom types

(The specification of atoms must be in the

same order as f's are ocontalned on tape
produced by DATAPREP).

of type 1 present

of type 2 present

F5.3
F5.3
F5.3
F5.3

I2
3X
Il
Il
Il
I1
X

I2
I2
I2
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Cards 5 - (4 + NCURV)
Scattering factor cards in order on card U4 and
on input tﬁge._ (The contents of these cards are
described in writings for the DATAPREP program).

(2) SAYRE

This program accepts the projection data output of
PREDIR, and reads into the four parity groups those
reflexions whose |E| is not less than a specified value
(MINE). For internal workings in the program, the first
non-zero index is H, the second K. Eech reflexion 1is
given an ldentity (retained in SIGNS and ESIGND) which 1s
its position on the tape when only those reflexions not
less than MINE are counted. The program then systema-
tically finds all Sayre relationships knowing the plane
group to which the data belongs (only the following four
are handled, p2, pmm, pmg (pgm), or pgg). The probability
" with which each relation holdsyié computed and allowance
is made for relations 6f‘the type sign (HK) =~ ¥ 1 (Zi type)
a8 their probabllity 1s not glven by thé.same expression
as that of a general Sayre relation,

Each reflexion is then listed in parity groups to-
gether with the number of relationships in which it
occurs non-trivially (i.e., with its sign not squared).
The Sayre relations are printed out in two ways, the

second being an optional addition to the first:
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1, a listing in which each reiationship ocours
uniquely an& in the order in which 1t 1is
generated, and

2, a listing by reflexion, in descending value
of lEli‘of all‘relétionships in which that
refléxion-ocdﬁré;

The Sayre relations‘oaﬂ.aiéo be output on tape in a
simple binary form which the'next proérém in the series
(SIGNS) can use as input for determining the possible
signs of reflexions, vl | -

This program terminétes by beginning agaln; there-
fore, several different options may be speciflied and
output can be on separate filés of the same tape, delaying
the decision of how best to handle the data until the
6utput is seen for each cycle.

The limits of the various dimensional arrays are
glven in comment cards at the beginning of the source
deck for this program. As the output of»thls program 1is
the input of the next, these dimensions also apply there,

Three options are built into the program to eliminate
unwanted relationships (besides the obvious reduction
made by specifylng a different value of the minimum [E|
(MINE) to be read from the input tape). Ih the order in
which they will be applied to the data, these aret

1. Specification of a minimum probability acceptable
for a relation. This is done by specifying a

minimum value of the triple product of E's
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(1Ey| » IEzf* 'E3|)~g§ing into a relation
(ACCEEE). The main purpose of this is to
eliminate most Z, - type relationships which,
because of their modified probability expres-
sion, tend to have low probabilities,
2. Speciflcation of reflexions which are not to
be considered for relationships (ISCRAT (I),
I = 1, NSCRAT). This is done on a rerun of the
program and used in a case where MINE is véry‘
small, e.,g. 1,0, and some reflexions of the
low value of |E! have an insufficient number of
relationships determining their sign,
3. Specification that a cyclic process 1s to be
carried out on the relations remalning after
l, and 2, have been applied, during each cycle
of which a reflexiop is found occurring in only
one Sayre relation and that relation 1is elimi-
nated. Thg end result of this process is that
each reflexion, for which a sign 18 to be found
by the SIGNS program, occurs in at least two
different relationships, |
The need for 3. 18 obvious when one looks at the
method of generation of solutions by the next progiam.
Two almost 1dentical solutions of a structure in which all
~8igns are identical except the sign of the reflexlon which

occurs in only one relation will, on elimination of that



relation, be replaced by only one solution in which that
sign 18 indeterminate. (Note that the only difference
- between the two solutions is that the relationship
referred to will hold for one sign of the reflexion and
fall for the other), ©ption 3., should, therefore, be
used exceft when a relationship of the above type has a
probébllity (~.98) 1§rge enough to assume that it does
not fall, For this case, that relation should be
retained but other less probable relations of the type
should be elimlnated‘éélectively by the use of option 2,
The data cards for input to the SAYRE program are

as followss

‘1-2  INPUT tape - 12
3-4  INFILE = =~ I2
5-6 OUTPUT tape if any. (OUTPUT = or # INPUT) 12
7248 ourPIL o 12

9-10 IPROJ - the type'of~projection on tape
" (1=x, 2=y, 3=2z) _ I2

11-12 ISPACE 1 for p2; 2 for pmm; 3 for pmg, |
4 for pgg, 5 for pgm ‘ I2

13-14  IPRINT -1 suppress printout of relation-
- 8hips by reflexion _ 12

15-16 IONE <~1 Aif elimination of reflexions
ocecurring in only one relationship
18 desired (option #3) I2

17-18 NSCRAT -no, of reflexions to be scatched
(option #2) 12

19-20 BLANK 2X
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21-30 PROBCP - probabllity coeffiolent a8 output
by PBEDIR - Fl10,0

31-40 MINE - minimum value of E for acceptable
reflexion input into the program
from tape F10,0

41-50  ACCEEE - minlmum aocaptable value or
triple product for accepting a

relationship F10,0

51-52 ISCRAT (1) - the.no, of a reflexion to be
eliminated , 12

53~54 ISCRAT (2) - the no. of another reflexion
' : to be eliminated - I2
) ISCRAT (NSCRAT)  NSCRAT £ 10 I2

Cards 2, 3 etc. repeaﬁ of Card 1 for specifying

different parameters in recycling

of program,
3. SIGNS |

This program produces solutions from the'output of

the SAYRE program by the Vand & Pepinsky method (Woolfson®
pr.101-6) which can be viewed as a time séving version of
the Cochran & Douglas method (Woolfson® pp,94-100; Rollett’
PpP. 167-171). No attempt will be madejto demcribe these
as they are very adequately dosorlbediin the references
quoted. The original version of this program was based on
the Cochran & Douglas methbd but as the test later described

was visualized, the program was rewritten to carry out the

fallure tests by the Vand & Pepinsky method.
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A brief description ot the latter program followst
Individual Sayre relationshipa are stored in binary
form, up to four words. in a way s8imilar to that pictured
in Bollett9 (p.l?O) exoept that proviaion is made for up
to 105 relatlonships among up to 35 reflexions. These |
relatlonships are atored ln the variable IX8, dimensioned
| as IXS (&4, 105).- The b . signifles that up to 4 words can
be used to store a single‘relationship. The first word
is used exolusifali for 1ndioat1ng which x's (in the
notation of WOolféoh)_OOcuf‘in that relationship. The
" first bit of the seooﬁd'word ;s the sign associated with
the relation, and each subsequent bit extending to 3 words
is used eonsecutively to 1ndicate 8's (agaig Woolfson's
notation), | o |

e.8. -Xg4XgX1g5 = 537 would be represented asi

Ix8 (1,37) = 91000009010000010.,.6}..00

18 (2,37) = 10000... _ ...0..;003.

IXS (3,37) = 00100.... | | +e20...00 |

IXS (4,37) = (if less than 70 relationships occur, this

word would not be used)



The manipulatioos:of 'addltions of remeinders
modulo 2% (l.e;oadditloo;ofjoits modulo 25-are aooom-
plished in this progrem by the use of the built-in
functions AND,fOB,_and[CdMPL availlable for the 7040/7044
system as desorlbod71nrthopprogramming mandalzl (p.38).
The aotual addltlon modulo 2 1s complicated by the fact
that the above are "real” functions.

The addition of I to J modulo 2, in ‘the sense that
each blt of I 18 added modulo 2 to each bit of J, to_

p:oduoo K, would bo,aooompllohed by the,following state~

ments:
-EQUIVALENCE (XI I), (XJ J), (XK K)
X = AND (I J)
X = COMPL (x)
Y = OR (I J)
XK = AND (X, Y)
The complication 1ntroduoed by EQUIVALENCE 18 neoessary
since the variableswto be manipulated by AND, OR, and
COMPL, when used 1n other parts of the program, ‘must be
used 1n 1nteger mode but without the conversion accom-
plished by a statoment such as
- XX =K _

The 1dént1ty of a glven reflexion hefo 1s the same
as in SAYRE, i.e. it 18»1f8 position on the tape con-
taining E's when only those reflexions with |E| ) a
preset value (MINE in SAYRE) are counted, -

85
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It sometimes happens thaﬁ in tryinglfo systema-
tically solve the set of equations for eachfof the x's
(by the procedure described in Rollett), a linear
dependency of x's which cannot be resolved, is found
for the first group. In this eventuallity, instead of
only one solutioh exiating for one set of fallures of
relations in the first group, there now exists 28 so1u-
tions for that sét, wheta:N equals (the number of refle-
xions) minus (the number or equations in thé first group).
This program can handle N 5 b, and will output up to 16
solutions for any one group of railures.

The program. now folldns WOolfaon (pP.101-5) closely.
The relations that’ fall 1n the second group when none fail
in the first are stored in IVPI(I), I =1,3 [er. Ixs (37,1),
I=2 4] The relatlons thet fall when e.s. the Nth relation
in the first group fails 18 given by IVP (I,N), I=1,3
[egatin cf. Ixs (37,I), I = 2,4]. Note that IVP (I,N) shows
also that the Nth relation iﬁ the first grohp feils.

No allowance, though, 18 made to reject a particular
solution on the basis of a partial "summation®™ as indicated
in Rollett’ (p.105).

Each solution which is within the limits of a certain
test described below (ITEST) and which obeys a preset
limit on the number of fallures in the first group ( £5)
and a preset 1limit on those in all, is printed out together
with the value of that test, the number of plus signs in



the solution, the numbers of the partlcular]Sajré
relations which fail, and the value of

X3 (ZglEhllEgllEﬁ-kl) R 3)

where h 18 a reflexion contalned in a Sayre
relation that fails, and

IEgl |ER | {s the value of the triple
produot o 's for a Sayre relationship
contalning

There is also an optional output on tape of the signs
for the various reflexions in solutions, Th;s output 1is
compatible with the next program which, by merely speci-
fying the numbér'of the sdlﬁtlon(s) desiréd, produces a
similated structure factor tape (of E's) for input to the
Fourier program. | ' |

The chief test incorporated 1nto §1§§§ is called
ITEST and will now be desoribed.

ITEST will reject'any solution for which, for any h,
the following expression exceeds a preset value:

Zﬁ |ER) lEk' 'Eﬁ.

where R 18 a reflexion contained in a Sayre
relationship that fails

and IEQII Egl |Ep 2] is the value of the triple
product of E's ?gr that relationship.

For a solution which is within the bounds imposed
above, the maximum value attained for any h will be printed
out under the heading of SMAX.

This test, for any R, indicates the probability with
which its sign is indicated to be the opposite of that

which is predicted, It i1s in the nature of the solutions
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produced by the Vand & Pepinsky method (or Coohran &
Douglas method for that m.tter), that somewhere in the
list satisfying- the limiting oonditions on failuras in
the first group and railures in all, there exists the

correct solution tofthegetruoture with eaoh sign correot.

If the predicted probabilities of the’ relations holding
for that solution are oorreot, then it is’ very unlikely
that a relation of say O 99 probability fails and hence
all solutions where sueh a relation fails ‘oan be rejeoted"‘
as improbable.o Another way of looking at this failure 18
that one reflexion in the Sayre relationship is indicated
to be the opposite sign to that given in the *'solution!
to a probability of 99%
' The preceding indicates a simple way of. incorporatins
a test into the-p:osram which uses the actual probabilities
of Sayre relationships.v However, this test can be extended
further to inolude those cases where no. ipdividoal relation
has a probability of say 99% or better. Thie extension,
which 18 the aotual test in ITEST, follows from the .
expressions for the probability of Sayre relations holding.
The probability of one relation indioating the sign of
reflexion h to be positive is given by o
P+(R) ~ 3+b tanh 03 0273/2 |pg) Bp BRR (4)
But because this funotioh is antieymmetrio*about P =3,

the equation can be rewritten to express the probability

that the sign of Ej, Whatever it is, 18 given by the



89

particular Sayre relation 1n question, as follows,
P(F) ~ 4+ tanh 3 o2 -3/2 |2g) ImpliEg 3 | . (5)
When more Sayre relatlonéhips are used to indicate
the sign of h (4) booomas,
P+(H) ~ #+3 tenh 03 02 '3/22:lzg| Eg Ep i (6)
(see Rollett’ or Karle & Karle’)
and if all the relations indicate the same sign for R (5)
becomes in the general case
P(H) =~ #+b tanh 03 02 ~¥/2Y|gel |Eyl IEg 2l . - (7)
Now, by the nature of the method of forming solutions,
the actual relations which fail for any solution are known.
If (6) contained’ onlyiSayre relations that failed, then (7)
becomes the probabiiityfthat the sign of Ep 1s predicted
to be the opposlte of that which aeppears in the solution.

The foregoing nOW“ ndicates the test in its most general

form. Because of the form of equation (7), it is easler to

work with a Valueﬁof the”summation of triple products,
rather than an aotual;, lue of the probabllity9 and henoe, -
the oriterion becomes{a maximum on the value of triple
products of E’s (EMAX ln the program) | )

Note that a better expression for the probability that
the sign of Eh is opposite to that predicted is

P(R)~ 3+ tanh 93 92 ~3/2 (T i, |Bl 1B 1Bg g

| - Ip ImglisgllEg 2l
_ suocesses

but the simpler form where only the flrst term in brackets
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is used, should be Buffloient Aif 1ts llmiting value is

set high enough, (e.g. a value of the triple product

corresponding to a~grobab111ty of ~ 0.,99).

Also note, thet.the test_is only a method of re=-

Jecting a iarge number of 1mprobable-solutions and does

not necessarily indicate which of the remaining solu-

tions 18 the correct one.

However, it is nevertheless

suggested that the remaining solutions be tried in the

order of inoreaslng value of squ7

The test's chief -

usefulness 15 that 1t permits one to extend the Sayre

relationships to low values of E (as low as say, 1.0),

and provides a good criterion for the reJeotion of the

vast maJority of possible solutlons whioh are produced

.When, as in this oase, lndlvldual Sayre relations have a

probabillty of holdlns only a little removed from 50%.

1-2
3-4
5-6

7-8
 9-10

11-12

13-20

INPUT tapo

INFILE ff‘i*“"

OUTPUT tape unlt no.(lf any)
(preferable = INPUT)

OUTFIL
NFAIL1

NFAIL2 .

limiting value of no. of
fallures in first group (< 5)

1imiting value of no. of
failures in all (< 20)

EMAX - upper 1limit of sEEE in ITEST

The data oargs'for:the_SIGNS program are as followss
Card 1 o L S

12
I2

I2
I2

I2

I2
F8.0



Card 2
1-2 NCON - numbef of reflexions whose sign
is to be specified ( £10) 12
3-5 ICON (1) - ¥ the no. of the lst
reflexion to be given sign - I3
6-9  ICON (2) - ¥ the no. of the 2nd
. reflexion to be given sign I3
9=-11 - : ', the sign.to be - I3
12-14 . hsgd for a reflexion .

will be the sign | .

ICON (NCON) |lattached here 13
L., ESIGND program .

This program Qéoepts'a tape of |El(hkl)'s and a
tape (ﬁhloh may be the same as the last) containing
“solutions from §lgy'ptogram. It produces another tape
suitable for the FOURIE prbgram, containing E-values with
thelr proper signs (if any) for up to six solutions at
once specified only by the number of the solution as it
appears in the SIGNS prbgram. The six solutions on the
output tape are put in consecutive words after the
floating point g;g,l's. | |

. Each solution is, therefore, capable of being called
'in the Fourler program by specifylng different numbers,
1-6, as coefficlents for Fourier summation (Fo, Fc, Ac,
Bo, Bc now no longer have thelr original meaning but are
just Eo's for different (up to 6) solutions of the SIGNS

program), .

91
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A typlcal rﬁn'wbﬁld ﬁéve,E(s;ln.file,lh of P69 on
unit 03 and have sigﬁs'in file 16 of the same tape; the
output of five different -solutions would be the scratch
unit 02, The input'for:the_Fourier program run immediately
after on IBSYS, would be 02 with output on the disk unit 11
for the first pass (oéeffioient = 1);‘the next féur passes
- would be output on the-séme unit 11, with‘the Fourier cards
duplicated for each pass except that the coefficients
specified would be 2, 3, 4, and 5 for‘respective passes,
Unit 11 then provides the input for the CONTUR program
where one specifies that that unit contalns five passes
to be drawn (IPROJ = +1 for labelling), and the contoured
map would be output as usual on Unit O4 for which a small
L - tape should suffice.

Note that the contouring interval to be uéed for
the CONTUR program is roﬁghly predictable. For the case
of ~25 reflexions of,a#eréggv E ~ 1.5, specify ¢/V = 1.0,
and.mF(OOO) as,O.d. Tﬁéh, as thé,tfigonometric functions
in the summatlon;canfhever‘exceéd é'value of 1.0, the
Fourier summation oan never exceed 40 (a value with FOURIE
outputs as 4000). A highest value of 1000 should suffice
‘to contour any E-map that results. The data card for the
ESIGND program contains the followling information:

1-2  INE - input tape unit for E's B

34 IFE - file # on INE 12

5«6 INS - input tape unit for signs
(solutions) _ _ ‘ I2



7-8

9-10
11-12
13-20

21-25
26-30
31-35
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IFS - file # on INS 12
OUTPUT-- tape unit no, I2
NPOSS - no., of solutions to be output (£6) I2

MINE - same a8 in SAYRE (but not as in
- T 'PREDIR) F8.0

IPOSS (1) - the no. of the first solution I5
IPOSS (2) - the no. of the second solution 1I5

IPOSS (NPOSS) =~ 15

The following two points should be noteds

1, the numbers in IPOSS must be in increasing

order.

2. IPE is usually the Same as IFS.
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This program was written exiusively for the methyl

2-0hloro-z-deoxyea-Dsgalactopyfanoslde structure to find

the correct solut;on'in the xy projlection knowing the

 position of onlyAtHe chlorine and the relative positions

(in radial coordinates) of up to six carbon atoms and up

to six oxygen atoms. This program calculates the R-

value for h k 0 projection data (< 300) with |Fol(h k 0) >

a specified value, as the molecule is rotated by small

increments about the fixed chlorine position. The wvarious

(R,8) are output on tape unit 11 in preparation for plotting

a R versus 6 curve by a U,B.C. library program. (In this

progrem it is assumed that [Fol (h k 1) data [< 2000

reflexions including end of group symbbis] 18 in file #3

of a tape mounted on logioal tape unit:03),

The data cards for the ROT program are as followss

POSITION
Card 1
1-10
11-20
21-30
31-40
41-50
Card 2
1-10
11-20

DESCRIPTION

A - length of a-axis (A)

B - length of b-aiis (A)

THETA - initial value of @ (radians)
THEINC - increment in &

THEMAX - maximum value of &

FOMN - minimum |Fo(h k 0)] to be used
TCL - temperature factor (B) of Cl

FORMAT

F10.0
F10,0
F10,0
F10,0
F10.0

F10.0
F10.0



21-30 TO - temperature factor (B) of 0 .
31-40 TC - temperature factor (B) of C

4l-45 NO - no. of 0- atoms in molecule in
asymmetric unit (<6)

45-50 NC - no. of C- atoms in molecule (<6)

51-55 IFOBS - 0 = no printout of input
Fo(h k 0)'s

56-60 IFCAL - 0 =>no printout of Fo/Fc for
structure with minimum R

dard 3

1-10 CLX - x/a coordinate of Cl
11-20 CLY - y/b coordinate of Cl

Card 4 ‘

1-10 RADO(1) - r for Ol
11-20  ANGO(1) - 0 for Of
'Caéd L+NO |

1-10 RADO(NO) - r for O#NO
11-20  ANGO(NO) - @ for O#NO
Card 5+NO | |

1-10 RADC(1) - r for C#L
11-20  ANGE(1) - O for CAL

Ca;d 54+NO+NC

1-10 RADC(NC) - r for C#NC
11-20 ANGC(NC) - & for C#neC

F10.0
F10.0

15
I5

I5

I5
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F10.,0

F10.0

Fl10.0
Fl10.0

Fl10,0
Fl10.0

F10.0
F10,0

F10.0
Fl10,0
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CONTUR?PHOQEAQ”

This program aecepte a tape (IN12) prepared by the
FOURIE program contalning a epeelfied number of passes
(NPASSS) and produoes;oontoured maps for speolfied
JNCONTU) on U.B C.'e Calcomp 565

contours (C(I). I?ﬁ“io

12 inch drum plotter. Each map (pass) will normally be

oontoured in turn, al a‘ections of one pass being done

before the next pass 18 begun. An-option,-hdwever,

exists which wi L two passes to be joined in each

section with the resr ‘bhat?corresponding sections for
two - passes are read conseeutively and drawn up as one

larger section. Anotheﬁ optlon (NEWZ) allows specifica~-

tion of a different axia”of seetions to that contained
-on the 1nput tape, by-paseing the need for repreparing
the structure factor tape.>_ ,

The size of the maps are specified 1n cm./A (SCALER).
Ir not-speolfied,‘thesmaps w;ll be drawn ten inches wide,
the limit of ﬁ.B;C;'s CaICOmp rlotter. If a scale 1is
specifled ihich'reguiree more than the ten inch width of
the plotter, ten inches of the map for all sections will
be drawn first, thereafter, units (PARTS) of up to ten
inches will be drawn as many times as is meeded to complete
the map, |

Each PART (a "part' of a section not greater than
ten inches) 1is £irst. read 1n from IN12 -and the number of

points is increased four-fold (RHOO(61,61)) by linear



97

interpolation, introducing one point between every two

ad Jacent points of the original Fourier grld. -On this
finer grid contouring is commenced by searching for
possible contours which begin on the outside of the

map (apd thus finish on the outside); After contours

of thié type are drawn, interior contours (which finish
at the same place they begin) are then searched for
along the vertical direction only, ahd drawn if they
have not been drawn aireédj, Regions between grid points
are represented 1in ICON (61,121) and when, for instance,
an Nth contour 1is d:awﬁ between twé grid points, note 1is
made of it in ICON By*ad@ing ZNfl to the appropriate word
of core (turning thglﬁfﬁfbit”on).

. In searching foiiﬁhg start of a contour between

2 grid points, all NCONTU contours are treated simul-
taneously (but only if they occur between points such
that the second has a higher value than the first), before
going on to the next interval. 1In continuing the drawlng
of a contour line, a note is made of the direction in
which the contour has approached a grid quadrilateral to

facilitate finding a new exit point for the contour,

/ ? / ' /
7 7 7 7

direction — (1,0) " new direction l (O,-l)
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bnly three possible such exit points exist for the
contour depicted above and it becomes a simple matter
of checking which can be used. When a contour comes
back on 1itself (or in the case of exterior contours,
when a contour again reaches the outside), it is complete
and search for new contours can recommence where the now
completed one started. Contour 1;nes consist of strailght
lines between edges of the quadrilateral grid, their
position on the edges being determined by linear inter-
polation,

Labelling of the céntour maps consists of ldenti-
fication of each seotion b& its height in 1/120'ths and
of each third contour (beginning with C(1)) with special
_symbols noted at the béginning of the plot. When all
‘contourlng to be done on a specified input tape is complete,
the message, END OF ALL PASSES, is drawn out on the plotter
paper, |

As only logical units 03 and O4 can be used for
loading and unloading tapes, and as a plotter tape must
always be mounted on O4 for the CONTUR program (at U.B.C.
plotting is off—liﬁe; plotting instructions are first
output on tape unit O4 before actual plotting is done ),
it 18 impossible to run FOURIE and CONTUR consecutively
‘plotting 6ut a Fourier map and at the same time saving the
tape output of the FOURIE program. This leaves two

alternatives:



99

1. Saving the Fouriei map - The FOURIE program
is run one day inputting the structure
factor tape on O4, and outputting the Fourler
map on 03. The next day this prepared Fourier
.map is remounted on 03 to be used by thé
CONTUR program for preparing a plot tape on 04,
2. Not saving the Fourier map - The FOURIE and
CONTUR programs are run consecutively and con=-
currently with the structure factor tape on 03
and output qf:the Fourier map on scratch disc
utility 11 (oi 12). The iatter unit provides
input to the ggggggvprogram wh1§h prepares a
'plot tape on unit Ok, |
NOTE: A program (PBOJ)‘whose”lnput will not be described
here, was also written which together with a
speclal version of the CONTUR program (PROJCN),
produces projected views of,the-three dimensional
electron density maps (Figures 3, 6 and 15).
This was done to save the large amounts of paper
and computer time fequired for contouring on a
largé scale, full three~dimensional maps which would
otherwise have to be produced for this by the regular
CONTUR program,
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The data cards for phe'CONTJUR program are as

followss 4
POSITION DESCRIPTION FORMAT
Card 1 ' |
1-2 IN12 - input unit.no. (02, 03, 11 ot 12
A . only) , I2
3-4 NPASSS = no. of passes on IN12 I2
5-6 NPAIRS - no., of pairs of passes to be
Jolned in each section
beginning at pass #1 12
7-8 NEWZ - new axis of sections, if any
(1 for x, 2 for y, 3 for z) I2
Card 2
1-80 ANYTHING for identification 13A6, A2
Card 3 | o
1 IDENTITY OF AAXIS Il
- 1 for x, 2 for y,3for 2z
2 IDENTITY OF BAXIS Il
3-4 NCONTU - no. of contours £16 I2
5=6 IPASS - +1 Af program to begin again |
after plotting IN12 I2
7-8 ILAB - -1 suppresses all non-esséntial '
_ labeling I2
9-10 IPR - +1 if Fouriers are a serlies of
projections I2
11-20  AAXIS - length of axis (A) along plotter
paper F10,0
21-30 BAXIS - 1ength of axis (A) across 10 inch
' width Fl10,0
31-40 THETA - engle (deg.) between AAXIS +
BAXIS (90.0 if BLANK) F10.0
41-50 SCALE - cm, /A (plot fills width of paper
if BLANK) F10,0

51-60 - CLKMAX - time allowed for this program
(normally BLANK) F10.0
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Card &4
1-10 C(1) - first contour F10,0

71-80 6(8) - elghth ocontour (read only Af

| NCONTU 3 8)  F10.0

Card 5 (included only if NCONTU »8) |
1-10 C(9) - ninth contour F10.0
71180 6(16) - sixteenth contour Fi0.0

The following points should be noted for the CONTUR
programt | | '

1. Repeat cards 1 through 4 (or 5) if last set
of 4 (or 5) cards had IPASS = +1,

2. AAXIS + BAXIS are w,r.t., UNIT CELL, not ASYMMETRIC
UNIT.

3. Contours must be in increasing order.,

4, Plotter tape 18 always mounted on 04,

5. If two passes are to be joined, they must be in
natural order; they must be of equal dimensions
along all three directione; and, the end of one
pass must be the same as the start of the other
pass along one axls In the plane of sections,

I 38 3F 38 9 40 ¥ 3 %
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$IBFTC PREDIR REFsDECK : - 08/02/68

THIS PROGRAM IS IDENTICAL TO THAT .DATED 07/09/68

"INTEGER EXMULT

INTEGER OUTPUTs OUTFIL ‘ S ~
REAL MAXSSs MINSSs MAXSLs MINSLs MINEPRs MINETPsMULTAXsMULTPL

]y
°'®

‘DIMENSION FX(3)sNREFL(50)s SUMF2(50)sSUMNF(50)s AVRGF2(50)
DIMENSION STOLS2(50)s SS0OLS2(50)s SIGMA2(50) s RATIO(50)9NATOMS(50)
DIMENSION MULTPL(3)s TEX(10s3)s EXMULT(10)

DIMENSTON FCURV(81s FO(B)s P(B)s F(8s14) _ o DATAPREP

DIMENSION WEIGHT(2)s QUTTYPI(4)’ i . . ' WEIG+T
DATA QUTTYP / 24H HK L OKLHOLHKDO/ - ) WEIG+T _

READ 1» INPUTs INFILEs OUTPUT»s OUTFILs NINTVLs IPROJs IHALFsSTLMAXS
1 MINEPRs MINETPs WEIGHT(1)s WEIGHT(2) S . WEIGHT

R. L. CRAIN LIMITED

1 FORMAT (712 1Xs 5F542)
READ &4 MUCTAXS (MULTPL(TT>T=153]
44 FORMAT ( 4F543) ' ~
READ 455 NEXTs{((IEX(IsJ)sJ=193)s EXMULT(I))sI= 1sNEXT) .
45 FORMAT (" T12s 3Xs 10(&411s 1X)) ‘ ‘ |
READ 24sNCURYs (NATOMS(I)s I=1sNCURV) '
24-  FORMAT (912) - : L L
DO 200 I=1sNCURV DATAPREP
200 READ 201s P(I)s FO(I)s (F(IsJ)sd=1s14) - - " DATAPREP
201 FORMAT (16F543) - ’ » DATAPREP ]
PRINT 48 -
48 FORMAT ( 11H DATA CARDS ) . |
PRINT 1515 INPUTs INFILEs OUTPUTs OUTFILs NINTVLs IPROJs_ STLMAX.s , ;
1  MINEPRs MINETPs WEIGHT(1)s WEIGHT(2) - i :
151  FORMAT (5Xs 612 3Xs 5F5e2) a ‘ o
PRINT 152 MULTAXs(MULTPL(I)»1=153) |
152 FORMAT ( 5X» 4F5e3) ~ ‘ ‘ |
PRINT 153 NEXTs(((IEX(IsJ)sJ= 12305 EXMULT(I))sI= 1sNEXT)
153  FORMAT ( 5Xs 12s 3Xs 10(411s 1X))
~ PRINT 154» NCURVs (NATOMS(I)s I=1sNCURV) !
154  FORMAT (5Xs 912) ‘ -
PRINT 155s NCURVs (FO(I)s I = 1s NCURV) .
155 . FORMAT (5Xs 4HPLUSs 13s 61H CARDS OF SCATTERING FACTORS OF RESPECT
LIVE INITIAL MAGNITUDESs® 8(1Xs F642))
INTVL = 0
[TESTT = 0
ITEST2 = 0 |
!
|
!
]



[\

' @,

ITEST3 =
ASSIGN 4

0 .
TO IENDF

‘@

CALL EOF
2 REWIND 1
 NFILE =

CINPUTs IENDF)
NPUT
INFILE

Ol
Lo

4 iF (NFIL
-~ NFILE =

E eLEe 1) GO TO 3
NFILE - 1.
PUT) 11

cl

8 READ (IN

— GO T0 8

3 CIFCITEST
ITESTL =

1 «NEe 0) GO TO 6
1

MINSS =
- - MAXSS =
5 READ (IN

10.0
060 - ’
PUT) II9IGPEN9SSOLS9FH’FK9FL9FRELvaQRo(FCURV(I)’I 1+8)

IF (IGPE
IF (11 «
IF (SS0L

N eNEe 0) GO TO 5
NEe 0) GO TO 2 : :
S «GTe MAXSS) MAXSS=.SSOLS.

: - GO TO 5
6 IF (ITES

IF (SSOL.

S oLTe MINSS) MINSS= SSOLS

T2 oNEe 0) GO TO 28

MAXSL
MINSL
PRINT 7>

SQRT(MAXSS)
SQRT(MINSS)
MAXSLs MINSL

T FORMAT
IMUM = ’
IF (STLM

36H1ISINE THETA OVER LAMBDA9 MAXIMUM = 9 F7e4s 12Hs MINI .

Fle4 )
AX oLEe 0e0) GO TO 68

MAXSL =
_PRINT 69
69 FORMAT |

STLMAX
y» STLMAX L : . S
/66H AS INSTRUCTEDs, ALL DATA WITH SINE THETA OVER LAMBDA G

1 : IREATER T
o 2 / 5Xs 1
12 . 3 BE INCL

HAN s F7e4s 37H WILL BE REJECTED FROM WILSON SCALING
16HAND FROM CALCULATIONS OF AVERAGE E@S AND E2@Ss BUT WILL
UDED IN CALCULATIONS AND OUTPUTTING OF INDIVIDUAL E@RS /)

11 68 DIVSL =
@ IF(NINTV
9 IF(NINTV

1040
L oGTe 4) DIVSL = NINTVL
L eLTwe 5) NINTVL= 10

8 V XINTVL =
@ O ITEST2 =
6 DO 23 1

(MAXSL - MINSL. ) / DIVSL
1 : ‘
1s NINTVL

5 SUMF2(T)
@ 2 SUMNF (1)

1
0.0
0.0

tn

R. L. GRAIN LIMITED
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.l

e

v-.J
S
T 9
23 NREFL(I) = 0 ‘®
9 READ (INPUT) IIs IGPENs SSOLS» A » 8
1 A - (FX(I)sI=193)s FRELsFSQRs (FCURV(I)sI=158) | 8
IF(IGPEN eNE.O) GO TO 9 S e )
IF(II oNEe 0) GO TO 11 w
STOLS = SQRT(SSOLS) | ¢t
IF (STOLS «GTe MAXSL) GO.TO 9 i‘
I = (STOLS - MINSL) / XINTVL + 140 &
IF (STOLS <EQs MAXSL) I = NINTVL
IF (STOLS «EQe MINSL) I = 1 : o
NREFL(I) = NREFL(I) + 1
NZEROS = 0
DO 14 J = 1s 3 : i , o
IF (FX(J)eGTe 0025 eOReFX(J)eLTe(=0e25)) GO TO 14
NZEROS = NZEROS + 1 - '
. JZERO = J o
14  CONTINUE ‘ 2
IF (NZEROS «NEe 0) GO T0 10 !
ADDF2 = FSUR @
ADDNF = 1 '
, GO 10 17
10 . IF (NZEROS oNEs 2) GO TO 12 o
ADDF2 = FSGR * MULTAX 4
ADDNF = MULTAX '
GO TO 13 ®
12 ADDF2 = FSGR _#* MULTPL(JZERO)
ADDNF = MULTPL (JZERO) -
13 IF (NEXT «£Qs 0) GO TO 17 . ®
DO 15 J= 1s NEXT ' z
t DO 16 K= 1s 3. : | - A
) IF (IEX(JsK) ¢EQe O oANDe FX(K)eNEeOeO) GO TO 15 ®
‘2 16 CONTINUE : ~ ‘ I
iy ADDNF = ADDNF ¥ FLOAT(EXMULT(J)) !
o GO TO 17 . ' . @
9 15 CONTINUE .
8 17 SUMF2(I) = SUME2(1) + ADDF2- £
. SUMNF (1) = SUMNF(I) + ADDNF '@
6 GO TO 9 : :
5 I1 PRINT 18 - o 3
A 18 FORMAT(///8H RANGE 8H STOLS »12H REFLEXIONS s 10H SUMREFL <@
3 N . i
@



13H SUMFOBS*%2 's17H AVERAGEFOBS®*#2 )

SL = MINSL +XINTVL /240

DO 20 I = 1sNINTVL

AVRGF2(1) = SUMF2(I) -/ SUMNF(I)
PRINT 219 Is SLs NREFL(I)s SUMNF(I)s SUMF2(I)s AVRGF2(I).

e
o
o
21 FORMAT (3Xs T13s 2Xs FTe4s 4Xs 159 4Xs FBe2s 2Xs F1l0els 5Xs F10e3)
® 20 SL = SL + XINTVL ) ' ' ‘ ‘ -
NINTVL = NINTVL - 1 :
' DO 400 I=1,8 DATAPREP
o 400 FCURV(I)=0. DATAPREP |
' o PRINT 50 - o , ‘
: 50 FORMAT(///8H RANGE 8H STOLS 's12H REFLEXIONS o 10H SUMREFL » ‘
® ‘ 13H SUMFOBS#%2 s17H AVERAGEFOBS*%#2 '
8H SIGMA2 » 17H SIGMA2/AVRGEF2 )
DO 22 J = 1s NINTVL 4
(] X = J R S
NREFL(J) = NREFL(J) + NREFL(J+1)
SUMNF (J) = SUMNF(J). + SUMNF(J+1)
) SUMF2(J) = SUMF2(J) + SUMF2(J+1) !
. AVRGF2(J)= SUMF2(J) / SUMNFI(J)
STOLS2(J)= MINSL + X * XINTVL
o SS0LS2(J)= STOLS2(J) ** 2
. STOLS = STOLS2(J) -
SSOLS = S350LSs2(J) .
) ~ IF (5TOLS = 0el) 20352045204 DATAPREP
203 DO 202 I=1sNCURV ' . DATAPREP
202  FCURVI(I) = FOUIN/EXP (P(I)%SSOLS)- DATAPREP
@ : GO TO 105 : _ : - 'DATAPREP
204 IF (STOLS - 140) 20592069206 DATAPREP
% 205 KO = 1 S DATAPREP
Q- 207 Kl = KO + 1° DATAPREP
11 " F1 = 0e01%*EL _ DATAPREP .
@ - IF (STOLS = F1) 40341941 DATAPREP :
9 41 KO = KO + 1 - : DATAPREP Bt
8 GO TO 207 DATAPREP
Q- 40 "EO0 = KO DATAPREP ;
. 6 ' FO = 041%EO DATAPREP |
5 KZ = KO + 2 DATAPREP !
@4 K3 = KO + 3 DATAPREP
3 !
; !
o

R. L. CRAIN LIMITED
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® RANGE=(STOLS~F0) /el DATAPREP ‘@
RANG2=RANGE* (RANGE—-14)*045. DATAPREP 8
RANG3=RANGZ2¥ (RANGE-Z2+1%0. 33333 DATAPREP 6
o DO 402 I=1sNCURV ’ ' o DATAPREP °'@_
402  FCURVI(I) = F(IsKO) + (F(IsK1)-F(IsKO))*¥RANGE + DATAPREP s
1 (F(I;KZ)—Z.*F(I,Kl)+F(IsKO))*RANGZ + DATAPREP e
® 2 (19K3)—3.*F(19K2)+3o*F(I;Kl)—F(I,KO))*RANGB DATAPREP l.
GO TO 105 DATAPREP :
206 KLOW = 10 DATAPREP
® 209  KHIGH= KLOW + 1 DATAPREP C )
EHIGH= KHIGH DATAPREP :
FHIGH= Oel * EHMIGH. . DATAPREP
@ IF (STOLS ="FHIGH) 42543943 DATAPREP N |
43 -KLOW = KLOW + 1 DATAPREP
GO TO 209 DATAPREP e
o 42 DO 502 I=1sNCURV , DATAPREP ®
502  FCURVI(I) = F(IsKHIGH) + (F(IsKLOW)I=F(IsKHIGH))*(FHIGH-STOLS)*10. DATAPREP
©105  SIGMA2(J) = 040 o
o : DO 25 I = 1s NCURV. . o : @
: 25 SIGMA2(J) = SIGMA2(J) .+ FLOAT(NATOMS(I)) * (FCURV(I) ## 2)
o RATIU (J) = SIGMA2(JY 7 AVRGF2(JT R '
o 22 PRINT 51 Js STOLS2(J)s NREFL(J)s SUMNF(J)s SUMF2(J)s AVRGF2(J)s- o
» 1 SIGMA2(J)s RATIO(J) L ‘
51 FORMAT (3Xs I3s 2X» FT7eb4s 4Xs I5s 4Xs FB8e2s 2Xs F10els 5Xs F10439
® 1 4Xs FTels 5Xs F7e2 ) ' o
PRINT 65 WEIGHT(1)s WEIGHT(2) _ - WE.IGH
‘ 65 FORMAT ( / 45H WEIGHTS QOF FIRST TWO RANGES IN REFINEMENT = WEIGHT
o ' 1 F5e2s 5H AND s F5e2s 13H RESPECTIVELY ) : WEIG+T o
X1 = ALOG(RATIO(1)) - WEIG+T
ki X2 = ALOG(RATIO(2)) CWEIGHT ,
Q. Y1 = SS0LS2(1) WEIGH+T. . @
12 Y2 = $S0LS2(2) WEIG+T
' ATl = NINTVL - 2 B WEIG+T
@ All = All +WEIGHT (1) + WEIGHT(2) WEIG+T . @
a Al2 = WEIGHT(1) * Y1 + WEIGHT(2) * Y2 WEIG+T L
g A22 = WEIGHT(I) *Y1 * Y1 + WEIGHT(2) * Y2 *Y2 WEIG+T L
Q- Bl = WEIGHT (1) * X1 + WEIGHT(2) * X2 _ WEIGHT @
6 B2 = WEIGHT(1) * Y1 % X1 + WEIGHT(2) * Y2 #X2 WEIG+T K
5 DO 26 I = 3sNINTVL ' WEIG+T S
' W X = ALOG(RATIO(I)) : : @

)



o~

"~

Y= s50L52(1)
Al2 = Al2 + Y

G 0 M~ Wt m

A22 A22 + Y *% 2
B1 Bl + X
B2 B2 + Y ¥ X

e
o

[ I 1 B O

26

"DETERM =

~ v—l

— A1z ¥7A1?2
- B2 * A12 )
- Bl % Al2 )

All # A22
(Bl * A22
] (B2 # All

/ DETERM
/ DETERM

XLOGK

Wb

52

XK = EXP(XLOGKI .
PRINT 52» Alls Al2s
FORMAT(/5H Alls=s

A22y Bls B2»
FB8ebs 5H Al2=>»

DETERMs XLOGKs B

F8e4s BH A22=9 FBe4s 4H Bl=s F9elys

63

1

4H B2=9 FBels 5H DETSZ FBel&s TH XLOGK:, F8als
PRINT 63 -

FORMAT ( // st CONSTANTS FOR INTENSITIES o S

3H B=s F8e4)

27

64

‘FORMAT |

l

PRINT 27 s B
5X918H SCALE CONbTANT =
F10e4)

F10e4s 5Xs 23H TEMPERAfURE FACT

OR =

PRINT 64
FORMAT ( 7/ 32H CONSTANTS FOR STRUCTURE FACTORS - )
X = SQRT (XK)

Y =B 7 2.0
PRINT 2 Xs Y

SIG2 PROBCF

‘DO 61 1

7,
0
0]

¢ ’ ) :
S1G3 0 , o , T o 'PROBCF
= 1s NCURV , B ‘ : : - PROBCF
SIG2 = SIG2 + FLOAT(NATOMS(I))* PROBCF

(FO(I) %% 2) -

61

S1G3 = SIG3 + FLOAT(NATOMS(1))#* PROBCF
PROBCF = SIG3 / (SIG2 #%* 145) .PROBCF
PRINT 62s PROBCF : PROBCF

(FO(I) #% 3)

<

63 .

1

FORMAT(// 51H PROBABILITY COEFFICI&NT9 SIGMA3~/-SIGMA2 ¥% 3/2 = PROBCF

s F8e5) PROBCF
GO -TO 2 :

3

- N

28
35

—

|

o

1

PRINT 35
FORMAT (4H1 Ho
3Xes 2HEZs

4X91HK94X9lHL’8X92HF095X95HFO**294X’7H/FO**2/9
5Xs lHE’ 3Xs 7HEPSILON /)

SUME =
SUMEZ =
XNO = 0Oe

0.0
‘00
0 CWEIG+T.

Db Uy Y

NO = 0
SSLMAX =

R’ L. CRAIN LIMITED
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w

e

IF (OUTPUT «EQe 0) GO TO 34
REWIND OUTPUT

|9

ASSIGN 46 TO ItNDF
CALL EOF (QUTPUTs IENDF)
NFILE = OUTFIL:

.01
 TT.L

46

47

IF (NFILE oLEe 1) GO TO'34
NFILE = NFILE - l
READ (QUTPUTH)IT |

34

GO TO 47

READ (INPUT) II,IGPEN9SSOLS9FH9FK9FL,FRELstQR,(FCURV(I)9I ls8)

IF(II eNEe O eORe IGPEN «NEs 0) GO TO 37

ABSFZ = FSUR ¥ EXP(( B) # SSOLS) ¥ XK
IEPSLN = 1 C
IF (NEXT «EQe 0) GO TO 31"

IF  FH oNEe OeO0 «ANDe FK oNEe 0eO o«ANDe FL «NEe 040)
DO 29 J =19 NEXT ' '

IF (IEX(Js 1 ) «EQe O oANDe FH +NEe 040) GO TO 29

GO TO 31-

IF (IEX{Js 2 ) «EQe 0. e«ANDe FK eNEe 040} GO TO 29°
IF (IEX{Js 3 ) <EQe O oANDe FL sNEe 0.0) GO TO 29.

IEPSLN = EXMULT(J)

29

GO T0 31
CONTINUE ,
E2 = ABSF2 -

31

32

SIGMAS = 040
DO 32 I = 1s NCURV

e

SIGMAS = SIGMAS + FLOAT(NATOMS(I))* (FCURV(I)_** 2.
E2 = E2 / SIGMAS : '

CIF (IEPSLN «EQe 1) GO TO 33

EPSLN = IEPSLN

33

E2 = E2 /7 EPSLN
E = SQRT(EZ2) -

-~

IF (SSOLS «GTe SSLMAX) GO TO 70

I = 10 - WEIG+T |
IF (FH «EQe 0e0) I = I =9 WEIG+T :
IF (FK «EQe 0e0) I = [ -8 WEIG+T
IF (FL «EQe 040) 1 = 1 ~7 WEIGHT
X = 1e0 - WEIG+T
IF (I «GTe 3) GO TO 67 WEIG+T
IF (I «LTe 0) X = MULTAX WEIGHT
IF (I «GTe 0) X = MULTPL(I) WEIGHT

R. L. CRAIN LIMITED
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et

- N

600;

b

@]

o N 0

&3]

w

v @l
@
. : — : ig
67 NO = NO + 1 ' _» WEIG+T b
XNO = XNO + X . - . .  WEIG+T . . ¢
SUME = SUME + ABS(E) # X . o WEIG+T 16
_ SUME2 = SUME2 + E2 # X , _ . : - WEIGHT Ve
70  CONTINUE ‘ : ' g ‘ o - | T
[F (E eGEe MINEPR) PRINT 36s FHs FKs FLs FREL»> FSQRs ABSF2s E2 sE» |Zl
_ ' IEPSLN o ‘ , |TQ
36 FORMAT ( 3(1Xs F440)s 3Xs F7els FB8els Fl2els 2F6e2s 4Xs I2) |
IF(OUTPUT ..LEe 0 ) GO TO 34 o R
IF (IPROJ «EQe 0) GO TO 56 : R , . PROJ | @
, IF (IPROJ - 2) 57s 58» 59 : L PROJ
57 FPROJ = FH T : ' o PROJ .
GO TO 60 ‘ ' . PROJ . @
58 FPROJ = FK - ~ e ' ‘ . PROJ
GO TO 60 : : , 4 .~ PROJ :
59. FPROJ = FL L S PROJ '@
60 IF (FPROJ oNEe 040) GO TO 34 _ - - ' ___PROJ :
7 IF (IHALF +EQe 0 ) GO TO 56 : ‘ S ,
GO TO (71s 725 73)s IHALF | @
71 FH = FH / 2.0 |
‘ GO 10 56 '
72 FK = FK / 240 @
GO TO 56 -
73 FL = FL / 2.0 o ' _
56 "IF (E oGEe MINETP) WRITE(OQUTPUT) Ils IGPENs SSOLSs FH»s FKs FLs Es PROJ o
' E2s (FCURV(I)sI=1+8) : - '
. GO TO 34 . : '
37 IF (QUTPUT «GTe O ) WRITE(QUTPUT) IIs IGPENs SSOLSs FHs FK»s FLs Es | ®
: - E2s (FCURV(1)sI=198) ‘ ' . »
IF (I1 «NEe 0) GO TO 38 ‘ - N .
GO TO 34 . ’ ' { o
38 END FILE QUTPUT : ‘ . , 5 .
. IF (OUTPUT «Gle 0J PRINT 663 OUITYP(IPROJ + 1)s MINETPs QUTPUT  WEIGHT
66 FORMAT ( A6s 30H DATA WITH @E@ NOT LESS THAN s F5e2s 24H HAS BEEN. WEIGHT ®
10UTPUT ON TAPEs 13 ) : - - : WEIGHT .
REWIND INPUT . :
REWIND OUTPUT K J
PRINT 39 - |3
39 FORMAT (/725H END DATA TO BE PROCESSED ) - . g
X2 = SUME / XNO : WEIG+T - @
o



,. " o
. ' ) . R

® 6 O o o o6 o o o o o o o o

mmqm&o_o\_‘m,%-——\j

X1 = SUME2 / XNO |
"PRINT 53sN0»s SUMEs 3SUME2s X2» X1
53 FORMAT ( // 11H NOe REFL =3 I7s 3Xs 8H SUM E =9 F9els 3X
1 s 9H SUM E2 =»s F9els 3Xs 12H AVERAGE E =3y F6e3s 3X»
2 13H AVERAGE E2 =» F6e3)
. PRINT 54
54 FORMAT (/ 102H (NOTEees IDEALLYs @AVERAGE E@ HAS THE VALUE 0 798 F
10R CENTRIC AND 0886 FOR NON-CENTRIC DISTRIBUTIONS )
PRINT 55 - '
55 FORMAT ( 10Xs 49H WHILE @AVERAGE E2@ HAS THE VALUE 14000 FOR BOTH
: 1) ) : C . . L :
STOP
END
$ENTRY

wi
Fy

o

W

R. L. CRAIN LIMITED
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$IBFTC SAYRE DeCK ‘
" THIS PROGRAM IDENTICAL TO 07/15/68 EXCEPT FOR FORMATS OF TAPE

ISPACE 1Seees

NO

AND THAT EMPTY PARITY GROUPS ARE ALLOWED FOR

1 FOR Pés 2 FOR PMMs 3 FOR PMGs 4 FOR PGGs AND 5 FOR PGM

MORE THAN 35 REFLEXIONS IN ALL

NO
NO

"NO

MORE THAN 20 REFLEXIONS PER PARITY GROUP
MURE THAN 105 SAYRE RELATIONS TO BE GENERATED

MORE THAN 10 REFLEXIONS.TO BE bCRATCHED BY @ISCRATe

TNTEGER OUTPUTS
INTEGER PLUS
REAL MINE

OUTFIL -

PRINTOQUT

DATA PLUSs MINUS
DIMENSION F(3)s

7 IH¥> 1A= 7/ ~ PRINTOUT
FCURV(8)s ICOUNT(4)s IH(4920)s IK(4s 20)s E(4920) -

DIMENSION IOCCUR(4s 20)s IDENT(4s 20) -

DIMENSION I2N(35)s IXS5(49105)s PROBIB(105)
DIMENSION IREFL(35)s EREFL(35)9 ID(35105)s ISIGID(105)s EEEID(105) PRINTOU
DIMENSION IR1(20)s IR2(20)s EE(20)s [S(20)s PRO(20) PRINTQUT

DIMENSION NOCCUR(35), ISCRAT(IO) " Co . ‘ #*
INTEGER OPLUS»s OMINUS - . o %

DATA OPLUSs OMINUS / OOOOOOOOOOOOO; 0400000000000 / : %

DIMENSIUN NA(35)

DATA NA/3H 1s3H
10 3H 1193H

~ FRK
293H 393H 493H 543H 6s3H Ts3H 8,3H 993H 1FOR
1293H 13s3H 1493H 1593H 1693H 17s3H 18s3H 1993H 1FOR

20 3H 2193H-

30> 3H 3193H
EQUIVALENCE (XL

2293H 2393H 2493H 2593H 269 3H 2795H 2893H 2993H 2FOR

3293H 3393H 3493H 35 / . . » 7 FOR

L)

52

DUMMY = 040

READ 9s INPUTs INFILEs OUTPUTs OUTFILs IPROJs ISPACEs IPRINT

1. sIONEs NSCRAT

e

o=~

el

2 s PROBCF»s MINEs ACCEEEs (ISCRAT(I)s I = 1’»N5CéAT)

FORMAT (912s 2X»

3F10e0s 1012)

@ACCEEE®@ IS ACCEPTABLE VALUE OF TRIPLE PRODUCT

CALL POSN | INPUT9 INFILE)

DO 20 I
IH(Ts1)

1’

20

IK(I»s1)
E (Isl)
ICOUNT (1

w b 1Oy 0w

rloo-

DO 23 1
DO 23 J

i~ uih h

= r~lhn O OO
L J

R. L. CRAIN LIMITED
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23

IOCCUR(Is J) = O
DO 55 I = 1s 35

L

55

NOCCUR(IT = 0
I2N(35) = 1
DO 29 1 = 1s 34

29

J = 35 = 1 _
I2NGJ) = I2N(J+1) # 2
CONTINUE '

16
01
TT‘"
4
A

IPH = 1
IPK = 3 : ,
IF (IPROJ «EQe 1) IPH

I'F (IPROJ «EQe 3) IPK "
IDEN = O
PRINT 46» MINE-

46

FORMAT (53HITHE REFLEXTONS CONTATNED ON
1 13HGREATER THAN s F5¢2»>  9H ARE eee
PRINT 47 B

THE TNPUT TAPE WITH @Ee
) | L A
‘ PRINTOUT

FORMAT(/76H IDENTs 5X» 1HH»s 3X»> I+K»s 4X»
READ (INPUT) IIs IGPENs SSOLSs (F(I)s I
1 1 = 1.8) B ' : '

1HE )
= -193)s El» E2s (FCURVI(I)o>

PRINTOUT

IF (IGPEN <NEe 0) GO 10 7
IF (I1 oNEe 0) GO TO 8
IF_(E1 oLTe MINE) GO TO 7

IDEN = IDEN + 1
IREFL(IDEN) IDEN
EREFL{IDEN) El

Hou

PRINTOUT

PRINTOUT:

v . ) .

IHO = F{]IPH) .
IKO = F(IPK). : ' '
PRINT 21s IDENs IHOs IKOs E1

PRINTOUT

I =1 , -
IF (IHO oNEe IHO 7/ 2 # 2) 1
IF (IKO oNEe IKO / 2 % 2) ]

Hou
—

+
-

ICOUNT(I) = ICOUNT(I) + 1
IG = ICOUNT(]).
IR(Is IQ) = [HO

IK{I» IQ) = IKO
E(I» IQ) = E1

IDENT(Is IQ) = IDEN
GO 10 7 )
PRINT 10

R. L. TRAIN LIMITED
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‘10 FORMAT (6H1 ~H1 92Xs 2HKLls 4Xs 2HH2s 2Xs 2HK2s 4Xs 2HH3»s 2Xs 2HK3 o )
1 s 3Xs BHE1*E2%#E3s 4Xs SHSAYREs 7Xs 11HPROBABILITY /) * 8
AVPROB = 1.0 5 - ‘ | 18
NSAYRE = 0 °'@®
DO 6 I =19 4 bt
IQT = ICOUNT(I) _ el
IF (IQl «EGe 0) GO TO 6 K J
DO 6 J = 1ls FQl. : %
I1T =1
DO 6 K = I1s 4 i ®
‘1Q2 = ICOUNT(K)
IF (IQ2 «EGe 0) GO TO 6 . :
J1 = J ‘ o
IF (K eNEe I1) J1 = -1
DO 6 L= JIs 1Q2 -
IALPHA = 1.° h o
KK = IK(Is J) + . _IK(KsL)
DO 2 1A = 1» 2
II = IH(Is J) + IALPHA # IH(KsL) o
IF (IA «NEe 2) GO TO 54 : -
IF (TR(IsJ7 eEQe O +ORe IK(IsJ) eEQe 0) GO TO 2
54 I11S.=" 1. _ ' ®
: IF (I1 eLTe O eANDe KK eNEe 0) IIS = -1 . ,
IF (ISPACE «GTe 1) II =1ABS(II)
IF (I oNEe K) IFIND = 9~ 1 - K X )
IF (1 eEQe 1) IFIND = K
IF (I «EQe K) IFIND = 1
IC = ICOUNT(IFIND) e
IF (IC «EQe 0) GO TO 3
f DO 1 M = 1 IC '
v IF (I1 eNEe IH(IFINDs M)) GO TO 1 o
12 IF (KK eNEe IK{IFINDs M)) GO TO 1 :
i EEE = E(I» J) ¥ E(Ks L) * E(IFINDs M) g
10 IF (EEE oLTe ACCEEE) GO TO 3 @
a IF (K oNEe I «ORe L oNEe J) GO TO 82 | .
8 EEE = (EEE - E(IFINDs M)) / 240 I
7 IF (EEE oLTe ACCEEE) GO TO 3 . i
6 IOCCUR(IFINDs M) = IOCCUR(IFINDs M) + 1 R 2
5 GO T0 84 4 :
4 82 IF (I oNEe IFIND e¢ORe J oNEe M) GO TO 83 - - @
3 ’ .
| @
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EEE = (EEE - E( Ko L .)) 7/ 240 ‘®
IF (EEE oLTe ACCEEE) GO TO 3 8
TOCCUR(K s LJ = IOCCUR(K > L) + 1 [6'
. GO TO 84 - S bl )
83 10CCUR( I » J) = IOCCURI(I s J) + 1 o
TOCCUR(K s L) = IOCCUR(K s L) + 1 ‘TZ‘
IOCCUR(IFINDs M) = IOCCUR(IFINDs M) + 1 i.
84 PROB = 0e5 + Qa5 * TANH(PROBCF * EEE) h
TAVPROB = AVPROB ¥ PROB -
NSAYRE = NSAYRE + 1 o
IG = IDENT(Is J) : * :
NOCCUR(IQ) = NOCCUR(IQ) + 1 *
IR = IDENT(Ks L) - * ; o
NOCCUR(IR) = NOCCUR(IR) + 1 . o * |
IF (IQ eEQe IR) NOCCUR(IQ) = NOCCUR(IQ) = 2- * 1
IR = IDENT (IFIND»s M) ' | @
NOCCUR(IR) = NOCCUR(IR) + 1 : |
"IF (IQ «EQe IR) NOCCUR(IQ) = NOCCUR(IQ) - 2 :
~ PROBIB(NSAYRE) = PROB ‘ | @
ID1 = IDENT(Is J) :
IDZ2 = IDENT(Ks L) .,
ID3 = IDENT(IFINDs M) . . @
IXS(1s NSAYRE) = I2N(ID1) + I2N(ID2) + I2N{ID3) !
IF (ID1 «EQe ID2) IXS(1ls NSAYRE) = I2N(ID3) ]
IF (IDL «EWe ID3) IXS(1s NSAYRE) = I2N(ID2) 07/04/68 @
IF (ID2 eEGe ID3) IXS(1ls NSAYRE) = I2N(IDI1) 07./04./.68
"IF (ID2+GEe IDL) GO TO 36 ‘ PRINTOUT
v = ID1 o , o PRINTOUT I @
ID1 = ID2. PRINTOUT _
: IDZ2 = 1IQ PRINTOUI ;
36 IF ( ID3 «LE. ID1) GO TO 37 PRINTOUT @
IF ( ID3 «LTe ID2) GO TO 38 PRINTOUT
GO 70 39 PRINTOUT
37 IQ = ID2 PRINTOUT | )
ID2 = 1D3 PRINTOUT i
I03 = 1Q PRINTOUT i
IQ = ID1 PRINTOUT i
ID1 = ID2 PRINTOUT g
R PRINTOUT E
GO TO 39 PRINTOUT ‘@
®



38 IG = 1D2 | o | : PRINTOUT

[>T o T S (= T Tp B Y

1

(o]

)

=

o~
—

2—

ID2 = ID3 B - : - ‘ PRINTOUT
ID3 = 14 A ‘ , , T PRINTOUT
39 CONTINUE - . . : ' S - PRINTOUT
ID(1s NSAYRE) = IDL. : , ' : ‘ ' PRINTOUT
-ID(2s NSAYRE) = 1D2 _ T o PRINTOUT
ID(3s NSAYRE) = ID3 , C e : PRINTOUT
ISIGID(NSAYRE) = PLUS : " ' ’ : ‘ ' PRINIQUT
EEEID (NSAYRE). = EEE , j ' . S PRINTOUT
IXS(3s NSAYRE) = 0 ) L ' -
IXS(4s NSAYRE) = O
o MULT = 1 . N
GO TO (30s 30s 31s 32s 81)s ISPACE L
81 IF ( KeNEe 1eANDe K eNEe '3 oANDe IALPHA. oEQe (=1)) :
1 . ; MuLi = MulLi * (=1)
IF (IFIND eNEe '1 «ANDe IFIND oNEe 3) MULT = MuLi * Ils
GO TO 33 i . )
31 IF (K oGTe 2 «ANDe IALPHA +EQe (~1)) MULI = MULI * (-1)
- IF (IFIND eGTe 2) MULT = MuLV * IIS o
GO TO 33 . _ o . :
32 I[F (T KeNEe 14ANDe K oNEe 4 oANDe IALPHA «EQe (=11
1 ' ' ' , “MuLd =MoL # (1)
IF (IFIND eNEe 1 eANDe IFIND oNEe 4) MubLi = MuLT #* IIo ‘
33 TIDT = IDI * MULT . '
IF (ID1 eLTe 0) ISIGID(NSAYRE) = MINUS - : PRINTOQUT
IXS(2s NSAYRE) = QPLUS L ‘ - R
IF (MULT oLTe 07 IXS(2s NSAYRE) = OMINu> - : *
30 PRINT 5s IH(IsJ)s IKtIsJd)s IH{KsL)s IKiKsL)s IT» KKs EEE
1 »IDls 1D2s ID3s PROB - . *
5 FORMAT(2Xs 3(21492X)s F6els3Xs 2(I3s 2H %*)s I3y 3Xs FTle& ) *
GO TO 3 o ' -
1. CONTINUE
3 IF ( ISPACE +EQ. 1) GO TO 6
IALPHA = -1
2 CONTINUE
6 CONTINUE
: PRINT 85 - : . .
85 FORMAT (127H (NOTE THAT @EEE@ FOR SIGMA1l IYPE RELAIIONSHIPS HAS BE

1EN MODIFIED SO THAT @PROBABILITYe@ CAN BE COMPUTED BY ONLY ONE EXPR
2ESSION)Y ) : -
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IF (IONE eNEs (=1)) GO TO 64

.
9
XSAYRE = NSAYRE ‘®
AVPROB = AVPROB ##%* (140 / XSAYRE) 18
) PRINT 28s NSAYRE ' : 6
28 . FORMAT(// 30H NOe OF SAYRE RELATIONSHIPS = s I4) °'@
’ PRINT 27s AVPROB . ' w
27 FORMAT (77 25H @AVERAGE® PROBAGILITY = 3 F7.4) el
PRINT 22 l.
22 FORMAT (6HLIDENTs 5Xs 1HHs 3Xs 1HKs 4Xs 1HEs 3Xs 9HOCCURANCE / )
DO 24 1 = 1s & ‘ — : _ |
. J1 = ICOUNT(I) . @
DO 25 J = 1» Jl - ' , ;
25 PRINT 21 IDENT(Is Jls IH(Is J)s IK(Is J)s E(Is J)s 1OCCURCIs J) |
21 FORMAT (159 4Xs 139 I&s FTe2s 4As 12) : : ‘ @
24 PRINT 26 |
26 FORMAT (ZH ) 4
CALL PROBN (NSAYREs AVPROB) o
IF (NSCRAT +EQe O ) GO TO 56 *
@ =0 % ‘
DO 57 I = 1ls NSCRAT * (]
IR = ISCRAT(I) *
57 IG = 14 + IZ2N(IR) ¥
DO 58 I = 1s NSAYRE" * [ ]
XL = AND(IQs IXS(1s I)) L '
IF (IL «EQe 0) GO TO 58
IXS(ls I) = 0 * o
DO 59 J = 1s 3 #
IR = ID(Js 1) , *
59 NOCCUR(IR) = -NOCCUR(IR) - 1 * | @
« ID(1s I) = 1000 ‘ * :
58 CONTINUE » * -
PRINT 60s NSCRATS (ISCRAT(I); I = 1s NSCRAV) #* )
60 FORMAT(/61HOAFTER ELIMINATING RELAIIONbHIPb WHICH INCLUDE IHE FOLL#*
“1OWING _» I3514H REFLEXION(S) s LuvI3s 1Hs)) - *
PRINT 61 , * @
61 FORMAT (  13H WE HAVEeeses / ) . b
PRINT 62s (NA(I)s I = 1s IDEN) , FOR
62  FORMAT (5Xs 11H REFLEXIONS s 35A3) i J
| PRINT 635 (NOCCUR(I1)> 1 = 15 IDEN) * | §
63 FORMAT (5Xs 11H OCCURANCE » 3513) g
56 ‘@
®
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[RITNINT - SR

PRINT 65 *
65 FORMAT (//97H THE FOLLOWING CYCLES WERE CARRIED Ouils EACH OF wHICH*
1 REMOVES ONE REFLEXION OCCURRING ONLY ONCE > - *
2 // 5Xs 53H THE FOLLOWING LISi SHOw> OCCURANCE> AFTER EACH CYCLE)*
PRINT 80s (NA(I)s T =.1s IDEN). FOR o
80 . FORMAT. (7Xs 2H N»5Xs 35A3)
70  _PRINT 71s Ns (NOCCUR(I)s I = 1s IDEN) *
71 FORMAT (6Xs I3s 5Xs. 3513) FOR
DO 66 I = 1ls IDEN . e *
IF_(NOCCUR(I) oNEe 1) GO 10O 66 %
IQ = T2N(I) ' *
GO TO 67 - *.
66 CONT INUE *
GO 70 64 *
67 N =N+1 = *
, DO .68 I = ls NSAYRE *
- IF U IXS(Is 1) +EQe 0) GO 10 68 ®
XL = AND(IGs IXS(1ls I)) .
IF (IL «EQe 0) GO TO 68
DO 69 U = 1s 3 S *
1Q = ID(Js 1) _ *
69 NOCCUR(IG) = NOCCUR(IQ) = 1 i *
ID(1s 1) = 1000 *
IXS(1ls I) = 0 %
6O T0 70° *
68 - CONTINUVE *
, PRINT 72 _ *
72 FORMAT (°13H ERROR AT 72 ) ~ *
64 IF (IONE eNEe (=1) oANDe NSCRAT «EQe O «ANDe OQUIPUL oLEes 0) GO TO #*
1 73 ‘ *
PRINT 74 - *
T4 FORMAT ( 25HLFINAL FORM OF DATA USED /777/) *
. PRINT 76 , ' ’ : %
76 FORMAT (4Xs 2H Ns BXs 5HSAYREs 7as 11HPROBABILIVY, 7H EEE ' |
-1 » 7X» 18HSIORAGE FOR OuiPuir /) ' : - * R}
NS = O - % |
AVPROB = 140 . *
NSA = (NSAYRE - 1) 7/ 35 + 2
DO 75 I = 1ls NSAYRE #

- R. L. CRAIN LIMITED
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IF (IXS(ls 1) «EQe 0) GO 10 75 * ‘@
NS = NS +1 #* 8
IQ = (NS - 1) 7 35 + 2 6
IR = NS = (1Q = 2) % 35 '@
XL = OR(IXS(IQs I)s I2N(IR)) H
IXs(iqs> 1) = IL A : - ¢l
PRINT 77s NSs ISIGID(I)s (ID(Js I)s J =-1s 3)s PROBIBtI)s EEEID(I) l.
1 s(IXS(Js I)s J = 1s NSA) ' } 3
77 FORMAT ( 3Xs 1[334XsA1s12% 2H %3 135 2H %s 13s 3As FTeb4s 3As FSels
1 10Xs 4013) ‘ : : | @
AVPROB = AVPROB * PROBIB(I): * |
75 CONTTNUE * !
IF (IONE oNEe (=1) «ANDe NSCRA! oEQe U ) GO TO 73 * ' @
XS = NS ' . - *
AVPRUB = AVPRUB #¥ (140 /7 XS) *
PRINT 28s NS ' * @
PRINT 27s AVPROB * :
CALL PROBN (NSs AVPROB) *
73 IF (IPRINT «EQe (-1)) GO 10 53 * o
DO 35 I = 1s IDEN o PRINTOUT _
JINTT = 1 PRINTOUT .
EMAX = 0 PRINTOQUT @
DO 34 J = JINIT, IDEN PRINTOUT L
IF (EREFL(J) «LEe EMAX) GO TO 34 PRINTOUT :
EMAX = EREFLI(J) SR - PRINTOUT @
IREFJ = J PRINIOUI
34 CONTINUE PRINIOUT :
IF (I oEQe IREFJ) GO TO 35 PRINIQUT ®
IG = IREFL(I) PRINIOUI
T IREFL(I) = IREFL(IREFJ) PRINIQUI
IREFL(IREFJ) = IQ PRINIOUI ®
d XQ = EREFL(I) ) PRINIOQUT
EREFL(I) = EREFL(IREFJ) PRINIOUI _
EREFL(IREFJ) = XQ PRINIOQUT o
35 CONTINUE PRINIQUY .
, PRINT 48 S , ' . PRINIQUI £
48 FORMAT(3H1HKs 3Xs3H(E)s 7Xs 3t7As SHSAYREs 5As11H(EEEs PROB)s3X)/)PRINIQU ‘@
DO 40 I = 1s IDEN | : , PRINIQU :
PRINT %95 IREFLC(IJs EREFL(ID) PRINIOUI LS
49 FORMAT(/I3s 2H (s F542s 2H) ) <@
o



PRIN{Qui -

INS = 0 :
‘DO 41 J = 1s NSAYRE PRINIQUY
DO 42 K = 1s 3 I PRINIOUI
IF (IREFL(I)eLTe ID(Ks J)) GO 10 41 PRINIOuUI
IF (IREFL(I)eNEe ID(Ks JJ)) GO 10 42 PRINI1OUI
INS = INS + 1 PRINiQui
IRLCINS)Y = ID(1s J)° PRIN:Qu:
IR2(INS) = ID(3s J) PRINIQuU]J
IF (K oEQe 1) IRI(INS) = ID(2s J) ~PRINiQuI
IF (K «EQe 3) IR2(INS) = ID(2s J) PRINIOUI
EE(INS) = EEEID(J) -
PRO(INS) = PROBIBI(J) PRINIQUI
ISCINS) = ISIGID(J) PRINIQUI
GO TO 41 PRINIQUI
42 CONTINUE “PRINiQui
4l CONTINUE. : 3 PRIN1OuUI
IF CINS oNEe 0) GO TO 44 PRINIQUI ;
‘ PRINT 50 L _ - PRINTOUT |
50  FORMAT ( 11Xs 47HNO SAYRE RELATIONSHIPS EAIST FOR tHI> REFLEXION PRINTOUT -
/1/77) . o 5 PRINTOUT |
GO TO 40 PRINIQuI .
44 INIT = 1 PRINTOUI
B LIM = 3 : PRINiQu l
51 IF (INS oLTe LIM) LIM = IN> - 4 * , ,
. PRINT 43s (IS(J)s IR1(J)s IR2(J)s EEIJ)s PRO(J)s U = INITs LIM)  PRINIOUI
43 FORMAT (16Xs 3( 5X s Als 139 2H *s 139 2H (s FS5els PRINIOUT
F6e3s 1H)s 2X) /) : o "PRINtOQUI
CINIT = INIT # 3 ‘ ' PRINIOUI
LIM = LIM + 3 , PRINiOQui
IF ( INS = LIM «Gle (=3)) GO 10 51 PRINIQuI
PRINT 45 ' PRIN(Qui
45 FORMAT (' / 2H ) PRIN:Quv
IF (INS 7 3 * 3 oNEe INS) PRINI 45 PRINIOU|
40 CONTINUE ‘ PRINTOUT
53 REWIND INPUT

IF (OUTPUT +EQe 0) - GO 10 52
CALL POSN (QUIPUTs OQUIFIL)

WRITE (QUTPUT) IDEN> Nb;vPROBCF’ (DUMMYs I = &4, 16)

NR = (NS - 1) /7 35 + 2
N = NR + 2
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DO 78 I = 1s NSAYRE
IF (IXS(1ls I) «eEQe 0) GO TQ 78

WRITE (OUTPUT) (IXS(Js 115 J = 1sNR)» EEEID(I)» (DUMMYs J = N» 16)
78 CONTINUE ' . o -
END FILE OUTPUT

REWIND OUTPUT N
PRINT 4 NSs OUTPUIs -QUIFIL
4 " FORMAT(// 4H THEs 13

T 63H RELATIONSHIPS AS DESCRIBED EARLIER HAS NOW BEEN OUTPUT
2 ON UNIT » I35 5H FILEs 13)
GO TO 52

END

"$IBFTC POSN - DECK

SUBROUTINE POSN ( INPUIsINFILE)

“ASSIGN 14 10 TENDF
CALL EOF (INPUTs IENDF)

12 REWIND INPUT

- NFILE = INFILE _
14 IF (NFILE «LEe 1) GO 10 13
NFILE = NFILE - 1 :

18 * READ (INPUT) 11
- GO TO 18

 "13  RETURN

END

" $IBFTC PROBN  DECK

SUBROUTINE PROBN (NSAYREs AVPROB)
PRINT 2 o '

2 FORMAT ( 102H1PROBABILIIY 7THAi CORRECT Q.RUC.URE INvOLvEu NO 'MORE
lTHAN N FAILURES OF INDIVIDUAL oARE RELA-IONQHIPJ )

§ i

DIMENSION P(100)s IADD(1lu)
XSAYRE = NSAYRE
P(1) = AVPROB #*¥ XSAYRE

s R

a
o
5

|
|
|

[o IR A s ¢ I (e }

Pl = P(1)
X = 140 :
DO 3 1 = 1s NSAYRE

X=X % FLOAT(NSAYRE = T + 1) 7 FLOAT(T)
- Pl = P1°/ AVPROB * (1.0 - AVPROB)
3 P(I + 1) = P(I) #+ X %.p1

6]

N

w

DO 4 1 = 1s 10
4 IADD(I) =1 -1

|

—
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PRINT 7» (IADD(J)s J = 1s 10) ,
FORMAT ( // 9H FAILURESSs ~ la4s 917)
NS - = NSAYRE + 1 -~

DO 5 1 = 1s NS v 10

IG1 = 1 - 1

Id2 = 1

I3 = Q2 + 9 :

IF (1Q3 «GTe NS ) 1Q3 = NS

PRINT 6% IQls (P(J)s J = 1Q2s 1Q3)
FORMAT ( / I5s 2H /s 2Xs 10F7e4)
RETURN o :

END

L
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® $IBFTC SIGNS  REFsDECK ' 08/U2/68 ‘@
C THIS PROGRAM IDENTICAL TO 07/15/68. EXCEPT FOR FORMAIS OF IAPE N
o - RECATTONSHIPS OF RANK DOWN 10 FOUR LESs> THAN (HE NO. OF 6
® - C REFLEXIONS OCCURRING IN tHEM CAN BE HANDLED °'@
C THE @SECOND GROUP@ MUSI NOI BE COMPLEVELY EMPIY - 13
C UP TO FIVE FAILURES IN THE FIRo7 GROuUP _ . v7/15/68 ¢l
o COMMON EEEs EMAX»> I12Ns IDMISSs IFAILs IFINs IMulis I.
1. ISIGse ISIGSs IXSse IXie NFAILs NMuLT s : B &
2 NPOSSs NS» OUTPUI
o DATA INEGs IZERO / 0400000000000 s 0000000000000 / o
INTEGER OUTPUT» OUTFILs BLANKs PLUS .
DIMENSION NA(35) ' - ‘ . FOR™
o DATA NA/2H 1s 2H 2% 2H 35 2H 4» 2H 55 2H 65 2H 7s 2H 8»2H 9»53H lusFOR o
1 2H 19 2H 29 2H 35 2H 43 2H 59 2H 65 2H T 2H 8s2H 9»3H 2usFOR '
2 2 1,72H 2, 2H 3, 2H 4y 2H 55 2H &s 2H 7» 2H 85+2H 9s3H 3usFOR .
® "3 . 2H ls 2H 2» 2H 3s 2H 4 2H 5/ o FOR - o
DATA BLANK»> PLUSs MINUS / 2H » 2H 43 2H = / _ ‘ . |
: DIMENSION IXS(45105)s I2N(35)s EEE(1US5)s IDMISSt20)s IS(3)s IQS(3)
® DIMENSION 151435)s 1ISIG (35) . @
_ DIMENSION ICON(10) ~ - | ‘ ‘ : . ’
DIMENSTON TARB(4)s ICOMPM(16)s IMUL1135s 16)s 151Go(35) ARBI IRAR
o DIMENSION IXT(105)s PEEE(1U5)s Aov3)s IvP1i{3)s AvPl{3)y | )
. 1 IVP(3s 35)s XVP{3935) - 3 [ .
‘ DIMENSION IFAIL (3)s XFAIL (3) :
® 1 s IFAIL1(3)s XFAIL1(3) o
2 s IFAIL2(3) s XFAIL2(3)
3 s IFAIL3(3)» XFAIL3(3)
® 4 s IFAIL4(3)s XFAIL4(3) . , o
EQUIVALENCE {(XLe IL)o(ISs XS5)s( IXs XX)stXQ1ls IQl)stAVPls IVP1)
t o EQUIVALENCE (IVPs XVP)s(IFAILs XFAIL)s(IFAIL1s AFAIL1)s(IFAIL2>
®. 1 XFAIL2) s (IFAIL3s XFAIL3)s{IFAIL4s AFAIL&) . o
12 READ 10s INPUTs INFILEs OUIPUIs OUIFILs NFAIL1s NFAIL2,EMAX
T 10 FORMAT (6125 F840) _
N IS READ 4s NCONs (ICON(I)s I = 1s NCON) | o
9 4 FORMAT (I2s 10I3) | ' .
. s PRINT 51s NCONs (ICON(I1s 1 = 1 NCON) . - | £
@ 51 FORMAT (14H THE FOLLOWINGs I3s 52H REFLEAIONS HAvE THEIR oIGNo oPE @
s 1CIFIED IN INPU! oo s 10tI3s 1H»D) E
5 CALL POSN (INPUT»s INFILE) L
T W READ (INPUT) N» Ms PROBCF l‘?.
3 . o 1
® @



THE PROBABILITY COEFFICIEN I
PEEE IS THE TRIPLE PRODUCT

I> READ Bui 1o nuiv
OF E@> PER REFEAION

PRESEN LY

vokED

K= (M- 1) /7 35 + 2
DO 99 I = 1y M
READ (INPUT) (IXb(J’I)p =

1s K)o PEEE(i)

NUF ILING

99.

EEE(D PEEE(T)
IXT(I) IXS5(1s 1)
PRINT 6% INPUTs INFILE.

Hon

FOR

1

FORMAT (/5H UNITs I3s 5H FI
54H CONTAINS THE FOLLOWI
NS = (M - 1) /7 35 + l

LE> 139 :
NG RELATIONbHIPb

(OCIAL NOJAIION)

/

)

FOR
FOR

62

J = NS + 1
DO 62 K = 1+ M

PRINT 30s (IXS(Is K)o I = 1

s J)

FOR )

IF (N <EQe 35) GO T0 8
K= N+ 1 o
DO 7 1 =Ks 35

FOR
FOR
FOR

-a-’—-n.—-
ol-

NACI) = BLANK
CONTINUE

I12N(35) 1

FOR
FOR

56

Ts 34

O 56 1.
J = 35 = 1]

IZ2N(J) = I2N(J+1) * 2

IF (NCON +EQe 0) GO TO 58
DO 60 I = 1s NCON -
IAB =IABS(ICON(I))

ISI = +1
IF (ICON(I) oLTe 0)

ISI = -
DO 61 J = 1s M :

1

<

XL = AND(IXS(1l»
IF (IL «EGQe 0)
IXS(1sJ)

J)s I2N(I1AB
GO TO 61
IXS5(1sJ) - I2N(]

))

AB) -

61
60

IX5(2+0)
CONTINUE
CONTINJE

IXS(2+J) * IS]

58

53

CONTINUE
DO 53 1

1s 20
[4MISS(T) =

0

W h o~ Y

)
NMISS = 0 ¢
DO 21 = 19 N

® © o o
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PROBMX = 0e0
JINIT = I = NMISS

DO 1 J = JINIT» ™ T , : _
IF (PEEE(J) oLEs PROBMX +ORe IXS(ls J) / I2N(I) +EQe U) GO 10 1
PROBMX = PEEE(J) oo ,

JNOTE = J
CONTINUE - , .
IF (PROBMX «NEe 0e0) GO 1O 24 : ' ‘

OTHERWISE REFLEXION. CONSIDERED IS MISSING FROM i1HE SAYRE RELATIONDHIP
NMISS = NMISS + 1 ' S

IDMISSINMISS) = 1

24

GO T0 2 ,.
XQ = PEEE(JINIT) ,
PEEE(JINIT) = PEEE(JNOTE)

nin

PEEEC(JUNOTE) XQ
J = NS + 1
DO 25 K = 1y J

25

IQ = IXS{KsJINIT) '
IXS{Ks JINIT) IXS(Ks JNOIE)
IXS(Ks JNOTE) 1Q

DO 3 K = 13 M .
IF (K «EQe JINIT) GO TO 3
XL = AND(IXS(1s K)s I2N(I)).

IF (IL «EQe 0) GO TO 3
DO 26 KQ = 1y J :
XL AND(IXS(KQs JINIT)» IXS(KQs K))

XL COMPL (XL) : »
X - OR (IXS(KQs JINII)s IXS(KQs KJ))
XL AND(XLs X) '

[\

IXS(KQs K) = IL
CONTINUE
CONTINUE

27

PRINT 27 M

1

FORMAT ( 4H1THEs 145105H SAYRE RELATIONSHIPS HAVE BEEN MANIPULATED

28_

1

AND RESTORED IN I1HE FOLLOWING MANNER {GIVEN IN OCiAL NOiAiION)//)
PRINT 28 | a .
FORMAT (5Xs BHIXS(1sM)s 9Xs BHIXS(25M)s 9Xs BHIXS(3sM)»

9Xs BHIXS(4sM) / ) ' . ,

DO 29 K = 1> M
J = NS + 1 '
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29
30

PRINT 30s (IXS(Is K)s I = 19J)>
FORMAT (4017)

NOW TO FIND WHICH @5 OCCuR IN THE FIROLT GROUP
IFIN = N = NMISS
DO 120 K = 1s NS

120

IS(K) = TABS(IXS(K + 19 1))
DO 31 I = 25 IFIN '
DO 31 J = 1ls NS

IQL =TABSU IXS(J + 19 1))
XS(J) = OR(IS(J)s IQ1)
CONTINUE

31

PRINT 32 (IS(K)s K = 1s NS)

“FORMAT (/  63H OCTAL REPRESENTATION OF S@b OCCURING IN IHE FIRST G

1ROUP eeeee » 3013)

"NOW TO IDENTIFIY THESE S@S
11 =1

DO-33 1 = 1y M

(T = 1) 7 35 + 1
I - (J - 1) % 35
IF (1QS{J) / I2N(L) <EQs O ) GO iQ 33

IST(K) = T )
IQS(JY = 1QS(J) - I2N(L)
K=K +1 L :

33

70

CONTINUE - S . :
PRINT 70s (IS1(I)s I = 1s IFIN) | - _ | .
FORMAT ( 20H THIS CORRESPONDS 10s  2Xs 35(12s 1H»s) ) M

NOW TO FIND WHICH REFLEXIONS OCCUR wITH ARBITRARY bIGN s ARBI fRAR - -

IF (NMISS «EQe 0) GO 10O 75 _ , . ARBI iRAR
IX = IXS5(1s1) - ARBI IRAR

73

DO 73 I = 2» IFIN ‘ : - ARBI IRAR
XX = OR(IXs IXS(1ls 1)) ‘ - : S R
IQl = 0 - ’ ’ ' ' A ‘ ARBITRAR

14

DO 74 I = 1s NMISS ‘ ’ : : ARBITRAR
J = 1DMISS(T) - : _ - ARBITRAR

19l = IQl + I2N(J) : ; , - ARBI IRAR
XT = AND(IX> 1QI) - ’
IF (IL «EQe 0) GO TO 75
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101 = IL ‘®
NARB = 0 ARBITRAR 8
DO 77 I = 1s NMISS " 'ARBITRAR 6
J = IDMISS(I) o ARBITRAR’ °'@
IF (IQ1 7/ I2N(J) «EQe 0) GO TO 77 ARBI IRAR |+
‘NARB. = NARB + 1 ' ARBI 1 RAR el
IARB(NARB) = J ARBITRAR . IQ
101 = IWl - I2N(J) _ARBITRAR &
77 CONTINUE - ARBI TRAR :
. PRINT 78sNARBs (IARB(I)s I = 1s NARB) ARBITRAR T @
78 FORMAT (/86H EACH SET OF COCHRAN + DOUGLAS SOLUTIONS IS BASED ON AARBITRAR }
IRBTTRARY STGNS OF THE FOLLOWING » 133 17H REFLEAION(©) eses ARBI iRAR ]
2 4(I3s 1Hs ) ) ‘ ' S ; ‘ARBI IRAR - o
NMULT = 2 %% NARB ARBI IRAR
GO 10 76 ARBITRAR
75 .  NARB = 0 ARBITRAR o
' NMULT = 1 ARBI IRAR :
76 00 79 1 = 1s 35 “ARBT IRAR .
' DO 79 J = 1ls NMULT " NARBETRA ®
79 IMULT(Is J) = 1 , ARBI TRAR
[F (NARB «EWde 0 ) GO TO 96 1RBITRAR ’
ICOMPM(1) = 0 ‘ARBITRAR o
I = TARBI(1) ARBITRAR
ICOMPM(2) = I2N(I) ARBITRAR :
IF (NARB «EGe 1) GO TO 83 ARBI IRAR ®
J-= 1ARB(Z) i . ARBITRAR
J = 12N(J) ARBITRAR
DO 84 I = 1s 2 ARBITRAR " @
84 ICOMPM(I + 2) = ICOMPM(I) + J ARBITRAR -
IF (NARB etQe 2) GO TO 83 ARBI IRAR !
J = IARB(3) = = ARBI IRAR ' @
J = 12N(J) . ARBI IRAR. !
DO 851 = 55 8 T ARBI TRAR
85 ICOMPM(I) = ICOMPM(I =-'4) + U ARBITRAR | @
' IF (NARB «EQs.3) GO TO 83 ARBITRAR b
J = TARB(&4) ARBITRAR £
J o= 12Ny ARBI IRAR 1@
DO 86 1 = 9s 16 e ARBI IRAR Iz
86 [COMPM{IT = ICOMPM(I = 8) + J ARBI IRAR S
83 DO .80 J = 1s NMULT ARBITRAR @
]
i
| @
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IF (NARB «EQe 1) GO TO 88

L =0 : ‘ ARBITRAR
DO 80 K = 1s IFIN ARBI I RAR
81 KL = K + L _ ARBI IRAR
IF ¢ KL oNEe IDMISS(L + 1) ) GO 10 82 ' ARBI
L =L +1 ' ARBI iRAR
GO T0 81 T ARBI IRAR
82 XQl = AND (IXS(1sK)s ICOMPM(J)) ‘ -
CALL ICOUNT(IQls NONES) :
IMULT(KLs J) = 1 . , R ARBI IRAR
: IF (NONES / 2 % 2 oNEe NONES) IMULI(KLs J) = -1 ARBI IRAR
80 CONTINUE S ' ARBI IRAR
C NOW TO CARRY OUI 1THE SAYRE FAILURE 1Eoro
96 PRINT 38 _ . ARBI TRAR
38 FURMAT ( 29H1SIGNS OF POSSIBLE STRUCTURES . //)
PRINT 39s (NA(I)s I = 1s 35) : FOR
39 FORMAT (3Xs 2HNOs 2Xs 3(9A2s A3)s.5A2s 2X S :
1 93HNO+s 2Xs 4HSMAXs 9H SEEE#%2s 2Xs 8HFAILURES /)
T NPOSS = 0 - T :
IFINK = IFIN + 1 ,
DO 41 I = IFINKs 35
41 151G (1) = 0. - ARBI TRAR
- IF “(NMISS «EQe 0) GO TO 55 -
DO 54 I = 19 NMISS.
J = IDMISS(I) '
54 I1SIG (J)y = 0 : ARBITRAR
: IF _(NCON «EQe 0) GO TO 97 ARBITRAR
DO 59 I = 1ls NCON : '
CIAB =T1ABS(ICON(I)) -
ISIG(IAB) = +1 B : , ARBITRAR
IF (ICON(I) oLTe O) ISIG(IAB) = -1 ARBI iRAR |
59 - CONTINUE ‘ » ' o
97 CONTINUE L ARBITRAR
IF (NARB «EQe 0 ) GO TO 88 ARBITRAR
DO 98 I = 1ls NARB ARBIIRAR
4 J = IARB(I) ARBI IRAR
98 TSIG(JY = +1 ARBT IRAR
' J = IARB(1) ARBI IRAR
DO 87 I = 1s. NMULTs 2 ARBITRAR
87 IMULT (Js I + 1) = =1 _
ARBITRAR
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J = IARB (2) :
DO 89 I = 1ls NMULTs 4

ARBITRAR

ARBITRAR

89

IMULT(Js T + 2) = -1
IMULT(Js I + 3) = -1

ARBITRAR

90

IF (NARB «EQe 2) GO TO 88
J = TARB(3) :
DO 90 I = 5+ 8

IMULT(Js T ) = -1

ARBITRAR

91

I'F (NARB +EWs 3) GO TO 88
DO 91 I = 13s 16
IMULT(Js I ) = -1

ARBI IRAR

92

J = TARB (%) —
DO 92 I = 95 16°
IMULT(Js T ) = -1

ARBITRAR

55
88

CONTINUE
IF (QUTPUT oNEe O0) CALL POSN (QUTPUT»s OQUTFIL)
NPOSSO = 0 ' ‘ S

ARBITRAR

102

DO 102 J = 1s NS
IvP1(J) = ILERO

DO 100 I = IFINKs M

XL = ANDUINEGs IXS5(2s 1))
XL = COMPL(XL) : :
IF (IL eLTe 0) GO TO 100

101
100

DO 101 J = 1s NS T |
XVP1(J) = OR (IVP1(J)s IXS(J + 15 1)) .
CONT INUE '

IVP1(1) = TABS(IVP1(1))"
DO 107 J = 1s NS .
XL = COMPL(IIS(J))

107

108

XVP1(J) = AND(IVPI(J)s IL)
DO 108 I = IFINKs> M
IXS(2s 1) = IABS(IXS(2s 1))

105

DO 103 I = I, IFIN
DO 105 K = 1s NS
IVP(Ks 1) = IZERO

I[s1(D) .
(K = 1) / 35
K - L % 35 .

|

no— o

rrz<rx

L+ 1

S TO BE STORED UNTIL Its usE Jusi BEFORE >iAIEMEN iu3
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LL = I2N(K) N
DO 104 J = IFINKs M

XL = AND (IXS{L + I» Js LL)
IF(IL «EQe 0) GO TO 104
DO 110 K = 1s NS

110
104

XVP{Ks I) = OR(IVP(Ks1)s IXS(K + Is J))
CONTINUE |

111

NOW SUBTRACT S@S OF FIRST GROUP
DO 111 K = 1s NS :

XL = COMPL(IS(K))

XVP(Ks 1) = AND(IVP(K,I)o L)

103

THE FOLLOWING STATEMENT MAKES eIVPe snow ALSO FAILURtS IN GROUP 1
IVP(Ls I) = IVP{(LsI) + LL
CONTINUE

NFAIL = 0
DO 148 1 = 19 NS
IFAIL(I) = IVP1(I)

148

CALL TCOUNT (IFAIL(I)» NONES )
NFAIL = NFAIL + NONES

‘NINALL = 1

IF (NFAIL «GTe NFAILZ) GO. T0 48
NPOSSO = NPOSSO + NMULT
CALL ITEST

48

CONTINUE. :
IF (NFAILL oLTe 1) GO TO 49
DO 47 I1 = 1+ IFIN

NFAIL = O
DO 147 1 = 1s NS
X AND (IVP1(I)s IVP(Is I1))

h

X = COMPL(X) . .
Y = OR(IVPL(I)s IVP(Is I1))
XFAIL (I) = AND(Xs Y)

o

147

~ CALL ICOUNT (IFAIL(I)s NONES )

NFAIL = NFAIL + NONES

'NINALL = NINALL + 1

[o2 BN B e R {e]

IF (NFAIL «GTe NFAIL2) GO TO 47
NPOSS0 = NPOSSO + NMULT
CALL ITEST

@]

=y

w

479

CONTINUE :
IF (NFAILLl oLTe 2) GO TO 49

R. L. CRAIN LIMITED
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IFIN1 = IFIN - -1
DO 45 I1 = 1s IFINI

DO 145 I = 19 NS

X = AND (IVP1(I)s IVP(Is I1))
X = COMPL(X) ‘
Y = OR(IVPI(I)s IVP(Is I11))

242

145. XFAILL1(I) = AND(Xs Y)
I2INIT = 11 + 1. ~
DO 45 12 = I2INITs IFIN |
NFAIL = 0 - *
DO 245 1 = 1s NS ,
X = AND (TIFATLI(I)s IVP(Is I2))
X = CumrrLiX) . '
Y = OR(CIFAILI(I)s IVP(Is I2) )
XFAIL (I) = AND(Xs Y) -
: CALL ICOUNI (IFAIL{I)s NONEs )
245  NFAIL = NFAIL + NONES
NINALL = NINALL + 1
IF (NFAIL. «GTe NFAILZ2) GO TO 45
NPOSSO = NPOSSO + NMULT
TCALL ITEST ;
45" CONTINUE .
IF (NFAILL oLTe 3) GO TO 49
IFINL = IFIN - 2
IFIN2 = IFIN - 1 |
DO 42 11 = 1s IFINI *
DO 142 I = 1s NS -
X = AND (IVP1(I)s IVP(Is I1))
" X = COMPL{X) - .
. Y = OR(IVP1(I)s IVP(Is 11))
142 XFAILLI(I) = AND(Xs Y)
I2INIT = I1 + 1
DO 42 12 = [2INITs IFIN2
DO 242 1 = 1% NS :
X = AND (IFAIL1(I)s IVP(Is 12))
X = COMPL(X) T
Y = OR(IFAIL1(I)s IVP(Is 12) )
XFAIL2(I) ‘= AND(Xs Y

I3INIT = 12 + 1

- D0. 42 13 = I3INITs IFIN

‘R, L. CRAIN LIMITED
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NFAIL = 0 )
DO 342 I = 1ls NS : 8
X = AND (IFAIL2(T)s IVP(Is I3)) 6
X = COMPL(X) ; ' °'@
Y = ORCIFAIL2(I)s IVP(Is.-13)) e
XFAIL (1) = AND(Xs Y) -. , el
CALL ICOUNT (IFAIL(I)s NONES ) * @
342  NFAIL = NFAIL + NONES = 4
NINALL = NINALL + 1 _ - .
"IF (NFAIL «GTe NFAIL2) GO TO 42 o
NPOSSO = NPOSSO + NMULT '
, CALL ITEST - =
42 CONTINUE - : ®
IF (NFAILLl oLTe 4) GO TO 49
IFINL = IFIN = 3 :
IFIN2 = IFIN - 2 o
IFIN3 = IFIN - 1
DO 34 11 = 1s IFIN1
DO 134 I = 1s NS o
X = AND (IVP1(I)s IVP(Is I1))
X = COMPL(X) ’ ' ’
Y = OR(IVP1(I)s IVP(Is I1)) ®
134  XFAILI(I) = AND(Xs Y)
‘_‘ IZINIT = I1 + 1 ‘ ‘
DO 34 12 = I2INITs IFIN2 ] ®
DO 234 I = 1ls NS |
X = AND (IFAIL1(IL)s IVP(Is I12)) -
. X = COMPL(X) : : @
Y = ORCIFAILI(I)s IVP(Is 12) ) g
t 234 XFAIL2(I) = AND(Xs Y)
v I3INIT = 12 + 1 . @
12 DO 34 13 = I3INITs IFIN3 ‘
11 DO 334 I = 1s NS
10 X = AND (IFAIL2(I)s IVP(Is I3)) ®
9 X = COMPL(X) \ R
8 4 Y = OR(IFATIL2(T)» IVP(Is I3)) :
7 334 XFAIL3(I) = AND(X»s Y) @
6 CIGINIT = I3 + 1 :
5 DO 34 14 = I4INITs IFIN °
4 NFAIL = 0 - @
3 ) —_—
| @
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DO 434 1 = 19 NS o ‘®
X = AND (IFAIL3(I)s-IVP(Is 14)) |8
X = COMPL(X) ' 6
Y = OR(IFAIL3(I)s IVP(Is I14)) S )
XFAIL (I) = AND(Xs Y) ' LS
, CALL ICOUNT (IFAIL(I)» NONES ) ¢l
434  NFAIL = NFAIL + NONES o )
' NINALL = NINALL + 1 £
IF (NFAIL +GTe NFAILZ) GO 10 34
NPOSSO = NPOSSO + NMULT )
CALL ITEST
34 CONTINUE s . -
‘ IF (NFAIL1 «LTe 5) GO -TO 49 o
IFIN1 = IFIN - 4, :
JIFINZ = IFIN = 3
IFIN3 = IFIN = 2 o
IFIN4 = IFIN - 1
DO 44 I1 = 1» IFINI
- DO 144 I = 14 NS _ o
X = AND (IVP1(I)s IVP(Is I1))
X = COMPL(X) ' ;
Y = OR(IVPL(I)s IVP(Is I1)) o
L 144  XFAILL(I) = AND(Xs Y) i
' IZINIT = 11 + 1 :
DO 44 12 = I12INITs IFIN2 o
DO 244 1 = 14 NS
-~ X = AND (IFAILI(I)»s IVP(Is 12)) :
X = COMPL(X) ' ®
Y = OR(IFAIL1(I)s IVP(UIs 12) )
i 244  XFAIL2(I) = AND(Xs Y) - \ ‘
v I3INIT = 12 + 1 : @
12 DO 44 13 = I3INITs IFIN3
11 DO 344 I = 1s NS
10 X = AND (IFAIL2(I)s IVP(Is 13)) ®
R X = COMPL(X) o
8 Y = OR(IFAIL2(I)s IVP(Is I3)) £
; 344  XFAIL3(I) = AND(Xs Y) '@
6 "IGINIT = 13 + 1 : E
5 DO 44 14 = I4INITs IFING Y
4 DO 444 1 = 1s NS ‘ ‘@
5 .
'@




X AND (IFAIL3(I)s LVP(Is I4))

X COMPL(X)

"o

NN

Y OR(IFAIL3(I)s IVP(Is I4))
XFAIL4(I) = AND(Xs Y)
ISINIT = I4 4+ 1

DO 44 15 = I5INITs IFIN
NFAIL = 0 =
DO 544 I = 15 NS

X AND C(IFAIL4(I)s IVP(Is I5))
X COMPLIX) ’
Y = OR(UIFAIL4(I)s IVP(Is 15))

XFAIL- - (I) = AND(Xs Y)
CALL ICOUNT (IFAIL(I)s NONES )
NFAIL = NFAIL + NONES

544

NINALL = NINALL + 1
IF (NFAIL «GTe NFAIL2) GO TO 44

" NPOSSO = NPOSSO + NMULT

44

49

CALL . ITEST
CONTINUE ‘
PRINT 1509 NFAIL1s NINALL

150

FORMAT ( // 33H THE NOe. OF COMBINATIONS OF UP TOs I2s 55H FAILURE
1S THAT WERE CONSIDERED FOR THE FIRST GROUP WERE » 1I8) .

PRINT 505 NPOSSOs NFAILls NFAILZ2S

EMAX

50

FORMAT ( 77H OUT OFs I17s 56H SOLUTIONS WHICH SATISFY THE: CONDITION

"1 THAT NO MORE THAN » 'I3s 20H SAYRE RELATIONSHIPS

2 / 41H FAIL IN THE FIRST GROUP AND NO MORE THAN ; 14y

3 55H FAIL IN ALL»s ONLY THE ABGVE PRINTED ONES ALSU SATISFY

4 / 83H THE CONDITION THAT FOR NO REFLEXION IS THE SUM OF EEE®@S OVER
5ER FAILURES GREATER THAN s F8e2

< —in

" IF (OUTPUT «NEe 0O) END FILE OUTPUT
IF (QUTPUT «NEe 0) PRINT 58 QUTPUT),

#*
QUTFIL

FORMAT (/ 40H THOSE PRINTED HAVE BEEN OUTPUT ON UNIT ’

1 13s 5H FILE> IJ)
STOpP
END

$IBFTC POSN  DECK

SUBROUTINE POSN ( INPUTsINFILE)
ASSIGN 14 TO IENDF

12

CALL EOF (INPUTs IENDF)
REWIND INPUT

R. L. CRAIN LIMITED




NFILE = INFILE

14 IF (NFILE eLEe 1) GO TO 13

. NFILE = NFILE = 1
18 READ (INPUT) II
GO TO 18

13 RETURN
END
$IBFTC ITEST  DECK

SUBROUTINE ITEST
COMMON EEEs EMAXs I2Ns IDMISSs IFAILs IFINs IMULTS
1 ISIGs ISIGSs IXSs IXTs NFAILs NMULTS ’

2  NPOSSs NSs OUTPUT

DATA INEGs IZERO /'040000Q000000 » 0000000000000 /
INTEGER OUTPUTs OUTFILs BLANKs PLUS :

DIMENSION IFAIL(315 XFAIL(3)s T2N(35)3 NF(20)s1DX(35)1X5(4>s 105)
DIMENSION I1SIG(35)s ISIGS(35)s IMULT(35s 16)s IDMISS(20)s EEE(105)
DIMENSION IXT(105)

EQUIVALENCE (IFAILs XFAIL)o(IXs XX)o(ILs XL)
DATA BLANKs PLUSs-MINUSs COMMA / 2H s 2H +s 2H —»s 1lHs /
DUMMY 060 o : ‘ o '

NF (1) 0
NF (2) 0
J =0

IFINFAIL «EQe 0) GO TO 36
IX = IZERO
DO 1 1 = 1s NFAIL

2 J J + 1
. K {(J - 1) /7 35
L J - K #* 35

. . .

XL = AND (I2N(L)» IFAIL(K + 1))
IF (IL «EQe 0 ) GO TO 2
NF(D) =g - R

XX = OR (IXs IXT(JN)
CONTINUE A
NOW TO IDENTIFY THE XeS

Ao e

“1DX IDENTITY OF Xe@S
J

W

C—=jccit

+ +

I
I
J

[Spye

[N SN IO, N
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IF (J «GTe 35) GO TO 5
XL = AND(I2N(J)s IX)

IF (IL +EQe .0 ) GO TO 4
IDX({I) = I2N(W)
GO TO 3

NX =1 -1 R : o -
NX NOW HAS IDENTITY OF NOe OF DISTINCT X@S IN FAILURES

NOW TO TEST IF ANY X@S SUM TOQO HIGH
SUMMAX = 040 -; ‘ '
SSUME2 = 040
DO 6 I = 1s NX

Anon

SUME = 000
L = IDX(I)
DO 7 J. = 1ls NFAIL

K = NF(J) |
XL = AND (IXT(K)s L)

IF(IL oNEe 0) SUME = SUME + EEE(K)
“CONTINUE T :

IF (SUME «GTe EMAX) GO TO 57

IF _(SUME «GTe SUMMAX) SUMMAX = SUME

SSUMEZ = SSUMEZ + SUME #% 2
CONTINUE o
CONTINUE

J =0 B
IFAIL(1) = = IFAIL(L)
DO 37 I = 1s IFIN

23

52

K=14+J _ -
IF (K eNEe IDMISS(J + 1))60 10 51
J = J + 1 ' o

51

GO 10 52
NONES = 0
DO 68 L = 1s NS

XL = AND(IXS(L + 1s 1) IFAIL(L)]
CALL ICOUNT (XLs NONESL1) '
NONES = NONES + NONES1

ISIG (K) = +1 , : :
IF € NONES / 2 * 2 oNEe NONES) ISIG (K) = -1
DO 93 UK = 1s NMULT ,

ARBTTRAR
ARBITRAR
ARBITRAR

NPLUS = 0
DO 94 JL = 1s 35

ARBITRAR
ARBITRAR

R. L. CRAIN LIMITED
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o [G = ISIG(JL) * IMULT(JLs JK) ARBITRAR ‘@
CISIGS(JL) = BLANK . . ARBITRAR 8
, [F (IQ eLTe 0O J ISIGS(JL) = MINUS ARBITRAR 6
) IF (IQ eLEe 0) GO TO 94 . _ARBITRAR '@
ISIGS(JL) = PLUS ARBITRAR R
NPLUS = NPLUS + 1 _‘ ARBITRAR el
) 94 CONTINUE _ ARBITRAR o
' ‘ NPOSS = NPOSS + 1 | : S ARBITRAR &
PRINT 40 NPOSSs (TSIGS(TTs I = 1s 35)s NPLUS» ARBTTRAR
® 1. SUMMAX»s> SSUME2s NF(1)s (COMMAs NF(I)s I = 2s NFAIL) o
40 . FORMAT (1Xs J4» 2Xs 3(10A2s 1X)s 5A2s 1XsI3s 2Xo» '
"1 F5e1% 1Xs F840» 2X» 10(12s A1) / (102Xs 10(I2s A1) ))
() WRITE (OUTPUT) (ISIGS(I)s I = 1s 16) . ‘ ®
' WRITE (OUTPUT) (ISIGS(I)s I = 179 32) ' _
_ WRITE (OUTPUTY (TSIGS(I)s I = 33s 35)s (DUMMYs 1 = &4» 16)
o 93 CONTINUE ‘ : : _ARBITRAR o
IF (NMULT eNEe 1) PRINT 95 ARBITRAR !
: 95" FORMAT (7 TH ~ ARBITRAR | :
o 57 RETURN - : o
S - END
’ $IBMAP ICOUNT DECK
N ) : ENTRY ICOUNT o
' ICOUNT SAVE . . 19254 '
" LAC ICOUNTs4 -
® ANA =0777777777777 o
CAL¥* 294
TNZ %43
® STZ* - 394 o
. TRA RET
o LGR 36
o. AXT 361 @
12 - AXT 3692 N
0 T ZAC . : |
@ LOOP ' LGL I L . @
9 -LBT : L
. s TTX - ¥®+]lelsl |§
Q- TIX . LOOP»2s1- @
6 P XA sl :
5 STO% 334G :
®: RET BRN ICOUNT-5 ‘@
3 __ ‘ —
%
) | @
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IF (IPOSS(I) eNEs K) GO TO 1
DO 17 J = 1y 35

IV’-I
1
. - K N 9
- $IBFTC ESIGND DECK9REF ‘@
REAL MINUSs MINE - 8
INTEGER OUTPUT : 6
DATA PLUSs MINUSs BLANK / .2H +3 2H =»s 2H / '@
DIMENSION SIGNS(69s 35)s -SE(6)s FH(3)s IPOSS(6) ~ A
READ 1» INEs IFEs INSs IFSs OUTPUTs NPOSSs MINEs (IPOSS(I)s I = 1 et
1 NPOSS) - - S o . *I.
1 FORMAT (612s FB840s 615) A
CALL POSN(INS» IFS)
K =0 o .
. DO 15 I. = 1ls NPOSS
16 K=K + 1
READ (INS ) (SIGNS(Is J)s J = 1s 16)
READ (INS ) (SIGNS(Is J)s J = 17s 32)
READ (INS ) (SIGNS(Is J)s J = 335 35)
6

IF (SIGNS(TIs J) «NEe PLUS) GO TO 18
SIGNS(Is J) = 1a0 A -
GO TO 17 :

-18 IF (SIGNS(Is J) eNEe MINUS) GO TO 19

SIGNS(Is J) = ~1a0
GO TO 17

19 STGNS (T J)
17 CONTINUE
15 CONTINUE

fl

040

" REWIND INS
REWIND OQUTPUT
- CALL POSN-(INEs IFE)

DO 7 L= 1» 6

7 SE(L) = 060
PRINT 11s INEs IFEs MINEs INSs [FSs QUTPUT
11 FORMAT - 24H THE REFLEXIONS ON UNIT » 129 6H FILE s 12,

1 23H WITH @E@ NOT LESS THAN.» F7e3934H WILL BE -ASSIGNED SIGNS AS O

2N UNIT s I3s 5H FILE s I3s4H ANDT / 10Xs 24H WILL BE OUTPUT ON UN

3IT » I2s 12H AS FOLLOWS - //)
PRINT 12

12 FORMAT( 1Xs SHIGPENs 3Xs 2HFHs 4Xs 2HFKs 4X» 2HFLs 8Xs 2HE1ls 5Xs

WS Ut N 0
'

1 2HEZs 5X»s Z2HE3s 5Xs 2HE4s 5Xs 2HES5s 5Xs 2HEG /)
DO 2 1 = 1 36 o

R. L. CRAIN LIMITED




‘E.
;e

S
8 " READ (INE ") IIs IGPENs SSOLSs (FH(K)s K .= 1ls 3)s E ‘®
IF(IGPEN eNEs -0) GO TO & : o 8
IF(TI «NEe 0) GO TO 14 6
IF (E «LTe MINE) GO TO 8 s )
IF (I +EQe36) GO TO 2 T
DO 6 K = 1s NPOSS : el
6 SE(K) = E * SIGNS(Ks I) , , N )
WRITE: (OUTPUT) IGPENs (FH(K)s K = 19 3)s (SE(K)s K = 13 6) L
PRINT 13s ~ IGPENs (FH(K)s K = 1s 3)s (SE(K)s K = 1s 6) '
13 . FORMAT (2Xs I2s 2Xs 3(2Xs F4e0)s 3Xs 6(2Xs F542) ) o
L GO TO 2 ’ ' 7
4 WRITE (QUTPUT) IGPENs (FH(K)» K = 1% 3)s Es Es» Es Es Es E
PRINT 13> IGPENs (FH(K)s K = 1» 3)s Es Es Es Es Es E [ )
GO TO 8 T | .
-2 CONTINUE :
PRINT 10s MINE ®
10 FORMAT (// 71H ERRORees TAPE HAS MORE THAN 35 REFLEXIONS ON IT WIT
o 1H @E@ NOT. LESS THAN » 'F73 ) :
114 REWIND INE =~ . ‘ )
| END FILE QUTPUT
" REWIND OUTPUT.
STOP ®
END : '
$IBFTC POSN DECK . !
SUBROUTINE POSN ( INPUTSINFILE) @
ASSIGN 14 TO I1ENDF
CALL EOF (INPUT» LENDF) .
12 REWIND INPUT: ‘ . o
o NFILE = INFILE
14 IF (NFILE eLEe 1) GO TO 13
NFILE = NFILE - 1 o
18 READ (INPUT) II
GO 10 18
13 RETURN ®
END- o
SENTRY
1:@
- @
|
| @
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e 6 6 6 o6 o6 o6 o6 o o o o o

DIMENSION FOBSMN{300)

s FMIN(300)»

'@
=1
lg

$IBFTC ROT 4 _ @
. DIMENSION FF(8)s FH(300)s FK(300)s FOBS(300)s FCL(300), &
DIMENSION TFCL(300)s TFC(300)s RADO(6)s RADC(6)s ANGO(6)s 6

DIMENSION IEVOD(300)s XC(6)s. YC(6)s FCALC(300)s FOBSSC(300). °'@
DIMENSION FO(300)s TFO(300)s XO(6)) ‘ - ' TT
XCMi6) s ¢l

IN = 3

* REWIND 11

253

CALL POSN (IN» 37

, "READ 7s» As 8 >THETA s THEINCs THEMAX |
7 FORMAT (5F10.0) : -
A READ 170s FOMNs TCLs TOs TCs NO»
170 FORMAT ( 4F10e0s 415 )
_ PRINT 180s FOMN .
180  FORMAT ( 1Xs 7HFOMN = 5 F7.1 /////)
_ DO 2 N = 1s 2000 X
READ (IN) IIs IGPEN» SSOLs. XH:-XK; (FF(I)sI=198)
IF (IT eNEe 0) GO TO 1 :
IF (IGPEN eNEe 0) GO TO 2
IF (XL eNEe 0Oe0) GO TO 2
IF (XOBS «LTe FOMN ) GO TO 2
NN = NN + 1 ‘ ‘
FHINN) = XH
CFKINN) = XK
FOBS(NN) = XOBS
FCLINN) = FF(1)
FOINN) = FF(2)
FCINN) = FF(3) \
{ TFCLINN) = EXP( ~TCL # SSOLS )
. TFOINN) = EXP( =TO # SSOLS )
12 TFCINN) = EXP( -TC % SSOLS )
o 2 CONTINUE N
0 1 PRINT 3 } - f
9 3 FORMAT (45H THE 001 PROJECTION OF SPACE GROUP P 2152152 //)
8 IF ( IFOBS +EQs.0 ) GO TO 175 : !
8 . PRINT & . |
6 4 "FORMAT ( 8Xs . 1HH,4x,1HK,6x,4HFoas,4x,57Hs Feo CHLOR S.F0XYG !
5 IRB T.F«CHLOR T+F.0XYG  T.F4CARB )
4 DO 5 I = 1s NN ;
3 ?
|

R. L. CRAIN LIMITED



1

PRINT 6» FH(I)s FK(L)s FOBS(I)s
TFO(I)s TFC(I)

FCLI)

FOCI) o

FCI)s

TFCL(I)

175

FORMAT (5K»> 2F5+0s F10e1l » 3F10s23

READ 79 CLXs CLY
DO 8 I = 1» NO

3F10s5 )

171

READ ‘79 RADO(I)s ANGOI(I)
DO 171 I = 1s NC.

READ 7s RADC(I)s» ANGC(I)
PI = 3414159 g

DO 9 T=1s NN

SUMHK FHII) + FK(I)

ISUMI = SUMHK ,
ISUM2 = ISUML / 2 * 2
IF (ISUML «NEe ISUM2 ) GO TO 10

i iy

1

IEVOD(TI)} = 2

FCL(I) = FCLOI)* TFCLUI)* 440 * COS(240 # PI * FH(I)

# CLY

)

®¥CLX

)

10

B ¥ C0S(240 * PI % FK(I)
GO T0 9 -
IEVOD(I) = 1

FCLII) = FCL(I)* TFCLUI)*(~4e)% SIN(240 #P] #* FH(I)* CLX

1

* SIN(2e 0 * PI * FK(I)
CONTINVE

¥ CLY

X

__NOTE THAT FCL(I) IS NOW THE CHLORINE@S CONTR.

)

S = ABS(THEMAX - THETA):
T =S / ABS(THEINC)
= T

TO STRUCTURE FACTORS

IDO = IDO + 1
DO 11 I =1 s N

N .
FOUL) * 440 * TFO(I)
FC(I) #* 440 * TFC(I)
240 * PI * FH(I)
2.0 * PI ¥ FK(I)

il
o
—

won onin

FKUI)

NOTE THAT FC(I) NOW CONTAINS THE TEMP.
NOTE THAT FH AND FK ARE REDEFINED

SUMFO = 040

FACTOR AND THE MULTIPLIER 4

27

THETA=THETA-THEINC
DO 27 I=1s NN
SUMFO = SUMFO + ABS(FOBS(I))

150

PRINT 150s SUMFO
FORMAT (/9H SUMFO = s F7.,0 )

R. L. CRAIN LIMITED
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<

[2) RN S0 e {e]

(=%
' @)
18

151

PRINT 151s CLXs CLY

F5¢3s

"1Hs»

9
‘@
}8

1

PRINT .100

FORMAT (// 1Xs 29HCOORDINATES OF CHLORINE ARE (s 1X»

1Xs F5439 1Xo lH) /7)

FORMAT(/119H THETA SUMFC R

6
ol '
o'

100

1

X 3 Y 3 X &4 Y 4

RM = 240
WRITE (11) IDO

tA

llb

-THETA =

DO 101 K = 1 IDO
THETA + THtINC
DO 102 L = 1s NO

ROTANG = ANGO(L) + THETA
X0(L) = ( COS( ROTANG ) * RADO(L)
YO(L) - SINC ROTANG ) * RADO(L)

)

/ A+ CLX

/B + CLY

102

DO 172 L = 1s NC
ROTANG = ANGC(L) + THETA

/ A + CLX

172

XC(L) = (- COS( ROTANG ) #* RADC(L)
YC(L) = ( SIN( ROTANG ) ¥ RADC(L)
SUMFC=0 -

DO 24 I =1 s NN

).

7B + CLY

FCC = 00
FCO = 0.0
IF (TEVOD({I1)eEQe 1) GO TO 20

21

DO 21 J = 1ls NO

FCO ="FCO + COS(FH(I) * XO(J)) * COS(FK(I) * YO(J)T

DO 121 J = 1ls NC_

121

20

FCC = FCC + COS(FH(I) *
GO TO 22
DO 23 J = 1s NO

XC(J)) % COS(FK(I) * YC(J)) .

23

123

FCO = FCO = SIN(FH(I) ¥ X0(J)) * SIN(FK(I) ¥ YO(J))

DO 123 J = 1s NC

FCC = FCC = SIN(FH(I) % XC(J)) * SIN(FK(I) *Ycid))

3128

.22
24

FCALC(I) = FCL(I) + FCO * FO(I) + FCC * FCI(I)

SUMFC

SUMFC + ABSIFCALCI(I))
SCALE '

SUMFC / SUMFOQ

nn

R = 060
DO 26 I =1 » NN o
FOBSSC(I) = SCALE * FOBS(I)

(&}

N

(4]

26

R = R + ABS{ ABS( FOBSSCI(I) )
R = R / SUMFC

= ABS(FCALC(I171))

R. L. CRAIN LIMITED
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IF ( R «GEe RM ) GO TO 126 o : ' ' . ‘Q®
DO 127 1 = 1s NN - , : e ' 8

FOBSMN(T) = FOBSSCI(1I) R _ 6
127 FMIN(IL) FCALC(1) 5 o T . : o e ]
DO 25 1 1s NO - S o v

XOM(1) X0(1) _ T — 21

/ - _ ’
e 6 &6 o o o o

N

25 YOoM(I)
: DO 125

YO(I) o S o S | | I‘i

= 19 NC

125

XCM(OT)
YCM(OL)

RM = R

I e 0 0

XC(I)
YCLI)

126

28 -

THETAM

THETA

PRINT 28s THETAs SUMFCs Rs ((XO(I)s YO(I))s I = 1» NO )
FORMAT (1X3F64391X3F 7405 2Xs F6e3s 12(2Xs F6e3) ) -

101

128

- WRITE (11) THETA» R o
PRINT 1289 ((XC(I)s YC(I))s I = 19 NC )
FORMAT ( 23Xy 12(2X» F6e3)/)

162

PRINT 162s THETAMs RM -

FORMAT
1HETA =

(///7/7 1Xs 52HCOORDINATES OF VARIOUS ATOMS IN 1/120@S FOR T

-9

F6e3s 9H AND R =.9 Fbe3ds / )

CLX = CLX ¥ 12040
CLY = CLY * 12040

DO 163

-

= 1ls NO

163

XOM(1)

YOM(T)
DO 164

XOM(I) * 120640
YOM(I) #* 12040
= 19 NC

164

XCM(eI)
YCM{T)

(L L L T I ]

XCM(TI). # 12040

=" YCM(I) * 12040
PRINT 1659 CLX» CLY

165

166

FORMAT  (
PRINT 1663 (( XOM(I)s YOM(I) )s I = 1s NO)

FORMAT

(

10Xs B8HCHLORINEs 5Xs 2(2Xs F6el) / )

10Xs 7HOXYGENS s 6Xs 12(2Xs F6el) )

167

PRINT 167 (( XCMUI)s YCM(I) J)s I = 1s NC )
(/710Xs 7THCARBONS » 6Xs» 12(2Xs F6el) / )
IF ( IFCALG +EQe O ) STOP

FORMAT

o o
o

[e2 3R R e /(o]

161

PRINT 161 T T - T :
FORMAT (//// 3Xs 1HHs 4X»s -1HKs> 5Xs 9HFOBSMN(T)s- 3Xs SHFMIN(I) s//)

DO 29

Ls NN

P~y

w
.

162}

FHOD)
FKOCI)

I

FHOI) 7/ ( 149999 % PI )
FKOI)Y 7 ( 149999 % PI )

R. L. CRAIN LIMITED
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H

SUBROUTINE POSN ( INPUTSINFILE)
ASSIGN 14 TO IENDF
CALL EOF (INPUT»s IENDF)

12 REWIND INPUT
e NFILE = INFILE
14 - IF (NFILE eLEe 1) GO TO 13
NFILTE = NFILE - 1
18 READ (INPUT) 11
GO TO 18
13 RETURN
END
$ENTRY

wm\looco.o[_m<‘-é‘%

w

R. L. CRAIN LIMITED

14
'@
) _ . - 9
29 PRINT 160 FH(I)s FK(I)s FOBSMN(I)s FMIN(I) - 1‘.
160 FORMAT (2( 1Xs F4e0 )s F10els 2Xs F10el ) 8
STOP — , 6
END Y )
$IBFTC POSN o



" CONTUR _PROGRAM

(THE UTV SUBROUTINE IS A UeBeCe COMPUTING CENIRE PROGRAM IO.'

RESERVE BUFFERS FORs AND TOU ALLOW THE USE AS VARIABLES OF,
TAPE UNITS 01».02s 03s 045> 11s 125 13s AND. 14)

R L. CRAIN LIMITED



$IBFTC CONTUR DECK

C

THIS PROGRAM WRITTEN AT THE UNIVe OF BRITISH COLUMBIA BY Re HOGE
START = CLOCK(040) C ’
REWIND 4

CALL PLOTS

DIMENSION LAXI(3) .

DIMENSION RHO(31s 31)s IDIV(16) | o @

DIMENSION LABEL(14)s LQ(12)

DIMENSION LIMIT(10)s TDELIACLO)s HGH1IYi1lU)

DATA LAXI 7/ 18HX AXISY AXIS<Z AAIS /

DIMENSION XYZ(3): o , T
DATA XYZ(1)s XYZ(2)s XYZ(3) / 1HXs 1HYs 1H< /

REAL LXs LYs LYSECT LYAXISU(1U)s LY¥1lus LYLEF
INTEGER SiLs SYMBLLU16E) -
DIMENSION ICYCLX{241)s ICYCLY241)

®» ®

‘DIMENSION RHOO(61s 61)s ICON(61s 121)

o= M

DIMENSION C(16)

COMMON IN12s NPASSSs NEWZs ICONs ICYCLXs LABELs LIMIIsHGHIYSsIDIVsC
SYMBL (1) o L 3 o o

SSYMBL ()

SYMBL (4)

non npn
- NV O

SYMBL(10)

100

101

SYMBL(13)= 12
FORMAT (512)
FORMAT (13A6s A2)

® | ®®|®

102
108

117

FORMAT (211s 412 5F1040)
FORMAT { 8F10e40 )

FORMAT ( 1Xs 12HTAPE UNIT =_» 125 3Xs 10HNPASSES = » 12s 3X»

pa—ts

1i8

119

1

JE SRS NRNS [S S S N

9HNPAIRS = » 12s 3Xs THNEWZ = » 12 ) -
FORMAT (9H TITLE- 313A6s A2) A -
FORMAT (1Xs S5HNA = » I2s 3As SHNB = » I12s 3as 9HNCONiw = 5 I2s 3X»

120

1

Lt

“ BHIPASS = 9 12s 3as 7HILAB = 12, 3%, 6HIPR = , 12)
FORMAT(5Xs B8HAAXIS s FB8e39 3As:
' 8HBAXIS s F8e3s 3Xs

W U N o

£ WN

8HTHETA F8e29 3As
9HSCALER s F7e29 3A>»
9SHCLKMAX s F6el)

e fn n
w

121
123

FORMAT (1X» 12HCONIOURS Ai 16F7e0) o _
FORMAT (// 1Xs G4HALL (IMES SHOWN BELOW ARE MINUIES ELAPSED SINCE

R. L. CRAIN LIMITED
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o

W

|

CREAD (IN12 ) IZ0s IXOs IYQOs IDZs IDXs IDYs INZs INXs INYs KKoIlsJdJ :

INPUTL = 14

"WRITE(14) - IZOs IXOs IYUs IDZs IDAs IDYs INzs INAs INTs KKesIIsJJ

DO 282 K = 1ls IN¢
READ (IN12 ) (( RHOO(IsJ)s I = 19 INX)s J = 1s INy )

NPT SR

R. L. CRAIN LIM'TED

1 THE BEGINNING OF EXECUiION OF @CONiuR@ PROGRAM ) ‘®
122  FORMAT ( 11H1DATA CARDS /) . 8
52 READ 100s IN12s NPASSSsNPAIRS sNEWZ 6
© PRINT 122 o °'@
PRINT117s  IN12s NPASSSsNPAIRS » NEWZ o N ' - .
IF (NEWZ oNEs 0) CALL ALIZ . - T - 1
REWIND IN12 : ' S ‘ ' :l.
READ 101s (LABEL(I)s I = 1s 14) ' : 5
PRINT 118s(LABEL(I)s I = 1» 14) ‘
READ 102s NAs NBs NCONTUs IPASSs ILAB» IPRs AAXISs BAXISs> THETASs ]
1 SCALERs CLKMAX =~ :
PRINT 119sNAs NBs NCONTUs IPASSs ILAB»s IPR
PRINT .1205AAXISs BAXISs. THETAs SCALERs CLKMAX ®
READ . 108s (C(I)s I = 15 8) . o .
IF (NCONTU +GTs 8) READ 108s (C(IJs I = 93 NCONTU)
PRINT 121s (C(I)s I = 1s NCONIU) : @
PRINT 123 .- , .
DO 270 I = 2» NCONTU , ' @ ,
270 IFIC(I) oLTe ClI-1)) GO 10 237 S ~ e 1 ®
NP = NPASSS = NPAIRS - ~ o
DO 275 IP = 1s NP ‘ _ |
IF (NPASSS eNEe 1 «ORe NPAIRS oNEe U) GO. IO 276 e
INPUT1 = 0 ‘ :
INPUT = IN12
‘G0 TO 277. . A S _ o
276 READ (IN12 ) I1Z0s IXQs IYOs IDZs IDXs IDYs INZs INAs INYs KKsILsdd
REWIND 13 S ‘ } '
WRITE(13) 120s IXOs IYUs ID&s IDXs IDvs> INzs INAs INYs KKsTIsJJ o
DO 281 K = 1, INZ . | :
READ (IN12 ) (€ RHOQ(IsJ)s I = 1s INX)s J = 1s INY )
281  WRITE( 13 ) ( RHOO(IsJ)s I = 1 INK)s J = 1s INYV ) A @
: INPUT = 13 : - o : c. : - |
INPUTL = 0 - : » ' “ T
IF (NPAIRS «EQe 0) GO TO 277 o
REWIND 14
o
o
¢



282

REWIND INPUT]

CWRITE( 14 ) (( RHOO(IsJd)s I .= 19 INA)s J

= 1s INYV

)

277

NPAIRS = NPAIRS -

 REWIND INPUT

1

READ (INPUT) 1Z0s IXOs IYOs IDZs IDXs IDYs INZ»

IF ({NA - II + NB
ORIGIN = 0.0
NPASS = 1

= JJ) eNEe v) GO 70O 239

INXs INYs KKsIlsJJ

e

3% -

IF (THETA «EQe 0e0) THETA = 90400

~IF CINPUTL oLTe 2)
NPASS = 2

1 KK1s IIls JJ1
IF (IDZ eNEe IDZ1

IXOTs 1Y01s IDZ1s 1DXK1s- IDY1s INZ1s INALs INY1s®

GO 10 1

3*

eORe 'IDX eNEe IDX1 «ORe

#*

IDY oNEe ID11) GO 10 238%

IF (INZ oNEe INZ1

" IF (KK eiNE e KKl

IF (IX0 eNEe IXOQ1l

o0Re INX eNEe INX1l «ORo

«ORe II eNEe II1 «ORs

oANDe IYOQ oNEe 1Y01).GO

INY oNEo
JJ .NE.
70.238

INY1)
JJ1l)

GO

10 238%

GO TO 238%

IF (IX0 «EQe IX01
IF (120 «NEe I1Z01 .

- NOTE = 11

+ANDe IY0 «EQe IYU1) GO
) . GO

10 238
10.238

IF(IYO oNEe IYOL1)
IF (NOTE -eNEe NA)
GO TO0 1

NOTE = JJ

GO T0 51 |

* PR B PR

51

@ = AAXIS
AAXIS = BAXIS ™
BAXIS Q

<
>
noun

IF C(NA = NB) . ¢EQe
IORDER. = .0

"1 <ORe (NA - NB) <EQe (-2)) ORIGIN =

IF (NA «EQe II) GO TO 3

1060

I0RDER = -1
IQ = IXO0
IX0 IYO

IY0 = 1Q
10 = IDX
IDX = IDY

IDY IQ
Iu = INX

R. L. CRAIN LIMITED



o
o - INX = INY
INY = 1Q
I = 11
'} I = JJ
JJ .= IQ :
A IF (INPUT1 oLTe 2) GO 10 3 *
® IX01 = 1YO01 : *
IDX1 = 1DY1 %
: "TNXT = INY1 *
@ 3 REWIND INPUT o
' IFCINPUT1 oGEe 2) REWIND INPUT1 *
T IF (INPUT1 oGEe 2 «ANDe (IXO + IDX #* (INX = 1)) $
® 1 238 . ’ L ‘ $
: TOTAL = CLOCK(START) / 360040
' PRINT 103 TOTAL
@ 103 . FORMAT(///9Xs39HAXES ADJUSTED FOR PROPER PLOT TER FORMAn
: 1 . 14Xs THTIME = s F1l042 ) ‘ |
o FT = 3414159 ) T
® RADTHA = PI / 18040 * IHEIA ;
' IF (SCALER oNEs UeU) GO TO 278
X = (INY = 1) * 1DY
o SCALER = 25e4 % 12040/ BAXIS /7 X / SIN(RADTHA) |
278  SCALE = 140 / 04393700 / SCALER !
' C SCALE = ANGSTOMS / INCH ;
® Q@ = ¢ INX = 1) * IDX |
LX = Q_* AAXIS / 120e0 / SCALE
‘ Q@ = ( INY = 1) # IDY -
o LY = Q * BAXIS / 12Uev ; oCALE
; . Q = IDY
% DLY = Q * BAXIS / 120.0 / SCALE
0. HY = LY % SIN(RADTHA) -
0 DHY = DLY * SIN(RADTHA)
T CONST1 = 2 * INY = 2 @
Qo CONST2 = 2 # INX = 2 @ |
9 CONST2 = LX / CONST2. @
8 CONST3 = LY % COS(RADTHA) / CONSI1 @
o CONST1 = HY / CONST1 ) :
6 LY10 = 100 7/ SIN(RADTHA)
5 GRITY = 0.0 e
Q. IDIv(1l) = 2 @ :
3 |
T i
() E

R. L, CRAIN LIMITED
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<—

gt I
o~ P

DO 7 1 = 2» NCONTU
IDIV(I) = IDIV( I = 1) # 2

® ®

IF (LY oGle LY10) GO TO. 232
NPARTS = 1 '
GO TO 10

DO 11 J = 29 INY

CGRITY = GRITY + DHY

IF (GRITY

o LIMIT(LY = J=-1

GO TO 8
CONT INUE

- 10.0 .LE. 000) GOTO 11 .

®®®

I[J = LIMIT(1) = 1
DO 91 = 25 10
NPARTS = I

IQ = 1 ¥ 1J + 1 ,
IF (INY = IQ oLEe 0) GO TO 10
LIMIT(I) = IQ i

10

LIMIT(NPARTS) = INY
Q = (LIMIT(1) - 1) * IDY

LYSECT = Q # BAXIS / 12060 / SCALE

12

DO 12 I = 110
LYAXIS(I) = LYSECT

. Q = NPARTS -1

DO 14 I = 1» 10
TDELTA(I)

~LYAXIS(NPARTS) = LY - Q@ * LYSECH

LYAXIS(I) # COS(RADT+A)

14

HGHTY (1)
SHIFT = 060

SHIFT

LYAXIS(I) ¥ SIN(RADTHA)

IF ( THETA «GTe 9060 )

-THETA1l = THETA

IF ( ORIGIN +EQs 1040 ) IHEFAL

i

LY10 * COS(PI — RADIHA)

18ueU = IHETA

RADTH1 .= THETAl * PI / 18040
STALAB = 0.0 - ‘

IF ( THETA1l «GTe 9040 ): STALAB

JINIT = 1

LY10 # COS{(PI - RADIHI1)

[CURNP NS ; B o IR B ¢ I (o]

NINX = 2%INK = 1
NINX2 = NINX - 2

TOTAL = CLOCK(START) 7/ 360040

104

PRINT 104s TOTAL

FORMAT (/ 9X» 28HVARIOUS CONSTANTS CALCULATEDs . - 25Xy @

R L. CRAIN LIMITED




2 a a
®
5

O N ©

Fy

'@
S

A ] | 9
1 THTIME = » F10e2 ) o |
TOT = 040 : 8
CALL PLOT (2,05 0405 =3) 6
IF (NP eEQe 1) GO TO 279 °'@®
IF (IPReEQe 1) GO TO 279 , L
CALL SYMBOL (0eOs Oe0s 0e28s 5HPASS—s THETALs 5) ¢l
X = 60 / 740 #* 0428 * 540 #* COS(RADTH1) N )
Y = 600 / TeO % 0e28 * 540 % SIN(RADIH1) ,£
XP = 1P SR T .

CALL NUMBER
CALL PLOT (

( Xs Y5 04283 XP»
1.0} 0009 ‘3 )

iHEIALls —-1)

279

284

IF (1P +EQe
IF (IPR oEQf
Q = 060

1) GO TO 284

1 «ORe 'ILAB «EQe (=1) ) GO TO 280

IF (THETA‘.NE. 9040) Q = 1640/

DO 271 J = 1

s NCONTU

TAN(RADTH1)

Y J -1
Y Y #¥ Qe3
X Y # @ +

IF ( J eEWe

STALAB

1 eORe J oEUWe 4 eORe J eEGe 7 eURe J oEle 10 eORe

271

1 J +«EQe 13
CALL NUMBER
-CALL PLOT {

)y CALL SYMBOLI(X -—
(Xo Yo 0q1ls ClJ)o
1eOs 0e0s -3 )

Ue29% Y + UesUH
UeUs -1

Uels SYMBL(J)SUQUs=1)

Prleeneedl® .

TR

!

280

X = O.l\'f' ST

ALAB

'CALL SYMBOL ( Xs 040> 0.&49.LABEL(1)9 THEIA19 80 )

DO 15 IPARTS

= 1s NPARTS

QPARTS = IPA
LIMJ = LIMIT
NINY = 2 # {

RTS
(IPARTS) ;
LIMJ = JINLI) +1

NINYZ = NINY
LINY = LIMJ
NICONY = 2#N

- 2
- JINIT + 1
INY - 1

NCYCL = 2 * NINX + 2 #* NINY - 4

DO 204 I =1»
ICYCLX( ‘1)

NINX
I

204

nin

ICYCLY( 1)
DO 205 1 = 2
I1 = 1 + NIN

1
s NINY
X -1

[$)}

w

205

ICYCLX( 11D
ICYCLY( I1)

= NINX
=1

R: L. CRAIN LIMITED



IQ = NINX - 1
DO 206 I= 2y 1IQ

- 206

il = 2#NINX + NINY -1 -I
[ICYCLX( I1) I
ICYCLY( 1) NINY

Il = 2#NINX

DO 207 1 = 2s NINY _
2ENINY - 2 ="1
ICYCLX( I1) 1

+

207

ICYCLY( T1) I
ICYCLX{NCYCL + 1)
ICYCLY(NCYCL. + 1). 1

i on
—

READ (INPUT) (LQ(I) » I = 1» 127 — .
IF (INPUT1. eGEe 2) READ(INPUT1) (LQ(I)s I = 1s 12)
X = 0e&4 + STALAB - - ' :

IF (NPARTS oEQe 1) GO TO 283 ' C
CALL SYMBOL (- Xs 0eOs Oel4s 5HPART-s THEIAls 5 )
X = X + 660 / 70 #* 0el4 * 560 % COS(RADTHI1)

Y = 6e0 / Te0 * 0Oelé4 * 540 ¥ SIN(RADTHL)
CALL NUMBER ( Xs Y»s 0e14sQPARTSs THETAls -1 )
CALL PLOT ( 0e83 0e05-3 ) B B =

=S

e o
gt o N W 6

I

w

et

TOTAL = CLOCK(START) /. 6040 /60.0
PRINT 105s IPARTSs TOTAL

FORMAT ( / 9X»s 14HLABEL FOR PART s I2s 8H WRITTEN s 29Xs
THTIME = 9 Fl0e2 ) o . .

DO 24 K = 1 INZ ‘

IF ( CLKMAX «EQe 00 ) GO TO 25

TOTAL = CLOCK(START) / 360040

IF ( CLKMAX- = TOTAL ~-1400 4LTe TOTAL = 10! ) GO 1O 21

TOT = TOTAL

25

QK = ( K=1 ) * IDZ + 140
IF (IPR «EGe 1) QK = [P
X = STALAB + 0.2 '

CALL NUMBER ( X» Oe0Os .0e28s QK® THETAls ~1 )
IF (IPR #EQe 1) GO TO 272 : ‘

¥* 36 % 33

STATEMENTS LABLED #%##% ARE INCLUDED BECAUSE @CALL NUMBER@ CANNOT

FORM A ZERO ( 0 )

IF (QK oEQe 0e0} CALL SYMBOL ( X3 UeUs Ue289 1HUs THEIAls 1 )

IF (K oiNEe 1eANDe K oeNEe INz) GO 10 272

33t 38 3¢ 3¢
3t 36 % 363t

A X + 660 / 70 * 0428 * COS(RADIH1) * 3.u
Y 6e0 / 740 # 0428 * SINIRADTHL) # 3,40

Hoh
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1
. CALL SYMBOL ( Xs Ys Oel4s 10H/120 ALONGs THETAls 10 ). ‘Q
X = X + 660 / 740 * 0ol4 % COS(RADTH1) * 1240 - 8
Y =Y 4 640 7/ 740 ¥ Oelt * SIN(RADTH1) * 1240 6
o CALL SYMBOL ( Xs Ys 0e28s XYZ(KK)s THEiAls 1-) . ]
272 CALL PLOT ( 0e8s ORIGINs =3 ) - @ e
DO 24 M = 1s NPASS. s * ¢t
IF (K oNEe 1eANDe K oNEs INZ) GO 0 234- e l.
X = SHIFT + LX/240-0e34 ’ ot ®
Y = =0e24 ' . ‘
IF (ORIGIN eNEes 0e0) Y = #10s1: o @
C'CALL SYMBOL (X9 Ys ‘Oel&4y LAALIII)® Ueus 6) -
X = LX + SHIFT = 0432 : T _
Q = IX0 + (INX = 1) * IDX . . o
 IF (M oNEe I) , 5 * .
“1IQ = IX01+ (INX1I-.1) ¥ IDX1 * :
“IF (NPASS eNEe 2 «ORe M eNEe 1) - . o
1CALL NUMBER ( Xs Ys Oel&s Qs QeOs =1). , . *
IF (Q .EQ. 0.0) CALL SYMBOL (X~ 9 Y s Uelts 1HUs UeU _ s 1 )= - #EM*ERX
IF S eNEe 1) 'GO TO. 234 . . = R 1 @
Q= Ix0 o ‘ L ‘ t
CALL NUMBER ( SHIFTs Y> Oelhs Qs UeUs -1 ) . I ,
IF (Q «EQe 0.0) CALL bYMBOL (SHIFis ¥ ~'s Uel4s 1HuUs veu . 5 1 ) ORI o
X = SHIFT -'o 1 - e L o L
' = IY0.+ (JINIT-'1) * IDY E i
"1F (ORIGIN .eNEesQ) X= SHIFT = 032 CQéiBADTHl) =.0el.
IF ( ORIGIN oNEeeO) Y = 9468 : : -
CALL NUMBER (Xs Y » Osl&4s Qs THETAls -1 ) ) o - ®
IF (Q ¢EQe 040) CALL SYMBOL ( X s Y 5 Oels&s 1HOs IHETAls 1 ) | SR
X = TDELTA(UIPARTS) + SHIFT ~ 0432 # COS(RADIHl) - U.l
Y = HGHTY(IPARTS) - 0e32. L . o
1F (ORIGIN eNEe 0eO) Y = 1040 ~ HGHTY(IPARTS) -
IF (ORIGIN eNEe 00) X = TDELTACUIPARTS) + SHIFT - 0«10
Q. = YO + (LIMJ = 1) % IDY : S o
CALL NUMBER (Xs Ys Oel&s Qs THEIALs -1) - R - .
"IF (G oEQe 040) CALL SYMBOL ( X > Y 5 Uesl4s 1HUs tHEiIAls 1 ) P :
X = SHIFT + TDELTA(IPARTS) / 24= 0e34 * COSIRADIHL) = U,1l }g'
Y = HGHTY(IPARTS) / 2e— 0e34 % SIN(RADTH1) 3
" IF (ORIGIN «NEe0+0) Y= 10s0-HGHTY(IPARTS) /2e-0e34 * SIN(RADTHI) 3
CALL SYMBOL (Xs Ys QOelhs LAXI(JJ)s'THEIAls 6) ‘@
| @



234 CALL PLOT ( SHIFTs ORIGINs.+3 ) -

Y = HGHTY(IPARTS) ' S ' .

TF (ORIGIN «EQe 10400 Y = 1040 - Y.
X = TDELTA(IPARTS) + SHIFT A

IF (- " M eNEe 1)
ICALL PLOT (" Xs Ys +3 ) -

CALL PLOT ( X3 Ys 42 )

X = TDELTA( IPARTS) +LX + SHIFT

CALL PLOT ( Xs Ys +1 )
X = LX + SHIFT -

“IF. (NPASS eNEe 1 eANDe M eNEe 2) - : R #

1CALCL PLOT ( X»s ORIGINs +3 ) ‘ T o -
CALL PLOT (  Xs ORIGINs +2 )
CALL PLOT (SHIFTsORIGINs +1 )

* %

TOTAL = CLOCK(START) / 360040
PRINT 109s Ks Ms .TOTAL ‘ '

109~ FORMAT (/12X, 18HLAYOUT FOR SECTIONs 125 5H PASSs 12s

k| K

- o " 9H COMPLETE » 14X»
2 THTIME = » F10e2 ) AR, L
INPU ~ = INPUT.

TlE

v @
‘®

6
o3}

rA T

IF (M +GTe 1) INPU = INPUT1
IF { IORDER «EQe 0 ) GO TO 20
READ (INPU ) (( RHOG(JsI)s I

0.

"1 INY)s J

.20 READ (INPU ) (( RHOO(IsJ)s I

, Ts INX )
"GO0 10 23 -

1s INX)s J = 1s INY )

23 . DO 233 1 = -1y INX-

N =0 ] - =
- DO 233 J = JINITs LIMJ ' :
N .= N+1 '

<

233 RHO(Is N} = RHOO(Is J)
: I1 = LIMJ = JINIT +1
DO 201 I = 1, INX

|
B

- O

DO 201 J = 1s I1 .
RHOO(2%1=1s2%J=1) = RHO(IsJ)

IF(IeNEeINX) RHOO(2%]s 2%J=-1) '0.5*(RHO(I9J) + RHO (I+1sJ))

201 IF(IeNEeINX oANDe JeNEeIl ) KHUUi2#1»2%0) = ve25 * (KHU(I,J) +

Win

IF(JeNEelIl ) RHOO(2%I-1, 2%J) Ue5%¥ (RHOtI9J) + RHO 11sJ+1))

1 nHOUI+1eJ) + HI(ToJ+1) + RHOCI+19sJ+1))

DO'202 1 1sNINX
DO 202 J 1sNICONY

non

Wb W N DO

. R. L. CRAIN LIMITED
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, 5 )
, s
o
o 202° ICON (IsJ) = 0 X
ITYPE = 1 |8
LEFTX = 1 e | 6.
) STL = 1 _ ' ' G e
208 DO 260 I = LEFTXs NCYCL» 2 @ il
[1X = TCYCLX( 11 ‘ el
o 11Y = ICYcLY( I) i‘
: 12X = ICYCLX( I + 2 ) e N
: I2Y = ICYCLY( I + 2 ) — : e
® IF (RHOO(11Xs I11Y) oLTe RHOO(I2Xs I2Y)) GO TO 264 @ ®
sTL=1 . - = s . : : e
: GO 1O 260 . N T e »
o 264 IF (STL «GTe NCONTU) GO TO 260 @ ] o
DO 261 L = STL» NCONTU _ : e *
TIF T CRHOO(TIXs TIYT GEe C(LIT GO TO 261 @
® STL = L : : e @
IF (RHOO(I2Xs 12Y) oLTe C(L)) GO TO 260 e !
STL = L + 1 ) e i
® LINCL = L e o
GO TO 262 e [
261  CONTINUE @ |
® ' STL = ‘NCONTU + 1 e . @
GO TO 260 , e i
262 IMINX = ICYCLX( I+1) e |

o ' IMINY = ICYCLY( I+1) ) @
. IMAXX = I2X @

IMAXY = I2Y o ) ‘

® IF(RHOO (IMINXs IMINY) oLTe C(LINCL)IGO TO 265 @ o

IMAXX = IMINX : e
1 IMAXY = IMINY @ J

0. IMINX = I1X . @ @
12 IMINY = I1Y @

444 265 13 = (IMAXKX + IMINK 1.7 2 )

@0 14 = IMAXY  + IMINY =1 | @
9 LEFTX = I~ @ L
s ICON(T3> 147 = ICON(I3s 14) + IDIVILINCL) 7 2 @

@ 13 =1 - - . @
6 IF (L1472 % 2 4EQe I4) 13 = -1 i
5 IDIRX = (IMAXY = IMINY 1 * 13 5

@ 4 IDIRY = (IMAXX = IMINX ) * 13 @
3 ) !

: ) :

(] @



'\%:!

260

GO TO 213

- CONTINUE

ITYPE = 2
LEFTX =3
LEFTY =1

- ®le

218

STL = 1 - ‘ :
DO 250 I = LEFTXs NINX2s 2°

257

IF (1 eEQe¢ LEFTX ) GO TO 257
STL =1 o

LEFTY = 1 _ _ I
DO 250 J = LEFTYs NINY2s 2

IF (RHOO(Is J) <LTe RHOO(Is J+27) GO 710 254
STL = 1 . : ' - :
GO TO 250

254

TSTC R L ,

IF ( STL «GT, NCONTU J GO 10 250
DO 251 L = STLs NCONTU
IF _(RHOO(IsJ) «GEe C(L)) GO TO 251~

IF (RHOO(IsJ+2)elL TeC(L)) GO TO 250
STL = L + 1

251

LINCL = L
GO TO 252

252

CONT INUE :
STL = NCONTU + 1.
GO TO. 250

IMAXX = I

IMAXY = J + 2
IMINX = T
IMINY = J + 1

non nji

IF (RHOO(IMINXs IMINY) sLTe C(LINCL)) GO TO 255
IMAXY = [MINY. - ‘

IMINY = J

11 255

13 = (IMAXX + IMINX) / 2
14 = IMAXY + IMINY - 1

1

IF (ICON(I3s I4) / IDIVILINCL) * 2 JNEs ICON(I3s I4) / (fDIV(LINCL

) /2 ) ) GO TO 256
LEFTX = 1 '
LEFTY = J

ISTARX =

13
ISTARY 14

PRlPePeEPEORPERPEPP PPPPRIPERPERIGE®®® BI®® ®
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IMAXX = IMAXX + IDIRX.

' @
{S
i9
IDIRX = 1 .
IDIRY =0 8
GO 10 213 , . 6
256  IF(STL «GTe NCONTU) GO TO 250 e °'@
IF (RHOO(Is J + 2) oLTe C(STL)) GO TO 250 @ 123
CINCL = STL ' ) ' e ¢t
STL = STL + 1 @ l.
_ . GO TO 252 @ | 2
250 ~ CONTINUE e |
GO TO 22 @ o
C THE SECTION BETWEEN ¥#%@S IS AN IMPLIED SUBROUTINE WHICH COMPLETESe -
C ONE CONTOUR AND THEN RETURNS TO LEAVING POINT @
C 3 3 3 36 3 3 3 3 3 e 3k 3 FH kD r**%%*%*m***% R KN ****************.*************@ .
220 I1 = IMAXX  +IDIRX ~
12 = IMAXY  +IDIRY
CIF (RHOO(I1s12) eGEe C(LINCL) ) GO TO 221 : ' L o
I3 = (IMAXX ~ + I1) / 2 ' : : ‘ :
T4 = IMAXY  + 12 -1 5 A ;
IF (ICON(I3s I4) / IDIV(LINCL) ¥ 2 oNEe ICON(I3s I4) / (IDIVALINCL@ @
) / 2 ) ) GO TOo 222 ‘ ' : B . @ '
IDIRX = IMAXX - IMINX E L - :
IDIRY = IMAXY - IMINY. ®
C. IMAX = IMAX T
IMINX = I1
IMINY = 12 , : | : ®
GO TO 200 : - . @
226 IF(ITYPE etWel ) GO TO 225 , -
IF(ISTARX  oEQe I3 oANDe ISTARY «EQe 14 ) GO TO 218 o
GO TO 220 A }
225 IF (I4eEQe 1 eORe 14 «EQe NICONY ) GO 10 208 i
IF (I3¢NEeleANDs I3 oNEs NINX ) GO TO 220 ‘ o
IF ( I4eEQe (I4/2 * 2).) GO TO 208
~ GO T0 220 : « |
221 I1 = IMINX + IDIRX | )
: I2 = IMINY. + IDIRY - : P
IF (RHOO(T1512) «GEe CILINCL) ) GO TO 222 E . L £
I3 = (IMAXX + Il + IDIRX . ) / 2 ' 5@
14 = IMAXY + 12 + IDIRY - 1 | 2
[DIR = IDIR - L
‘@
®



o
o IMAXY = IMAXY + IDIRY ‘
N IMINX = I1
IMINY = 12
o _ GO TO 200 @
o 222  CONTINUE - . L o
o C "T1 AND I2 ARE FUTURE 'IMINSs NO CHECK IS .NEEDED TO ESTABLISH THIS
o I3 = (IMINX # 2 + IDIRX) / 2 - e :
I4 = IMINY * 2 + IDIRY - 1. 1
' 15 = IMINX + IDIRX
@ 16 = .IMINY + IDIRY
IDIRX = IMINX = IMAXX - o
: IDIRY = IMINY = - IMAXY , R
o IMAXX = I5 ’ Lo -
IMAXY = 16
GO TO 200 - o . @
o C 213 FOR STARTING CONTOUR»s leEes POSITIONING PEN (WITH SYMBOL FOR -
i C _ _CONTOUR NUMBERS 1s &s 7s 10s AND 13) ‘
S C 223 FOR CONTINUING CONTOUR -
) 213 - INQU = 0 - @ |
200 XMAXX = IMAXX @ !
, XMAXY = IMAXY.
® XMINX = IMINX
: A  XMINY = IMINY - ,
Q=(CILINCL)-RHOO(TMINXs IMINY))/URHOO(IMAXXs IMAXY) — RHOO(IMINXs L
o 1 IMINY)) ‘ _ :
_ POSIT1 = XMINX  + (XMAXX -XMINX )% Q
POSIT2 = XMINY. + (XMAXY =XMINY ¥ Q o - B -

o X = CONST2 #* (POSIT1 - 140) + CONST3 # (POSIT2 = 140) + SHIFT. e
. Y = CONST1 # (POSIT2 - 140 ) L L ' . e
t IF (ORIGIN «GTe 50 ) Y = 1060 - Y .
(M IF (INQU oNEe O ) GO TO 223 @

12 INQU = 1 » . , @
o [F (LINCL oEQe 1 eORe LINCLeEGs & eORe LINCL oEQe. 7 sORe LINCL e
Q- 1 oEQe 10 oORe LINCL oEQe 13 ) CALL SYMBOL -(X»s Y»s Qels ' @

9 2 SYMBL(LINCL)s 0405 -1) - . @

8 CALL PLOT (X5 Ys +3) @
Q- CALL PLOT (XsYs +2)
6 GO TO 220

5 223  CALL PLOT(Xs Y, +1) @
@ ICON(I3s I4) = ICON(I3s I4) + ID+VILINCL) / 2 e

3 _ . ,
o
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]
) P, 9
® GO TO 226 5 - - o ‘@
C **************%****%***************************************,*******@ 8
' 22 X = LX + 10 T e 6
o IF (NPASS eEQe 2 oANDe M oEQe 1) X = LX - * og@
TOTAL = CLOCK(START) 7/ 360040 B : i
PRINT 107» Ks Ms TOTAL ‘ * zi
) 107  FORMAT ( 12Xs THSECTION s I2s 5H PASSs 12 * ,l.
1 _ 10H COMPLETED s 24X» @ | 9
: Z THTIME = » F10e2 ) . * |
) 24 CALL PLOT ( Xs 0o0s =3 ) - A ®
' . JINIT = LIMIT(IPARTS) : : N
_ IF (INPUTLl +GTe 1) REWIND INPUTI
® 15 REWIND INPUT . S o
o 275 . CONTINUE ,
" CALL SYMBOL ( STALAB»s 0OeO»s 0e28s 17HEND OF ALL PASSESsTHETALs 17 )
o IF (IPASS «EQe 1) GO TO 52 B o 21 o
_ 21 CALL PLOTND - - . . } » e. :
: TOTAL = 3745 # TOTA A
@ I = TOTAL g o
_ IHR = [ /. 60
_ IMN = I - IHR * 60
o PRINT 124s IHRs IMN : : @
. 124  FORMAT (/// 1Xs 45HAPPROXIMATE TIME NEEDED FOR PLOTTING ABOVE ISs |
- 1. I4s 4H HRes 15s 5H MINe ) ' ' ‘ ' E
o STOP . ®
: 238  PRINT 114 ~ ' % ,
114  FORMAT ( 81H ERROReese TWO PASSES ARE INCAPABLE OF BEING JOINED 1%
o - IN ANY MANNER BY THIS PROGRAM ) , $ ®
STOP - ' ' ‘
¥ 239 PRINT 115 - . N
Q. 115  FORMAT ( 56H ERROResse SECTIONS IN CONTUR AND IN FOURIE ARE NOT SA@ o
12 IME ) e
' STOP ‘ ' ' : ,
“@.0 237 . PRINT 116 : e @
9 116  FORMAT ( 43H ERROReees CONTOURS NOT IN INCREASING ORDER ) '
: 8 STOP : ) $ '1,;_‘ '
Q- . END ' ' '@
s $ IBMAP UTV DECK ) L ‘ ' FTL27890 - :
s ENTRY  UTVAR. -_ FTL27900 5
@ 2 EXTERN ERLOCe _ o ' L FTL27910 : @
3
° ‘ Y
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* , S : o _ FTL27911
* . MACRO FOR GENERATING VARIABLE UNITS TABLE FTL27912
¥ AND CORRESPONDING EXTERNS- B FTL27913
. : ‘ - S ' FTL27914
"UNITS MACRO A FTL27915
CNT. SET 0 FTL27916.
s IRP “A. CFTL27917
DUP 1s@A@- CNT FTL27918
PZE "FTL27919
PZE . FIL@A@._ FTL27920 -
. EXTERN FILEAR@. FTL27921 ©
CNT SET eA@+1 . FTL27922
o IRP - FTL27923
'ENDM FTL27924
¥ ' ' 5 R - FTL27925
*¥ENTRY Fkuw MAIN PROGRAM TO DEFINE A VARIABLE UNIT . FTL27930
S , , - FTL27940
T UTVAR. SXA ‘_UTvx,a ‘ SAVE RETURN INDEX FTL27950
. LAC UTVXs4 C ' CFTL27960
'SXA ERLOCes4 FTL27970 !
LXA UTVXs &4 - T ‘ FTL27980 J
LAS. NFILES. STOP IF LOGICAL -TAPE NUMBER EXCEEDS{ FTL27990
TRA uSsToP NUMBER-OF FILES IN TABLE. _ FTL28000
NOP S FTL28010
"PAC A . o , : ' ~FTL28020
CLA [10Us4 PICKUP ADDRESS OF FCB POINTER FTL28030
PAX ’ 4. ' S o ' . FTL28040
. TXL - USToP- 2,4,0, STOP IF UNIT IS UNDEFINED FTL28050 ]
UTVX AXT *it g4 "~ . RESTORE RETURN INDEX FTL28060 |
» - STO- 294 . SET LOCATION OF FCB " | FTL28070" .
TRA lo4 - RETURN TO MAIN PROGRAM FTL28080
* g o ‘ - - FTL28090
LXA UTVXs4 - . - FTL28100
. CLA¥ =ls4 RESTORE UNIT DESIGNATION - FTL28110 .
USTOP TSL FEXEMe ° ERRORs ILLEGAL UNIT RtQUESTtD. FTL28120 "
PZE EXITs932 NO OPTIONAL RETURN - FTL28130
e o o o o o o o o o o o A e o o s s o o 2. s 0 s 0 e s 0 e e o FTL28140
¥INPUT-OUTPUT LOGICAL UNIT TABLE ' ' FTL28150 |
¥ ‘ T _ - - - A FTL28160 |
*ADDITIONS OR DELETIONS SHOULD BE MADE TO-CARD IOU FOLLOWING FTL28170

R. L. CRAIN LIMITED
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*

. ' o , FTL28180
10U UNITS (01902903904911912913914)

NFILES PZE . *=100-1 . . ' — FTL28270

*. [ ) L ] L] e L L 4 [ L ] [ ] [ 4 L ] * [ ] ® - ® L] L J ¢ o * [ ] L ] L] . [ ] [} ® L 4 L J [ ] ® ._". [ ] .FTL2828O

EXTERN  FEXEMesEXIT } - : FTL28300
END : . ' T FTL28310
$IBFTC ALT Z DECK
SUBROUTINE ALTZ

DIMENSION RHO(3Ts 313 81 LAXI(3)
COMMON INPUTs NPASSs NEWZs RHO
INTEGER OUTPUT. ,

DATA LAXI 7 18HX AXISY AXISZ AXIS 7
REWIND INPUT ,
REWIND 1 . :

N

OO0 1T L = 1% NPASS
REWIND 13
REWIND 14

READ (INPUTY  1X10» 1X20s 1X30s IDX1s IDX2s IDX3s IPLls 1P2s 1P3s
1 Ils JJs KK A : T _
IF ( NEWZ oNEe Il )} GO TO 14

PRTNT 15 CAXI(NEWZ) R ‘ v
15 FORMAT ( // 16H WARNINGeee THE s A6s 32H IS ALREADY THE AXIS OF SE

o

1CTIONS / 50H THE PROGRAM CONTINUES WITHQUT ALTERATION OF AXES )
" RETURN : ‘
14 IPp11 = IP1 / 2
IPi2 = IP]1 - IP11

IP120 = IP11 + 1
DO 16 IK = 12
LIM = P11

IF (IK <EQe 2) LiM = T1P12
ITAPE = 13
IF (IK-eEQe 2) ITAPE = 14

3

DO 2 K = 1s LIM ‘
READ ( INPUT)((RHO(Is Js K)s J
IF ( NEWZ oNEe JJ } GO TO 5

1s IP2)s I

ls IP3 )

B 1)

w N

3y N 0 W

, DO 6 J = 1. 1IP2
6 WRITE (ITAPE J((RHO(Is Js K)s K
GO TO 16 '

1s IP3 )

1o LIM)s I

wu

~

w

5 IF ( NEWZ «NEe KK T GO T0 9 R -
DO 10 I = 1s IP3

R. L. CRAIN LIMITED



10 WKITE (ITAPE ) ((RHO(Is Js K)» J = 1s IP2)s K = 1y LIM )
16 CONT INUE : A .

REWIND 13
REWIND 14 :
IF (NEWZ oNEe JJ) GO TO 17

WRITE ( 01 ) 1X20s IX10s IX30s IDX2s IDX1ls IDX3s IP2s IP1ls IP3s
1 JJs Ils KK : :
DO 18 . K = 1s IP2

'

51P11)> 1 = 15 1P3)
1P120s IP1)s I = 1s IP3)
1o IP1)s I = 1s IP3)

READ (137 ((RHO(IsJs10s J
. READ (14) ((RHO(Isdsl)s J
18 WRITE(O1) ((RHO(Isdsl)s J

toun

GO TO 11

17 WRITE ( 01 - ) IX30s IX20s IX10s IDX3s IDX2s IDX1ls IP3s IP2» IP1s

1 - KKs JJs 11

T DO 19 K = 1Is IP3 .
READ (13) ((RHO(IsJdsl)s J
READ (14) ((RHO(IsdJdsl)s J-

1sIP11)
1P120s IP1)

1s 1P2)s 1
1> 1R2)s I

niw
Hltn n

19 WRITE (1) (({RHO(TIsJsl)s J
11 PRINT 7s LAXI(NEWZ) o
7 FORMAT (5Xs 6H (THE » A6s 30H IS NOW THE AXIS OF SECTIONS) )

19‘IP2)9 I l1s IP1)

1 CONTINUE :
REWIND INPUT .
INPUT = 1

RETURN
PRINT 4» NEWZ

O

4 FORMAT ( 13H ERROR--AXIS 9 12» 15H DOES NOT EXIST )_
STOP » ' ‘ ‘ ~ ’
END

$ENTRY

< —

|
=5

o

[CVIR SIS ) e I N o I Vo]

e ® o
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