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ABSTRACT

This paper describes the method of computation and program of the electronic computer for
statistical analyses of populations. The program includes an analysis for population structure by
“Motomura’s Plane” and principal factor analysis for correlative analysis.

INTRODUCTION

In the field of paleontology, one is confronted with the assemblages of the remains
of dead bodies (thanatocoenoses) preserved in sediments. In this field, the ecological
relationships among the individuals when they were alive are mno longer observed.
Attempts have been made, therefore, to reconstruct the ecological relationship using statis-
tical approaches. In such studies, the statistics Invariably sought are the correlation
coefficients, and the number of calculations to obtain the correlation coefficient increases
exponentially with the number of populations (assemblages) to be compared and with the
numbers of constituents making up the population. In analyses of the assemblages of
the microfossils which involve large numbers of species and individuals, the calculation
soon gets a formidable number to be handled by a desk calculator. Accordingly, one
finds the use of a large-sized computor more and more frequently in micropaleontological
and sedimentological literatures, particularly those applying the factor analysis to the
records.

In this paper the method of computation and a program of electronic computer are
described. The program was made by the authors and used for analyses of assemblages
of benthonic and planktonic Foraminifera in sedimentary rocks (Niitsuma, 1971), plank-
tonic Foraminifera in deep sea cores (Oba, 1967, 1970), and benthonic Foraminifera in
Recent sea bottom (Ujiié et al., 1969).
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STATISTICAL TREATMENT IN ANALYSIS OF POPULATIONS

It is a common method of statistical expression of population to describe by the
frequency of each constituent of the population in a given area or a sample. Such data
could be analyzed by two major methods; 1) analysis of structure of the population and
i) correlative analysis of similarity and difference of frequencies of the constituents with
those of the other populations. The program described in this paper includes an analysis
for population structure by “Motomura’s Plane” (Niitsuma, 1968) and principal factor
analysis (Harman, 1967) for correlative analysis.

1) ANALYSIS BY “MOTOMURA’S PLANE”’

The structure of a population was first studied statistically by Motomura (1932).
He concluded that the frequencies of the constituents of a faunal living in a marsh satisfied
the relation of a geometric progression, defined by

logy+ax =105

where, = is the rank of frequency of a constituent in a populatibn, y is the frequency of
the constituent, and a and b are constants which characterize the population. For easier
treatment, the equation is rewritten as

log y+a(x—1) = log B

where, B is the constant corresponding to the frequency of the most frequent constituent
in a population. This equation expresses that the frequency of each constituent in the
population satisfies the relation of geometric progression with the value of a constant ratio,
1/104.
The sum of the frequencies of all the constituents in the population can be written
as
&, B
Sy——
z=1 1 1
10#

If the frequency of the constituent, y is expressed in percentage (i.e. the sum of y of all
constituents in a population would be 100), the equation becomes,
/ | A
B =100 \\1 — {o% )
The equation gives a curve, Motomura’s Line (Niitsuma, 1968), on a plane with the
coordinate axes of @ and B which is called Motomura’s Plane (Niitsuma, 1968). A given
population fulfilling the relation suggested by Motomura (1932) can be plotted as a point
on Motomura’s Line. In case of a population which does not fulfil Motomura’s Law, the
point of the population would not be plotted along the Motomura’s Line on the Motomura’s
Plane though the constants, ¢ and B, would be calculated by the least square method
using the frequencies of only some higher ranked constituents. For example, if the popu-
lation satisfies the relation of logarithmic normal distribution (Preston, 1948), the point
for the population would be located on Motomura’s Line (Fig. 1). According to Nobuhara
et al. (1954) and Whittaker (1965), the coactions among the constituents are stronger or
the environment for the constituents is less suitable in the population which satisfies
Motomura’s Law than in that which satisfies the relation of logarithmic normal distribution.
The analysis by Motomura’s Plane is a method in which the relation of frequencies
and rank of frequency of the constituents in each population is projected as a point and
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Fig. 2 Projections of benthonic foraminiferal faunas in Todos Santos Bay, Baja California, on
Motomura’s Plane.
M.L.: Motomura’s Line
1: Bolivina-Bulimina fauna I, 2: Bolivina-Bulimina fauna 11, 3: Bolivina fauna, 4: complex
fauna, 5: Reophax fauna, 6: Cassidulina fauna I, 7: Eggerella fauna, 8: Rotalia-Discorbis fauna,
9: Trochammina fauna, 10: Proteonina fauna, 11: Cassidulina fauna I1
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Fig. 3 The relation between benthonic foraminiferal faunas and grain-size distribution of the bottom
sediments.

Mde¢: median diameter, ¢’¢: standard deviation
1-11: benthonic foraminiferal faunas the same as in Fig. 2,
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Fig. 4 The geographical distributions of benthonic foraminiferal faunas in Todos Santos Bay,
Baja California.
1-11: benthonic foraminiferal faunas the same as in Fig. 2.

the position of the point on a plane demonstrating the character of the structure of each
population. By this analysis, the benthonic foraminiferal faunas in Todos Santos Bay
described by Walton (1955) could be divided into eleven faunas corresponding to the
sedimentary environments (Figs. 2, 3 and 4; Niitsuma, 1968). The method has been
applied to analyses of fossil foraminiferal faunas and has been proved to be effective in the
interpretation of paleoecology and paleoenvironment (Niitsuma, 1968, 1971).

2) PRINCIPAL FACTOR ANALYSIS

Factor analysis which is one of correlation analyses has been developed mainly by
psychologists since the early part of this century and the results have been compiled by
Harman (1967). Factor analysis has been utilized in paleontological and sedimentological
studies by many authors (e.g. Imbrie et al., 1962; Hattori, 1967; Oba, 1967, 1969, 1970).
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In the present paper the terminology of Harman (1967) is followed.
Factor analysis is based on the idea that the frequency of each constituent of each
population can be described by a linear model as follows:

Rji = Qjy Fl,-+a,-2F2,-+ e +a/ijmi+uj U]

where, z;; is a normalized frequency of a constituent, 4, in a population j. @j;, @js,. -@j, are

loadings of the common factors among the treated populations Fjq, Fj,,. . Fy, and u; 15 a

loading of unique factor Uj; in population 5. HKvery factor is a normalized orthogonal vector.

In factor analysis the loads of factors, aj,, @js,..2j,. are computed from the values of zj;.
Correlation coefficent rj; is described by the equation:

N
2 %%
7 w—
Tik ="y T i1t @y Gpa T T O G
where, N is the number of constituents. This equation can be described in matrix form as
R =44’
hl Tig = ot e T1n Ayg Qyg * v o v - Ay Ay Ggq =" Uy
Tar g 91 o Uy A2
?"”l ---------- knz anl ---------- a"” al" .......... a””

where, R is a matrix of correlation coefficents rj;, 4 is a matrix consisting of loadings of
common factors a;j, and 4’ is the transpose matrix of 4. The diagonal entries of R, £,%. .
hy?, are called as communality and are described as

kiz — “i12+a’i22+ RN +“jn2
=Tjj

Communality is equal to a self-correlation coefficient, and the sum of the variances for
common factors. The whole variance of the population in this case consists of those for
common factors and unique factor and the sum of the values is 1.00. The value of
communality, however, could not be calculated mathematically and the values should be
estimated in the factor analysis.

If an eigenvalue and an eigenvector belonging to the eigenvalue of matrix R are
expressed as A and z, by definition

Rr=xxz

Because R is a real symmetric matrix, shown as

Tir = Qjy Oy +Ajg Gpgt - =+« +Ajyy, gy,
= Op1 Bj1+ Vpo aj2+ SR o 279 Ajpn

all eigenvalues are non-negative and normalized orthogonal eigenvectors x; corresponding
to each eigenvalue can be calculated.
If a matrix P is defined by

P=[w1,w2,----w,,]
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R must be an orthogonal matrix, because x,..x, are orthogonal. Therefore, R can be
diagonalized by P:

A1 )
Ao |
: 0
PRP'" = | |
0
\ A
If D is defined by
Va )
Y%
D= ‘ . J‘
0 . |
L Van
the next equation should be satisfied,
PRP' = DD’
and R=P'DD'P
If the relation of PP D=A is defined as,
R=A4A4’

Therefore, the loadings of the tactors can be computed by using the eigenvalue and
eigenvector as follow:

A=V zx

PROGRAM FOR ELECTRONIC COMPUTER

The statistical analyses for the populations have been carried out by the electronic
computer NEAC 2200 Model 500 in the Computer Center of the Tohoku University. The
language for the program is FORTRAN L which is almost equal to FORTRAN IV.

The data for the computation are the frequencies of the constituents in the popula-
tions and the names of the constituents and populations, and the following computations
are carried out by this program. The constants, ¢ and B, for the analysis by Motomura’s
Plane are computed in the following steps; i) the frequencies of the constituents in a
population are rewritten in percentage, ii) higher ranked constituents are chosen, and iii)
the constants are computed by the least square method:

X logy > (z—1)
log B — > (x—1)logy X3 (z—1)2
n 3 (v—1)
2 (z—1) > (z—1)2
n S logy
1 X (e—1) Z(@—1) logy
B S P
3 (z—1) 32 (z—1)2
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where, n is the number of high ranked constituents in the population and in this program
the value of » is chosen to be six, regarding the statistical reliability of the frequencies and
description of the structural difference of each population.

For the factor analysis, the data consisting of frequencies of constituents in the
populations are normalized and the correlation coefficient matrix R is computed. The
authors estimate the diagonal entries of R (communalities, /42) by

hp=1—
£}
basing on the relation (Harman, 1967);
]7’1.2 Z 1-— L ’
Tjj

where, 7j;’ is a diagonal entry of the inverse matrix R-!' of R. The eigenvalues and
normalized eigenvectors of R are computed by Jacobi’s method. This part of the program
has been made by referring to the program HDIAG made by T. Shimizu of the Computa-
tion Centre of the University of Tokyo. The loadings matrix of the common factors 4 is
computed by

A=Vxrz

On a single set of data, the principal factor analysis could be carried out not only on
populations but also on their constituents by this program as well as by the reserved
control cards.

The following items are written by this program; the constants for the analysis of
Motomura’s Plane, ¢ and B, the name and frequencies in percentage and logarithm of six
higher ranked constituents, correlation coefficent matrix, the eigenvalues, the eigenvectors
of the matrix, and the loadings of six higher ranked common factors.

The capacity of memories needed in the present program is about 40000 words in the
case of the size of the data matrix, 70 < 70.

Flow chart of this computation and program of electronic computer are shown in
Figs. 5 and 6.
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Flow chart of the program for analyses of populations.
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w4k PROGRAM FOR FACTOR ANALYSIS #%k (A)

DATA DECKeoosoeCOMIKKIKLINSNBaNWT s (MsN) o NSTSPINSTCJ) sNSPC T )+ MATR s

101

103
102

110

111

115
501

TCIsJYaWTUUISLSP{L I+ (A BLANK CARD)®

1sC0MeoeonselOAB
A CARD WRITEN COMENTS ABOUT DATAs CAN USE ALL COLUMNS. o
( IF WITHOUT COMENTs NEED A BRANK CARD ) ¥
20KK¢-¢¢0.-15(5307'5) . )
KK=5 : GO TCO END OF PROGRAM, WRITE CORRELATION MATRIX
KK=D0 : GO Td END OF PROGRAM. NOT WRITE CORRELATION MATRIX
KK=-5: WRITE ONLY CORRELATION MATRIXs NOT GO TO END OF
PROGRAM.
30KL0¢$»9.015(5909"5)
KL=5 : CORRELATION MATRIX BETWEEN STATIONS ONLY
KL=0 : CORRELATION MATRIX BETWEEN STATIONS AND BETWEEN
SPECIES :
KL=-5: CORRELATION MATRIX BETWEEN SPECIES ONLY
4 NﬁNB----DIS(I!O?-I)
NSNB=1 : DO SAME NUMBER GF SPECIMEN ONLY (eesNWT=1 OR 0)
NGNR==1: 20 SAME WEIGHT OF SAMPLE ONLY(oesNWT=1)
NSNB8=0 : DO BOTH(sesNWT=1)
SeNWTenonosI5(150) (WEIGHT OF SAMPLE IN A STATION)
NWT=1 : WITH DATA
NWT=0 @ WITHOUT DATA.
(IF {(NWT=D)ewweossNSNB=1)
6QM9NQIOGQOZIS(M7N)
M ¢ SPECIES HNUMBER (MAXIMAM 70)
N t STATION NUMBER (MAXIMAM 70)
TaNSTS5PsweoIS(~19011:2)
NSTSP=~1:WITHOUT SPECIES NAME DATA (STATION NAME ONLY)
NSTSP=0 :WITHOUT BOTHSSPECIES AND STATIONS NAME DATA
NSTSP=1 WITHOUT STATIONS NAME DATA (SPECIES NAME ONLY)
NSTSP=2 :BOTH SPECIES AND STATIONS NAME DATA
8eNST(J)eoo lLOAT(STATIONS NAME DATA)
G eNSP{T)oeslCAT(SPECIES NAME DATA}
IOOMATReoone]S(}L”R)
MATR=1 : DATA MATRIX ((T{IsJ)sI=1aMled=1N)
T{121)3T(291) 90003 T{Me139T{192)50s0eer T{MIN)
MATR==1: DATA BATRIX ({(T(IlsJ)sJ=1aN)yI=1sM)
TCL1e129T(192)9e0esTCLsNIsT(291)s0esvesT(MIN)-
11eaT(I9J)eosld4F5.1(DATA MATRIX)
12eWT(J)ewoe7F10e3(WEIGHT OF SAMPLE)
CIF NWT=0 (WITHOUT DATA OF WEIGHT) s NEED NO CARD)
13eL5P{L)oools (ELIMINATE SPECIES NUMBER(I))
ELIMINATE TWO OR MORE SPECIESy NEED SAME LEAVES OF
CARDe (IF ELIMINATE NO SPECIESs NEED NO CARD)
i14,A BLANK CARD (DENOTED END OF DATA DECK)

S

DIMENSION F{6+970),G(T70+s70)syH(70+T0)+T(1404+140)+sDIV(TO)+IQ(TO)sX(TO
13}sNSTCTCIsNSP(T70)sWT(70)»COMC10)sLSP(T70)
READ(Ss501)CON
READ(5+502 KK sKLoNSNBNWT s MsNsNSTSP
NSTSP=NS5TSP<+2 )

GO TO (101+1025103+1013sNSTSP
READ(5,503)(NST(J)sJ=14N)

IF(NSTSP.EQel) GO TO 102
READ(Ss5033(NSP(I)sI=1sHM)

CONTINUE

READ(5+504 )MATR

IF(MATReED«1) GO TO 110
READ(5+505X((T(IsJ)sJ=1aN)sI=1sM)

GO 7O 111
READ(S5»505)C({T(I+J)9I=19M)sJd=1+N)
CONTINUE

IF(NWT«EQeQ) GO TO 115

READ(53506) (WT(J)sJ=1sN)

CONT INUE

FORMATC(10AB)

Fig. 6a
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0071 502 FORMAT(ISv/15/15/15/215/15)
0072 503 FORMAT(10A7)

0073 504 FORMAT(IS)

0074 505 FORMAT(14F5,.1)

0075 506 FORMAT(TF10e3)

o076 LLGT=0

0077 L=0

0078 120 CONTINUE

0079 L=L+1

0080 READ(S5,520)LSP(L)

0081 520 FORMAT(IS5)

0082 TFCLSPL)EQeDXGD TO 131
0083 IF(L.EQ.1) GG TO 120
0084 DO 121 LL=2»L

oa85 o IF(LSPOLL=1)eGELLSP(LL)Y)Y GO TO 122
0086 LSPCL)Y=LSP(L)Y-1

0087 122 CONTINUE

0088 121 CONTINUE

0089 1205 CONTINUE

0090 LLSP=LSP L)

0091 NNSP=NSP(LLSP)

0092 DC 123 J=1sN

2093 GEMeJI=T(LLSPyJ)

0094 123 CONTINUE

0095 MMI1=pM-1

0096 DO 124 I=LLSPIMMIL

Q097 IPULLI=I+1

00938 DO 125 J=1sN

0099 TCLsd)=TCIPULYI YD)

0160 125 CONTINUE

0101 NSPCI)=NSO(TPULL)

0102 124 CONTINUE

0103 DO 126 J=1,4N

0104 TMaI=G(M D)

010% 126 CONTINUE

0106 MSP (N )=NNSP

0107 LLOT=LLOT+1

o108 G T8 120

0109 131 CONTINUE

0110 M=M-LLOT

0111 C MOTOMURA

Ooliz DIMENSION THMAXM(6970)sIMAXM(6TO) sGMAXM(HsTO)sNSPM( 6970 )
0113 D3 1003 J=1sN

011l4 Fsur=0.0

0115 LO 10404 I=1,sM

clle FSUM=TSUM»T(I»J)

0117 1004 CONTINUE

0118 DO 1005 I=1sM

cl19 TCTs)=(12060%(TCI+J)d)/TSUN

120 1005 CONTINUE
olz1 1003 CONTINUE

0122 DO 1001 J=1,sN

0123 KM=0

0124 1005 TMAX=0.0

cizas D& 1002 I=1,M

0126 TIJ=TC(I-W

0127 IF(TIJsLEeTMAX) GO TO 1002
o128 ITMAX=TIJ

0129 IMAX=1

G120 1002 CONTINUE

0131 KM=KM+1

0132 FMAXMOKM, J)=THAX

G133 IMAXMUKMs J)=TIMAX

Ci34 NSPMIKMsJ)=NSPUIMAX)

0135 T(IMAXsJ)=060

0136 IF{KMelLTo6) GU TO 1006
0137 1CHD1 CONTINUE

0138 DO 1007 KM=1+6

0139 DO 1008 J=15N

0140 . GMAXM{KMs JI)=ALOGIOCTMAXM(KMyJ) )

Tig. 6b
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0197
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0200
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0202

0203
0204

0205
0206
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1016
1025

1021

128
127

989
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CONTINUE

CONTINUE

Kp=1

NDB 1009 J=1:N

YSUM=0.0

XSUM=0e0

XYSUM=0.0

X2SUM=0a2

DG 1010 KM=14+6

YSUM=YSUM+GMAXMIKMs J)
XSUM=XSUM+FLOAT(KM)

XYSUM=XYSUM+ (FLOAT(KM) )%GMAXM (KM, J)
X2SUM=X2SUM+(FLOAT(KM) I)*x%2

CONTIMUE

BM=( YSUM#AX2SUM=XSUMKXYSUM)/(6e0:X2SUM-XSUMEXSUM)
AM=( 6 0% XY SUM=YSUMEX SUM)/(6.0%X2 SUM-XSUMXXSUM)
BM=BM+AM

BM=10.0%%BM ,

IF(KPeGTeS5) KP=1

IF(KP«FQ.1) GO TQ 1017

WRITE(691011) NST(W)

GO TO 1018

WRITE(631016) NST(J)

KP=KP+1

WRITE(6+1025) (NSPM(KMyJ)sKM=1+6)
WRITE(621012) (TMAXM(KMaJ) sKM=1196)
WRITE(651013) (GMAXM(KMsJ) sKM=14+6)
WRITE(631014) AM

WRITE(6+1015) BM

CONTINUE

FORMAT(LIHO/////7/1H s12HSTATION NAME»BXsAT7)
FORMAT(1H 95X s10HPERCENTAGE+10X36F10e2)
FORMAT(1H »5X+15HLOGs PERCENTAGE15X16F10e4)
FORMAT(1H +10Xs11HMOTOMURAS Ay14X3sF10e4)
FORMAT(1H +10Xs19HMOTOMURAS B-PERCENTs6X9F10e4)
FORMAT(1H1 912HSTATION NAME s8XsAT)
FORMAT(1IH +5X»12HSPECIES NAMEs8X96(3XsAT))
DA 1021 I=z19M

DO 1021 J=1sN

TCIsJ)=G(1sU)

MOTOMURA OWARTI

DO 127 J=13N

DA 128 I=1+M

GEIsI)=TCL )

CAONTINUE

MM =M

NN =N

IF(KLelLT«0) GO TG 990

LOT=0

CONTINUE

HM=FLOAT(M)

DA 1°J=1,N

X(J)=0.0

DO 2 I=1+M

XCJ)SX(JII+T(1aJ)/HM

CONTINUE

DIV(J)=0.0

DO 3 I=1s:M
DIVIII=DIVCSI+(T(Iad)=X(J) k%2

CONTINUE

DIV(J)I=SQRT(DIV(JI/HM)

CONTINUE

DO 4 J=1sN

DO 5 I=1sM

TCIsJ)=(TCIad)=X(JII/DIVII)

CONTINUE

CONTINUE

DO 6 K=1sN

DO 7 L=1sN

H{KsL)=0e0

Fig. 6¢
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0214
0215
0216
0217
0218
0z19
0220
0221
0222
0223
0224
0225
0226
02217
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
.0264
0265
0266
0267
0268
0269
0270
0271
G272
0273
0274
0275
0276
0277
0278
0279
Q2€E0

TN

18

14

16
15
13

351
352

398

354

471 FORMAT(1IH1+49HSIMPLE CORRELATION MATRIX BETWEEN SPECIES
1,1H))

473

355
472

w
u
(&)
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DO 8 I=1yM
HUKsL)=HCKsL)+TCIaKYRT(IsL)/HM
CONTINUE

CONTINUE

CANTINUE

M= 2 %N

DO 11 I=15sN

DT 12 J=1.N
TCIsd)=H(I»J)

L= J+N

TCIsL)=0.0

IF(IeEQs J)T(IaL)=140
CONTINUE

CONTINUE

DO 13 K=1l4N

DG 18 L=KsN

AMAX=0.2

IFC(ABS(AMAX) «+GE«ABS(T(LYK))) GO TO 18
IROW=L

AMAX=T(L+K)

CONTINUE

DO 19 L=KiM
B=T(IROWsL)
TCIROWILI=T(KsL)
TC(KsL)=B

CONTINUE

W=T(KsK)

KPL1=K+1

DO 14 J=KPL1sM
T(Ka)=T(KsJ)I/W
CONTINUE

DO 15 1=1,N
IF(I«FQeK) GO TOQ 15
W=T(IsK)

DO 16 J=KPL1yM
TCIad)=T(T 9 J)=WkT(KsJ)
CONTINUE

CONTINUE

CONTINUE

NG 17 K=14M

L=K+M
ACKIK)I=1e2=1a0/T(KsL)
CONTINUE

IF(KKaFQeD) GO TO 988
NPAGED

LP1=1

CONTINUF

LP40=LP1+29
LPN=LP40=N
IF(LPN)352,352,351
LP40=N

KP1=1

CONTINUE

KPL1lb=KP1l+14
KPN=KP15=N
NPAG=NPAG+1
IF(LOT«FEQ.D) GO 0 353
DO 354 K=1sN
NST(K)I=NSP(K)
WRITE(63,471)NPAG

IF(LCT«EQe2) GO TO 355
WRITE(649473)

FORMAT(IHN 95Xy 32H%%x% SAME NUMBER OF SPECIMENS k%)

GO T0 356
WRITE(6+472)

FORMAT(1HD 95X 929H%%x% SAME WEIGHT OF SAMPLE x%x%)

GB TG 356
WRITE(694T74)INPAG

Fig. 6d
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0326
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0329
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4T7d FORMAT(1H1,59HSIMPLE COGRRELATION' MATRIX BETWEEN STATIONS PAGE( 1
14 1HY/ /)
356 CONTINUE
WRITE(62475)(COMITYs.I=195)
47% FORMAT(LH+370X92H( 35A395H=== ))
IF(KPN)315%5315,5320
320 KPL5=N
GO T0(314+3139312931193103309+93089307930693059304930393029301)+KPN
314 WRITE(H9418 Y (NST(K)9KZKPLsKP1IS )y (NSTCL ) (H(KsL)sK=KP19KP15)sL=tP1y
1LP40)
GO TGO 400
313 WRITE(H69413)(NSTIK) s#KZKP1aKP15) s (NSTCL)s(H(KsLI3sK=KPLsKP15)sL=LP1s
1LP40)
G TO 400
312 WRITE(6,412)(NSTIK)»K=KPIyKPI5) s (NSTIL)s(HIKsL)sK=KPLIKP15)sL=LP1ly
1L.240)
GG TO 400
311 WRITE(6+411L)(NST(K)sK=KP1sKPIS) s {NSTC(L )9 (H(KsL)91K=KP1+KP15)sL=LPlys
1LP40)
GO T0D-400
310 WRITE(H9410)Y(METIK)sK=KP1sKPI5)s (NSTCLYs(H(KsL)aK=KPLsKP15)L=LP1y
iLpP4n)
GO TO 400 _
209 WRITE(5+9409)(NST(K)sK=KP1sKPI5) s (NSTCL)Y s (H(K»L)sK=KP1sKPI5)sL=LP1y
1LP40)
GQ TO 400 ,
308 WRITE(H+408)6TISTCKIIK=KPT sKPIS) 9 (INSTC(L) s (H{KsL)sK=KPLsKP15)sL=LP 1y
1LP40) ’
GO .TO 400
307 WRITE(Hs407T)I(NST(K)sKZKP1sKPIS) s (NSTCL) s (H(KsL)sK=KP1sKP15) 9L =LP1y
1LP40)
GO T4 490
206 WRITE(H1406)(NSTIK)Y sK=KPLsKP1I5 )y (NSTC(L)s (H{KoL)sK=KP1sKP15)sL=LP1ls
1LP40)
GO T 400
305 WRITE(B1405)(NST(KYsK=KPL1sKPIS) s (NSTLL)Y s (H{KsL)sK=KP1sKP15)sL=LP1s
1i.1240) ‘
GO T 400
204 WRITF(64404)(NST(K)sK=KP1sKP1I5) s (NSTC(L) s (H(K3L)sK=KPL1sKP15)sl={P1s
1LP40)
GO TO 400
303 WRITE(69403)(NST(K)YH»K=KPL1sKP15) s (NST(L)s{H{(KsL)sK=KPLsKP15)sL=[LP1ly
1LP40)
GO TG 400
302 WRITE(6,402)(NST(X) sK=KPL1sKP1IS) s (NST(L) s (H(KsLL)IK=KPLIKP15)sL=LP1y
1LP40) '
GO TQ 409
301 WRITE(693401)(NST(K) sK=KP19KP15) s (NSTCLYs(H{KsL)sK=KP1sKP1S)sL=LP1y
1LP40)
GO T4 409
414 FORMATCIHO s9X9S5ABIZX15AB2Xs4A3//{1H s5(AT11X15FBed s2X15F8a492X54F
13.4/1H )))
413 FORMAT(IHI 39X s5A392X915ABs2X 9387 /(1H sS{ATsI1X+5F8s432X15F82492X,3F
1804/1H )))
412 FORIMAT(IHOD 99X »5A3:2X95AB52XK92A8//(1H 35(AT+11X95F 804 12X 35F8ed92Xs2F
18.4/1H )))
411 FORMATULIHNIGOX35A832X95A392X51A8//7(1H s5(ATs1X15FB8e432X95FBsd 92Xy 1F
1B.4/1H )))
410 FORMAT(IHIs9X15A8 92X 9588/ /(14 s5(AT11X35F86432X15F84/1H 3))
409 FOIMAT(IHDsOX15A8 92X 44AB/ /(1 s5(ATs1X95FBe432X14F8e4/1H )
4083 FORMATULIHN 99X s5A88s2X13A8// (14 sS{AT»IX95FB8+d4s2Xe358s4/1H )))
407 FORMAT(IHD +9Xs5ABs2Xe2A8/ /(11 sS{ATs1X15F8ed492%32F8,4/71H 3))
406 FORMAT{1IHI 99X 35A812Xs1A8//{1H +5{ATs1X95FBed4:2Xs1F8ad/1H 3))
405 FORMAT(LIHD s 9XsSAR//(1H 95(AT,1Xs5F8.4/1H )3
404 FORMAT(IHNs9X94A8//C1H 95(AT+1X>4F8ad/1H )
403 FORMAT(IHN99X»3AB//7(1H s5(AT31X23F8.4/1H )
402 FORMAT(1HIs9X12A8//(1H +5(AT+1Xs2F824/1H )
401 FORMAT(IHD 39X s1A8//C1H +s5(ATs1X21F8,4/1H )
315 WRITE(69415)(NST(KYsK=KPLsKP15)o{NSTLL) s (H
1LP40)

3L ) s K=KP1KP15)sL=LP1ly

Fig. 6e
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)3 84
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2404
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0407
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799
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FORMATCIHOy OX95A892X95A892X9AABaAT//(1H sS{AT7s1X15FBe4+92X35F8a4+2X
1+5F8a4/1H )))

KPl=KP1l+1b

IF(KPl.LE«N) GO TUO 368

CONTINUE

LRPi=LP1+49

IF(LPl.LEaN) GO TO 399

IF(KKalLTe)) GO T 987

CONTINUE

TEGEN=0

IFCIEGENeNE D) GO TO 725

20724 I=1.4N

DO723 J=1aN

IF(IanNEeJ) GO TO 722

T¢I+sJ)=1.0

GO TO723

TCI15J)=0.0

CONTINUE

CONTINUF

NR=0

IF(NsLEel) G2 TQ 1090

SCAN FOR LARGEST OFF=DIAGONAL ELEMENT IN EACH ROW

ACI) CONTAINS LARGEST CLEMENT IN ITH ROW

IQCI) HOLDS SECONMD SUBSCRIPT DEFINING POSITION OF ELEMENT

NMIl=N=1

DOT730 1=1,NMI1

K(I)=0e0

IPL1=1+1
DG720 J=1IPL1sN

IF(XCI)eGTaABS(H(ISJ))) GO TOT720

XCI)=ABS(H(TI Yy U))

1QCIy=d

CCNTINUE
CONTINUE:

SET INDICATOR FOR SHUT-0OFF sRAP=2%%=233NR=NNe OF ROTATIONS

RAP=1e192093E-7 :

HDTEST=1DE38

FIND MAXIMUM OF X(I) S F2R PIVOT ELEMENT AND TEST FOR END OF PR

SLEM

2ATT70 I=1+NMI1

IF(IeEQel) GO TOT760

IF(XMAXeGFaX(1)) GO TOT7O

XKMAX=X(1)

I1PIv=1

JrIv=10CI)

CONTINUE

15 MAXeX(I) EQUAL TO ZERQOSIF LESS THAN HDTESTPREVISE HDTEST

IF(XMAXeEGaDe0) GO TO 1000

IF(HDTESTe LEsD&0) GO TO790

IF(XMAXeGTeHDTEST) GO TO 748

HOIMIN=ABS(H(141))

20 710 I=2sN

IF(HDIMINGCLE«ABS(H(IZI))) GU TO 710

HDIMIN=ABS(HC(TI,1I))

CONTINUE

HOTEST=HYIMIN%RRAP

RETURN IF MAXeH(IsJILESS THAN(2%%=23)ABS(H(KsK)I=-MIN)

IF(HDTEST«GE e XMAX) GO TO 1000

NR=NR+1

COMPUTE TANGENTSSINE AND COSINEsSH(IsID)sH(UsJ)

FTANG=SIGN( 203 (H(IRPIVsIPIVI-H(JPIVsSPIVI))I*R(IPIVsJIPIVI/ (ABS(H(
TIPIVsIRPIVI-HOUPIVIJPIV))I+SQART((HCIPIV»IPIV)I=H(JPIV s PIV)II%k%2+4,0
2xHOIPIVsUPTIVY*%%2))

COSINE=149/5QRT(140+TANG*%2)

SINE=TANG*COSINE

HIT=H(IPIVSIPTIY)

HOIPIVIPIV)=COSINE*%2% (HII+TANG*{( 2o 0%xH{IPIVyJPIVI+TANGX*H{JPIV
I1UPIVI))

HOJPIVaJPTIVI=COSINE®x%2%(H(JPIVsJPIVI-TANG*(2,0=H(IPIV»JPIV)I~-TANG
IxHII)DY)

TFig. 6f
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753

711

741

771

700

7569

159

773

7Y

778

T

780

HOIPIVyJPIV)=0,0

IF(HCIPIVYIPIV)eGEH(JIPIVIJPIVY) GO TO 753

HTEMP=H(IPIV,IPIV)
HOIPIVSIPIV)I=H(JPIVJPIV)
HOJPIVsUPIV)I=HTENP
HTEMP=SIGN(1e0s=SINEI*COSINE
COSINE=ABS(SINE)

SINE=HTEMP

CONTINUE

DO 750 I=1,NMI1
IF(I-1PIV)711,750,700
IFCIOCI)«FQ.IPIV) GO TO 741
IF(IOCI)eNE.JPIV) GO TO 750
HTEMP=H(I IPIV)
TEMP=H(I s JP1V)

H{ISIPIV)=0.0

H(I»JPIV)I=04e2

IPL1I=I+1
X{1)=0.0

DO 771 J=1IP
IF(X(I)eGTa
XCIDI=ABSTH(
1aCIy=J
CONTINUE _
H(IsIPIV)I=HTEMP

H(IsJPIVI=TEMP

GO TO 750

IF(T«GEeJPIV) GO [0 750
TFCIQCI)eNE«JPIV) GO TO 750

K=IaCl)

HTEMP=H(1:K)

H(IsK)I=0e"

IPL1=1+1

X(1)=0a0

DO 769 J=IPL1,N )
IFCXCI)eGTeABS(H(ISJY)) GO TCO 769
XCII=ABS(H(TI»JI))

10CI)=J

CONTINUE

HCIsK)=HTEMP

XCIPIV)I=0,.0

X(JPIVI=0.0

DO 772 T=1sN

IFCI-IPIV) 773+772,774

HTEMP=H¢I s IPIV)
H(I9IPIV)SCOSINE*HTEMP+SINE*H (I JP1IV)
IF(X(T)eGE«ABS(HI IS, IPIV))) GO TO 775
XCI)=ABS(H(IIPIV))

IG(I)=1IPTY
H{I»JPIV)I==SINE*ATEMP+COSINE*H( Iy JPIV)
IF(XCI)=ARS(HCLZJPIVI)) 778,772,772
IFCI=JPIV) 77517725777

HTEMP=H(IPIV,.I)
HCIPIV,T)=COSINEXHTEMP+SINExH (I JPIV)
IF(XCIPIV)oGEABS(H(IPIV,I))) GU TO 779
XCIPIV)I=ABS(HCIPIVsI))

1QCIPIVI=T
HOTsJPIV)=~SINEXHTEMP+COSINEXH(I s JPIV)
IF(X(I)eGELABS(H(I+JPIV))) GO TO 772
XCI)=ABS(H(I»JPIV))

IQCIY=JP1V

GO TQ 772

HTEMP=H(IPIV,1)
HCOIPIVsI)=COSINE*HTEMP+SINE*H(JPIVI)
IF(XCIPIV)eGE ABS(H(IPIVsI))) GO TO 780
XCIPIV)I=ABS(H(IPIVsI))

IGCIPIVY=I

H(JPIV,»I)==SINE*HTEMP+ COSINExH(JPIV.I1)
IF(X(JPIV)eGE-ARS(H(JPIV,I))) GO TGO 772
X(JPIVI=ZABS(H(JPIVs 1))

H(I»J2)) Go T 771

L1sN
ABS(
I+J))

’
S
J

Fig. 6g
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0491 IG(JPIVY=1

0492 772 CONTINUE

0493 IFCIEGENNELD) G0 TO740

0494 DO 781 I=1N

04 95 HTEMP=T(TIsIPIV)

0496 TCISsICIVI=COSINE*HTEMP+SINE*T(I1sJPIV)
0497 781 Tl sJPIV)I=~SINEXHTEMP+COSINE*T(I»JPIV)
0498 GO 10740

0499 1009 CONTIMUE

0500 DATS1 I=14+6

0501 DO752 J=1,N

0502 752 FCOI9d)=TC(Js 1IRSORT(ABS(H(I 1))

0503 751 CONTINUE

0504 WRITE(61621)CHM

0505 601 FORMAT(14192HC +10A8492H )

0506 WRITE(69602)INR

0507 602 FORMAT(1HD 14X 93HNR=, I5)

0508 WRITE(H3HI3I(NSTCII» (FCIsJ)rI=196)9Jd=1sN)
0509 603 FORMAT(1IH) 916X sBHFACTOR 195X»8HFACTOR 295X s8HFACTOR 345X s 84FACTIR
0510 T4 35X+ 8HEACTOR 545X BHFACTAR 6//(1H s5(A842Xs6F13.5/14 )))
Q511 WRITE(69674) TEGENS(H(IsI)sI=1sN)

0512 924 FERMATCIHO/1HO»7H IEGEN=914/1H09s6HH(I+1)94X96F13e5/1HO/(10X16F13.5
0513 1/1H )

0514 WRITE(6,:,601)COM

0515 WRITE(6y6I5)

0516 605 FORMAT(IHNs12HIEGEN VECTSR)

0517 WRITE(69603)(MNST(U) s (TCJsI)sI=196)rJ=1aN)
0518 987 CONTINUE

0519 IF(LOT.EQa2) STOP

0520 IF(KLeGTen ) STOR

521 99 CONTINUE

0522 IF(LOT«EQel) GO TO 942

0523 IF(NSNB.EQs~1) M T 944

0524 X(J)=0e0

0525 DO 931 J=1sNN

0526 DO 932 1=1,MM

527 G32 XCJI=SX(J)I+G(1 )

0528 DO 935 1=1,MM

0529 935 TCJs1)=GC1+J)/XCJ)

0530 631 CONTINUE

0531 LoTr=1

0532 Ca TO 943

0533 942 CONTINUE

0534 IF(NSNBNELO) STOP

0535 944 CONTINUE

0536 IF(NWT«FQs0) STOP

0537 DO 933 J=1,sNN

0538 DO 934 I=1yMM

053% 934 TCUsDI=GCLs D)/ WTC)

0540 933 CONTINUE

0541 Lar=e

0542 943 CONTINUE

0543 Nz=MM

0544 M=NN

0545 GO TO 989

0546 END

Fig. 6h
Fig. 6 Program of electronic computer for analyses of populations.
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