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FORTRAN IV PROGRAM FOR GENERALIZED STATISTICAL DISTANCE AND ANALYSIS OF CO-
VARIANCE MATRICES FOR THE CDC 3600 COMPUTER

by
R.A. Reyment, Hans-Ake Ramden and Warren J. Wahlstedt
ABSTRACT

Heterogeneity in sample covariance matrices, deriving from differences in the orientation of major axes
of the ellipsoids of scatter, may be of common occurrence. The generalized test of equality of covariance
matrices will give a significant result in instances where the scatter ellipsoids are (1) unequally inflated, al-
though identicially oriented, (2) identically inflated but differently oriented and (3) a combination of these
conditions. Equations to the major axes of a scatter ellipsoid of morphologic variables represent growth pat-
terns in the variables. An approximate application of the asymptotic test developed by T.A. Anderson is used
here to identify structure of the heterogeneity between two covariance matrices where such exists. The fore-
going procedures are preliminary to a treatment of generalized distances in which the path taken by the com~
puter program is decided by structure of the covariance matrices of the samples. Depending on the nature of
the covariance matrices either the Mahanolobis' generalized distance is computed or the Anderson-Bahadur
distance for heterogeneous covariance matrices. Tests of significance of the results are provided and the lin-

ear discriminant function coefficients produced as a by-product.

INTRODUCTION

The generalized statistical distance is probably
the best known and most widely used of the multi-
variate techniques employed in taxonomic work. It
is used also widely in other connections.

Calculations performed by this program may be
conceived in terms of the geometric properties of two
ellipsoids, in this situation ellipsoids of scatter. For
the strict application of statistical theory involved,
it is necessary that the variables be distributed nor-
mally. The ellipsoid of scatter associated with a
multivariate normal distribution provides a represen-
tation of the variability of the population, directly
analogous to the variance of univariate statistics. In
univariate statistics one ‘vill wish to make sure that
in a comparison of two statistical populations on the
basis of samples drawn from them the variances of the
variable being analyzed are statistically identical for
both populations. One also will want to know if the
variables are distributed normally. The same reason-
ing applies in multivariate analysis. It is not diffi-
cult to test for homogeneity of univariate variances
but the multivariate analog is associated with cer-
tain drawbacks and difficulties.

If the variables are distributed as a multivariate
normal, the shape of a three-dimensional plot of many
points will approximate a football flattened equally
on two opposite sides. For a two-sample statistical
comparison to be valid one would require the foot-
balls to be of the same size and to be oriented in the
same direction with respect to all axes. It is possi-
ble to employ a large-sample test to ascertain wheth-
er each principal axis of the ellipsoid of one sample
is collinear with the corresponding principal axis of
the other ellipsoid. In the bivariate situation there

are four categories of difference to be recognized.
For three and higher dimensions the possibility of ro-
tation about axes has to be taken into consideration.

How serious a matter is it if the covariance ma-
trices are not equal? Experience shows that in most
neontological investigations, heterogeneity in covari-
ance matrices, although common, usually does not
cause serious inaccuracies in the generalized distance.
Geologic materials pose a more intricate problem.
Owing to the action of geologic ( nonbiologic) agen-
cies, such as transport, considerable heterogeneity
factors may be introduced into a sample. These fac-
tors may be of such an order as to cause serious in-
accuracy in generalized distance computations.
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and -24-7540G.

GEOMETRICAL INTERPRETATION

Suppose that the N vectors of a sample, X9 rees

XN (N observation vectors), with mean vector Ex =

U, and with covariance matrix E(x = () (x - u)' =%
are multivariate normally distributed and form an el-
lipsoid.

If one considers two p-variate normally distribu-
ted populations with the mean vectors Uy and Uy, ot

necessarily different (i.e., 0] and O2 in the diagrams

of Figure 1 may be coincident), and the covariance
matrices, T} and T, then if the test of equality of



these matrices be applied (Kullback, 1959) and it be
concluded, that b and Ty the following situation

may prevail. In Figure la, the ellipsoid of is merely
a translation of ellipsoid Qg Hence, AB = EF and CD

= GH, and AB is parallel to EF.
If the homogeneity test for covariance matrices
leads to the conclusion, that Z]#Ez,fhen one of the

following conditions may prevail (for two dimensions).
Figure 1b has AB parallel to EF and CD parallel to
GH; EF > AB and GH > CD. Hence, ellipsoid Qy

is a translation of ellipsoid o with magnification.

Figure 1c has AB = EF, CD = GH, AB is not parallel
to EF and CD is not parallel to GH. Ellipsoids Q,

and Qg have the same shape, but are rotated in re-

lation to each other. Figure 1d has AB # EF, CD #
GH, AB is not parallel to EF and CD is not parallel
to GH. Ellipsoids Q and Q5 are thus differently in-

flated and their axes are rotated in relation to each
other.

For three or more dimensions, the situation be=
comes more complicated. Figure le illustrates the
position for three dimensions. Here, two axes of el-
lipsoids Q4 and Q, are parallel to each other, AB is

parallel to EF, but not the remaining axes, owing to
rotation about AB and EF. Hense, CD is not paralled
to GH and 1J is not parallel to LK. In this example,
it has been taken that the ellipsoids have the same
shape, thus, AB = EF, CD=GH, and IJ = KL. Fig-

ure 1f indicates the positions if the second axes of of
and Q, are parallel and the first and third axes are

rotated about the second axes. A numerical example
will illustrate the foregoing. Consider the sample co-
variance matrices (N] =N, =51), S] ’ 52

Here, S is the pooled covariance matrix. Both of the
samples have the same mean vector, X 1= >'<2 =(1,1)'.

The determinants of these matrices are, det S 1= 1,
det 52= 1, det S=2. The generalized test for homo=

geneity of covariance matrices, in the form presented

in Kullback (1959, p. 317), is

21(H ]:HZ(*)) =n ]|oge(de'rS ]) +n2|oge(detS/de\‘S 2),
(M

where nS = n]S]+n252 and n=n]+n2 and ni=Ni -1

(i =1,2). This is approximately distributed as X2 with

2

p(p+ 1)/2 degrees of freedom, where p is the number
of variables. A better approximation available, how=
ever, for only a few dimensions, is given by the B-

distribution (Kullback, 1959, p. 317).
Applying (1) to the present example, one has,

8 =50 log_ (2/1) + 50leg_ (2/1) = 69.315,

which is significant. The problem of homogeneity
in covariance matrices is given detailed study in
Chapter 10 of Anderson (1958).

Inasmuch as the determinants of the covariance
matrices S] and 52 are the same, both of these must

have the same volume, because detA = (n = 1)P det$
is the squared volume of a parallelotope (Anderson,
1958, p. 167). (Here, A is the matrix of sums and
products, S the sample covariance matrix, n the sam-
ple size and p the number of variables.) Sy has the

eigenvalues d] =2.618, d2 = 0.382 and the nor-
malized corresponding eigenvectors are

.8507 .5257

14 b2= .

-.5257 .8507
Matrix 52 has the eigenvalues 9 = 2.618, 9, =

0.382 and the corresponding, normalized eigenvec-
fors are

C]—

.8507 - .5257"
c =

r2
5257 .8507J

The ellipsoids have the same shape, but are orienta-
ted in relation to each other at an angle of

cos v = 0.44733, v=63"25".

APPROXIMATE TEST OF ORIENTATION OF ELLIP-
SOIDS

In order to disclose relative heterogeneity in
the orientation of the axes of two ellipsoids of scat-
ter, if the generalized test (1) indicates T # Tor

it is sufficient to demonstrate that the first two axes
are parallel to each other in order to localize the
inequality in the covariance matrices to condition
(b) of Figure 1. This demonstrates that the hetero=
geneity is due solely to a greater degree of scatter
in the points of the observational vectors forming the
ellipsoids.

Some interest may attach to comparing the re-
lative differences in the inflations of ellipsoids Q4

and Qg This may be gauged approximately by com=

paring the eigenvalues of matrices T and e Let
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Figure 1.-a, Ellipsoids in translation; b, ellipsoids in translation and one with magnification; ¢, ellipsoids
in rotation; d, ellipsoids in rotation and one with magnification; e, position for three dimensions;
f, three-dimensional position with two axes rotated.
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&1 >eee > 6p > 0 be the p eigenvalues of the posi-
tive definite matrix Z] ; then | 2‘,] -5l 1=0, and
YqreeerYp are the correspondingi normclilzed eigen-
vectors which satisfy 1Y; and 5.y and Yiv; = 1.
Likewise let % 1 >..00>) >0 be the p eigenvalues
of the positive definite matrix Toi | Ty = Al =0
and B Jreeeer B the corresponding normcllized ei-
genvectors which satisfy £y B =,)‘iBi and BiBi.z 1.
If the &, and ), are different, VY= 0 and BiBi - 0.
The length of the i-th principal axis of the ellipsoid
of scatter is related to the magnitude of the corre-
sponding eigenvalue, in the sense that it constitutes
the variance of the i-th principal component.

For the first eigenvalue and eigenvectors of co-
variance matrix 3 we have that

] -1 _ -1 _
and, ,
and similarly for Toe If, say, the first eigenvector
of Sor Bys has the same direction cosines as the
first eigenvector of s Yqr then 5]511 }j.'_] By = 1
and (1/5 ])B']z] By = 1. Anderson (1963, p. 144)

has put forward a procedure for testing the null hy-
pothesis, that a given eigenvector (principal com=
ponent) is a specified vector. The procedure is based
on the limiting normal distribution possessed by /n

(c 17y ]), where vy is the first eigenvector of a pop-

ulation covariance matrix and ¢ @ sample estimate

thereof, based on a sample of size (n+1). As an
approximate test of the hypothesis that a given eigen=
vector is the i-th eigenvector of a large sample esti-
mate of a covariance matrix, it is suggested, that the
following version of Anderson's test criterion might
be applicable

n(dibi'S]_]bi + (l/di)b'iS]bi - 9). 2)

Here, (n+1) is the sample size of S], the esti-
mate of Ty cli is the sample estimate of 8 and bi
that of By s the latter being based on a large sample.
If T1=Zy, then Y; =8 - This criterion has, of

course, more variables than the original form given
by Anderson and must, therefore, be more susceptible
to fluctuations.

Test (1) may then be computed. The quadratic
forms of (2) may be calculated separately and the
test worked out as a subsequent step. The first test
criterion is asymptotically distributed as 2 with p

(p+1)/2 degrees of freedom, where p is the number of
variables. The Anderson test criterion is distributed
as y2 with (p-1) degrees of freedom. In judging the
significance of a result, it seems advisable to take the
1% level as the highest level of risk, rather than the
customary 5%.

GENERALIZED DISTANCE CALCULATIONS

The Mahanalobis' generalized statistical distance
squared is yielded by the relationship
p? = a5 g, )
where d is the vector of differences between the sam-
ple mean vectors of the two samples and S is the pool-
ed covariance matrix for the two samples. The statis-
tical significance of this result is assessed by means of

the Hotelling T2, which is related to D2 as follows

2 _ p2 NN,
N, +N,

T

(4)

where N ! and N2 are the sizes of the two samples

involved. The final step in finding the significance
of the generalized distance is the calculation of the
variance ratio (F) by means of the following formula

F=g2(Nyj+N, = p =)
p(N]+ N2—2

Here p represents the number of variables .

Anderson and Bahadur (1962) considered a generalized
statistical distance for unequal covariance matrices of
the following form

2b'd
(b's 1 b) + (b'Szb)

)

DH=

(6)

Here, d is again the difference mean vector, b is an
analog of the vector of coefficients of the Fisherian
discriminant function and S 1 and Soare the respec-

tive samples covariance matrices. |f the covariance
matrices are equal this formula reduces to formula (3).
Formula (6) is not connected with a test of signifi-
cance. In order to obtain a significance test based
on T2 where the covariance matrices are unequal one
may proceed by means of a distance method proposed
by Reyment (1962).

DESCRIPTION OF PROGRAM
Operating Instructions

The following INPUT cards are required.
Card 1: The number of JOBS occurring in the
current sequence in FORMAT (3X, 12).
Card 2: The following information is punched on

this card in FORMAT (2513), in the



order given,
1-3. M = number of varidbles.
NA =size of the larger sample.

Column

7-9. NB =size of the smaller sample.

10-12. MATRIX = 0 if observation vec-
tors are read in and = 1 for data
in matrix form.

13-15. L =1 for cross—products matrices
and = 0 for covariance.

16-18. LOGDEC = 1 if the data are
transformed to the base ten log-
arithms and = 0 for raw data.

19-21. LDISCR = 1 if the Mahanalobis'
generalized distance is comput-
ed in addition to the heterogene-
ous distance if this branch has
been chosen by the course of the
program, )ol'herwise put = 0.

22-24. INVST (1)} intervals for histo-

25-27. INVST (2)} :

28-30. INVST (3) gram subroutines

31-33. KREYD. Supply here the num-

ber of times program REYDST is
to operate.
Card 3: The TITLE card.
Card 4: The FORMAT card for reading the data.
Card 5 and subsequent cards: either the data x (1)
in matrix form in accordance with the format given by
Card 4 or the data as vectors of observations. Sample
A is always to be located before sample B, the small-
er sample. Thus, for the matrix option, matrices A
(I, J) and B (I, J) and vectors SA (1) and SB () are
read in at this point. The larger sample should be
greater than 100 observations for the theory used in
this program to have full validity.

Mainline Program ORNTDIST

Calculations either are made directly on the covari-
ance matrices (or cross-products matrices) of samples

A and B and the corresponding mean vectors or such

are computed from the observations. The main pro-
gram produces the basic information required for the
statistical tests and calculations. In addition to the
covariance matrices and mean vectors the program com-
putes the eigenvalues and eigenvectors of matrices A
and B as well as those of matrix C, obtained by pool-
ing A and B.

Subroutines BAHADU and HETDST

The subroutines perform the heterogeneous distance
calculations of Anderson and Bahadur (1962). The
value of the expression

2b'd
Jib's b)+ J(b'szb)

is found, where d is the difference vector between sam=
ple means, S 1 and 52 are the sample covariance ma-

trices and b is a vector estimated iteratively in the
two subroutines by trial and error solutions of

b= 115, + (1-1)5,} 14, %)
t being a scalar term located between zero and unity.
The value of t, initially guessed, is improved itera-

tively from

b' 175, = (1-925,1b =0. (8)
Convergence is checked for in HETDST. For each
iteration the output from BAHADU consists of the het-
erogeneous generalized distance, its square; t and the
iteration factors are given from HETDST. The analog
of the coefficients of the discriminant function SB(l)
also are printed out.

Subroutine DISTFN

The subroutine computes the Mahanalobis' general-
ized distance for homogeneous covariance matrices.
The output consists of the discriminant function co-
efficients,_the generalized distance, its square, Ho-
telling's T2, the corresponding variance ratio and de-
grees of freedom for it. The calculations are based
essentially on the expansion of a quadratic form.

Subroutine HAFCOV

The subroutine computes a heterogeneous generalized
distance by averaging the covariance matrices S 1

and 52. The calculations then proceed as in DISTFN.

The output comprises a generalized distance and its
square. HAFCOV provides a valuable check on the
calculations in other parts of the program but it is

not a vital section and may be excluded from the pro-
gram by punching C in column 1 of CALL HAFCOV
in subroutine HETDST.

Subroutine ORIENT

The subroutine is called from the main program. It
operates on eigenvectors of the comparison matrix,

in conjunction with the reference matrix, to test the
significance in differences in orientation of the scat-
ter ellipsoids. The computations are based on for-
mula (2). The subroutine does not treat eigenvectors
whose eigenvalues are less than one percent of the
trace.

Subroutine REYDST

The role of the subroutine is to calculate a formal test
of significance for the differences in means if the co-
variance matrices are not equal. [t is based on an
iterative randomization procedure and is operated in
conjunction with subroutines RANKRT and CLEAR.



REYDST is called from HETDST. The details of the
calculations are the same as for DISTFN. The sub-
routine is erratic if deviations from multivariate nor-
mality occur and tends to overestimate the general-
ized distance. This becomes particularly noticeable
for many dimensions. The calculations are time-
consuming owing to the randomization procedure.
For four variables and 30 randomizations the entire
program took 5.36 minutes of which about 85% was
taken by REYDST. Clearly, the user of the program
may consider this to be too uneconomical to make
the significance test worthwhile. The instruction
KREYD if put = 0 causes REYDST to be omitted.
Otherwise the number of iterations required is speci-
fied here.

Subroutine RANKRT

This selects cards randomly from the stored decks of

data cards. The use of RANKRT requires two random
access (RA) control cards on the CDC 3600 - e.g.

7

9EQUIP, 10 = RA(10000). CLEAR must be called to
initiate the use of RANKRT.

Subroutine HOUSER

This is a standard subroutine for computing eigenval-
ves and eigenvectors of a square symmetric matrix by
the Householder method. The matrix is reduced to
tridiagonal form, the eigenvalues of the tridiagonal
form are computed then by the Sturm sequence pro-
cess and finally the eigenvectors are obtained by the
Wilkinson inverse iteration method.

Subroutine PUTMAT

This subroutine writes a matrix on a scratch unit as
one logical record. The matrices A, B, and C are
stored in this manner.

Subroutine GETMAT

This reads one of the matrices A, B, or C from the
scratch unit generated by PUTMAT.

Subroutine MATOUT

This prints out a matrix on the printer unit. Columns

and rows are marked.
Subroutine JZUP2

This subroutine carries out a substitution of the origi=
nal measurements, or the logarithmically transformed
measurements, into the vector of discriminant func-

tion coefficients. The values are plotted as a histo-

gram by PLTHST,
Subroutine MATINYV

This is a standard subroutine for carrying out the in-
version of square, symmetric matrices.

Subroutine DISTRB

This calculates the coefficients of skewness and kur=
tosis for each of the variables for both samples. The
large~sample standard deviations of each coefficient
are found and an approximate t-value calculated,
The foregoing results as well as the means and stan-
dard deviations for each variable are printed out.

Subroutine PLTHS1

This is a standard subroutine of the Computation Cen-
ter of The University of Kansas for printing histograms.
It is called from the subroutines DISTFN, and HETD -
ST through JZUP2. The resulting histogram of sub-
stituted values gives a valuable pictorial represen=
tation of the efficiency of the discriminant function

in separating the two samples.

NOTE ON PROBLEM EXAMPLE

The example used to illustrate the program consists of
measurements on male and female grasshoppers from
Gotland (Omocestus haemorrhoidalis L). The variables
are X] = length of hind femur, X2 = pronotal length,

Xy = elytron length and X, = the least width between

the ridges of the prormotus. The example used here is
an entomological one, but any type of normally dis=
tributed multivariate data are amenable to distance
analysis by this program, and it may equally as well
be applied to sedimentologic, anthropometric, geo-
chemical and sociologic studies just to mention a few
possibilities (Reyment, 1969).
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APPENDIX A. -Program Listing.

LISTABLE QUTPUT PROM SEQUEMNCE ugs0ey

UDAC DRUM SCOPE 4,020, TWO DRUMS

SEQUENCE NUMBER U030¢7 STAKTED AT TlrE 063358 TL[ATEr 28/03«69
JOB,104104,REYMENT, 3, BUD PALEONTOLQGEMN

DBMAND, «3000

EQUIP,1U=sRA(Z5000)

EQUIP,11=RA(25000)

EQUIP,26=(104104 ORNTDIST,,»,999

FTN,L.X=26,*

PROGLRAM ORNTD]ST

C LIST UF SUEROUTINES

C HOUSER = COMPUTES EIGENVALUES ANL EIGENVECTORS

¢ ORIENT = COMPARES QRIENTATIONS OF EIGENVECTORS

¢ HETUST <« COMPUTES ANUEREON/BAHADUR TISTANCE

¢ BAHADU = PERFORMS STEFS [N THE ITERATIVe CALCULATION OF HETDST

C REYUST = COMPLTES SIUNIFICANCE OF A HETeROGENEOUS DISTANCE

G HAFCOV = GIVES A HETBRFUGENEQUS DISTANCE BY AVERAGING CRAVARIANCES
C DISTFN = FINDS THE MARANOLOBIS DISTANCE

¢ RANKRT MATINV JZUPZ

¢ PUTMAT GETMAT MATOUT
¢ PLTHS1 = PLOTS H]STCGRANMS

¢ DISTRE = TESTS THE LISTRIEUTIONS OF EACe OF TI'R VARJABLES

C
Ct**tt****t****tti**'***'******t*t***i*i****ﬁt**t*t*t*ﬁt****‘t*i*tii#*tttt*t*'tt

EXPLANATION OF CONTRUL CARDS

CARD 1 JOGBS ®# NUMEER OF JOBS EEINg RUN IN SEQUENRE

CARD 2
cuL 1=3 M & NUMBER OF VARIABLES (MAXIMUM ® 45)
COL 4-6 MA B ]S SlZE OF THE LARGER SAMFLE (MAXIMUM=200)
COL 7=9 NB = BILE CF SMALLER SAMFLE (MAXIMUM=500)
CUL 1U-12 MATRIX & 0 FCR SERIES CF MeASUREMENTS AND 1 FOR

LATA REAL IN IN MATRIX FCRv ,1,E. PARTIALLY PROCESSED)
CUL 18-45 | = 4 FOR INFUT DATA AS CRCSS=PRODUCTS MATRICES
L = C FUR COVARIANCE MATRICES AND SERIES @F
MEASUREMENTS
COL 16-48 |.CGDEC % 1 IF LOGARITHNIC TRANSFORMATION QF RAW DATA
FEGUJREN AND 0 IF THE [ATA ARE NOT TO BE TRANSFORMED
COL 19Y=21 LDISC = 4 ]F THE NORMAL FOrM OF THE GENERALIZED
DISTANCE IS TO BE COMPLTED IN ADDITION TO THE
L:-]1SICN MADE BY THE PROGCRAM = THIS IS A USEFUL
CONTRQL STEP
CCL 2¢-24, 75-27, <ge=0 INVST = NUMEER OF INTERVALS FQR EACH
FISTOGRAN: IF NO SELECTION ALTERNATIVELY ZEROES
FROGRAM FICKS INTERVAL OF 71EN
COL 3133 KREYD = NUMBER OF TIMES IN THE REYDST=|[0OR
CARU & THE TITLE GARLC WITH THE HEALCING IN 72 SPACES
CARL 4 THE VARJAELE FURMAT CARD FOR THE DATA
CARD 5 THE DATA IN ONE OF THE PRESELECTED FOQRMS
THE LARGWER SANMPLE MUST ALWAYS BE READ FRST
DIMENSIUN E(45,45))F(45,45),AEGVAL(45),=EGVAL(45),CEGVAL(45),
1 TDATA(S0),FMT(L12)»TITLE(L2)
COMMQON A(45,45),B(45445),0(45,45),SA(45),5B(45),8C(45),DIFF(45),
1 T(45),X(45),Z2(A5) )M sNA,NE,K)MW,MATRIX, | DISCR,LOGDEC, INVST(3),1T,
2 MATPOS,KREYD

cococococococaoocaoccocacoccocaoaoaoococoaoaaa



COMMON ZUNITS/ LINsLUTaMTA,MTB,MTMAEC,MTARA,MTBRA

DATA(TDATA® 0.0,9,21¢11,34,13,28,15,05,16;81,18,48,20.09,21,67,23,
121:'4-7Za26.2?.27p59129.14,30.58032.00:33?4103‘.81;35.19037'57,35.
2931“0l2?o41.6ﬂ,42098146931‘45.64n46.96148:28059.59550.ag)

CeF ly- DATA IDATA/.0.9.21131,34,13.28.15,09,16:81.18.48.20.09a21.67,23,
F 121‘24’73526g22‘27'69‘29!14‘30’58'32000’¢3?‘1‘3“'81'36':9.37.57’38'
¢ 293,40.2Y,41,64,42,98144,31,45,604,46,9€,48728,49,59,50,89/
¢
G
Usew=-=- LIN IS THE STANRARL INPUT UNIT (CARD READER)
LIN¥60 _
Czeee--- LUT IS THE STANDAKL CUTPUT UNIT (PRINTER)
LUT=61
Cesewr=- MTA,MTB,MTMAEC,MTARA AND MTBRA ARE SCRATCH UNITS
Cosewm=- wawuvwwr SCRATCH TARE [ SAGE **w*swaw
Csse=--~ 1APE MTA CONTAINS SAMPLE A
MTAZ51
R TAPE MTE CUNTAINS SANPLE B
MTBF52
Cssee--- MTMABC CCNTAJNS MATRJGES A,B AND C IN TH]S GRDER,ONE PER RECCRD
MTMABC=b50 :
Usse=--~ KANDUM ACCES UNIT® ARE USED ONLY IN wEYDST AND RANKRT
R MTARA IS A RANDOM ACCESS UNIT WHERE sAMPLE A IS STCRED
MTARA=1U '
(sse=-=- MTBRA IS A RANDOM ACCESS UNIT WHERE sAMPLE B IS STGRED
MTBRAS1]
READ (LIN,380) JOBS
KLOBS & 0
MW=45
Csse=--- HERE BEGINS A NEw C(YCLE

1111 CONTINUE
REWIND MTA
REWIND MTH
REWIND MTMAEC
REAU C(LINy3) M,NA,NBsNATRIX,L,LOGDEC,LDISCR,)INVST,KREYD
IF (M ,LE. 0) CALL EX]T
IF (M ,LE, MW ,AND, NA ,LE, 500 .ANL, Ne jLE. 500) GO 70 33
WRITE (LUT ,122) M,NA,NE

33 Do 10103 IX = 1,3
10403 IFCINVSTCIX)LLELO)INVETCIX) = 10

DO 1620 I=1,M
SA(1)Y=0,0
SB(])=0,0
DO 1620 J=1,M
ACLyJ)=U,0
B(I,J)=eU,0Q
C(l,J)=U,0

1620 CONTINUE
WRITE (LUT,207)
IF (LOGUEC ,EG, 1) WKITE (LUT,4%0)
EM=aM
ENABNA
ENBENB
REAL (LIN,1) TITLE
WRITE (LUT,333) TITLE
READ (LIN,1) FMT
WRITE (LUT,40C) FMT
IF(MATRIX.GT,0) GO TU 5000
WRITE (LUT,71C) NA,NB
WRITE (LUT,5100)



NABENA
DO 6009 IREP=1,2
Cssee--~ WHEN IREP ,EQ, 3 'STCRE SAMPLE A ON »TA
Csseem== WHEN IREP ,EG, ¢ STCRE SAMPLE B ON VTB
LUNBMTA
IF (IKREP .EQ., 2) LUN®MTE
DO 6008 IVR1,NAB
READ C(LINGFMTY (XCIX),Ix314,M)
WRITE (LUT,5020) (X(LX),IXxs1,M)
IF (LUGUEC ,EG, 0) GU TC E051
DO 5050 IX=1i,M
5050 X(IX)s ALoslotx(I )
5051 WRITE (LUN) (X(IX) IXs3,M)
625 CONTINUE
627 IF(JREP,EQ.,2) GU TO 6425
Do 626 1:1 M
5A(1)“SA(I)*X‘I)
DO 626 J=1.M
626 ACIiJIwACL, )X (1)wXE)
GO 10 6008
635 DO 628 Jsi,M
SB(I)=SE(])eXt])
DO 628 Jmi,M
628 B(Io)mB(l,d)=»X(])ex(.)
6008 CONTINUE
IFC(IREPEQ.2) GC TOQ 6006
NABRNE
WRITE (LUT.5105)
6009 CONTINUE
655 DD 660 [=zi,M
DO 660 Jsl,M
ACT ) atAC],J)=SACTI)*EA(J)/ENA)/(ENA=T )
660 B(I1,J)m(B(I, J) SB(1)*8B(J)/ENB)/(ENE=1,)
DO 199 lx=
SACIX)mSAL X)/EN
199 SB(IX)=bB(IX)/ENB
CALL DISTRB
G0 TO 1117
5000 WRITE (LUT,5100)
Luo 10 1B1,M
10 READ (LINSFMT) (ALL W) auRL,M)
CALL MATOUT (A)
WRITE (LUT.5105)
DO 30 1®i,M
30 READ (LINSFMT) (Bl w)au31,M)
CALL MATOUT (k)
READ (LIN)FMT) (SACIX)plX=g,M)
READ (LIN,FMTY (SBCIX),IXsg,M)
IF(L,LE;0) GO TO1117
1116 DO 1121 I=1,M
DO 1124 Jml,M
1121 ACL,J)wACT, )/ (ENAmL )
DO 1122 1mg,M
DO 1122 Jm1,M
1122 B(loJ)mbB (1, )/ (ENB=1})
1117 DO A0 I®1,M
Do 90 JR1 M
40 CCl,J)mt(ENA=L Y%At s ) CENB=1,)*B(],.))/(ENA®ENB=-2,)
WRITE (LUT,1120)
CALL MATOUT (A)
¢ MATRIX A IS REFERENCE
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WRITE (LUT,1129)
CALL MATOUT «(B)
WRITE (LUT,1118)
CALL MATOUT (C)
CALL PuTMAT(A)
Do 5432 IX#1, K
5432 SC(Ix)mSBCIXY=SA(IX)
WRITE (LUT,3333)
WRITE (LUT,3323)
CALL HOUSER (M,M, A ARCGVAL,1.,E)
WRITE (LUT,741¢€)
WRITE (LUT,1452)
WRITE (LUT,20) (AEGVAL(IX),IX=1,M)
wRIIE (LUT,1493)
CALL MATOUT (k)
DETA=D,
DO 80 1X=1,M
IF CAEGVAL(IX) LE. 1.E=06) GO 70 561
80 DETARDETA*ALOG(AEGVAL(IX))
CALL PUTMAT(B)
MATRIX B IS STOREDR
WRITE (LUT,3333)
CALL HOUSER (M,M,BsBEGVAL,1.:F)
WRITE (LUT 14%4)
NRITE (LUT;20) (BEGVAL(IX),IX81,M)
WRITE (LUT,149%)
CALL MATOUT (F)
DETBsO
DO 100 Ixmi,M
IF (BEGVAL(IX) JLE. 3.E=0¢) GO TO 561
100 DETbaDETeﬁALOG(EEGVAL(Ix))
CALL PUTMAT(C)
MATPOSad
NRITE (LUT.3333>
WRITE (LUT,3333)
CALL HOUSER (M,M,CisCECVAL,1.,F)
WRITE (LUT,14%7)
WRITE (LUT,20) (CEGVAL(IX),IXs1,M)
WRITE (LUT,1458)
CALL MATOUT (F)
DETC®O,
DO 120 Jxwi,M
IF !CEGVAL<IX) LEs 1.Bs0¢) GO TO K61
120 DbTCaDETC*ALO((CEGVAL(lX)J
WRITE (LUT,90)
WRITE (LUT,14C) DETA,LETE,DETC
BSQ®R(ENA-1,)*«(DETC=CETA)*(ENB=1,)*(CETC=DETB)
BETASQn((E *FLOAT(M)*osoa *FLOAT(M)w#2=5 | OAT(M))/12,)»
1(1. /(ENA “1)*1,/CENE"1,)=1,/(ENA+ENE=Z,))
WRITE (LUT,71€)
WRITE (LUT,14C) BSQ,RHETASE
KT & Me(M*1)/%
WRITE (LUT,151) KT
TRACE ® 0,
DO 170 }x=®1,M
170 TRALEﬂTHACE*BEGVAL‘IX)
WRITE (LUT,180) TRACE
DO 200 Jx=1,M
200 Z(IX)=(bEGVAL(IX)*1OU Y/ TRACE
WRITE (LUT,220) (ZCIX)alXmg,M)

11



500

230
10000

5551
5652
561
1000
365

CALL GETMAT (F,2)

DO 500 Tad,M

DO 200 J=mi,M

A(I, J)uH(I J)

MATRIX A IS FOR INVERSICN
CALL MATINV (A,M,CBGVAL,Q0,DETERM,MNW)
KOUNT w 1

WRITE (LUT,160)

DO 230 KL = 1,M

IFCZ(KL) JLE,2,) GO TO 20000
CALL ORJENT (E,BsMiX2AsKOUNT.ENR.BEGVAL)
KOUNT s KOUNT » 1

CONTINUE

CALL GETMAT(A, 1)

CALL GETMAT(B,R2)

IF(KT, GT 30) GO TO 5aE}

TEST 8 TDATA(FT?

WRITE (LUT,10598) TEST

GO TG 5052

TESTR0, D% (2, *(ENAENB=1,)40,96)
WRITE cLuT,42F) TEST
IF(TESTIGT BSE&) CALL DISTFN
IF(TEST,LE.BSL) CALL 'ETRST

GO 70 1000

WRITE (LUT,56¢%)

KLOBS » KLOBS » &
IF(JCBS=KLOBS) 365,36%,1111
WRITE (LUT,360)

CALL EXJT

FORMAT(12A6)
FORMAT (2513)
FORMAT(AXs11F232.5)
FORMAT(27H0 LCG DETERMINANTS /41H REFERENQE COMPAR]SO
N FOOLED )
FORMAT (2X,F7.3,6XsF7,3,9%,F7,3)
FORMAT (30HONUMBER CF VAR!ABLES TOO HIGr= ,[4,%H, NA®,34,4H,NBR]4)
FORMAT(L7H B SGUARE & ,F14.7/20H BETA SQUARE = ,F14,7)
FORMAT(47H DEGREES OF FREEDOM 3 13)
FORMAT ($1H1 ORJENTATION OF ELLIPSOIDS )
FORMAT(13KQ TRACE B = F18&,7)
FORMAT(D0HY ANALYSLS .CF WOMOGENEITY Or COVAR]JANCE MAYRICES)

) FORMAT(Q3H0 PERCENTAGES FOR B(I)/(X,8F14%7))

FORMAT(l0X12A6)

FORMAT(Ll8HL C(YCLE .COFMPLETED/12HO0 RETURNING)
FORMAT(8X,12)

FORMAT (38HODATA CARUS READ WITH VARIABLE FORMAT ,1246}

> FORMAT(23HD THE FORKING VALUE = F14,7)

FORMAT(<9KHQ PLATA LOWARITEM TRANSFORMED)

FORMAT(20HONEGAT]IVE EIGENVALUF, PROCEEDING TO NEXT DATA SET )

FORMAT(48H0 FEFERENGE SAVPLE SIZE EASEL ON PQPULATION OF ,13/20H0
1 COMPARISON SAMPLE DI4E 1S ,13)

FORMAT (1HO)

FORMAT(20H0 ROW POCLED MATRIX)

FORMAT(47H0 RGW COVARIANCE MATRIX 2 ( COMRARISON MATRIX) )

FORMAT(47HO RCW COVARIANCE MATRIX 1 ( REFERENGCE MATRIN ) )

FORMAT(35H0 F]GENVALLES FOR REFERENCE MATRIX)

FORMAT(36MD F]GENVECTQRS FOR REFERENCE MATRIX)

FORMAT(S6H0 EJGENVALLES FOR COMPARISCN MATRIX)

12



1495 FORMAT(S7HD EJGENVECTQRS FOR COMPARISON MATRIX)
1497 FORMAT(S2H0 E]GENVALLES FOR POOLED MATRIX)
1498 FORMAT(S3HD EJGENVECTQRS FOR POCLEL MATRIX)
3333 FORMAT (6HOwwwvw)
5020 FORMAT(1XL0F13,7)
5100 FORMAT(23H0 FIRST DATA INPUT SET)
3102 FORMAT(24H) SECOND HATA INPUT SET)
10598 FORMAT(L0HQ TEST # £14,7)
END

SUBROUTINE GETMAT (STMAT,KATNR)
Use-=--- GETMAT READS THE MATAR,TH MATRIX FROM LOGICAL UNIT RTMABC 70
Use==--- THE FARAMETER STMAT,
bsse=--- MTMABC CONTAINS 3 RECORDS WHMICH CONTAINS RESP MATRIK 4,
Coc----- MATRIX B AND MATRIX C,
Cos----- IN THE VARJABLE M&TPCS S INDICATEL wHICH MATRIX WA READ LAST,
Ues-=--- GETMAT MUST NOT BE CALLED UNTIL PUTMAT WAS WRITTEN XLL 3
Ces----- MATRICES E.G. FUTMAT HAS BEEN CALLED THREE T]MES,
DIMENSIUN STMAT(45,49)
COMMON A(45,45),B(45,45)5C(45,45),8A(45),88(45),SC(45)3DIFF(45),
1 T(85),K(4E),7(45) )MaNANE, K, MW, MATRIX, | DISCR,LOGDEC, INVST(3),1T,
2 MATPOS,KREYD
COMMON /UNITS/ LINsLUT#MTA,MTB,MTMABC,MTARA,MTERA

L=MATNR
Coe-=--- J IS THE NUMBER CF RECCRDS TO SKIP FCRWARD (IF J ,GY, 0) OR
Csse-~-~ BACKWARD (1F J ,LT. 0)

JzL =4 -MATPOS
ss==~=- IF J EQ, G MATMABC |S ALREADY RCSIT]ONED.
IF (J) 10,20,30
10 J=~J
Csce=--~- BACK OVER . RECORUS
Do 11 uisi,u
11 BACKSPACE MTMABC
GO T0 20
Cec==--- SKIP OVER J RECORUS
30 DO 31 Jis=i,J
34 READ (MTMABC) J2
Cee==~-~- READ THE MATRIX
20 READ (MTMABC) ((STMAT(I,JdC),J031,M),151,M)
Cese=--- UPDATE MATFOS
MATPQOSsL
RETURN
END

R &

SUBROUTINE PUTMAT(STMAT) NI WTMARC
Gs==~=- PUTMAT WRITES THE MATRIX STMAT ON LOGIUAL UN '
ga;.-,-- ﬁBTMAT EXPECTS THAT MTMABC [S REWOUNL BEFORE FIRST RATRIX IS
Ca‘a-"""" STQRbDo A
Css==--- FJRST CALL ]S FOR .STCRING MATRIX A, SEGOND FOR MATRIX B AND
Csseem~~ THIRD FOR MATRIX C,
Ceso---=- EACH MATRIX WILL chqu ONE RECORD,
i DIMENSIUN BTMAT(45,4%) .
COM&ONIA(45.4§);BtﬁS&AS)rC(45.45).SA(45).88(45>oSC(49)aDIFF(45)n
1 T(A5),X(45),Z(45))MsNA)NE, K. MW, MATRIX,LDFSCR, LOGDEC, INVST(3),1T,
2 MATPOS,KREYD
COMMON /UNITSZ LINsLUTHMTA,MTB,MTMAEC,MTARA)MTBRA
WRITE (MTMABC) ((STMAT(laW),Jz1.M), kel M)
RETURN
END
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SUBROUTJINE HOUSER (NaNEV L ,EV,VEC,V)
Ceow=r== COMPUTES EIGENVALUES~E]GENVECTORS=-~SYMMETRIC MATRIN
DIMENSION A(45),B(502,C(45,45),EV(45),P(48),TA(B0),TH(S0),W(50),
1 Y(45),V(45,45)
NNEN<2
DO .16 1®1,NN
SUMiR0
B(1)a0
Jimjeg
DO 14 J mJyl,N
14 SUML ® SUML » (C(IaJdeClI,u)
S=SQRT (UML)
IF(8)15,16,15
15 SGN®SIGN(1,,Ctl.1*4))
TEMP ® B5GNw(Ctl, 1#1))
W(l*s)mSORT(,Bet1,0s(TEMP/S)))
Cly Iad) » W(le1)
I1my+2
IF(11=-N)250,280,260
250 TEMPaSGN/(R,*W(Iel)ed)
Do 20 Jm1l, N
W(J) @ TEMPwC(]:d)
20 C(I,d) ®» WCJ)
260 B(]) .® =SGN=*S
DO 22 L m JI,N
SuUMe = 0,0
DO @3 M:m JI,N
214 SUMZ = SUMZ + (C(LaM) % W(M))
ee P(L) '® SUMEZ
XKA?:' O&D
DO 23 K ® JI,N
23 XKAP .® XKAP + (W(K) * PtK))
DO 24 L .8 JI,N
24 P(L) 3 P(L) = (XKAP * W(L))
DO 26 J-® JI,N
DO 256 K .® J,N
CUJaK) ® CUK,Jd) = (230 @ ((P(J) * WEK)) & (P(K) * W(J)}))
25  C(KoJ)mCtd)K)
26  CONTINUE
16  CONTINUE
17 DO 18 K ® 1,N
18 A(K) = G(K,K)
B(N=1)u=B(N=1)
B(N) = 0,0
00‘500 l-.,lcN
500 W(Il) = B(D)
Coeeer-= STURM METHOD (MODIFIED FROM SAND HCUSESR)
29 UsABS(A(1))«ABS(B(4))
DO 30 1m2,N
BDRABS(A(]))+ABS(B(I))*ABS(B(}=~1))
30 IF (RD ,GT, U) UwBD
UZanQQ
DO 32 1mi,N
B(IImB(])ww2/UR
ACT)mACIY/U
EV(l)®al,
32  CONTINUE
8DsU
Uﬂll
DO 1500 Kwi,NEV
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EL=EV(K)
38 ELAMa.5e(UsEL)
IF (ABS(ELAM=U) (LT, 1¢E=20) GO TO 34
33 IF (ABS(ELAM=-EL) LTy 1,B=20) GO TO 34
35 POwY.
P1=A(1)y=ELAM
INSIGR2RY,
820,
gimB (L)
IF(P1)405%,1052,1082
1051 ZNSIGlme1,
1AG®(
GO TO 1053
1052 ZNSIG1w},
1AGRY
4053 DO 200 J=2,N
ALPHRA(])Y=ELAM
IF(B1)435,111.415
111 P2=ZNS1GL1wALPH
GO TO 114
115 1F(H2)1316,117,416
116 IF (ABS(Pl)»ABS(PD) «GB, 1,E~20) GO TC 152
151 Pisl,E2U«P2
POrl,E2U«PQ
152 P2sALPHYPL~BL#R0)
Go To 114
117 P2rALPH*RPL~ZNS]GReH1
114 POaPy,
B2=By
Bl=B(I)
Pisk2
INSIGR®ANSIGL
IF(P2) 121,128,122
121 INSIGlm=1,
GO TO 123
122 ZNSiGisi,
123 IF (ZNS]GA#ZNS1G2 ,LE. 0? GO TD 100
125 1AGR]AG*g
100 CONTINUE
IF (1AG .GE, K) GO TO 4@
42 U=ELAM
GO To 38
40 MaK=4
DO 41 MM=M, 1AG
41 EV(MM)sELAM
EL=ELAM
GO To 38
34  EV(K)RELAM
1500 CONTINUE
Do 1060 I=1,N
A(I)mA(])*BD
EV(I)=EV(])*BD
1060 CONTINUE
43 IF(VEC) 44,700 ,44
44 L = NEV = 1
DO 502 K = 1,L
IF (BEV(K) ,GT., EV(K«+1l)
501 EV(Kal)R,999980999¢EV ¢
502 CONTINUE
Do 600 | = 1,NEV
11 = 0

) GC 71O 502
K)
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DO 503 Jmi,N
503 Y(Jisi,
601 DO 504 Ksi,N
P(K) = U,0
TB(K) m W(K)
504 TA(K) ® A(K) = EV(])
L = N~
DO 505 J:® 1,k
IF (ABS(TA(J))=ABS(WUU))) 507,506,506
506 F om W(J) / TACLJ)
GO To 509
507 F = TA(JI/WCJD
TACJ) 8 WL
T = TA(Jwl)
TA(Jel) = TB(J)
TB(J) » T
P(J) & TB(J+1)
TB(J-@)!0,0
IF(Il=1) 509,508,509
508 T 3 Y(J)
Y(J) B OY(J*1)
Y(J*1) & T
509 TB(Jal) = TB(J#l) =F*F(y)
TA(Jel) 7 TA(Jel)=FeTE(y)
IF(l1~=1) 505,510,30P
510 Y(J*L) B Y(Jelh) = FeY(J)
505 CONTINUE
IFCTACNY) 511,512,412
512 TA(N) w 10,E-30
5141 IF(TA(N=1)) 513,514,213
514 TA(N-1l) = 10.k=30
543  Y(N) ® Y(N)/TA(N)
YON=4) B (Y(N=0)=YCN2oTECN=1))/TA(N=1)
L. ®» N-2
DO 515 W & 4,)
K = N-~j=1
IF(TACK)) 545,516,51F
516 TA(K) wm 10.F=-30
515 Y(K) = (Y(K) = Y(Kel}aTEC(K)-Y(K+2)*F(K))/TA(K)
IFCl]) 917,548,517
518 11 = 1
GO To 601
517 DO 521 Jsi,l
T = 0.0
K=N=J=14
M B K+t
DO 519 KKeM,N
5149 T & T+C(K)KKI*Y(KK)
DO b20 KK®M,N
520 Y(KK) B YC(KK) = 2,*T*C{K2KK)
521 CONTINUE
T=0,0
DO 523 J B 4,N
523 T = T & Y(J)ww2
XNORMRSGRT(T)
DO 524 ¥ B 1,N
524 V(Ja1) ® Y(J) / XNQRM
600 CONTINUE
700 RETURN
END
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SUBROUTINE ORIENT(E,H,M,X,0,KOUNT,ENB,EV)
DIMENSIUN E(45,45))F(45,48),0(45,45),%X(453,EV(45)
COMMON /UNITS/ LINsLYUT#NTA,MTB,MTMAEC,MTARA,MTBRA
DO 470 Ixmi,M

170 x(IX)=0

200

230

260

WRITE (LUT,108)

DO 200 [=1,M

DO 200 Jal.M

X(I) & X(I) + H{l,J)*ECJ2KOUNT)
AQ=0,

Do 230 ;“1:M

AQ # AQ « X(I)wE(I)KULNT)

DO 260 I=1,M

X(1)®0,

DO 260 J=i,M

XCI) = X¢I) » 0C]1,J)%E0 sKOUNT)
AP=(,

DO 274 l=i,M

271 AP =3 AP «E(I,hQUNT)«X(])

100
280

HLAMB & EV(KOUNT)
CHISQRENBw (AP®H| AME*ACARLAMB=2,)
CHISQ = ABS(CH]SQ)

KzM=1

WRITE (LUT,280) KQUNT,CURlISQD,K

RETURN

FORMAT (33HK0 VECTCR CHISQUARE pF )

FORMAT (6X,12, 9X,F9y304X,13)
END

SUBROUTINE HETDST

COMMON A(A45,45),B(45145),)C(45,45),5A(45),8B(45),5C(45)3DIFF(48),
1 T(85),X(45),7(45) s eNA)NE, Ks MW, MATRIX.LDISCR, LOGDEC JNVST(3),1T,
2 MATPOSsKREYD

COMMON /ZUNITS/ LINJLUT,MTA,MTB,MTMABC,MTARA,MTBRA

PROGRAM HETDST

ANDERSON AND HAHADURS GENERALIZED DISTANCE (R.REYMENT,JuULY,1566)
THE PROGRAM COMPUTES THE GENERALIZEL LISTANCE FOR UNEQDAL
COVARIANCE MATRICES ACCCRLCING TO ANCERSCN/BAHADUR(1962},

INPUT » ON FIKST CARM,,,NC, VARIABLES, NOYSPECIMENS I[N SAMPLE A,
AND NO, SPECIMENS,IN+SAMPLE B,..INDIVIDUALS OF A AND INDIVIDUALS

OUTPUT ® COMPUTED COVARJANCE MATRICES,SAMPLE SIZES,FOR EACH
ITERATIUN, THE NUMBER :CF TTERATION,VALUE OF [TERATION FACTOR T,
COMPUTED 2 DERJVING FRQM TWIS,INVERSE MATRIX AND ITS DETERMINANT,
THE ESTJMATION VECTCRE, INTERMEDIATE VALUES FOR DISTANCR,DISTANCE,
SQUARE OF DISTANGCE,

WRITE (LUT,1)

ENABNA

ENBENB

WRITE (LUT,18) NA,NE

REQUIREY COVARJANCE MATRICES,A.B.A VECTCR}SB(I) TO Bk RETERMINED.,
1T=0

K=l

T(K)=Q,n

NVaM
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VECTOR SC CONTAINS THE (LIFFERENCES 'CF MEANS
WRITE (LUT,993)
DO 997 Ix®m1, NV
997 WRITE (LUT,304) SCCIX)
WRITE (LUT,733)
DO 69 KK=xl,4
CALKL BaHADU
IF(KK.EW,4) GO TO 720
1=13~(Z(K)*10 )
IF (1 ,EQ, 1) GO TO 161
KeK»q
IF €1 ,6T, 1) GO TO (162+,2001,2003),KK
IF (KKeZ) 30,31,32
30 T(K)®0,75
Go 7o 69
31 T(K)=0,875
Go 10 59
32 T(K):l ]
GO To 59
2003 T(K)®.8325
69 CONTINUE
2001 T(K)=,6¢5
DO 2604 KKm1,?
CALL BAMWADY
IF(KK.EG,2) GO TO 720
I=1,+(Z(K)w10,)
IF (] ,eQ, 1) GC TO 16l
KsK=q
IF ¢1 ,GT, 1) GU TQ 200t
T(K)=,6875
GO TO 2004
2005 T(K)=,5625
2004 CONTINUE
'162 T(K)H.ZD
DO 2169 KK=1,3
CALL BAHADU
IF(KK.EQ,3) GO TO 720
I=1,+(2{K)®10.)
IF (1 ,EQ, 1) GO TO 161

KzKeg

IF (1 ,6T, 1) GO 7Q (73€+2007).KK
T(K)=.3/5

IF(KK.EW,2) TLK)®,437E

GO TO 2169

2007 T(K7=.3125
2169 CONTINUE
736 T(K)®.145
DO <008 KK=1.,¢
CALL BAHADU
IF (KK, EU 2) GC T0 720
Irl,#(2(K)®10.,)
IF (1 JEQ, 1) GC TOQ leéd
KsK#*q
IF ¢ ,GT. 1) GQ TO 2006%
T(K)®.1875
GO T0 2008
2009 T(K)l.0625
2008 LONIINUE
720 1T B Kad
[r1 4 (Z2(K)®10.)
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2710

2711
2703

2706

2705
169
161

735

1

IF (]1=4) 2710,461,2741

SIGNTMaL,0

GO TO 2703

SIGNTMm=1,0

[T=[T+g

KeK#*1q

DIFF(K)SABS(TIK=1)"TtKk=2))

IF (DIFF(K) .LE. DIFF(Ke1))GO TO 2705
T(K)aT(K-1)+SIGNTM*LLIFF(K)/FLOAT(IT-2217/3)
IF (DIFF(K) .LT. 0,00002) GO TO 161
CALL BARWADU

IF(IT=19)720,720,166
T(K)=T{K=1)+S]IGNTM*L[FF(K)=*0.5

GO TO 2706

WRITE (LUT,184)

WRITE (LUT,17#)
DO 735 [=1,NV
WRITE (LUT,734) SB(I)
IF(MATRIX,EQ.%) CALL EXIT
CALL JzUuP2
CALL HAkCOV
CALL REYDST L CISTEN
F CRWEG.2) CALL LIS
;E$bg%SCOMPUTé% T SGQERE AND VARIANCE RATIO FOR HET MAYRICES
RETURN

FORMAT(81H1 STATISTIGAL DISTANCE FOR FET1EROGENEOUS COVARIANCE MATR

11CES ) HETDS]

18 FORMAT(BHO  MA =,[3s7H NB =,I13/38H0 ITERATIONS FOR DISTANCE CA

174
184
304
7338
734
993

1LCULATION)

FORMAT (S3HOESTIMATE OF LISCRIMINANT VECTOR )
FORMATt;9HBNOULE NOT CQNVERGE)

FORMAT (LX), 7F1e,5)

FORMAT(A8HOITERATION z D psa DIFF T )

FORMAT(2X,F10.5) '
FORMAT($1H SAMPLE DIFFERENCE MEAN VECTCR)

END

SUBRCUTINE BARADU
DIMENSIUN ASC(45)
COMMON A(45,45),B145+45)10(45,45),SA(45),88(45),S5C(45)4DIFF(45),

1 T(45),K(45),Z(45)sMaNA,NE, K, MW, MATRIX, L DFSCR,LOGDEC, [NVST(3),17,
2 MATPOS,KREYD

151

153

COMMON /ZUNITS/ LINsLUTsMTA,MTB,MTMAEC,MTARAsMTBRA
SC IS DJFFERENCE OF MEANS

NV=M

TNEWRT(K)

DO 151 1=1,NV

DO 151 J=1,NV

COIpJ)RTNEWSACT, J)* (1, “TNEW)*B(],J)

CALL MATINV (C,NV,ASL,0,DETERM,MNW)

SOLUTION OF EQUATION FOR VECTOR SBtI) TrRRU MATINV AND MEAN VECTOR
DO 158 l=s1,NV

SB(1)=0,

DO 153 J=1.NV

SBUI)=ClI,,d)e8C(J)*SB(])

THIS GIVES THE VECTCK ESTIMATION DESIREL
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DISCRIMINANT VECTQR 1€ :8B(1I)
DO 154 [=l,NV
DO 154 J=1,NV

154 CClpJ)mlAC],J)»TNEWN®*Z )}l (1, ~TREW)*+2) % (],J)
DO 155 [=l,NV -
X(1)=0,
DG 1585 J=1,NV

15% X(I)eX(l)y+C(1,,))*SH(J)
ZNEW=0,
DO 156 [=1.NV

156 ZNEWsZNEW=X(1}%SB(])

; EXPANSIUN OF THE QUANDRATIC FORM
Z(K)IaZNEW
TNEW=D,
Q=0.0
DO 267 Jl=1.,NV
X(1)=0,0

167 Q=Q+SC(I)*SBE(])
@=2.0*0Q
DO 168 J=1,NV
ASC(1) = 0,
DO 168 J=zl.NV

168 ASC(]) ® ASC(1) * A(],J)*SB(J)
R=0:O
DO 170 [=1,NV

170 R = R =« ASC(I)«SB(1l)
R=SURT(ABS(FR))
DO 171 l=1.,NV
ASC(1) # 0,
DO 171 J=sl.NV

171 ASC(I) = ASC(]) + B(l,J)*SB(J)
AS=0,0
U0 172 l=1.NV

172 AS ® A§ + ASC(1)*SB(1)
AS=SGRT(ABS(AS))
U = Q/(H+AD)
D £ D*w
Ng?TE ?LU$4159) 1T+2¢K),0,DSG,DIFF(K)

RETURN

159 FDRHAT(ZX.12,7x,Fa.5u2X;Fé.3~3X'F6r3r3XuF1°-7’
END

SUBROUTINE HAFCOV -
JOMMON A(45,45),B(45:45)#C(45,45),SA(45),SB(45),SC(43)5DIFF (45),
1L$T4g),§§45;.2325)iMrNA;NEaKeMH.MATRIX'LDFSCRoLOGDECoINVST(S)JITa
ATPOS,KREY
acgmﬂom ;UNITg/ LIN)LUT#FTA,MTB.MTMABC,MTARA, MTBRA
WRITE (LUT,407)
CALL GETMAT(A,1)
CALL GETMAT(B,2)
DO 408 [=i,M
DO 408 J=l,M
408 C(l,0mlACT,JIeB(ladd)le,
WRITE (LUT,200)
CALL MATOUT (L)
CALL MAIINV(C;M&ZQQ:EETERV¢MH)
DO 410 i=l,M
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Z(1)=0,
DO 410 J=l,M
410 Z(I) = 4L(]1) + C(],J)*EC(J)
DSQ=0,
DO 411 I=sl,Mm
411 DSQ = DSQ + SC(LI*Z(}])
DSQ=ABS(DSQ)
DS=5QRT(DSE) _.
WRITE (LUT,22%) DS,C5C

RETURN
c
’ TRIX
200 FORMAT (24HO KOw GCVYARJANCE MA ) '
222 FORMAT( 33HO DISTANCE, DISTANCE SGUARED /7X,F7,3,8XsF9,3/)
407 FORMAT(O1H1 HETERUGENECUS DiSTANCE By AVERAGING CUVARIANCE MATR
11CES )
END

SUBROUT{NE REYDST
DIMENSTON XA(45),XB(4E),SLM(45),01SC(45),XC(45)
COMMON 5(45,45).8(45m45)uC(45,45),SA(45)aSB(45);SC(45)iDIFF(45),
1 T(A5),X(45),Z(A5) ) MosNALNE,Ks MW, MATRIX, LDESCR,LOGDEC, INVST(3),1T,
¢ MATPOSIKREYD
COMMON /UNITS/ LINsLUT,MTA,MTB,MTMAEC,MTARA, MTBRA
Cse-=-=-- RETURN IF KREYD 1% LE 0
IF (KREYD ,LE. 0) RETLRA
WRITE (LUT,4165)
DsSuUM = U,
ENB = NB
ENA & NA
NAB = NA
TK 3 M
AN # SQKT(ENB/ENA)
WRITE (LUT,3) AN
€ REMEMBER THAT A IS TpE LARGER SAMPLE AnD NA IS GRT Th NB
C REMEMBER THAT VECTOR SC CCNTAINS DIFFERENCE OF MEANS
C**twv**t***.t*tt*ttttt*t**itt*t***********«*q*a-tttwtt*tt*tﬁfttt'tt.ttt
Cee-e~-~ THE STATEMENTS FRUFM DL€ 6008 UNTIL 200 CONTINUE ARE MACHINE
Usse=mm- DEPENDENT., THEY LSE CD 3600-FCRTRAN STATEMENTS TQ STORE SAMPLE
Usew=-~-- A ANU SAMPLE B ON A RANDOM ACCESS LRUM STORAGE UNITy
Use==--- IF YUU HAVE NO WANLOF ACCESS UNIT YOL CAN SKIP THIS STATEMENTS
Usses--- ANU MAKE SGME CHANCES IN ROUTINE RANKRT,
REWIND MTARA
REWIND MTA
DO 6008 IV = 1,NAB
READ (MTA) (XA(IX)alX=1,M)
BUFFER QUT (MTARA,1) (XA(1),XA(M))
6011 IF (UNIT,MTARA) 6011,€008
6008 CONTINUE
Uesee--~ SAMPLE A STQFED MOk :CN DRULM IN RANLOM ACCESS
REWIND MTBRA
REWIND MTB
DO 200 jvmi,NE
READ (MTB) (XE(IX),;IXz3,M)
BUFEER OQUT (MTBRA,1) (XE(1),XB(M))
203 IF (UNIT,MTBRA) 205,400
200 CONTINUE
Cse-=--- SAMPLE B I& NOW STCRED ON DRUM [N FANDOM ACCESS
Ct***t****t*w*******t**t*****‘*tt**t**t****i***iﬁt*ti**t.*'t'tﬁtitit't*t

6009 NAB = NB
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3 @

DO 500 KK=®3,KKEYD
DO e050 1=1i,M
XC(l) = 0.
6050 Xx(I1) = U,
DO 6007 1=3,M
SuM(l1) = @,
Lo 6007 JU=1,M
6007 A(l,J) = 0,
CALL CLEAR
DO 40 IVv=1,NAB
CALL RANKRT(XA,G)
CALL RANKRT(XE,1)
DO 20 1s1,M
20 XCC1) s XA(I)*AN
DO 22 1=1,M
22 X(I1} F éBS(XB(1)=XC(I>)
NEW OBSERVATIGNS STCRED IN X ¢I)
D0 €3 1®81.,M
23 SUM(I) ® Sumil) = X(1)
DO 25 1a31,M
DO 25 JR1,M
25 A(I,J) B ACI,J) + X(L)*Xx(J)
40 CONTINUE
DO A5 181,M
DO 45 JR1,M
45 ACL e (ACT,Jd) = SUMCII*SUM(JY/ENBY/ (ENE=L,D)
COVARIANCE MATRIX OF THE NEW VARIABLES
CALL MATINV(A,1»Ba0,UETERN,MNK)
DO €0 1%81,M
DISC(IyRO,
DO 60 JR1,M
60 DISC(l)y = DISC(]) + AC]sW)*SCLY)
DS = 0,
DO 70 t1R1.,M
70 DS = DS + DISt(1)+SC(D)
DS & Ds*2,0
DSUM = PSUM + LS
TEST & USUM/FLCAT(KK)
WRITE (LUT,76) KK,DS
500 CONTINUE
WRITE (LUT,80)
DS=LSUM/FLDATC(KFEYD+1)
TT = DS*ENB/2.
WRITE (LUT,85) DS,TT
F o= (TT*(ENB=FLOAT(MI)IYI/C(ENB=L.)*FLOAT(M))
NAA ® Nb-1
WRITE (LUT,S5) FaNAA#N
RETURN

3 FORMAT(Z4HO MULTIPLICATICN FACTCR /8O0 AN = ,F14,7/33H0 ITERATI
10N  REYMENTS pSQ TEST )

76 FORMAT(6X,12,6%,F14,4,8X:F14.4)

80 FORMAT(<8MD SIGNIFILANCE COMPUTATICNE /1HO)

85 FQRMAT (25HC AyvE,DsqQ TSE /2(3X%,F10,3))

95 FORMAT(23HO0 VARIANCE RATIO IS = F14,2,4H FORI4,5H AND 12,19H DEGR
L1EES OF FREEDOM )

4165 FORMAT(S30HL HWETERQOGENECUS SIGNIFICANCES )
END
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SUBROUTINE CLEAR
Cee-=~=~ CLEAR IS A ROUTINE WrRICH MUST BE CALLED BEFORE FIRST CALLRANKRT
L-.----- IT CLEARS THE INELCATQF ARRAY KAT,

LOMMON /RANKQ/ KAT(bG60)

DO 40 1%1,500
40 KAT(]) =l

RETURN
C*ﬁitt***;*ﬁ'*ti*tﬁtt**i*t***i*itt*ﬁ**t***t**i**.i**ﬁ*ﬁ**i‘t‘**'*""‘**
os=-=-m- IF YUU HMAVE NO WANLAF ACCESS UNIT YOu MUST ADD THE ROQLOWING
ﬁc- ‘‘‘‘‘ LODE.

g COMMON (UNITS/ LU B

C REWIND MTA

¢ REWIND MTB

L*tﬁ't****t****#*ttﬁtiti't‘**t**t**t*****i**it**t**t****Ot*twt'ttitwﬁtt*
END

SUBROUTINE RANKRT(XDsKAESh)
Cse----- RANKRT PJCKS RANLCOVMLY :CNE RECCRD FROM SAMPLE A (]F KABSWs0 )
Csew---- UR FHOM SAMPLE B ¢ IF KABSW=1 ), THIS VERSION ASSUMES THAT
Ces--~--- SAMPLE A AND SAMFLE E IS P ACED EARLIER ON RANDOM AGCESS UNITS

Cseeem-- MTARA RESP MTBRA, :EEFQRE FIRST CALL WANKRT THE INDIGATOR ARRAY
Css-=--~ KAT MUST BE CLEAREL EY CALL CLEAR,
Csse=-~-- VERSION 2, WHICH CAN HANDLE TWO FARALLEL RANDOM FILES

DIMENSIUN XD(45)
COMMON A(45,45),B(45,45)00(45,45),5A(45),5B8(45),SC(45)3DIFF(45),
1 T(45), x(as),z(45> MorNA,NE , Ks MW, MATRIX,LDISCR, LOGDEC, INVST(3),1T,
P MATPUS:KREYD
COMMON /UNITS/ LINsLUT,MTA,MTB,MTMABC,MTARA,MTHRA
COMMON /RANKO/ KAT(P00)
KABRKABSW
IF (KAB) 4%,4B,47
Cse-===~ PICK UP A CARD FRUVM LN]JT MTARA
45 NT=NA
LUNFMTARA
GO TO 48
Css==~=~~ PJCK UP A CARD FRUM LN]T MTBRA
47 NT=NB
LUNEMTBKA
48 CONTINUE
Cseewr=- GET A RANDOM NUMBER FRCM 1 TO NT#1
Css-===- X=RANF(-1) WILL GIVE A NEW FLLOATING POINT RANDOM NUMBER IN THE
Le------ INTERVAL 0,0 UNTIL 3.0 EVERY TIME RANF IS CALLED,
20 I1=RANF (=1)«FCAT(NT)*4.:0
Csew=-=- DONMT ACCEPT I +GT, NT
IF (1 ,GT, NT ) GO T0 20
Cese=rm== GET INDICATQR FQR UNIT MTBRA
IK=KAT(])/10
Cse-=-=-- GET INDICATOR FQR LNIT MTARA
IREKAT(])=]K*20
Ussem-=- TEST IF WE JUST AUk ARE USING MTARA
It (KAB EQ, 0) IKRIK
Ussee==~ |F THIS CARD ALREACY UEED TRY TO GET A NEW RANDOM NUMBER
IF (1K 4NE, 0) GO TC 20
Csse=~=-= POSITION THE DRUM
CALL LOCATE (LUN,(I=1)%M)
BUFFER IN C(LUN,1) (XD(1)aXD(M))
13 IF CUNIT,LUN) 11,42
Csse=~~~ [NDICATE THAT THI® CARL IS USED
12 KATC])wKAT(])»KAB*10
RETURN
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Ct***t************t*t*tt***i"*ﬁt*tt**t*ﬁtt****ﬁ**ti*ttttt‘t‘i*tttt*.ttt

b-a--~-- IF yYOU HAVE NO RANLQM .ACCES UNIT YCU CAN USE THE FOLLOWING CODE

45

47

48
20

50
51
70
73
60

12

Tel el s vil ol el il ol ol ¢ ¢l o ¢il oll o o o1} ol o} 3} ¢ ﬂﬁ’ﬂ'ﬂ‘é‘o‘ﬂ?ﬂ’cif‘

COMMON EEEEE)

UIMENSIUN en g ot
DIMENSION LUNPOS(2?

DATA (LUNROSe=0,0) QR DATA LUNFOs/0,0/
KABBKABbN

IF (KAB) AG,4b,47

NT=NA

LUNRMTA

GO TO 48

NT=NB

LUN®RMTB

CONTINUE

I= RANFG 1I*FLOATU(NTY*1,0
IF (1 8T, NT) GO TC ¢U
1K=KAT(1)/10

IR= KAT(I)-IV*lﬁ

IF (KAB EQ, 0) IK®IR

IF (1K NE. 0) GO TG ‘20
Jaleg- LUNPOS(KAB*&’

IF €J) P0.,60,70

Ja=y

DO b1 Jl=1l,.J

BACKSPALE LUN

GO TO sU

DO 71 Ji=1,J

READCLUN)Y J2

LUNPOS (KAB#+1)a]

READ CLUN) (XPCIIX),ixsdaM)
KAT(I)mKAT(])sKAB*L0
RETURN

t**tt****t**'t***twt***#i*i**'ttt****t**t*i*Q*ttt*t&ﬁt***'t‘t*t*t**ttt*

END

SUBROUTINE DISTFN
COMMON A(45,45),B(45,45) 40 (45,45),SA(45),8B(45),5C(A5)3DIFF (45),

L T(AB),X(45),2(45) +MaNA,NE,Ks MW, MATRIX, L D}SCR,LOGDEC, INVST(3),IT,
2 MATPOS)KREYD

13
4448

17

1064

COMMON FUNITS/ LINWLUT,MTA,MTB,MTMABC,MTARA,MTBRA
ALL INPUT OF DATA IS‘EQBE IN CALLING FRCGRAM
WRITE (LUT,300)

ENABNA

ENBEBNB

NDFENA«NB=2

WRITE (LUT,200) NAsNB,NLF

DO 23 184,M

WRITE (LUT,272) 1.,8AC01),8E(1),5C(])

LONTINUt

CALL bETMAT (C,3)

CALL MATINV(C:M Z,0,BETERN , MW)

DO 47 1BL,M

Z(11a0,

DO 47 J®i.M

ZCI) = L(]) » C(lad)*EG(Y)

NRITE (LUT:3D9)

WRITE (LUT.,2272) (ZC1),5=3.M)

DO 1064 1=1,M

SB(L)Y & 2(1])
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DsQ@=0.
DO 18 1=4,M

18 DUSQ = DSQ = SC(II*Z (1)
DSQ=ABS‘D$0)
NRITF (LUT,310)
EM=R
DS=SQRT(DSQ)
NRITE (LUT.228) DS»D9E6
NRITE (LUT.312)
DSOB(ENA*ENH/(FNA*EKBJ}*DSQ
WRITE (LUT,343) DSQ
DSQEDSO* ((ENA®ENB=EM= 1)/ (EM*CENA+ENB~2,) )
WRITE (LUT,344) DSQ
NP & NASNB~-M=2
WRITE (LUT,315) M,NP
CALL JzUPZ2
RETURN

200 FORMAT(L3H NL 3,12,12H Ne nld,12H RF =,13/

151H VAR MEAN VECTCR 13 MEAN VECTOR z DIFF,VECTOR )
222 FORMAT(EX,12F%0.5)
223 FORMAT (2X,F40,5,141XsF10,5)
272 FORMAT(]4,F14.3,2F15,3)
300 FORMAT (32H1 STATISTICAL DISTANCE ,//4H0)
309 FORMAT(28HO DISCRIMINATCR COEFFICIENTS)
310 FORMAT(JSHO RESULTS FCR MAWANALOBIS DSQUARE /33H

1 U SQUARE )
312 FORMAT(4QHD SIGNIFICAhUE FDR D SGUARE AND T SQUARE/)
313 FORMAT(A1MOT SQUARE SF43
314 FORMAT( 4HOF aF13.,2)
315 FORMAT(6HODFY = 3,7k DF2 = 13 )

END

SUBROUTINE MATINV(A,N,B.M,DETERM, JW)
DIMENSTON IPIVOT(45)aACUW .JN) B{uWs1), INDEX(45,2),RIVNT(45)
EGUIVALtNCE(IRow JRON)a(ICDLUM JCOLLM), (AMAX, T, SWAPR)
DETERM=Y,
DO 20 Jmi,N
20 IPIVOT(J)=0
DO 950 [=4.N
AMAXsD,
DO 196 Jsd.N
IFCIPIVUT(J)=%260,102,60
60 DO 100 K=L,N
IF(IPIVOT(K)~21)80,100,740
80 IF(ABS(AMAX)=ABS(Af sK2)185,100,100
85 IROW=J
[COLUMaK
AMAXBA(J,K)
100 CONTINUE
105 CONTINUE
IPIVOT(ICOLUM)SIPIVCTC(ICOLUM) «1
INTERCHANGE REWS TQ PLT PIVOT ELEMNT CN DYAGONAL
IF(TROW=1CO|,.UM)140,260,140
140 DETERMa=~DETERM
DO 200 L=1,N
SWAP=A(IROW, L)
A(IRON L)ﬂA(ICQLUM;LI
200 A(ICOLUH L)YsSWAP
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210

250
260

350
360
370
380

400

450

460
500
550

630

705

710
740

E ol ol il ¢1f o1

[F(M)260,260,210
DO 250 L=1,N
SWAP=B( JROW, L)
B(IROW,L)=B(ICQLUM.L?
BCICOLUM,L)=SWAP
INDEX(131)=1ROW
INDEX(12,2)=1COLUM
PIVOT(I)=ACICOLUM, JCULUM)
DETERMaUETERM*PIVAT (1)
DIVIDE PIVOT ROW BY PIVCT ELEMENT
ACICOLUM, ICOLUNM) =1,
DO S50 hL=l,N
ACICOLUM, L) =ACICOLUMALY/ZPIVOT(D)
IF(M)380,380,360
DO 370 L=1,M
BCICOLUM,L)=BCICOLUNMALI/PIVOTED)
b0 550 Limi,N
IF(L4-1L0LUMI400,5504400
T=ACLL, ICOLUM)
A(LL,IcOLUM)=0,
DO 450 L=1.N
ACLL,LYSACLL, L)=ACICOLUN, L) »T
IF(M)550,550,440
DO 200 L=i.,M
BCLL,L)®BCL1,L)=BCICULUNM,L )T
CONTINUE
DO 710 =N

=N+*1-1
1F<1NDEX(L.1)-INDEX(L 2)1630,710.,630
JROWS INVEX(L,3)
JCOLUMRINDEX(L,2)
DO 705 K#lu
SWAPSA (K, JROW)
ACK, JROW)ZACK, JCOLUM)
A(Ky JJCOLUM) =SWAP
CONTINUE
LONTINUh
RETURN
END

SUBROUTINE PLTHSL1(XXs»I11sSTART,ENDX,NLM)
PLOTS A FREQUENCE DISTRIBUTION IN NLM INCREMENTS FOR TRE VALUES INPLTH

THE ARRAY XX BETWEEN START AND ENDX IN vSLUE. THE FIRSY 111 PLTH
VALUES IN THE XXX ARKAY ARE CONSIDEREL. :t;:
—--.-——"---a---u--—l-"-'---——-t5*--—.w---n--q"-.--ﬂevﬁoa-ﬁvw-'-Qcﬂ pLTH
DIMENSTUN XX(400),KCNT(100),LINECL0D) PLTHSTOR

DATA (LBslH )c(LAST Lp*)a (LDASH=1H=), (LI=dK])

CsF IV~ DATA LB)LAST,LDASh.|] /1K ;1H':1H'p1Hl/

¢
¢

I e e e L T R R R -"'""""“'5-=°='="-‘-.”=’-‘P.LTH

PLTH
COMMON ZUNITS/ LINsLUT)MTA,MTB,MTMAEC,MTARA,MTBRA
DO 3 ls3,NUM PLTHET04
KONT(I) = 0 PLTHST0B
SET NUM COUNTERS TOQ 4ERC, PLTH
XNUM ® NUM PLYHSTO6
XINT = C(ENDX=START)/XNUN PLTHSTO7
THE  INTERVAL SIZE FCR TRE NUM INTERVALS IS XINT, PLTH
NUMZ = 200/NUM PLTHS108
NUMS s NUMZ2 - 1 PLTHSTOS
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i ¢k o

10

20

21
30

33
32

40

42
41

NUMA = NUM2*NUM+1

DO 5 Isl,101

LINE(LIY = LB

LINE IS SET EQUAL TC ELANKS,

LINE(NUM4) = L1

THE LAST PLACE TO BE LSED IN LINE IS SE7 BQUAL TO AN I}
DO 20 1=1,111

LOOK AT II] PINTS IN THE XX ARRAY,
IF(XX(1),LT,START ,ORsXX(}),GT,ENDX) GC 10 10
IF XX(1) 1S OUTSIDE TPE RANGE IGNORE IT,

KNT = (XX(I)=START)/XINT

KNT a KNT « 1

KNT IS THE INTERVAL TPAT XX(I) FALLS IN7O}
IF(KNT ,uT NUM) KNT = AUN

IF XX(1) = ENDX KNT GCULD BE GREATER THaN NUM.
KONT(KNT) % KONT(KNT) # %

INCREASb THE KNT CQUNTER EY 1,

CONTINUE '

KMAX = KONT (1)

DO 20 1®2,NUM

IF(KONT(I),GT.KMAX) KNAX := KONT(I)
FIND THE VALUE OF MAXIMUM COUNTER,
CONTINUE

KSCALE = KMAX/50

KSCALE JS THE VERT]CAL SGALE FACTOR,

IF (KSCALE*50,NE.KMAX? KSCALE = KSCALE + 1
WRITE (LUT,100) XINT2START,ENDX,NUM

NTOP = AMAX + KSCALE

DO 21 131,NUM

IF(KONT(I) W EQ.Q) KONT([) 5 -KSCALE
CONTINUE

NTOP =NTOP-KSCALE
IF(NTOP,LE. (=KSCALE)?
IF(NTOP,LT,0) NTOP = ¢
ICONT & 0

DO 32 131,NUM
IF(KONTSI)LLT,NTQR) GC 10 32

IF THE GOUNTER FOR THE INTERVAL IS GREATER THAN OR EQUAL TO NTOF
PUT ASTERISKS INTO TRE FART OF LINE ALOTTED TQ TKIS INTERVAL.

DO 83 1l=1,NUM2

THERE AXE NUM2 SPACES [N LINE FOR EACF [NTERVAL.

INX = 1l * JCQONT

LINECINX) & LAST

ICONT = ICONT + NUMZ

IF(NTOP,EQ,0) GO TQ 40

WRITE (LUT,103%) NTORJLINE

GO TO 3V

GC To 4p

IF(NUM3,4EG,0) GO TQ >0

THIS SEGWMENT FROM HERE TO RETURN PRINTS THE BASE LINE WITH 1 AT
THE END OF EACH INTEKVAL AND MINUSES EETWEEN.

ICONT = 0

DO 41 1R1,NUM

DO 42 1l=1,NUM3

INX = 1} + ICONT

LINECINX) = LDASH

LINECINX+1) = ]

ICONT = ICONT » NUMZ
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PLTHST11
PLTHST12
PLTH

PLTH
PLTHST14
PLTH
PLTHST15

PLTHST16
PLTHST17
PLTH
PLTHST18
PLTH
PLTHST19
PLTH
PLTHST2Q
PLTH
PLTRST2%
PLTKS8T22
PLTHST23
PLTH
PLTHTR24

PLTHST28
PLTH
PLTHTY2

PLTHTD28

PLTHTY3O
PLTHTS3Y
PLTHTD32
PLTHT233
PLTHST34

PLTHST36
PLTHST3?
PLTH
PLTH
PLTHST38
PLTH
PLTHST39
PLTHST40
PLTHST4Y

PLTHST43

PLTHET 44
PLTH

PLTH

PLTHST4S
PLTHST46
PLTHST47
PLTHS148
PLTHST 4V
PLTHSTSO
PLTHST5Y



WRITE (LUT,102) LINE

RETURN PLTHSTS3
c i PLTH
50 DO 51 1=1,NUM ' PLTHSIS4
51 LINE(LY = L1} PLYRS]ISS
WRITE (LUT,102) LINE
RETURN PLTHS]S?
¢
¢
100 FORMAT(384H] HISTCGRAV FOR DISCRIMINANTS /44H0 INYERVAL ®» ,
1F1044,16H DATA STARTS AT ,F10,4/11H0 ENDS AT ,F10,4,19H CLLASS INT
2ERVALS & ,14)
101 FORMAT(]5,2X,3H1,101A1) PLTKST6Y
102 FORMAT(7X,1H1,101A1) PLTHST62

END

SUBROUTJNE DISTRB
C THIS SUBROUTINE TESTS THE INLIVIDUAL VARIA&LES FOR DEV]ATIONS
C FROM THE UNIVARIATE NORMAL DISTRIBUTION EY CALCULATING THE
¢ COEFFJICIENTS OF SKEWNE®S ANL KURTOSIS AND THEIR STANDARD ERRORS
DIMENSIUN STDEVA(45),STLEVB(45),R(45,4)
COMMON A(45,45),B(45145)4C(45,45), SA<45).Sa(ab)asc<45>.DIFr(45),
1 T(45), x<45) Z(A5) )M aNA,NE,Ks MW, MATRIX, L DISCR,LOGDEC) [HVST(3),1T,
2 MATPOSoKREYD
COMMON /ZUNITSY LINsLUT¥TA,MTB,MTMAEC,MTARA,MTBRA
DO 5 Ial,M
STDEVA(1)=SQRT(ACI, 1)
5 STDEVB(1) ® SGRT(B(I,1))
WRITE (LUT,6)
INDKS & 1
WRITE (LUT,210) INDKS
DO 14 J=1,M
14 WRITE (LUT,15) SACJ)aSTLEVAC(J)
INDKS & 2
WRITE (LUT,10) INDKS
DO 19 J®1,M
19 WRITE (LUT,45) SB(J)+STLEVB(J)
KTOT = NA
KNT=0
Cse==-~= SAMPLE A FIRST
LUNSMTA
DO 24 171,M
DO 24 J=1,4
24 R(1,J)e0,
251 REWIND LUN
25 CONTINUE
READ (LUN) (X(1)s1®1aM)
TOTRKTOT
ERRORLBSQRT( (6, +#TQT*(TOT=1,))/((TOT=2,)(TOT+1,)#(T0T&3,)))
ERRURZ=DQRT((ZA . *TOT*(TCTmd ,)#%2) /((TCTa32)w(TOT=2,)*(T0T+3,)«(T0T
1+5,)))
KNT & KNT#*3
DO 30 1=1,M
PROUX=1,
DO S0 J31,4
PROUX=PRODX*X(])
30 R(I»J) ® R(I,y) * PRULX
IF(KNT=-KTOT) 25,35,32
35 DO 40 J=1,4
Do 40 1=1,M
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40 R(I,J) " RCOI,JI/FLOATC(KTOT)
WRITE (LUT,45)
DO 100 [=1.,M
XM3=R(1+3)~3,%R(],a LI*RCI2Z1+2 %R 1) wwy
XG%-XTS/(STDEVA(I’**é)
XMAZR(1)4)~4 ,2R(1,1)*R¢T,2 1+6,*(R( *x2)eR( -3, *
XG25XMAY (STDEVA(Lond ey’ I01)*22)#R(1,2)~3,*Rt1s1)evd
XXGl = XG1
XXGeE = XG2
XXGl = XXG1/ERRQRY
XXG2 = XXG2/ERRORZ2
NRITE (LUT,46) 1,XG1.X%C1,XG2,XXG2
100 CONTINUE
WRITE (LUT,52) ERRQR1,ERRCR2
DO 55 1s1,M
DO »5 4=1,4
55 R(1,J)s0,
DO 54 131)M
54 STDEVA(l) = STREVB(I]?
lF(KTOTeEQ NA) GO TC &6
IF(KTOT,EQ,NB) GQ TC 200
56 WRITE (LUT,60)
KNT = 0
jse==-== SAMPLE B THE SEGCCNL TINE
KTOTGNB
LUNBMTB
GO To 221
200 WRITE (LUT,6)
RETURN

) o

6 FORMAT(44H1 DISTRIEWTICN DETAILS FCR ReFERENCE SAMPLE )
10 FORMAT(S3HD MEANS FOR SAMg|E [1,46H

1ANDARD DEVIATIQNS FCKR SAMRFLE 11)
15 FORMAT(lSX;FiB 5,18X+sF1E,5)
45 FORMAT (52HM0 VARIABLF SKEWNESS T(SKEWI KURTOS!S T(KURT)
46 FORMAT (&X,12,4X,4F10,4)

52 tORMAT(Z5K0 ST,DEV,HCR SKEWNESS = ,F14,7/25H0 ST,DEV{FUR KURTOSI

15 = WFLA.7)
60 FORNAT(“SHQ. DISTRIBUTICN DETAILS FCR CCcMPARISON SAMPLE)
END )

SUBROUTINE JZUP2

DIMENSION ODATA(C10002,BI6(3).SMALL(2)
COMMON A(45,45),B(45249),C(45,45),5A(45),85B(45),8SC(43),DIFF(45),

1 T(A45),X(45),2(45),V) hApNE;KaMW:MATRIXoL01§CR LOGDBC) INVET(3),1T,

2 MATPOS,KREYD
COMMON ZUNITS/ LINsLUT+¥TA,MTB,MTMABC,MTARA,MTBRA
NTOTALaNA®NB
DO 5 1w3,NTOTAL
5 ODATA(I) = 0,
DO 45 IREP = 4,2
IF (IREF EQ., 2) GO Tc .20
Csevem=- SAMPLE A
LUNaMTA
JAEY
NEJBNA
Go To 33
Cow=e--~ SAMPLE B

29

SPCL1708



30 LUNBMTB
JAENA#*Y
NEJENTOTAL
31 REWIND LUN
DO 10 1)l=JA,NEY
READ (LUN) (X(1)alB2aM)
DO 9 Iysi,M
9 ODATACIL) = SEB{IVI*X(IV) » ODATACI])
10 CONTINUE
45 CONTINUE
NLIM = NTOTAL
LOWER=1
U0 29 1%=1,3
GO TO (62,60,61),1X
60 IF CINVST(2) ,EQ, [NVET(1)) GO TO 2%
GO TO 6¢
61 IF CINVST(3) LEQ. [NVST(L) .OR. INVST(3) TEQ. INVST(2)} GO TO 29
62 BIGCIX)B0DATA(LOWER)
SMALL(IX)=0ODATA(LOWER)
DO 22 1V & LLOWER,NLIM
IF(ODATACIV),GT.BIGCIX)) EIG(IX)=0DATA(IV)
IF CODATACIV) LT.SMALLCEX)) SMALLCIX)=CDATA(IV)
22 CONTINUE
GO To 2V
20 CALL PLTHSL(ORATA(LCWER) aNTOTAL,SMALLCIX)FBIGCIX),INVST(IX))
29 CONTINUE
55 RETURN
eND

SUBROUT{NE MATOUT (STVAT)
Csemv-n- MATQUT PRINTS OUT THE MeM MATRIX STMAT ON THE PRINTHER UNIT LUT
DIMENSION STMAT(45,459)
COMMON A(45,4b),B(A5+45),C(45,45),5A(45),5B¢(45),SC(452),DIFF(45),
1 T(45),X(45),2(45) s MsNANE, KsMWsMATRIX,LDISCR,LDGDEC, IHVST(3),IT,
2 MATPOS:KREYD
COMMON /ZUNITS/ LIN,LUT,NTA,MTB,MTMAEC,MTARA,MTBRA
Cas==--- MATOUT PRINTS QUT THE MATRIX STMAT ON LOGICAL UNIT LUT,
MEND=0
1 MBEUWsMEND#»1
MEND=MBEG#*9
Cseee-== PRINT MAXIMUM 10 CCLLMNS EACH TIVE
IF (MEND GT. M) MENL=M
WRITE (LUT,10%) (JsuBVMBEG,MEND)
DO 2 lal,M
2 WRITE (LUT,102) 1,(STNAT(T,J), J=MBEG,VEND)
Usswem-~ IF ALL M COLUMNS HAVE EEEN PRINTED TREN RETURN
IF (MEND .EQ, H) RETUEN
Cese=-==-0R ELSE PRINT NEXT 10 :COLUMNS
Go To 1
101 FORMAT (1HQ,10112)
102 FORMAT (2X,12,2X,10F1Z,8)
END
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APPENDIX B. -Example of Output from Program.

ANALYSIS OF HOMOGENEITY OF COVARIANCE MATR
TEST OF NEW ORNTD]ST FOR 45445 MATRI

COTLAND,
DATA CARDS READ WITH VARIABLE FORMAT (F9,2,3F10,2)
REFERENCE SAMPLE SIZE BASED ON PCPLLATICN OF 128

COMPARISON SAMPLE SIZE 1S 95

FIRST DATA INPUT SET

735,000500°
715.000000¢
710.,000C000
770.0000G07
770,08000007
720.000C00¢
765,000000°7
760,0000005
740.,000500¢0
76C,000C000
775.000000%
715,0003009
705,000000%
790.0000005
740.0000007
715.000c0G¢
765,000u000
763,0000000
745,000400
730,000000¢
8065.000C000
789,000:00"
775,0000G00
760,000000%
755,.6006002
805.c00c00n
740,.000000¢
730.000C600
77¢6,500C0000
755.000008
765.0000007
755,630¢007
760.0000007
780,000000°%
780,000C000
800,000.00"
75C0,0005009
750,600L000
750,000c00°
720,2800u007
735,000000
735.600300°
760,200G007
800,200u00"
795,000000%
730,000¢00"

720.00002090
660.0000400
700,0L00700
755,00060202
730.0000500
660,00LG0C0N
715,00650709
735,0500600
725,0000006
740,00U505090
730.0000¢0¢
700,00000G00
675,0U30.0¢C
740,0U00200
710.0U00600
670.0U33:200
705,0000:00
74UQGUOOJUG
725,0000608
700,0009500
745,0000000
725,0000006
740,0U00000
720.0009600
705.,0033¢0¢0
720,0U00500
699,0Up9000
695.0U00008
785,0000:.0¢
755,Qu0p0:0¢
770,00001 00
710.040%406
720,0L060°00
750,0407.00
7355,0400000
685,000000¢0
740,0u43550¢0
7480.0900002
690,0909:640
750.64993::00
685,0000.00
6£80,0000.080
720,0U00500
750.0430500
715,0002:0¢

615,0000000
580,0000000
625,6U00000
£55,0000000
640,0000000
565,0000000
650,0000000
650,0000000
655,0000000
675,0000000
610,0000000
610,0000000
600,0000000
660,0000000
575,0000000
590,0000000
635,0000000
610,0000000
655,000000¢
635,0000000
655,0400000
630,0000000
650,000000¢
650,0000000
€10,0000000
650,0000000
570,0000000
620,000000¢
645,0000000
600,0UC0000
625,0000000
630,0000000
645,0000000
620,0600000
675,0000000
595,0000000
585,000000(
610,0000000
620,0000000
550,0000000
640,0000000
560,0000000
605,0000000
685,0000000
650,0u00000
630,0000000
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435,0000000
430.0000000
360,0000000
405,0000000
450.,0000000
395,0000000
460,0000000
455.0000000
440,0000000
410,0000000
360,0000000
340.0000000
435,0000000
420.,00000090
460,0000000
385.0000000
470.0000000
415.0000000
425,0000000
410,0000000
465.,0000000
420.0000000
735.0000000
410.0000000
385,0000000
460,0000000
490),0000000
405.0000000
400,0000000
450,0000000
410,0000000
490.0000000
435,0000000
410.0000000
370.0000000
4006,6000000
425,0000000
400,0000000
395,0000000
395,0000000
415.00000090
380.,0000000
440.0000000
420,0000000
435.0000000
410,0000000



775,0000000
790,000G600¢0
780.,0000009
765,500000°0
780,000000°
775,000G000
790,0000002
825.000000"
740,000000"
775.0000000
760,000C0090
745,0005006
730.000C0090
80o0.000000%0
750,6000000
780,0000009
745,0000000
735,0000G008
780,0000006
740,00050090
760,C000000
730,0000000
735.0000007
715,000C00"
720.0003007
710,00000G8
750,000000¢
730,000C00¢
780,2000600%
770,000000%
755,0003007
725,000000%
695,000000¢
755,000000¢
740,000C000
705,00045000
660,.000500°
690,000000°
740,0000000
740,0000009
715.000¢C9C%
745,000000C
745,0000000
735,00000¢C0
700.0005C0°
735,0000002
775,0000009
750.,000C00¢"
735,0000003
765,000C000%
725,000200¢
795,0005C0N
770,0005000"
810,000000%
745,00000040
780,000000°7
770.000C000
740,000000"
770,000000%
750,0005002

775,0000C00
740.0U00C00
775,0400000
735,04000C00
810,0000500
765,0000C00
760,0003000
800,0800C090
720.0000:00
795,0u00400
785,0900C00
735,0800C200
705,000000¢
750.0000000
770.,09350500
770.0000300
675.00007200
755,0400:060
7385,0900:090
765,0400200
705,0800.00
660,0U00292
470,0000300
710,00005090
690,0000000
645,0000:00
750,090040¢C
665,0000000
735,0000900
765,0000u00
740.0900€(0D
730,0u000500
670,0U30u0¢C
670.0U00500
735,0030000
665,0000:00
700,000050¢0
690.0d30:04
715,000000¢
670,0000408
685,00050u00
690.092000¢
720,03900400
715,0000209
725.,00200010
775.00200C0
730.0U30603
730.0900:02
700,0%30409
730,04004500
790.,9400000
725,50000070
780,04000G00
775,30303090
720,3%00400
745.00G60500
770.,0000200
720,0060500

630,00Q00000
615,0000000
655,0000000
645,0000000
660,0000000
630,0000000
640,0000000
690,00n0000
645,0000000
670,0000000
650,0000000
650,0000000
600,0000000
635,0000000
620,0000000
630,0000000
595,0000000
625,0000000

650,0000000.

595,0000000
650,0000000
565,0000000
650,0000000
650,000000¢0
585,0000000
580,0000000
600,0000000
630,0000000
635,0000000
660,0000000
615,0000000
610,0000000
630,0000000
595,0000000
635,0000000
575,0000000
630,0U00000
590,0000000
670,000000¢
635,0000000
580,000000¢0
580,0000000
650,0000000
£30,00C00000
610,0000000
600,0000000
€95,00000G0
605,0000000
605,0000000
660,0u00000
650,000000¢
660,0000000
695,0000000
645,0000000
640,0000000
619,0000000
635,0000000
670,0000000
625,0000000
660,0000000

450,0000000
425,0000000
385,0000000
420,0000000
410,0000000
360,0000000
470,00000090
430,0000000
430,0000000
380.0000000
380,0000000
400,00000039
475,00000020
470,0000000

410,0000000
415.0000000
365,0000000
390,0000000
425,0000000
375.0000000
440.0000000
405,0000000
410,0000000
410.0000000
Ap5.0000N000
410,0000000
41%.,0000000
390.0000000
395,00000090
385.0000009
450,0000000
415.0000000
375,0000000
410,0000000
425,0000009
425,0000000
405,0000000
370,0000000
390.0000000
385.0000000
420.00000090
400.0000000
430,0000000
450,0000000
405.0000000
476.0000000
450.,0000000
*85,0000000
290.0000000
420.0000000
470,0000000
490,0000000
425,0000000
450,0000000
470,0000000
425,0000000
450.,0000000
420,0000000
430,0000000
435,0000000
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760,6000007
745,500400°
805,000.00°C
790.000000°7
705.,0000003
725,00000070
730,000000¢0
765,0000000
690,000C000¢%
740,0005003
705.0000007
750.000c007
670,006050063
690,200000"
730,000009°7
750,0000000
680,0000009
765,0005007%
695,000000°
715,0005007
785.,000000°
725,000C00"

SECONL DATA
690,000200¢C
810,000000°7
726,000000¢7
830.,0005000
750,0000002
775,000G00¢
745.,000600°
840.00030Q2
755.,000500°
770.000200°7
690.000000°¢
725.,00056G0¢0
745,0000001%
780,000000"
725,00006060°
805.n0045n00¢%
745.06000000
715.000C0000
690.000C00Q"
770.,00000G0¢
780,00043007
695.,0000002
815,700060°
755,2004001
745,.000:00¢
710.,000:00°
BZOvOGQLGOQ
745,000500¢0
800,C00C00"
730,0005G0°%
870,0004500"
770,000:00"
835.,000unQ"
785.0000009
735.0004506020
- 680,0000D00

745.0069509
725.0050.00
820,04207200
780,0000000
6$80.,0000000
745, 43000400
690,0U00:0090
760,3900:003
720,0U00400
695,0U060¢00
695.9000000
740,0050.00
635,9000:00
645,09900:200
710.,0000u00
700,0000006
645,0900000
750,000005990
690.0U00500
720,0U00:0¢0
735,0003004%
725,0450000

INPUT SET
580,04003090
1225,p0600509
890.,0U00:06
1100.00060503
945,0000203
995,5U00.400
880.0U00:00
983.0400:03
975.0900.02
$95.,0400.03
945.0400 00
895.0000:09
930.0U00:08
980.0u00:00
990.0330430¢0
285.045300500
915.,.p400000
245,04d00°0¢C
910.0400.000
930,0000:0¢C
890.0000u00
B95,0U3050¢
910.,9000500
950.nun040Q0
900.0U00500
§60.0009:00
1520,0800:-00
920.0U00:.05
1355,00004500
955,0L00:00
1105,0U50-.0n
995,0U030000
1.85.0L00000
985.0Uc0. 00
90Q.guo0unn
910.0U00u00

645,0000000
625,0000000
6910,0000000
640,0000000
600,0000000
680,0000000
600,0000000
640,0000000
595,0000000
630,0000000
600,0000000
605,0000000
575,0000000
600,0000000
600,0000000
010,000000¢
520,0000000
640,0000000
610,005000¢
600,0000000
655,0000000
632,0000000

729,0000000
870,000000¢
820,0000000
875,000000¢0
865,00000090
399.0000000
810,0000000
820,0000000
790,000000¢0
850,000000¢0
740,0000000
775,0000000
810,0000000
820,0000000
770,0000000
765,0000000
8219,0000000
810,0000000
700,0000000
815,0000000
860,0000000
775,000000¢0
835,0000000
83n0,00¢0000
840,0000000
720,0000000
845,0000000
810,0000000
850,0000000
805,0000000
940,0000000
82%,0000000
930,00n000¢0
805,0000000
855,00p00000
775,000000¢0

380,0000000
370,0000000
440,0000000
395,0000000
390,0000000
435,0000000
390,0000000
415.0000000
395,0000009
400,0000009
435,0000000
420.0000000
400,0000000
425,0000003
450.00000090
370,0000000
365.0000000
450,0000000
405,0000000
440,0000000
400,0000000
420,0000000

560,0000000
535,0000000
580,0000000
520,0000000
520.0000002
520,0000000
485.0000000
580.0000000
590.0000000
510.,0000000
499.0000000
545.0000000
490.0000000
495.0000000
420,0000000
480,0000000
490,0000000
540.,0000000
510,0000000
520.,0000000
480.0000000
440,0000000
515.0000000
535,0000000
495.0000000
440,0000000
525,0000000
470,0000000
520.0000000
515.0000000
500.0000000
540,0000000
500.,0000000
450,0000000
530,0000000
540,0000000
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760,0000007
745,000300¢
760,0005000
720,000G000
785,0006000¢
775,0000000
725,0000000
770.0000000
680,0000cC0¢
720,000000¢
745,000500%
745,9005000
760,000000%
760,000200°
760,0000¢C0¢%
750,00605007°
755,0005008
750,0000002
760,0000000
770,G600000°
765,000C000¢0C
715,0005007
740,0200C000
790,6002007
770.000000¢0
780.000000°"
760,600000¢
685,0000007
780.,0005000
755.000300"
730,000000°
790,00080Q°0
740,00050¢0"
760,0000000
745.,000000"
750.,000000C¢C
745,0000007
735,000000¢
815.000C00¢C
740,0000C0"
736.000CC0C
740,000000¢
670,000C00¢
725.000500"
690.0600C00°7
685,000500¢C
710,0005000
670,0000000C
755.000000°
745,000000°0
650.000000°0
760,000000°0
700,c00C00¢
670,0000007
765,000006¢C
675.000000¢
730,000000°"
680,000000¢
765,000500¢

965,0000000
965.0U000L00
990.00006G0¢
925.0U00:0¢
925.p0U3000¢C
950,0U000:00
880.0U30:500
9B0,0000000
860,00006.500
900.0UN0L00
915.0000: 00
930.0000500
920,06UB04500
915.3000:00
1515,00004500
995,0un0c00
920.00003500
910,0U00:09
925,05000000
949,0000000
900,0t00000
870.0U00C00
920,0U00000
870.0000u040
1025,0l00u00
960,0000¢00¢0
870.0000.0¢
99590“30CG3
980,000000¢0
94p.0lp000n
1030.0C00000
955,0050:200
990.0000500
955,0L00500
955,0000400
985,00000L0¢C
945.000CL00
1260,0C0C000
925,0L0000¢
940.0C00%0¢C
935,0000:000
865,0000¢00
885,0L000000
880.,0000C020
875.,0C300028
870.0L00000
850,000807090
963.0L00C00
920,0000050¢0
800.,0000C07
900.00G6000¢0
905,0U00£060
850,0L006000
950,0000C0¢
85%0,00005035
880,0000200
865,0000200
945,0000600¢

770,0000000
805,00p0000¢C
82n,00p0000¢
835,0000000
860,00p000¢
850,0000000
800,000000¢
865,0000000
790,00p000¢
765,0000600(0
855,00p000¢
840,0000000
825,00¢u000
790,000000¢
805,0000000
g40,0000000
885,0000000
ge0,0000000
765,0000000
865,000000¢0
815,000000¢
820,0000000
77G,0000000
865,0000000
850,000000¢0
ges,olcoouQ
e60,00r0000
750,0000000
860,000000¢0
850,00p00000
6§35,000000¢
920,0000000
a70,0000000
860,0000000
815,000000¢
a805,00p000¢0
g106,00p000¢
B1C,0000000
860,0000000
8506,000000¢
760,000000¢
830,00p00000
740,000000¢0
£15,0000000
790,0000000
810.,0000000¢0
760,000000¢0
785,000000¢0
845,0000000
840,000000¢0
695,0000000
835,00¢00000
790,000G6000
735,000G00¢0
850,0000000
7%0,0000000
765,0000000
760,0000000
e05,00p0000¢

575.0000000
£30,0000000
%35,0000000
525,0000000
%510.0000000
540,0000000
430,0000000
550,0000000
465,0000000
510.0000000
$30.0000000
505.,0000000
5140,0000000
505,0000000
473,0000000
515.,0000000
5906,0000000
485,0000000
%540,0000000
510,0000000
560.0000000
530,0000000
490.0000000
515,0000000
680,0000000
570,0000000
540,0000000
485,0000000
600.0000000
505.000000¢0
555,0000000
52%.0000000
505.,0000000
550,0000000C
545.000C000
540.000000C
£10,0000000
480.00000C0
£86.000000¢C
532.0000000
510.0000000
s20.000000¢C
470,0000000
50C.0000000
490.000000¢C
%10.,0000000
480,00000060
44£.0000000
445,0000000
470.0000000
440.0000000
445.,0000000
515.0000000
520.0000000
525.000000C
48%,0000000
465.,0000000
580,0000000
555.0000000
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DISTRIBUTICN DETAILS FOR REFERENCE SAMFLE

MEANS FCOR SAMPLE 1 STANLARD DEVIATICNS FOR SAMPLE
748,47656 31,06736
722,92969 36,68083
625.35938 32,03166
417.85156 40,66709
MEANS FOR SAMPLE 2 STANTARD DEVIATIONS FOR SAMPLE
746,15789 441,29198
938,47368 57,92546
818.,15789 49,60510
515,34211 43,00948
VARIABLE SKEWNESS T(SKCW) KURTCSIS T(KURT)
1 -2.,2118 «0,9403 -0,1028 -0.2416
2 2. 0097 2.0032 «0,1635 -0.4554
3 -3.2992 ~1.3981% 0,0725 0,1706€
4 3.6562 17.0832 26,6019 62.6037

ST.DEV,FCK SKEWNESS = 0,21402¢€1

ST,DEV,FOk KURTOSIS 0,4246253

DISTRIBUTION DETAILS FOR COMPARISON SAMFLE
VARIABLE SKEWNESS  T(SKEW) KURTCSIS  T(KURT)

1 t,0878 21,3549 0,0646 0.1930
2 i,5615 2.2690 0,348 0,6830
3 -7.0905 «2,3658 0,2707 0,5522
4 0,467 1.3882 1,2€69 2.6254

1]

ST.DEV,FCR SKEWNESS 0,2474635

ST.DEV,FCR KURTOSIS 0,4604701

ROW CCVARIANCE MATRIX 1 ( REFERENCE MATRIX )

1 2 3 4
965,18055 778.91776 554 ,71121 327 ,60€673
778,90779 1345.43321 706 ,66867720 ?78,68161
551,71321 729,66720 1026,02731 282,3726¢
327 ,60673 278.98161 282437266 1653,81244

D LN

ROW COVARIANCE MATRIX 2 ( COMPARISCN MATRIX)

1 a 3 4
17.5,32820 10839,81802 L490,71649 454,33371
1886,81803 3555.35836 1€23,48F24 548,3724¢
1490,71949 1623.,48B824 2460,¢6€630 706 ,88€91

454,33371 248,37346 TUFEBEGOYL 1R49,81522

bW
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ROW PCGOLED MATRIX

1 2 3 4
1 1279,86679 1251.42165 $51,10655 381,50871
2 1251,42165 2¢230,36222 109€,25126 363,56457
3 951,10955 4qU9B.35126 164€423E575 462,6352%
4 381,50871 363.56457 467 ,53528 1737,18014
L A2 2 &1
Wk wd

EJGENVALUES FOR REFERENCE MATRIX
2740,99516 1423.,34108 479,04863 347 ,41834

EIGENVECTORS FOR REFERENCE MATRIX

1 2 3 4
1 -0,48781 0.17263 0¢35143 0,7803¢
2 -0,5681¢0 0.33807 137658 -0,€1660
3 -0,474.18 0.20227 “[,E5E75 0,0438%
4 ~0(,42363 -0.92273 0401763 ~0,0728¢;
(2221

EIGENVALUES FOR COMPAFISON MATRIX
6176,19985 1725.86087 1129,30366 335,50320

EIGENVECTORS FOR GOMFARISGMN MATRIX

1 2 3 4
1 - ,47962 -0,11C76 N 0BEIS 0.E6€1¢
2 - ,66687 ~-0.382¢64 *0,52438 ~0.,26E91
3 ~1,52583 0.21152 £e75090 -0,3389¢
4 -0,22081 6.89251 ~n 29206 0,0309%
L2 2 3.2
*xWE N

EIGENVALUES FOR PQULED MATRIX
4175,.13456 1552,62951 765,52415 360,34€69

EIGENVECTORS FOR pPUODLED MATRIX

1 ¢ 3 4
1 -0 ,48626 0,12064 (.01965 0.86E2:2
2 =0 ,64950 0,29287 NeE6213 -N,4186%
3 -0,581393 0.076954 *C,E1219 ~0,2745¢0
4 ~0,2785%3 -0.94805 f:15115 “0,0277&
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LOG DETERMINANTS

REFERENCE COMPARISCN FCOLEL
27,198 29,039 2g,21z
B SOUARE = 51,0763999
BETA SGUARE = 0.2004864

DEGKREES (F FREELOM = 40
TRACE B = 93/0,6678775

PERCENTAGES FOR B(I)
65,9085149 16,4173002 12,081z20¢ 3,6225643

ORIENTATICN OF ELLIFSCICS

VECTCR CHISGUAFE DF
1 18,601 3
VECTCR CHISGUAFE CF
2 11,7¢€4 3
VECTOR CHISWUARE DF
3 34,449 K
VECTCR CHISGUAKE DF
4 36,211 K
TEST = 23,21°%0000

STATISTICAL DISTANCE FCR KETEROGENECUS CCVARIANCE MATRICES
NA =128 NB = 95

ITERATIONS FOR DISTANCE CALCULATION
SAMPLE DIFFERENCE MEAN VECTOR

~2,318667
215,54400
192.29652
97.99:54
ITERATI]GN V4 C DS¢ DIFF T
0 -3.61526 8,792 77,304 0,00006000
0 36,21169 8,745 76,470 0.00060000
0 15,32475 8,784 77,164 0,0000000
0 5.67311 8,792 77,292 0.0000000
4 0,98%563 B.793 77,319 0.0625000
5 -1,32195 8,793 77,3314 0,0312500
6 -0,16852 8,793 77,312 0,0156250
7 0,40995 8,793 77312 0.0078125
8 0,12096 8,793 77,312 0,0039063
9 -0,02402 8,793 77,312 0.0019531
10 0,04826 8,793 77,317 6.0009766
ESTIMATE OF DISCRIMINANT VECTOR
0.19291
J.16544
0,03858
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HETEROGENEOUS DISTANCE BY AVERAGING CCVARIANCE MATRICES
ROW COVAR]JANCE MATRIX

b 2 3 4
1335,10427 1334,36291 1021,21635 390,5702%
1334,36291 2350,42078 116¢,57772 413,£67783
1021,21635 1166,57772 4743,346€80 494 ,6297¢

390,97022 413,677583 494,62678 1751,81283

DGO+

DISTANCE, DISTANCE SQUARED
8,783 77.434

HETERQGENEOUS SIGNIFICANCES
MULTIPLICATION FACTOR

AN = 0,8615030
ITERATION REYMENTS DSQ TESTY

1 83,7006

2 68,4005

3 74,0644

4 81,8624

5 81,0875

6 85,7856

7 82,6404

8 81,9864

9 71.4774
10 87.0855
11 68.8185
12 $7.1551
13 90,7586
14 79.9636
15 78,6520
16 76.5856
17 10C0.2027
18 $7.7471
19 84,5251
20 98,4155
21 88.5189
22 97.8546
23 9¢,6790
24 81,1956
25 91.805%1
26 80,7465
27 77,5857
28 92,5904
29 93.7228
30 131,5444

SIGNIF ICANCE COMPUTATIONS

AVE,DSQ TSQ
83,780 3979.543
VARIANCE RATIO IS = 963413 FCR 94 AND 4 TEGREES OF FREEDOM
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STATISTICAL DiSTANCE

Nl =128 N2 = 95 LF 82214
VAR MEAN VECTOR 1 MEAN VECTOR 2 T[CIFF,VECTOR
1 748.477 'D.325 ”2.319
2 722,930 p,191 215,544
3 625,859 0,165 192,299
4 417,852 n,039 97,991

DISCRIMINATOR COEFFICIENTS
=0,32631 0,19354 0.16597 0,03999

RESULTS FOR MAHWANALOBIS DSQUARE

L D SQUARE
8,84919 78,30818

SIGNIFICANCE FOR D SQUARE AND T SQUARE

T SOQUARE = 4270,078
F = 1053.03
DFL = 4 DF2 =218
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT
Title (If subroutine state in title):

FORTRAN IV program for generalized statistical distance and analysis of covariance

matrices for the CDC 3600 computer.

Date: Final version in March 1969

Author, organization: R.A. Reyment and Hans-Ake Ramden (University of Uppsala), and Warren J.

Wahlstedt (Kansas Geological Survey)

Direct inquiries to: Authors or
Name: D.F. Merriam Address: Kansas Geological Survey

University of Kansas, Lawrence, Kansas
Purpose /description: For computing generalized distances and discriminant functions in the situations

of homogeneous or heterogeneous covariance matrices and tests for homogeneity of covariance

matrices,

Mathematical method: Generalized distances by the methods of Mahanalobis, Anderson and Bahadur,

and Reyment .

Restrictions, range: The programs accept matrices up to 45 x 45

Computer manufacturer: cbC Model: 3600

Programming language:

Memory required: 32 K Approximate running time:

Special peripheral equipment required:

Remarks (special compilers or operating systems, required word lengths, number of successful runs, other ma-
chine versions, additional information useful for operation or modification of program)

Subroutine REYDST requires access to a random access unit to be efficient. Running

time of the example was about 15 minutes.
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(continued from inside front cover)

FORTRAN |V program for mathematical simulation of marine sedimentation with IBM 7040
or 7094 computers, by J,W. Harbaugh and W.J. Wahlstedt, 1967 . ’
Three-dimensional response surface program in FORTRAN I for the IBM 1620 computer, by
R.J. Sampson and J.C. Davis, 1967 .
FORTRAN |V program for vector trend analyses of dlrectlonol data, by W. T Fox, 1967
Computer applications in the earth sciences: Colloquium on trend cnalysrs, edited by D.F,
Merriam and N.C, Cocke, 1967

FORTRAN 1V computer programs for Markov chcun experrments in geology, by W C. Krumbeln,

1967

FORTRAN IV programs to détermirie surfoce roughness in topography for the CDC 3400
computer, by R.D, Hobson, 1967 .

FORTRAN Il program for progressive linear fit of surfaces on a qucdrotrc base usmg an IBM
1620 computer, by A.J. Cole, C. Jordan, and D.F. Merriam, 1967

FORTRAN 1V program for the GE 625 to compute the power spectrum of geologuccl surfcces,
by J.E. Esler and F,W. Preston, 1967 .

FORTRAN 1V program for Q-mode cluster cnc|y5|s of nonquantltatwe dato using IBM 7090/
7094 computers, by G.F, Bonham- Corter, 1967 .

Computer applications in the earth sciences: Colloquium on t|me"ser|es anc|y5|s, D F
Merriam, editor, 1967 ;

FORTRAN Il time-trend package for the IBM 1620 computer, by s C Dovrs and Reashs
Sampson, 1967 :

Computer programs for multrvcrlcte anclysrs in geology, DLF. Merrrcm edltor, 1968

FORTRAN IV program for computation and display of principal components, by W.J.,
Wahlstedt and J.C. Dovrs, 1968 .

Computer applications in the earth sciences: Colloquium on simulqtlon, D F. Merriam
and N,C, Cocke, editors, 1968

Computer programs for automatic contourmg, by D B. Mclntyre, D. D Pollard ond
R. Smith, 1968 i

Mathemotlcal model and FORTRAN lV program For computer snmulatlon of deltcnc sedlmen—
tation, by G.F. Bonham-Carter and A.J. Sutherland, 1948

FORTRAN IV CDC 6400 computer program for ond|y5|s of subsurface fold geometry, by
E.H.T. Whitten, 1968 :

FORTRAN |V computer program for srmulchon of trcnsgressron and regressron with contmuous-

time Markov models, by W.C. Krumbein, 1968 i 2
Stepwise regression and nonpolynomlal models in trend onalysrs, by A 1A Miesch and J 15
Connor, 1968 §

KWIKR8 a FORTRAN IV progrcm for multlple regressron “and geologlc trend cnalysrs, by
J.E. Esler, P.F. Smith, and J.C, Davis, 1968 &

FORTRAN 1V program for harmomc trend analysis using double Fourier series and regularly
gridded data for the GE 625 computer, by J.W. Hcrbaugh and M.J, Sackin, 1968 .

Sampling a geological population (workshop on experlment in somplmg) by J.C. Griffiths
and C.W. Ondrick, 1968 :

Multivariate procedures and FOIXTRAN 1V progrcm for evaluation and |mprovement o
classifications, by Ferruh Demirmen, 1969 : :

FORTRAN 1V programs for canonical correlation and conomcal trend surfcce cncrlysrs,
by P.J. Lee, 1969 . . :

FORTRAN 1V program for constructlon of Pi clrcrgrcms wrth the Umvoc ”08 computer,
by Jeffrey Warner, 1969 ‘

FORTRAN IV program for nonlinear estlmatron, by R.B. McCcmmon, 1969

FORTRAN |V computer program for fitting observed count data to discrete distribution
models of binomial, Poisson and negative binomial, by C.W. Ondrick and J.C.
Griffiths, 1969

GRAFPAC, graphic output subroutines for the GE 635 computer, by F & Rohlf 1969

An iterative approach to the fitting of trend surfaces, by A.J. Cole ;

FORTRAN Il programs for 8 methods of cluster analysis (CLUSTAN 1), by David Wlshart
969

FORTRAN |V progrcm for the generclrzed statistical distance and cnalysrs of covariance
matrices for the CDC 3600 computer, by R.A. Reyment, Hans-Ake Romden, and
Warren J. Wahlstedt . 5 3 4
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