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ABSTRACT

Effective techniques leading from the values of the crystal
structure invariants to the values of individual phases have re-
cently been obtained. Inthe present report a new formula express-
ing the structureinvariants interms of the observed crystal struc-
ture amplitudes is given, and a computer program is described
which facilitates the computation of the invariants.
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COMPUTER PROGRAM FOR THE CALCULATION OF
THE CRYSTAL STRUCTURE INVARIANTS BASED
ON CERTAIN CONDITIONAL DISTRIBUTIONS

1. INTRODUCTION

AITITCCYIOND

It is assumed that the unit cell of a crystal consists of Nidentical atoms. Denote by
i; the position vector of the atorn labeled j and by ¢ the phase of the normalized structure
factor E. Then the equation ’

1 N
E; = |Ez| exp (i¢) = — z:exp QRnih.t) (1.1)
h h h NIA s j

leads directly to
<E;1 exp (—2wi¥1.})>
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= Ni%<zexp [27ihe(F, —‘r> lé if = 7,
j=1 h

1

(1.2)

1
o
™
Lz
-

N
-

It is clear from (1.2) that the crystal structure is determined by the complex normalized
structure factors E;. Since the position vectors t; depend on the choice of origin as

well as on the crystal structure, (1.1) does not imply that the normalized structure fac-
tors Ej; are determined by the crystal structure alone. As it turns out, however, the
magnitudes |E;| of the normalized structure factors are in fact uniquely determined by
the crystal structure and are independent of the choice of origin. The values of the
phases ¢;, on the ‘other‘hand, depend on the choice of origin as well as on the crystal
structure (1, 21.

A finite number of magnitudes |Ey| are obtainable from experiment, while the phases
¢y, cannot be measured. Nevertheless, (1.2) is still useful in the determination of crys-
tal structures since the prior knowledge that the unit cell is composed of N identical point
atoms severely restricts the possible values of the phases ¢;. In fact, once the origin
and the enantiomorph have been specified, the magnitudes |E;| are sufficient to determine
uniquely those phases ¢7, with the property . that the left side of (1.2), as a function of £,
is then zero everywhere except at N points where it has the value 1/N*%. Owing to the
finite number of data available from experiment, (1.2) is actually nonvanishing in N dis-
crete regions, not points, and is only approximately zero elsewhere. In practice, there-
fore, it is the maxima of (1.2) which yield the atomic positions.
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Md. 20640; and Herbert A. Hauptman, Medical Foundation of Buffalo, 73 High Street, Buffalo, N.Y.
14203.
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The problem of actually determining the values of the phases #;, when only the mag-
nitudes |E;| are given is the so-called phase problem. The solution of this problem is
facilitated by the introduction of certain linear combinations of the phases, the structure
invariants

$h, t Ph, T B (1.3)
where
hy + hy + hy = 0. (1.4)

The structure invariants are important because they serve as the connecting link between
the magnitudes |E| and the phases #. On the one hand, the magnitudes of the structure
invariants, or, equivalently, the values of

cos(qS;ll tp ¢>};3), (1.5)

where (1.4) holds, are uniquely determined by the magnitudes |E;|. On the other hand,
once the origin and the enantiomorph have been specified, the values of the structure
invariants (1.5) determine uniquely the values of the individual phases ¢;. The problem
is to calculate the values of the structure invariants (1.5) from the observed magnitudes
of the structure factors and then, assuming the values of the former to have been found,
to determine the values of the individual phases. An effective technique for solving the
latter problem based on the Principle of Least Squares is now available [3]. The present
report, addressing itself to the former problem, is devoted to a description of a com-
puter program for calculating the values of the structure invariants (1.5) employing a
formula based on certain conditional probability distributions of several structure factors
[4]. The program listing is given in Appendix A.

Only the case that the space group is P2, and
h, =h,04, i=1, 2 3 (1.6)

1 1

is considered in this report. In this case the values of the invariants (1.3) are 0 or 7,
and the values of the cosines (1.5) are 1. The more general problem presents no addi-
tional essential difficulties, and the corresponding computer programs will be written
at a future date.

2. THE MAIN FORMULA

Assuming that (1.4) holds, the formula to be programmed is
cos (8, + ¢, + #i,)= MD-KS). 2.9

In (2.1) D is given by

3
Z miDi

i

3 n, (2.2)

i=1

D=
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where

Eg

D, :<(|E_;]i+§]2—1)' > t,"E}:j+_l*(’|>t>, (2.3)
k

i=1,2,3 whenj=2, 3,1 respectively, m; is the number of contributors to the
average D,, and t is a fixed real number greater than one, e.g., t = 1.5. Each of the
three averages (2.3) is extended over all vectors k in reciprocal space such that [E;| > t

and |E; | >t.
]
Again g in (2.1) is given by
31
n; S,
g - i=1
=TS (2. 4)

>
i=1

where

Ef

— . 2
s; = 2 (]E_hi+f{ -1)

i=1, 2, 3, n; is the number of contributors to the average (2.5), and t has already been
defined in (2. 3) to be an arbitrary fixed number exceeding unity. Each of the three
averages (2.5) is extended over all vectors in reciprocal space such that [E2[>t.

> t>, (2.5)

k

The parameters K and M of (2.1) are determined as a function of

2 2
A= . |E» E» Er |= = |E,E,E 2.6
N% 'Ehl Eh2 Eh3 N% | 152 3| (2.6)

in such a way that the resulting empirical distribution of computed cosines (1.5) agrees
with the theoretical conditional distribution, given A. The method for doing this is
described in the following sections.

3. DETERMINATION OF K
It is known that, in the case under consideration, the probability that
cos (cﬁ;ll + q5;12 + ¢§3): -1 (3.1)
is given by

1
P_= (3.2)
1+eh

where A is defined by (2.6). In short, for each fixed A, the fraction P_ of cosines (1.5)
which is negative is known and given by (3.2). The computed D's and S's from (2. 2) and
(2.4) are arranged in decreasing order of A and grouped into sets of some 100 to 300
members. In each such set the value of A is essentially constant. In the set defined by
A, K is determined in such a way that that fraction of the quantities

ATITECYTIIND
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D — KS (3.3)

which is negative agrees with the theoretical fraction as given by (3.2). It is to be noted
that in the three or four groups corresponding to the very largest values of A, there may
be only 20 to 50 members since in this range the values of A change rapidly.

4. DETERMINATION OF M

Once K is determined as a function of A, the value of M in (2.1) is readily determined
for each fixed A by observing that

<Icos(q§;\1 +¢p + o) D= M<IDksl> = 1, (4.1)

so that
M=1/<{DkS)> (4.2)

where the average in (4.2) is taken over all members of the group belonging to the given
value of A.

5. DETERMINATION OF cos (&, + 7, * Py )

In each group corresponding to a fixed value of A, the computed values of (2.1) are
arranged in decreasing order. It is to be anticipated that the very largest computed
values of (2.1) should in fact be +1, and that the very smallest computed values of (2.1)
should be -1. Hence a certain fraction, ranging from about 0.5 for the largest values of
A to about 0.1 for the smallest values of A, is specified. It is assumed that, for each A,
this fraction of the most positive computed values of (2.1) is in fact equal to +1, and that
this same fraction of the most negative computed values of (2.1) is in fact equal to -1.
For each A the cosines corresponding to the middle range of computed values of (2.1)
are assumed not to be definitely determined. For the smallest value of A (around 0.5)
it is presumed that cosines cannot be reliably computed. Hence, for these values of A,
only the most extreme positive or negative computed values of (2.1) (approximately one-
tenth of all computed values) are assumed to correspond to correct values of the cosine.

6. INPUT DATA

The following is a list of input data cards arranged in the order required by the
program: '

(1) (a15)
HMAX, KMAX, LMIN, LMAX

.HMAX, KMAX, and LMAX contain the maximum values attained by h,k, .
and 4, respectively. Similarly, LMIN contains the minimum £ value.

(2) (215)
LIST, NBL

LIST is the number of reflections in each logical record, and NBL
is the number of logical records on the input data tape containing



(3)

(4)

(5)

(6)

(7)

(8)

9)
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g

&

-
h, k, 4, and [E| for each observable reflection. The program G
'handles a maximum of 1500 reflections in each logical record. wn

-
(15) s

Lt
NPD

NPD is the number of reflections for which |E|>¢ .

(F5.2)

T

T =t is defined in Section 2 above.

(15)

KG

KG is the number of groups obtained when the invariants are parti-

tioned in such a way as to make the A value essentially constant
within each group.

(2015)
NG

NG is an array in which the number of invariants contained in
group I is stored in NG(I), 1<I<16.

(20F5. 2)

PCT

PCT(I) contains the fraction of cosines accepted as correctly deter-
mined in group I as described in Section 5.

(315, 5%, F5.3)
h’ ki /t, !EI

This deck contains one data card for each reflectior. for which
|E[>t .-

(15)

LPL

LPL is the number of logical records on the input data tape con-
taining the structure invariants.

Samples of the input data card formats are given in Appendix B in the same order
as the above listing. In addition to the above input data cards, two input data tapes are

required:
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(1) Tape number 04

(2)

This tape contains h,k, 4, and |E|for each observable reflection, recorded in odd
parity (binary mode). NBL and LIST (read from a punched card) give respectively

the number of logical records on tape 4 and the number of reflections in each

logical record. Tape 4 should contain a maximum of 1500 reflections in each logical
record. The maximum number of logical records depends on LIST according to the
following inequality:

NBL < 7000/LIST.
Tape number 01

This tape contains the following information, also recorded in binary mode, for each
structure invariant: ’

hy, by, by [Bf | IB I [E I, [E; Eq, Eq b A

The structure invariants must be arranged in decreasing order on A. LPL (read from
a punched card) gives the number of logical records on tape 1. Each logical record
contains a maximum of 240 structure invariants, with the exact number NE stored
before the given record.

OUTPUT DATA

The following describes information stored on two output tapes and printed on-line.

Both tapes record data in binary mode. On tape number 02 the invariants in each group
are arranged in decreasing order of M(D-XS). Tape number 03 contains the same infor-
mation as tape 2 except that the structure invariants within each group are arranged in
decreasing order onA. Two listings are printed on-line by the program; one corre-
sponds to information as arranged on tape 2, and the other corresponds to tape 3. For
each group the following information is recorded:

(1) number of invariants,

(2) average A value,

(3) K,

(4)m,

(5T,

(6) number of negative cosines expected,

(7) number of positive cosines expected,

(8) percent of cosines to be accepted as correctly determined,
(9) number of positive cosines accepted,

(10) number of negative cosines accepted,
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(11) one line for each invariant arranged in decreasing order of either
M(D-KS) or A, giving the following information:
index number of the invariant, i, ho, bhs, [Ef |, |ER,l. [ER,l, A
number of contributors to D, number of contributors to S, D, S,
M(D -KS), and cosine (if accepted as correctly determined, cosine
will be listed as +1, otherwise 0 will be listed).

A sample of the output data is given in Appendix C.

REFERENCES
Hauptman, H., and Karle, J., Acta Cryst. 9:45 (1956).

Hauptman, H., '"The Encyclopedia of X-Rays and Gamma Rays," p. 749, New York:
Reinhold, 1963.

Hauptman, H., Fisher, J., Hancock, H., and Norton, D., Acta Cryst. B25:811
(1969). ' v

Hauptman, H., Abstract B8, New Orleans Meeting of thé Am. Cryst. Assoc.,
March 2, 1970.
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PROGRAM M DMKS 100
EQUIVALENCE (EC1)s J1(13)s (E(244)e J2(1))e (E(487)s J3(1))s 200

1 (EC730)s Ja(1))s (E(973)s JS5(1)1)e (E(1216)s JO(1)) 300

2 (EC1459)s J7(1))s {(EC1702)s J8(1))s (E(1965)s JO(1) ) 400

3 (E(2188)s E1J(1))s  (E(2431)s E2J(1))s (E(2674) £3J01) )0 500

4 (E(2917)s AJll)) e  (E(3160)s8PJC1))s  (EL3403)s AZ2J(1) ) 600

5 {E(4375)+C1J(1))s  (E(5347)s C2J(1))s (E(6319)s AlJ(1)) 700
DIMENSION J1(243)4J2(2483)0J3(243)9J4(243)4J5(243) +J0(243)4J7(243), 800

1 JB(243)9J9(243)4E1J(243)+E2J(243)¢53J(243)21AJ(243)+EPI(245) ¢ 900

2 . ClJ(243)+C2J(243) 9 A1J(243)4A2J(243)41C(243) 1000
DIMENSION CO(243)+DMKS(243) sNG(16) sPCT(16) ’ 1100
DIMENSION KH(1300) +KK(1300) sKL{1300G)+ET(1300)sE(cYsldes)e 1200

1 H1I(20U)eK1(200) 4L 1(200) sH2(200) #K2(200) 9L.2(200) » 1300

2 H3(200) K3 (20U0) +LL3(200) ¢ AX(2U0) sEP(20U) s 1 (Z00) s£2(200) vLa3(20U) 1400
TYPE INTEGER H1sH2eH3eH4 e HA s HYi o Ha HMAX s HAM 1500

90 FORMAT(31545XeF5,43) 1600
93 FORMAT(78X¢13HNOUe OF CONTRe s/ 146X12HE ] sSXe2HEZ2 45X s ZHE 398X« 1HA« 7X s 1700
1 4HTO DeSX14HTO Se6Xe1HDsUXe 1HS e 6X ¢ THMID-KS) 94X s GHCUS T NE ¢ /) 1800
94 FORMAT(1HI1) . 1900
96 FORMAT(2UI5) 2000
97 FORMAT(2CFSe2) 2100
850 FORMAT( % NUMBER IN GRUUP = % 4 I5s /e% AVERAGE A = %4 Fbe2s /4 2200
1 * K = %¢ F9e24 /e * M = e FlQOed4 /o * T = % o Fbels / ) 2300
851 FORMAT( % NO NEGATIVES = %+ 156 /¢ % NO POSITIVES = %, 15y /o 2400
1 % PERCENT ACCERTED = %4 F6e2¢ /» % NUMBER PUSITIVE ACCEPTED = # 2500

2 s I5s /% NUMBER NEGATIVES ACCEPTED = ¥+ I3y /) 2600
852 FORMAT(18e2X+3(31342X) s 3FT7e39FYe342FJe0e¢4F10044/) 2700
READ 964+ HMAXsKMAX s LMINLMAX 2800
LLIM = JABS(LMIN) + 1 2900
IHKL = (LMAX + LLIM) * (HMAX + 1) * (KMAX + 1) 3000
NTQT = 0 3100

DO 5 1 = 14IHKL 3200

5 E(1) = —20 3300
THE FOLLOWING ROUTINE REAUS A LATA TAPE CONTAINING 3400

’ He Ko Lo E 3500

FOR EACH KREFLLCTION WITH A MAXIMUM OF 1300 RberLbeCTIoNs N cACH 3600
LOGICAL RECORDe LIST GIVES THE NUMBER OF REFLECTIONS 1IN EACH 3700
LOGICAL RECORL AND NBL GIVES THE NUMBER OF LOGICAL RECOURUS UN 3800
THE TAPE. 3900
READ 964+ LISTINBL 4000
4100

10 DO 30 J = 1+NBL
READ (4) (KH(M) oKIK(M) oKL(M) sET(M)s M = 14LIST) 4200

DO 2U N = 14LIST 4300
Ll = KH(N) + 1 4400
L2 = KK(N)Y + 1 4500
L3 = KLI(N)Y + LLIM 4600
E(L1+sL24L3) = ET(N) 4700

20 CONTINUE 4800
306 CONTINUE 4900
READ 964+ NPD 5000
READ 97+ T 5100
READ 96+ KG 5200
5300

READ 96+ (NG(I)el = 1+KG)



sNeNsNaNeNse!

74
75
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READ 97+ (PCT(I)e I = 1eKG)

READ ONE DATA CARD CONTAINING HeKelL+E FOR EACH ~EFLECTIUN
FOR WHICH E IS GREATER THAN Te

READ 9O s (KH{ 1) e KK([)eKL(I)+EICI)el = 1+NPD)
KG = NG(1)

NKG = 1

KTT = O

THE DATA TAPE FOR TRIPLES HAS THE NUMBER OF TRIPLES IN A

GIVEN LOGICAL RECORLD STORED IMMEDIATLLY BEFURE THAT RECURDe THE
FOLLOWING INFURMATION IS STORELD FOR BACH TRIPLE

Hls Kle Lle HZ2e K29 LZ2¢ H3e K3e L3 Ele E2¢ E3s El¥L2*E e Ae
THERE IS A MAXIMUM OF 200 TRIPLES IN EACH LOGICAL RECORUe LPL
CONTAINS THE NUMBER OF LOGICAL RECORDS ON THEL TAPE.

READ 96+ LPL
DO 550 LP = l.LPL

READ(1) NE
READ (1) (HI(N)oK1IN) oL 1(N)oH2(N) o K2(N) sL2(N) ¢+H3IN) ¢sKI(N) s LI3(N)»

1 E1(N) ¢E2(N) «E3(N) sEPIN) s AX(N) oN = 1+NE)
DO 590 I = 1eNE

CT1 = CT2 = AV1I = AV2 = O

DO 4999 MD = 143

E1S = E1(1) ¥ E1(1)
E25 = E2(1) * E2(1)
E3S5 = E3(1) * E3(I)

DO 350 LL = 1«NPD
H4 = KH(LL)

K4 KK(LL)

La KLtLL)

EKH = EI(LL)

DO 300 IH = 142
DO 20C IK = 12
HM = H4 - H3(1)

KM = K4 - K3(1)

LM = L4 - L3(1)

KAM = KM

IF(KM oLTe O) KAM = ~KM

IF(HM = 0) 7574480
IF(LM = 0) 75475480

HAM = —HM
LAM = =M
GO TO 81
HAM = HM
LAM = LM

IF (HAM oGTe HMAX oORe KAM oGTe KMAX o¢OURe [ABS(LAM) oGTe LMAX)
1 GO To tot

EKMH3 = E(HAM + 1.KAM + 1eLAM 4 LLIM)

IF(EKMH3 ot Te —1e) GO TO 101 s

EKMH3 = EKMH3 % EKMH2 - 160

AV2 = AV2 + EKMH3

CT2 = CT2 + 140
H = H1(1) + Ha4
K = K1(l) + K4
L = L1(l) + La
KA = K

IF(K oLTe 0) KA = =K

1le:
="
'
-
-1
o
L0
i
.
ol

e
5400::

5500
9600

5700
5800
5900
6000

6100
600
6300
6400
6500
6600

6700.
6800
6900
7000
7100
7200
7300
7400
7500
7600
7700
7800
7Y00
8000
8100
8200
8300
8400
8500
8600
8700
8800
8900
9000
9100
9200
9300
9400
9500
9600
9700
9800
9900
10000
16100
10200
10300
10400
10500
10600
10700
10800
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70
71
72

73
74C

756
769

900

Q02
ici

200
201

300
301
350

4998

1999

601

6C1s

602
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IF(H = U) 71670472
¢y 7

IF(L - 1e716472
HA = =H

LA = =L

GO TO 73

HA = H

LA = L

IFIHA oGTe HMAX o0ORe KA ¢GTe KIMAX oeURe JABS(LA) oGTe LMAX) 7500740
EHIPK = E(HA + 1+KA + 1eLA + LLIM)
IF(EHIPK oLTe~1,0) GO TO 760

CEHIPKS = EHIPK % EH1IPK

EHIPKSM] = EHIPKS = 140

GO TO 760

EHIPK = -2

CONT INUE

IF(EHIPK oGEe T) 9004902

AVl = AV] + EKMH3

CTl = CT1 + 1.0

CONTINUE

IF(KK4 «EQe 0) GO TO 201

K4 = -Ka

CONTINUE

IF(H4 otEQe O «ANDe L4 +EQe 0) GO TO 301
H4 = —~H4

L4 = -La

CONTINUE

CONTINUE

CONTINUE

IT = HI(1) $ H1(1)
17T Kil(l) $ Ki(l)
1T L1¢1)Yy & L1C1)
T1 E1(1) & E1(1)
CONT INUE

CONTINUE :
AVl = AVl / CT1
AV2 = 2,0 % AV2 7/ CT2

WRITE(20) HI1(I)eKIC(ID oL 1CI) e H2(T ) o K2(TI)oL2(TI)eHI(1)sK3(TI) L3l
1 ElIC(I)IsEZ2(IIEICIIeAX(I)IEP(I)s CT1+CT2+AV1IeAV2

KTT = KTT 4+ 1

IF(KTT «EQe KG) 6014500

CONTINUE

KTT = v

REWIND 20

WRITE (3C) E

DO 6015 N = 14+KG

READ (20) JIIN) 9 J2IN) 9 J3IN) ¢JAIN) ¢ USIN) s JEIN) 2 JTIN) ¢ JBIN) s JG(N) o
1 E1J(N)2E2JINYsEIJIN) sAJIN) sEPJIN)Y » ClIIN) s C2J(N) o
2 AlJ(N)JA2U(N)

CONT INUE

REWIND 20

REWIND 30

CcCo = 0

CM Oe5

CcT 10

MA KG 7/ 2

IF(KG ¢EQe MA * 2) 602603

AA = (AJ(MA)Y + AJ(MA + 1) )Yy 7 2

GO TO 604

17T
17T
17T
TI1

H3(1)
K3(1)
L3CI)
E3CI)

H3(I)
K3(1)
L3011y
E3(1)

H2(1) $ H2(1)
Kz2(1) $ K2(1)
L2(1) s L2(1)
E2(1) % E2(1)

W
wonouon
fhonou
L]
nonon

603 AA = AJ(MA + 1)

10900
11000

11100
11200
11300
11400
11500
11600
11700
11800
11900
12000
12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
15500
15600
15700
15800
15900
16000
16100
15200
16300
16400
16500
16600
16700



604

610
620

621

623

625
626

630

635

636

637

640

645

646

647
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PCTNEG = 140 / (140 + EXPF(AA))
PCTPOS = 1,0 = PCTNEG
NNEG = PCTNEG * KG + 0.5

NPOG = PCTPOS ¥ KG + De5

NNAC = NNEG %* PCT(NKG) + 0450
NPAC = NPUG * PCTINKG) + Ge50
SDMKS = O

DO 625 LN = 1410

KTNEG = O

DO 620 LG = 1KG

XDMKS = Al1J(LGQ) - CM * A2J(LQ)

IF(XDMKS oLTe O) 6104620
KTNEG = KTNEG + 1

CONTINUE

IF(NNEG ~ KTNEG) 623:626+621
CO = CM

CM = De5 # (CM 4+ CT)Y

GO TO 625

CT = CM

CM = 0e5 ¥ (CO + CM)
CONTINUE

CONTINUE

SDMKS = O

DO 630 LQ = 1+KG

DMKS(LQ) = AlJ(LQ) - CM % A2J(LQ)
SDMKS = SDMKS + ABSF(DMKS(LQ))
CONTINUE

XM = KG 7/ SDMKS

DO 635 LG = 1+KG

DMKS(LG) = DMKS(LQ) ¥ XM
CONTINUE

DO 636 LQ = 1+KG

10(LQYy = LQ

CONTINUE

DO 640 LI = 1+KG

LP1 = LI + 1

DO 640 LJ = LP1KG

IT = I0(LI)

JJ = 10(LY)

IF(DMKS(1I1) — DMKS(JJ)) 637+640+640
ITEMP = 10(LI)

1oLy = 10(LD)

10(LJY)Y = ITEMP

CONTINUE

DO 645 JJ = 1s+NPAC

J = 100

CO(J) = 140

CONTINUE

NPA = NPAC + 1

LU = KG - NNAC

DO 646 JJ = NPAJU
J = 10(JY)

cotyy = 0
CONTINUE

LU = LU + 1

DO 647 JJ = LUWKG
J o= 100JJ)

CO(J) = =160
CONTINUE
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16800
16900
17000
17100
17200
17300
17400
17500
17600
17700
17800
17900
18000
18100
18200
18300
18400
18500
18600
18700
18800
18900
19000
19100
19200
19300
19400
19500
19600
19700
19800
19900
20000
20100
20200
20300
20400
20500
20600
20700
20800
20900
21000
21100
21200
21300
21400
21500
21600
21700
21800
51900
22000
22100
22200
22300
22400
22500
22600
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650

500
550

700
800

FISHER, HANCOCK, AND HAUPTMAN

PRINT 850+ KGaAACMeXMaT

PRINT 851+ NNEGeNPOG+PCT(NKG) « NPACs NNAC

PRINT 93

WRITE (2) KGesAAICMeXMeT

WRITE (2) NNEG«NPOG«PCTI(NKG) «NPAC «NNAC

WRITE (3) KGesAAICMyXMoT

WRITE (3) NNEG«NPOG+PCT(NKG) «NPAC +NNAC

DO 650 JJ = 1.KG

J o= 10(JJ)

KTR = J 4+ NTOT

PRINT 852s KTReJI(J) 9 J20J)edB3(J)eJb(J) eJS(J)aJOB(J) eJT(I)eJB(U) »
1 JOUUY)sELTJI(I 2E2J(II sEBI(I) s AJ(JI) s CLI(JI e C2I(J)dALI(J) sA2I(JI) s
2 DMIKS (J) «CO ()

-WRITE (2) KTReJ1(J)eJ2(U) e d3(J)adA(J) IS (J)aJE(J) eJT(J)eUB(J)
1 JOIUYIETJ(I)sE2J (I sERI(U) sAJ (D 1ERPJ(J) 4 CII(JU) 2 C2UCU) v

2 AlJ{J)IsA2J(J) +DMKS({J)CO(Y)

J o= JdJ

KTR = J + NTOT

WRITE (3) KTReJ1(J) s J2(J) e d3(J) ada(J) sJS(J) qDO(J) e dT(J) s JB(J) s
1 JOCJI2EL1J(I) eE2J () sEBJ(J) s AJ(J) sEPI(JI) 4 CLII) 9 C2U(J)

2 A1J(I) sA2J(J) +DMKS(J) 2 CO(J)

CCNTINUE

NTOT = NTCT + KG

NKG = NKG + 1

KG = NG(INKG)

REWIND 20

READ (30) E

REWIND 30

CONTINUVE

CONTINUE

REWIND 3

PRINT 94

DO BUO 1 = 1416

READ (3) KG+sAA«CMa XM T

READ (3) NNEG«NPOG«PCTNKGsNPAC +NNAC

PRINT 850¢ KGeAA+CMeXMT

PRINT 851+ NNEG«+NPOGPCTNKGsNPACsNNAC

PRINT 93
DO 700 J = 1KG
READ (3 KTReJ1(JI) 0J2(U) 931U 0JE(U) s IS (J)aVE(J) sdT(J)eJB(J) e

1 JICIY BTN s E2J (I vEBI(J)I 2 AJ(JI) sEPJI(U) o CLII(U) e C2U(J)

2 AlJ(J) s A2J(J) sDMKS(J) e CO(J)

PRINT 85260 KTReJ1(J) 9J2(J) 03 (J) 4 JBLI) 0 JS5(J) eV6(J) e JT(J) s JB(J) s
1 JOUIIELI(I) eE2J(IISEIIII) g AI(J) 9 CL1IU) 4 C2I(J) s ALJ(J) s A2J(JI) o
2 DMKS(J)COt(U)

CONTINUE

CONTINUE

END

22700
22800
22900
23000
23100
23200
23300
23400
23500
23600
23700
23800
23900
24000
24100
24200
24300
24400
24500
24600
24700
24800
24900
25000
25100
25200
25300
25400
25500
25600
25700
25800
25900
26000
26100
26200
26300
26400
26500
26600
26700
26800
26900
27000
27100
27200
27300
27400
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NUMBER IN GROUP = 10
AVERAGE A = 3,84

K 2 0,25

M s 3,2750

T = 1

N® NEGATIVES = 0

N@ PRSJTIVES = 190
PERCENY ACCEPYED = 0,50
NUMBER POSITIVE ACCEPTED =
NUMBER NEGATJVES ACCEPTED

4 3 0 2 »5 0
? S 0 2 4 0
¥ 5 0 2 »7 <0
2 3 0 2 =7 =0
0 3 0 2 24 0
8 5 0 2 5 0

1o
~N
o

-3 7 =0

N0

24 0 4 =5 v0

-2
7

5

-1

WV N

0

w9

=0

(V]

w7

-1
3
-4
=2
-5

E1
3,732
3,574
3,574
3,732
3,732
3,574
3,732
3,732
3,170
3,453

E2
3,574
2,836
2,866
2,866
2,617
3,448
3,448
3,732
2,866

3,448

E3
1,838
2,401
2,579
2,836
2,166
1.779
3,170
1,692
2,645
1,787

3,888
3,860
4,199
4,81¢
3,355
3,477
6,470
3,738
3,814
3,374

NG, AF CONTR,

T p
13490
786
948
909
444
949
1073
1003
931
572

Yn 'S
8075
6562
4743
6858
4970
7233
7938
7488
7441
5608

D
0,7349
0,6475
0,6237
0,5927
0,4008
0,3837
0,2431
0,1627
0,1177
0,1072

S
0.6688
0.4072
0,4889
0.4240
0,3757
0,3566
0.,3197
0,3674
0,2315
0,2018

M(D=KS)
1,8592
1,7872
1,6424
1,5939
1,0050
0,9646
0,5343
0,2319
0,1859

0,1R57

COSINE
1.,0000
1.0000
1,0000
1,0000
1,0000
0.0000
0,0000
0,0000
0,0000
0,0000

NVILLAOVH ANV ‘SIOOONVH ‘STHSIA
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NUMBER [N GROUP = 20
AVERAGE A = 2,55

P 0,25

M= 4,0202

T = 1,5

N® NEGATJVES = 1

N® PQSITIVES = 19
PERCENT ACCEPTED = 0,50
NUMBER P@SITIVE ACCEPTED =
NUMBER NEGATIVES ACCE3TED =

13 5 0 -4 =5 =0-16
27 5 0 2 =4 20 1
20 3 0 2 20 7

29

14 5 90 2 20 0 9

21 S 0 2 «21 =0 <4
16 21 0 4 <2 -0 3
11 21
22 21 0 4 5 0 et
17 3 0 2 7 0 =%

28 5 0 -1 ed =0 7
2> 5 0 2 50 1
30 2 0 «3 24 0 =5
26 I- 0.2 =28 =0 «0

28 21 0 2 0 «3
e 3 0 2 <27 #0 6
12 5 0 16 9 0~15
24 3 0 2 <27 «0 vy

10
1

38
=1

«25
17
16

19

-26
25
23
24
«14

24

=0
»0

17
-1
-9
-9
.3

Deil

=0

-7

.3

b

.3

-2
-1
=8
-1
12}

E2
3,131
2,451
2,579
2,836
2,453
2,341
2,341
3,453
3,170
2,579
3,448
2,868
2,838
3,448
2,617
2,861
3,470
2,450
2,967
2,495

F3
1,778
1,730
1,674
1,674
1,697
2,291
1.907
1,298
1,556
2,331
4,329
1,588
1,588
1,253
1,753
1,440
1,361
2,213
2,048
1,661

A
3,044
2,404
2,555
2,691
2,358
3,040
2,642
2,541
2,701
3,292
2,510
2,694
2,463
2,449
2,306
2,439
2,363
3,209
3,017
2,453

NG, OF CO
76 D
445
1265
824 -
765
899
492
601
634
530

553

506

858
788
1081
429
439
505
468
326
372

NTR,
e s

4803
8060
6616
6363
7206
4991
5394
5559
5336
4796
50414
6959

6855.

7718
4991
4848
5332
4877
4165
4956

D
0,.,5822
0,5511
86,5052
0,5054
00,4746
0.4943
0,4606
0,4209
0,2956
06,3059
0,3154
0,2867
0,2%12
0,3003
0,2058
0,1931
0,1170
60,1366
0,0526

«0,0399

s
0,3072
0,525
0.3637
0,4049
0,3444
0.4954
0.,4115
0,4411
0,2431
0,3046
0,346%
0,3229
0,1879
0,3984
0,1814
0,3314
0,1773
0,3997
0,1318
0,2%20

M(D-KS)
2,0319
1,6878
1,6655
1,6249
41,5499
11,4894
1,4382
1,2486
0,9439
0,9236
0,9198
0,8278
0,8212
60,8870
0,6451
0,4433
0,2%922
0.1476
0,0788

»0,4138

-
a

COSINE
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1.,0000
1,0000
1,0000
0,0000
0,0000
0,0000
0.0000
0,0000
0.,0000
0,0000
0,0000
0,0000

!1|0°°°

ald

-
vl
-~
Wy
(e

ot
ok
L

et
——

LSTL 1HOdHY TUN

61



NUMBER IN GROUP =

AVERAGE
K s
M s
T s

NG NEGAT]VES =
N® PES|TIVES =

A s

1,99

PERCENT ACCFPTED =

NUMBER PQSITIVE ACCEPTED

30

4
26
0,5

0

NUMBER NEGATIVES ACCEPTED =

37
44
33

39

0 7

0 16
«0 12

0 5

13
2

=2

0
0

0
-1

016

-0

*0

-0

=0

n4
15
-6
10
-4

LY,

E1
2,836
2,866
2,987
3,453
2,454
3,453
3,170
3,732
2,967
3,138
3,574

E2
2,579
2,401
2,262
2,208
2,341
1,838
2,103
3,453
2,617
2,208
2,647

1,838
1,838
2,043
1,756
2,213
1,784
1.882
1,052
1,575
1,784
1,337

2,132
2,006
2,175
2,123
2,014
1,796
1,999
2,150
1,940
1,956

1,988%

N&, 9F CAONTR,

Te D
950
996
378
371
509
601
448
524
265
348
543

70 S
7104
7219
4986
3739
5173
5546
5164
5080
3712
35814
5240

D
0,5572
0,5615
0,4662
0,4542
0,4490

08,4745

0,3352

0,4143
0,2918
0,3652
0,3580

S
0.4470
0.4971
0.2289
0.3140
0.3083
00,5464
0.1305
0.4457
0.0916
0.3309
0.4276

M(DeKS)
2,3860
2,3213
2,2558
2,0350
2,0209
1,7362
1,6825
1,5729
1,5039
41,4962

1,282%

COSINE
1,0000
1,0000
1,0000
1,0000
1:0000
1,0000
1,0000
1,0000
1.0000
1,0000
1,0000

02
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a N [~ ] W o w xn

28

©o © o © ©o © © © © o o

0 o o o o o

o o

N N

et
5
.7

(11

-t

18

«1

‘3

'
-3

LX)
5

12}

(1] L]
NN e ]
N N>

<25

=0 5
0-12
®0 =0
0 6
w0 7
.0 =9
r0-14
0 =2

‘eQeld

"y B

23
3
21
-25
el3
-10
-8
»2
8
26
12
23
=24
w5
=11
~27

D o7
=0 10

0 e}

«0 10

) 3
=015
6 0
=0 -1
p 3
-0 12
[
¢ 1

*0 12

=0 2.

0 16

3,574
3,732
3,448
2,617
2,836
3,448
3,453
3,448
3,133
3,448
3,732
3,170
2,836
3,170
2,064
3,170
2,866
2,454
3,448

2,262
2,103

2,865

2,455
2,291
2,344
2,014
2,648
2,043
2,043
3,468
2,861
2,262
2,331
2,454
2,043
2,836
2,331
1,880

1,547
1,576
1,361
2,043
1,850
1,455
1,670
1,588
1,880
1,838
1,107
1,329
2,103
1,880
1,661
1,856
1,644
2,008

1,756

1,945
1,962
2,129
2,078
1,906
1,863
1,842
2,297
1,907
2,053
2,259
1,912
2,140
2,168
1,847
1,906
2,119
1,820
1,80%

832

612
402
454
38s
429
341
826
518
1347
963
409
594
518
393
949
551
433

420

6665
5563
4921
5147
4640
5029
4188
7338

5135

8422
7554
4742

‘5574

5463
4891
7917
5635
5047
4934

0.3178
0.2906
0,2466
0,977
0,734
0,1871
0,1111
0,1364
0.1992

0,227%

0,1582
0.1063
0,1230
0,055%

0.076%

0,0470
0,0785
0,0007

~0,1444

0.3429
0,3550
0,2175
0,2864
0.217%
0,3002
0,0596
0.1434
0,3546
0,4632
09,2998
0.1810
0,2369
0.1328
0,2439
0,1629
0,26%0
0,2004
0,219

1,2040
1.0269
1,0209
0,6185
0,6026
0,5332
0.,5283
0,5238
0,5053
0,4726
0,3686
0,2843
0,2800
0,0803
0,0%42
=0,0221

w0,0243

=0,3339

-1,2039

w

1.0000
1,0000
0,0000
0,0000
0,0000
0.,0000
0.0000
0,0000
0.0000
0:0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
*1,0000
*1,0000
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NUMBER IN GROUP = 40
AVERAGE A = 1,69

K = 0,06

M= 4,5181
T3 1,5

NO NEGAT]VES s 6
NO POSITIVES = 34
PERCENT ACCEPYED = 0,50
NUMBER PBS]ITIVE ACCEPTED =

NUMBER NEGAT]VES ACCEPTED =

89 3 0 2 25 7 7
68 5 g 2 5 0 2
62 24 0 4 23 =0 1
9 5 0 16 92 =0 e
69 5 0 -4 *4 =0 ~%
68 5 0 2 €7 «0 2
72 5 0 16 17 0eig
93 3 0 2 4 0 3
83 5 0 2 14 0 1
82 S 0 2 5 0 2
8% 5 0=t 4 O e7
78 5 0«8 =5 40 2
94 21 0 4 328 €0 w0
71 21 0 4 «22 e0 #5
84 5 0 2 <27 =0 =y

100 5 0 »1 «23 »0 »4
99 5 0 -2 8 0 =5

17
3

22
=10
18

e3

o]

22
.22

»7
.19
=10

"9

0
-0
0

Ow

0

-0
-0
*0
»0
-0

.9
-4
-5
16

2
é
»5
-3

«3

E1
3,732
3,574
3,453
3,131
3,448
3,574
3.13
3,732
3,574
3,574
3,448
3,448
3,453
3,453
3,574
3,448
2,645

E2
2,294
3,874
2,043
1,838
2,451
2,008
1,907
2,451
2,048
2,645
2,838
2,648
2,861
1,836
2,495
1,784
2,262

EJ
1,197
0,877
1,603
1,756
1,302
1,540
1.836
1,141
1,437
1,120
1,085
1,183
1,023
1.730
1,177
1,603
1,650

A
1,623
1,777
1,794
1,603
1,745
1,753
1,739
1,612
1,668
1,679
1,683
1,714
1,603
1,739
1,665
1,564
1,566

NG, OF CONTR,

e
489
8901
615
554

1088
436
339
974
560
899
755

1195
464
580
374
464
733

Te s
5039
6917
5694
5256
8116
4913

3760

7521
5877
7224
6519
8250
46468
5577
4909
5332
6514

D
0,6149
08,5891
0,4834
0.,4788
0,4290
0,4011
0.3766
0,3396
0,303
0,3436
02,3074
0.3015
0.,2799
60,2878
0.,2667
0,2572

0,245% -

S
0,3956
0.5479
0,315¢
0.5542
0,285
0,3865
0.2675
0.2760
0.2595
0.3462
0.2162
0,3521
0.2460
0.4349
0.3226
0.1973
0.1952

M(D»KS)
2,6663
2.5154
2,0940
2,0069
1,8589
1,70830
1.6260
1,4563
1,3285
1,3277
1,3263
1,2627
1,1953
1,1783
1,1137
1,1063
1,05923

COSINE
1,0000
1,0000
1,0000
1.0000
1,0000
41,0000
1.0000
1,0000
1.0000
14,0000
1.0000
1,0000
1.0000
1.0000
41,0000
1,0000
1,0000
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24

21

n n
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L
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" [~ ] (7] o » N N LU IR “ N v i

2 O ©
~N

5

o o
(=]

.7

o
»

0 -3

0 16
0 =1
0 -3

0 =7
0=15
02
0 2

0 -t

w2?

s¢0

.7
12

»2?
19

24

17
16

*13

227
el8
5
=18
=8

023

=0
=0

=0

[

»0
°
0

=0
0

[\3

«0

=0

»0

Q-

w0

9
vd
5
16
5

10

4
8

4
11

.5

-3
1%
5

12
16
12
14

.19
.12
7
11

a1t

o=

=0

0=

=0

[

0
0

oh

-l

-9
14
10
-8
-3
-5
7
-3
14
7

11

12

12

14

14

1%

o

2,645
2,617
3,448
3,453
3,732
2,866
2,863
2,579
3,453
3,448
3,448

3.170

3,732
3,134
3,448
3.170
2,579
2,836
2,967
3,732
3,732
3,448
2,495

2,450
2,344
1,856
2,866
2,262
2,262
2,450
2,29%n
2,454
2,213
1,710
1,907
1,787,
2,866
3,170
2,068
2,401
2,166
2,208
3,132
2,208
2,044
2,331

1,540
1,740
1,712
1.047
1.302
1.576
1.588
1,930
1,292
1,337
1,697
1,733
1,556
1,208
1,023
1:644
1,644
1,784
1,697
0,966
1,302
1,556
1.7%0

1,583
1,662
1,738
1,643
1,743
1,620

1,768

1,776
1,734
1,618
1,587
1,662
1,646
1,719

1,773

14,709

10515

1,738
1,763
1,794
1,702
1,714
1,577

39
476
738
508
409
629
376
383
470
472
708
387
478
470
900
407

542
322

343
522
482
399
338

5029
4946
7056
5000
4799
5817
4282
4605
5047
5317
7056
5057
5570

4705
7574

5485
5590
4331
4478
5158
5043
5140
4721

0.2380
0,2092
0,2056
0.2129
0,2130
0,203%
0.1784
0,1784
0.172%
0,1530

0,112%

0,108
0.1075
0,013
0,0619
0.,0436
0.0182

20,0047

w0.0343

"0.03‘1

'0.0630

«0,1782
'012‘33

0.1476
0.1630
0.1120
0.3096
0,3403
0.2931
0,1284
0.1301
0.3129
0,2289
0.0971
0.1056
0,2504
0,3531
0.1484
0.068%
0,1944
0,1432

0.0615
0,4182
0,385¢

0,1144
0.,0437

11,0335
0,8994
0,8979
0.,8744
0,8663
0,8367
0,7698
0,7692
0,6911
0,6267
0,4789
0,4587
0,4149
0,3130
0,2376
0,1778
0,0136
«0,0483
20,1744
*0,2724
»0,3879
»0,8374
41,1032

0.,0000
60,0000
0,0000
90,0000
0.0000
0,0000
0.0000
0,0000
0.0000
0.0000
0,0000
0.0000
0.0000
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