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ABSTRACT

GENHYP is a general, linear, hypothesis-testing program
which computes sum-of-squares for linear models with or
without missing cells and for the balanced or unbalanced
case. It is easy to use and will compute sum-of-squares
for linear models of the form

Y = Xu + e

subject to 6Tu = 0 where the usual assumptions are

" made about e

This program is described and numerical examples of
various linear models are included in an effort to simplify
usage of the program.
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GENHYP — A FORTRAN V PROGRAM FOR
GENERAL LINEAR HYPOTHESIS TESTING

By Fred C. Delaney and Fred M. Speed*
INTRODUCTION

The program provides a method of analysis that makes
use of the simple structure of the observations. It is
assumed that each observation comes from a normal popula-
tion, where each population has a mean and a common variance.
Certain restrictions known about the means may be input
into the model. Now, while each population may have been
sampled a different number of times, only those populations
from which at least one sample was taken shall be included

in the model. These observations can be expressed as
Y = u + e

ijk ij ijk

where the means satisfy the relations

and Yijk is the kth observation from the (ij)th

population.
u is the vector of the u, . in some order.
Uy g is the mean of the (ij)¢th population.

*Associate Professor of Mathematics, Texas A§I College,
Kingsville, Texas.



e, . are normal random variables such that

- _ L2
E(eijk) =0 , V(eijk). o}
ez is the 2tk restriction on the uij's.
gz is known.

Naturally, the number of the subscripts is essentially
unlimited; however, to simplify the notation, the number
of subscripts will be kept to three. In order to better
understand the concepts in this section, consider the
following example.

Suppose that there are six populations indexed by two
subscripts (ij), that is, (11, 12, 21, 22, 31, 32). Also,
suppose that the following number of observations came from
each population; two from population 1, two from popula-
tion 2, five from population 3, three from population 4,
one from population 5, and five from population 6. Let us
further suppose that

where Uy is the mean of the (ij)th population. The model
is

Y4k Uy 5 ik



subject to u,, - u,,. - u,., +u,,., =0 for all
ij i'j ij i'j

i, i', j, j' where 1 = 1;2a3 » J =1,2, k= 1"..nij .

In order to simplify the presentation, the general

model can be expressed in matrix notation. It is
Y = Xu + e

subject to 6Tu = E

where

y - is the nX1 vector of observations.

u is the px1 vector of cell means.

X is the nxp design matrix.

e is a normal random variable such that E[e] = 0

E[eeT] = g1

6T is an rxp matrix of rank r that represents the
restrictions known about the means.
£ is an rxl known vector.

The example expressed in matrix notation 1is

Y = Xu + e

subject to 6Tu = 0



where
Y is an 18x1 vector,
X is an 18x6 matrix,
u is a 6x1 vector,

e is an 18x1 vector,

0¥ is a 2x6 matrix,

£ is a 2x1 vector,

and where
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1}
(e

subject to u

Because of the formulation of the model, XTX will always
be diagonal with diagonal elements equal to the number of
observations from each population. One statistic that will
be encountered frequently is u®* = (XTX)—lXTY . This is

nothing more than the vector of cell means. In the example,

(x*X) = Diagl2,2,5,3,1,5]

and

()T = [Yll_/z,le./z,Yzl./s,Y22./3,Y31_/1,Y32./5]

This program avoids using special formulas when there
are missing cells. There is no need to have one program
for the balanced case and another for the unbalanced case.
The classical linear models may be considered in the manner

that will be described in this paper.

DEFINITIONS AND SYMBOLS

Y vector of observations

0 constraint matrix

X design matrix

Ay ith hypothesis matrix

SSQ sum-of-squares associated with the itZ hypothesis matrix



B transformed constraint matrix

Q transformed hypothesis matrix

B,F orthonormal basis matrices for 6 and Ay oo
respectively

D,Q diagonal matrices which contain eigenvalues as entries

E,S matrices of eigenvectors, constructed columnwise

u* vector of cell means

A . . . - .

151 vector of the minimum-variance unbiased estimate

of the cell means

C covariance matrix for @

R residual sum of squares

52 minimum-variance unbiased estimate of the population
variance

NL number of observations

N number of populations (cells)

LX number of rows in 6"

H,A,P matrices used to express computations

u population mean
e normal random error variables such that E[e] = 0,
Vie] = o2

METHOD

The procedure for computing the sum-of-squares is
presented in two cases, Case 1 is a linear model that has
constraints (i.e., no interactions)., Case 2 is a linear
model with no constraints.



Case 1

The columns of the constraint matrix © are considered
as a basis for a real vector space. An orthonormal basis
B composed of unit vectors which are mutually .orthogonal

is computed. The matrix H is calculated where

H = BTx™OB . (1)

The diagonal matrix D of eigenvalues and the matrix E
of eigenvectors are computed from the matrix H . Next,
the transformed constraint matrix denoted by B 1s calcu-

lated where

B = BH (2)
The following computations are made:

ur = XTIy (3)
A = [I - (X*x) " tep~teT] (4)
c = AXTO™? (5)
U = Au* (6)
R, = [6Tu*]1T[6Tu*] (7)
R = Y'Y - (xX™OTax™) txTy) + R, (8)
§2 = R/(NL - N - LX) . (9)



For each hypothesis matrix Ai , an orthonormal
basis F composed of unit vectors which are mutually

orthogonal is computed. The matrix P 1is then constructed
where

T

P = FCF. (10)

The diagonal matrix Q of eigenvalues and the matrix S

of eigenvectors are computed from P . The transformed
hypothesis matrix, denoted by & , 1is calculated where

@ = TFS° . (11)

Finally, the sum-of-squares due to the itk hypothesis matrix
is computed,

ssQ, = (eTa1TQ o4 . (12)

Case 2

The minimum-variance unbiased estimate of the cell
means is computed,

6 = ur = XX X%y . (13)

Since Rl is equal to zero in this case, equation (8)

becomes

R o= YTy - (xX™0OTx™)TxT (14)



and 62 is calculated,

§2 = R/(NL - N - LX) . (15)

For each hypothesis matrix Ai , an orthonormal
basis F composed of unit vectors which are mutually

orthogonal is computed. The matrix P is then constructed,

using

P = FTXTX)TIF (16)

The diagonal matrix Q of eigenvalues and the matrix S

of eigenvectors are computed from P . The transformed
hypothesis matrix, denoted by & , 1is calculated where
@ = FBSsT . (17)

Finally, the sum-of-squares due to the itk hypothesis

matrix is computed,
ssQ; = [efa1"QieMal . (18)

"For a more theoretical treatment of the method used

by this program, see Speed (ref. 1). ’



PROGRAM USAGE

In order to use this subroutine, the following

FORTRAN V calling sequence must be used:

CALL GENHYP(Y,TL,KM,M,XL,G,W,E,X,Z,US,UH,SSQ,R,VH,NL,N,NF,

where

TL

IND2)

is a one-dimensional single-precision array,
provided by the user, that contains the observa-
tions. This array should be contructed so

that each cell is exhausted before going to

the next one. Y must be dimensioned by NL

in the calling program.

is a three-dimensional single-precision array,
provided by the user, that contains the hypothesis
matrices and a constraint matrix if the user
requires constraints. Consider TL(K,I,J) where

K denotes the KtZ hypothesis matrix and I and

'J denote the Ith row and Jth column of the Ktk \
‘hypothesis matrix. If a constraint matrix is 1

required, it should be stored (in TL) following
the hypothesis matrices. That is, if NH denotes |
the number of hypothesis matrices, then the ?
TL(NH+1,I,J) would denote the Itk row and Jth
column of the constraint matrix. TL must be
dimensioned NF by N by N in the calling

program.

10



XL

is a one-dimensional integer array provided by
the user, that contains the number of rows for
corresponding hypothesis matrices in the TL
array. KM(K) denotes the number of rows associ-
ated with the KtZ hypothesis matrix. Note that
KM(K) also denotes the number of degrees-of-
freedom associated with the K¢k hypothesis. XM
must be dimensioned by NF in the calling progran.

is a one-dimensional integer array provided by
the user, that contains the number of observa-
tions per cell (or population). M(I) contains
the number of observations in the Ith cell.

M must be dimensioned by N in the calling
program,.

is a two-dimensional double-precision array used
for temporary working storage. XL must be

dimensioned N by N in the calling program.

is a two-dimensional double-precision array,
that will contain the covariance matrix for u
upon return to the calling program. G requires
no input, but must be dimensioned N by N in

the calling program.
is a two-dimensional double-precision array used

for temporary working storage. W must be

dimensioned N by N in the calling program.

11



us

UH

$SQ

is a two-dimensional double-precision array
used for temporary working storage. E must be
dimensioned N by N in the calling program.

is a one-dimensional double-precision array used
for temporary working storage. X must be
dimensioned by N in the calling program.

is a one-dimensional double-precision array used
as temporary working storage. Z must be
dimensioned by N in the calling program.

is a one-dimensional single-precision array that
will contain the cell (or population) means upon
return to the calling program. US(I) contains
the mean for the Itk cell. US requires no input
but must be dimensioned by N in the calling
program.

is a one-dimensional single-precision array that
will contain the minimum-variance unbiased esti-
mate of the call (or population) means upon return
to the calling program. UH(I) contains the
minimum-variance unbiased estimate of the Itk
cell. UH requires no input but must be dimen-
sioned by N 1in the calling program.

is a one-dimensional single-precision array that

will contain the sum-of-squares upon return to
the calling program. SSQ(K) will contain the

12



VH

NL

NE

sum-of-squares associated with the K¢z hypothesis
matrix. SSQ requires no input but must be dimen-

sioned by NF in the calling program.

is a double-precision number provided by the user.

It is used to determine

1. The occurrence of a zero vector during the

Gram-Schmidt orthogonalization process

2. The convergence criterion for eigenvalue and

eigenvector computations.

The number 10~ ° was found to be sufficient in all

test cases,

is a single-precision location that will contain
the minimum-variance unbiased estimate of the
population variance upon return to the calling

program.

is an integer provided by the user, that denotes

the total number of observations.

is an integer provided by the user, that denotes

the number of cells (populations).

is an integer provided by the user, that denotes
the number of hypothesis matrices if there is no
constraint matrix. If there is a constraint
matrix, NF is equal to the number of hypothesis

matrices plus one.

13



= 1, if there is no constraint matrix.
IND2

# 1, if there is a constraint matrix.

Let n, and N denote the number of observations in
the i¢h population and the number of populations respec-
tively. The arrays Y and M must be constructed in the
following manner:

e Y(1) through Y(nl) contain the observations for the

first cell, and M(1) = n,

. Y(nl+1) through Y(nl+n2) contain the observations
for the second cell, and M(2) = n

2

° Y(nN_l) through Y(nN_l+nN) contain the observations

for the Ntk cell, and M(N) = no

The first subscript K of the TL array denotes the
Ktk hypothesis. It should be noted that the sum-of-squares
and the number of degrees-of-freedom associated with the
K¢h hypothesis are SSQ(K) and KM(K) respectively.

SUBPROGRAMS

The following subprograms are used directly by the main
‘program, GENHYP, or are useful for analysis of linear models:

1. TESTH computes the sum-of-squares.

2. UHAT2 computes u*, , C (covariance matrix for

u ), and 52

14



3. DOURHG (ref. 2) computes an orthonormal basis for
a basis of a real vector space of finite dimension.
The computed orthonormal basis is composed of unit

vectors which are mutually orthogonal.

4, DJACOB (ref. 3) computes eigenvalues and eigen-
vectors, given a symmetric matrix comprised of
real elements.

5. EIGOR2 "transforms' the constraint matrix.

6. FISHIN (ref. 4) is not used by GENHYP, but it is
an asset in the analysis of linear models. It
computes the inverse F value (Fisher's F
distribution) when given the confidence coefficient

and number of degrees-of-freedom.

7. FISH (ref. 4) is not used by GENHYP, but it is
helpful in the analysis of linear models. It
computes an approximafion of Fisher's F
distribution.

8. PHINV (ref. 4) is not used by GENHYP, It is helpful
in the analysis of linear models. Given the
probability, it computes the inverse of the normal
distribution with a mean of zero and a variance

of one.
NUMERICAL EXAMPLES
The examples in this section will be discussed in terms

of the calling arguments of GENHYP. The arguments, which

are used as temporary working storage, are in the calling

15



sequence for dimensioning purposes only and will not be
included in the treatment of the examples.

The One-Way Classification

This example is taken from Ostle (ref. 5), page 287.

Storage Conditions
1 2 3 4 5
7.3 5 8 7.9 7.1
8.3 9.5
7.6 10.0
8'4
8.3
The model is
Y = u, + e
1] 1 i]

Ingut:

Y = (7.3,8.3,7.6,8.4,8.3,5.4,7.4,7.1,8.1,6.4,
7.9,9.5,10.0,7.1)"T

16



OutEut:

TL

NL

NF

IND2

UH

$SQ

VH

1. 0
1. 0
(T

(5,3,2,3,1)

1078

14

5

1

1

= UsS =
= 10.66
= .7963

0.
-1
0 -1. 0
0 0. -1.

T

(8.0,6.6,7.3,9.1,7.1)°

17




ANALYSIS OF VARIANCE'

Source of Degrees-of - Sum-of- 95% Critical
Variation Freedom Squares Mean Square F Statistic Value
Treatments 4 10.662238 2.6655595 3.3475939 3.6330883
Experimental 9 .79626129

Error

The One-Way Classification with Subsampling

Consider the example taken from Ostle (ref. 5),

page 292,
Determi- Micro-Organism No. 1 Micro-Organism No. 2
nations Sample Number Sample Number
1 2 3 4 1 2 3

1 5.6 5.0 5.4 5.3 7.6 7.4 7.5
2 5.7 5.0 5.4 5.5 7.6 7.0 7.6
3 5.1 5.4 7.8 7.2 7.5
4 5.5 7.4
5 5.4

It is believed that the hypothesis which will test any

significant difference in treatments 1is

18




Input:

Y - (5.6,5.7,5.0,5.0,5.1,5.4,5.4,5.4,5.5,5.4,5.3,5.5,7.6,
T
7.6,7.8,7.4,7.0,7.2,7.5,7.6,7.5,7.4)
TL, = (3.,3.,3.,3.,-4.,-4.,-4.,)"
~ 1 -1 0 0. 0 0 0.]°T
1 0 -1 0. 0 0 0
TL, = 1. 0. 0. 1. 0. 0. 0.
0 0 0 0. 1 -1 0
0. 0. 0. 0. 1. 0. -1.
b -
KM = (1,57
T
M = €2,3,5,2,3,3,4)
R = 10°°
NL = 22
N = 7
NE = 2
INDZ = 1



It should be noted that the second hypothesis matrix TL2
is used to determine the sum-of-squares for experimental

eryror.
Output:
T
UH = US = (5.65,5.03,5.42,5.4,7.66,7.1,7.5)
SSQl = 24.09
$SQ, = .8468
VH = ,0111
ANALYSIS OF VARIANCE
Source of Degrees-of- Sum-of- 95% Critical
Variation Freedon Squares Mean Square F Statistic Value
Treatments 1 21,879458 21.879458 1972.9414 4.5430791
Experimental 5 .84683336 .16936667 15.272340 2,9012953
Error
Sampling 15 .01108976
Error

The Two-Way Classification Without Interaction

(Randomized Complete Block Design)

Consider the example taken from Ostle (ref. 5),

page 375.

20




Machine -
Day
A B C D
1 293 308 323 333
2 298 353 343 363
3 280 323 350 368
4 288 358 365 345
5 260 343 340 330
The model is

Yijk ulj * eijk

where i = 1l,*+¢,5 ; j =1,+,4 ; k=1 and the

constraints are

11

11

11

11

11

11

11

11

11

11

11

11

as follows:

21

21

21

31

31

31

41

41

41

51

51

51

12 22
13 23
14 24
12 32
13 33
14 34
12 42
13 43
14 44
12 52
13 53

14 54

21




The hypotheses are

,288.,260.,308.,353.,323.

,358,

,343.

b

323.,343.,350.,365.,340.,333.,363.,368.,345.,330.)"T

HO: u,, =
and
Hyt u,,
Input:
Y = (293.,298.,280.
-1 1 0 0. 0 1
1 0 -1. 0 ] 1
TL =

—
-
-
=
-
A

s

22




TL

¢. -1. 1.
0 0. 0
0. 0. 0.
0. -1. 0.
0 0. 0.

0. -1. 0
0. 0. 0.
1. 0. 0.
0. -1. 0.
0 0. 0

23




KM = (4,3,12)7
M = (1’1’1’1,1’1,12131’1’1’1,1’1’]‘,1’1’1’1’1)'1‘
R = 107°
NL = 20
N = 20
NF = 3
INDZ = 0
Output:
§5Q, = 2146.2001
§SQ, = 13444.804
VH = 218.84999
ANALYSIS OF VARIANCE
Source of Degrees-of - Sum-of- 95% Critical
Variation Freedom Squares Mean Square F Statistic Value
Days 4 2146.2001 536.55003 2.4516794 3.2591666
Machine 3 13444,804 4481.6014 20.477960 3.4902959
Experimental 12 218.84999
Error .

24




The Two-Way Classification Without Interaction

This example was taken from Harvey (ref. 6).

Ration No.
Sire
No. 1 2
5 2
1
6 3
2 5 7 8 9
2
3 6 8
3 4 6 7
3
4 6
The model is
Yige = Uiy * ey
where i = 1,++¢,3 ; j =1,2; k = 1,---nij and the

constraints are as follows:

25



The hypotheses to be tested are

TL

TL

TL

NL

H . =
l.
H T =
*]
(5.,6.,2.,3.,2.
6.,7.)7
(1. ~-1. 1.
(1. 1. -1.
1. 1. 0.
(1. -1. -1.
1. -1. 0.
(1,2,2,)°
(2,2,5,3,1,5)7
10~
18
6

26



NF = 3
IND2Z = 0
Output:

Us = (5.5,2.5,4.6,8.3,3.0,5.4)°T

UH = (3.19,4.81,5.39,7.01,3.65,5.27)"

SSQl = 9.,7078648

SSQ2 s 15.682864

VH = 4.0208672

ANALYSIS OF VARIANCE

Source of Degrees-of - Sum-of- 95% Critical
Variation Freedom Squares Mean Square F Statistic Value
Ration 1 9.7078648 9.7078648 2.4143709 18.512822
Sire 2 15.682864 7.8414319 1.9501843 19.000000
Experimental 2 4.0208672
Error




The Two-Way Classification Without Interaction

and with Missing Cells

This example was taken from Blischke (ref. 7).

Temperature
Fabric
1 2
No 1.8 2.1 7.
1 observations
2.0 2.1 7.
2.2 4.2 9.
2
2.4 4.0
2.8 13.
3 No
3.7 observations
3.2 3.6 10.
No
4 .
observations 3.3 11.
The model 1is
igx - Y3t

28




subject to 67u = 0 where

Consider the hypotheses

and

These hypotheses test for significant "differences'" in
temperature and fabric.

Input:

Y = (1.8,2.0,2.1,2.1,4.6,7.5,7.9,2.2,2.4,4.2,4.0,5.4,5.6,
9.2,2.8,3.2,8.7,8.4,13.2,3.2,3.3,3.6,5.7,5.8,10.9,11.1)7

29



TL

30

0 0. 0.
0. 0. 0
0 0. 0
0. 0. 0.
0. 0. 0
1. -1. 0
1 0. -1.
0 0. 0.
0 0. 0.




TL

|7.°

0 0.
0. 0
0. 0
1. 0.
1. 0
1. 0
0 1.
0 1.
0 1.

31




TL

NL

NF

IND2

-1. 0.
0. -1.
-1. 0.
0. -1.
0. 0.
0. 0.
(9,9,6)7

(4,1,2,2,2,2,1,2,2,1,3,2,2)"

10

26

13

-6

32




OutEut:

Us = (2.0,4.6,7.7,2.3,4.1,5.5,9.2,3.0,8.55,13.2,3.37,
5.75,11.0)7
UH = (1.84,4.01,8.3,1.55,3.82,5.99,10.3,3.74,8.17,12.47,
3.76,5.73,10.22) T
$SQ, = 215.23209
SSQ, = 37.864549
VH = .43067300
ANALYSIS OF VARIANCE
Source of Degrees-of- Sum-of- 95% Critical
Variation Freedom Squares Mean Square F Statistic Value
Temperature 9 215.23209 23.914677 55,528619 4.0990173
Fabric 9 37.864549 4.2071721 9.7688318 4.0990173
Experimental 6 .43067300
Error
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SAMPLE CALLING PROGRAM FOR BLISCHKE (ref, 7) EXAMPLE

¥ FOR MP&N-.: : -
PARAMETER N=1%/NYZ 26)NF3 o
UOYBLE PRECISTON XLUNeN) oG INeN) pW (NN oE (NsN) o X(N) »ZIN) R
DIMENSION Y(NY) » TLCNE o NoN) o KMINF) e MIN) yUSTIN) 5 UHIN) o SSRINFY o F (NF)
INp2=0
RE14UD=-0p
ALFHAZ0,05
LNLENY
KM{1)=9
KM¢2)=9
KM(3)ze
READ (5,301) LYC(LY»IziiNYY
READ (5,102) tMUET,I=14N)
WREITE (6733120) (Y(I)2I=1eNY)
WRITE (67121) (M{T)eI=1sN)
U0 4 K=13NF
LMzKM LK)
Lo 2 Us1iLM
2 READ (5,103) LTL(KeIsd) s [21,N)
WRITE (67122) K
D0 3 I=ijLM
WRATE (67123)
3 wRITE (6v1284) (TLIKFJr 1) sd=1eN)
4 CONTLINUE N
CALL GENMYP(YTTLoKMeMo XL s GoWrEs X0 Z 2 USeUH»SSQ» Ry VHeNL # Ny NF§ IND2)
WRITE (63127)
AMg1=550 (1) /KM (1)
XM§2=55Q{2) /KM (2)
F(3)=XMSI/VH
Fl2)=XMSg/VH _
FNLISFISHIN(ALPHA KMU1) s kM(3))
 FNg=F ISHIN(ALPHA, KMU2) s KM (3))
NnVzKmis)
WRITE (6§128) KM(1)¢SSQUL) pXMS1eF (1) eFNIIKM(2),SSO(2) 1XMS29F(2)
1FNZINVeVH ) :
WRITE (63131)
STQP

101 FORMAT(26F3,17

102 FORMAT (4012)

103 FORMAT(ugF2,0Y

120 FORMAT(*10BSERVATIONS!//(7(5X1615,8)7)

121 FORMAT ('GPOPULATLON SIZE?'/(u4(1Xe12))) , _

122 FORMAT( 'QHYPOYHESIS MATRIX = TRANSPOSEDs MYPOTHFSIS NUMBER '912/)

123 FORMAT (5HOROW »13)

T12h  FORMAT(B13Xe613,3))

127 FORMAT( 1% ,46X, *ANALYSIS OF VARIANCE!/1Xs19(t=1)s'%'y20( 1<), '%",
TLE( =)o P10 )15 (1=t ) ptx? 15(1=0), %, 20("="), %7/ SOURCF OF VARATI
20N * DEGREES OF FREEDOM % SUM OF SQUARES * MFAN SQUARE * F STAT
BISTIC * 95( CRITICAL VALUE *'/1Xe1901"=") vt 20{ =070 xr,1610=1),
Uk LB (1at) g0ty 5(ar] 1kt ,20(1="1)y1%") L

128 FORMAT (9xe? FEMP, 9 ,AX,1309Xs "%192XoG13,8y? % ',G13,8»" % "6
113,8s' * VyB13 8o UKy TR/ FABRIC *'98X,13,9X,tx 146
213,897 % 1,GL3A;B, ! * ',GL3.Bs" * 1,G13,8p4Xet%1/% EXPFRIMENTAL F
BHROR #9,8Xe1379Xs %7, 10Xe Tk 196138,897 x"915Xy "% YpXTXe 0%

131 FORMAT(1xs11100=0)//)

END
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FOR GENHYP

GENHYP LY o TLaKMoMo XKL s GeWoE o XpZ o USsUH)SSQpRIVHINL o Ny

(‘---———-_———— __________ - - - o O o - - o - - = 7 o o e ot e e o o ——— - -

cCcCcoo o CcCc O CC oL C oo CCC oo COCCCOCCCOOCCC 000 oo

SUBROUUTINE
1NF p INDZ2)

Y iINPU)
L ANPUT
KM LML

Mo ANPU
AL

G ulIPyT

W

F

X

V4
uS  UHTPUT
Ul DUTPUT

SSQ  UUIPyYT

R ANPLY
vE  wUTPYT
NL INPUY

N INPL
WF  INPUY

INU2 LN

A SINGLY-UTMFNSIONEU SINGLE PRECTISTOM ARRAY THAT CONTAINS
THE OBSERVATIONS, THIS ARRAY SHOULD BE CONSTRUCTED SO THAT
EACH CelLL {S FXHAUSTED REFORE GOING 10 THF MEXT CFLL,
DIMENSIONFY BY NL,

A THREE=DIMENSTUNAL SINGLE PRECISION ARKAY THAT CONTALNS THE
HYPOTHES LS MATRICFEFS, CONSTUER TL(K,T,Jd), K DENQOTES THF
K=1H HYPUTHFSIS MATRIX, I aND J DENOYF THF T-TH ROw AN
J=1H CULUMN OF THE K=TH HYFOTHES[S MATRIX, TL 1S DIMENSTONED
NF BY N BY N,

A SINGLY-UTMENSLONFU INTFGER ARRAY THAT CONTAINS THE
CORKRESPOND [NG UFGREFS OF FREFEDOM FUR THF HYPOTHFSIS
MATRICES. (HAT 15 KM(K) CONTAINS THE DECGRFES OF FREFDOM
ASSOCIATED WITH THE K=TH HYPOTHESIS MATRIX, NOTE THAT kM{K)
1S ALSO THE NUMBER OF ROWS IN THE HYPOTHESES MATRIX
TRANSPOSED, DIMENSLONED NF,

A SINGLY-UIMFNSLIONFU INJFGER ARRAY CONTATNING THF NUMBFR OF
OBSERVATIONS PER CeLL (OR POFPULATTION), THAT (S M(I) CONTAINS
THE NUMBER OF URSFRVATIONS IN THE I=TH POPUI ATION OR CELL.
M 1S UIMEMSTONED RY N,

2 TwO=-DiMENSTONAL DOUBLE PRECLSION ARRAY USED FOR TEMPORARY
WORKLING STORAGE. DIMENSIONED N HRY N,

A TwO=~DIMENSTONAL DUOUBLE PRECISION ARRAY THAT CONTAINS THE
COVARIANCE MATRIX FOR UHAT, DIMENSIONED N BY N,

A TwO~DIMENSIONAL DUUBLE PRECISION APRAY USEN FOR TEMPORARY
WORKING STORAGE. DIMENSIONED N By N,

A Two=DIMENSTONAL DOUBLE PRECISION ARRAY USED FOR TEMPORARY
WORK ING STORAGE, DIMENSTONEND N BY N

A SINGLY=DIMFNSLONFU DOUBLF PRFCISTUON ARRAY 11SFD AS TEMPORARY
WORKING STORAGE, DIMENSIONED BY N,

A SINGLY=DIMFNSLONED DOURLF PRECTISION ARRAY USED AS TEMPORARY
wORKLING STURAGE. DIMENSTONED RY N,

A SINGLY=DIMFNSLONFU SINCLF PRECISTOMN ARPAY THAT CONTAINS
THE CELL (OR POPULATION) MEANS, DIMFNSIONFD BY N,

A SIMGLY=-DIMENSLONFU SINGLE PRECISTUN ARRAY THAT CONTATNS
THE MINIMOM VAKIANCE UNPIASFU ESTIMATE OF CFil. (OR
POPULATION) MFANS, DIMENSTONED BY N,

A SINGLY=-DIMENSIONFU SINGLF PRECISTON ARRAY THAT LONTAINQ THF
SUM OF SQUARES ASSUCLATFD wITH THF Ke=TH HYPOTHESIS MATRIX,
DIMENSLIONED BY Nr,

A DUUBLE PPECISION LOCATION THAT CONTAINS CONVFRGENCF
CTITERIOK FOR EIGFNVALUF, EIGFNVECTOR COMPUTATION,

1. UF=06 nAS BEEN FUUND TO BF SUFFTICIEN] 1IN ALL TEST CASFS,
THESE 1FST CASES WERE RAN UN THF UNTVAC 1108,

A SINGLE PPECISION LOCATION THAT CONTAINS THF MINIMUM
VARTANCF UNRIASFU ESTIMATE OF THE POPULATION VARIANCE .

TUTAL NO, OF OPSERVATIONS

Ru. OF POPULATIONS OR CELLS

THE NUMBFK OF MYPQTHFSES TO RE TESTER, THE NIMRER OF
HYPOTHESLIS MATRICES,

IF IND2,EQsLle THFRF IS5 NO CUNSTRAINT MAIR]1YX,

IF INU2 NE,.L+ THERF IS A CONSTRAINT MATRIX,

S g W gy G D gy o T S D T Y e e W T e S e T o G o - - P R 0 S Y g S . S T S T Y T

UOUBLE PRECISTUN XLUNeNY sWININ) g0 (NeN) 9 Z(1) o XT1)2F(NyN) R
UTMENSLION YOLY o TLINFoNGN) pKM(L) oM (1), US(L) rUHLL) #SSRLT)

LF(InDZ,E0Q,1)

GO TU 2
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LXEKMINFT
U0 1 I=t1jN
vo 1 0=1,LX

1 XL (I9J)=OBLE(TLINF I, J))

CALL EIGDR2(XL ,GoMeWyXsZsRyNyLX)

2 CONTANUE

CALL UHAT2(Y »rMpXyXLrUS)UH?GowWeZs VHeNLNoL X9 IND2)

LESNF .
LF(IND2,NEel) L=NF-1
U0 1U K=1sL
LMzKM(K)
Lo 3 1=1;N
U0 3 J=ijLM
3 ALA{LeJ)IZURLE(TLIKFLPY))

CALL TESTHIXLIEoMowreGoXoZiUHINyLMs IND2,Ry»SSQ(K))

10 CONTLNUE
RE TURN
END



[N ol o¥ ¢

ccococCcccocc oo o

FOR

1

~ 0O

50U

103

10

11
1z

14

(ESTH

SUBRULITINE TESTH(XL e sMywrGeXeZeUHy N.LM.LNU2.P SSt)

AL ANPUY -
E uUIPLT -
M ANPUY -

w UL IPUT -
G INPYY -
X OUIPUT -
Z VUTPyT -
UH  LNPU -
N [NPU| =

Nu2  LNPLUY -
LM INPLUY -
R LNPLI -

SSL vUTPUT

HYPUTHESTS MATKiIX» DIMENSLIONFD N BY N,

HYPOTHESLS MATRLIX YORTHOGONALIZED', NDIMENSTONED M BY N,

VECIOR INFUT CONTAINING THE NO, OF ORSERVATIONS PER
POPULAYIUN, THAT TS M(I) CONTALON THE NO, OF OHS, (N THE
(I)=FH PUPULATLION UR CELL. M IS DIMENSLONFD BY N,

USEU AS WOFKING STORAGE, ODIMENSIONFD N BY N,

COVARLIANCE MATKLIX FUR UHAT» DIMENSTONED N RY N,

FIGENVALUES OF TRAMSFORMFU HYFOTHESLS MATRTIX, NDIMENSTONED PYN

TEMP, WORKING STORAGFE), DIMENSIONFD BY N,

CelL MEANS, DIMENSTUNED RY N,

NQ. OF POFULATIONS OR CELLS

TF IND2,EQ.L» THERF IS5 NO CUNSTRAINT MATRIY,

IF IND2 NE.l¢ THERF IS A CONSTRAINT MATRTX,

NQ, OF KROwS IN XL TRANSPOSE OR NO, OF CULUMNS TN XL.

CUNVERGENCF CRITFRIUR FOF FIGENVALUE, FIGENVFCTOR COMPUTATION

SUM OF SQUAKFS DUE 10 THE HYPOTHESTS MATRLY,

woysLt PhFleTON XL(NvN)vG(N NYpw(NeN) pFINSNY 12 (1) XT1) 0 SHK

DIMENSION UH(

1)eml(l)

CALL DOURHG{AL vEsNpLMmeNrNPR)

LF(InDIZ2 g ivF o 1)
LO 7 1z14LM
U0 7 J=1,tm
SZY.U

O 6 K=1,N

G0 TO b0

STRH(E (K1) *etKrg) ) ZMIR)

wliru)=s

v Tu bi

U0 9 I=1,1l.m
VO 9 J=1ilm
9EY.v

Uo 8 Kzi,N
U0 8 L=1;N
S=S+e Ky 1) %GL
wllrd)=S
CONTINUF

KoL}k (L)

CALL DUALOBIWI XLy X2 ZpNpl MiRp L LFK)

F(ItR.Fuel)

FORMAT('yIER =

U0 1u I=1leLM
XU[)=w(I;I}
WO 12 I=1'N
PO 12 J=jrLM
9=V

DO 11 K=}1 LM
STS+e L Ly Ky %XL
wilferJd)=S
SSL=U..U

U0 14 J=irLM
D=Ue U

DO 19 L1=1eN
SIS+w (9 u) *UH

U LS KNOwN In
Szs~-Uty)

SSLISSL+ { Sk
RETUKN
eNp

WRITE lor103) IER
S ' 12¢'JACUBRI FALLED TO CONVERGF IN 150 ITERATIONS')

{Kod)d

tn

(LAMBDA=TRANSPUSE) X (Mmit) = D THEN INSERT

Y/X(d)



§ R URRT . R, . L
SUBRUUTINE UHAT2(Y oMo XoXLtUSoUHsGeWpZy VHINL o N2 L X INDZ)

ity S i -

YTOUNPUT = A SINGLE=DIMENSIONED SINGLE PRECTISTON ARRAY THAT CONTAINS
THE UBSERVATIONS, THIS ARRAY SHOULD BE CONSTRUCTED SO THAT
EACH CELL IS EXHAUSTED BEFORE GOING TO THF NEXT cFLL,
DIMENSIONED BY NL.
M VECTUR INPUT CONTAIMING THE NO. OF OBSERVATIONS PFR PHPULATION,
THA§ IS M(I) CONTAINS THE NO. OF OBS. IN THE I-TH POPULATION
OR CELL, M IS DIMENSTIONED N,
X ANPUT = FIGENVALUES OF TRANSFORMFD THETA MATR1X
AL INPU)T = YRANSFORMED CONSTRAINT MATRIX
US OQUTPUT = USTAR, DIMFNSIONED N
UH  OUTPUT = UHAT, DIMFNSIONED N
6 OUTPYT = COQVARIANCE MATRLIX FOR UHAT
W O OUTIPUT = T = V X XL X X=iNVERSE X XL=TRANSPOSE
2 OUTPUT - LA-FRANSPUSE) X Y, DIMENSIONED N
VE  QUIPUT - MINIMUM VARIANCE UNBTIASED FSTIMATE OF POPULATION VARTANCF
WL INPUT =~ TYOTAL NO, OF OBSERVATIONS
"N OINPUT =~ NU, OF POPULATIONS OR CELLS
LX NO, OF ROWS IN XL 1RANSPOSE OR NO., OF COLUMNS IN XL,
IND2  INPUT = YF INU2,EW.1l¢ THERE IS NO CONSTRAINT MATRIX,
IF [ND2,NE.1r THETA TRANSPOSF AND X1 NE, ZFRO

- - - - - - - - P i o e - -

T UBUBLE PRECISTON XLUN/N) oG (NoN) pWINoNY #X(1)02(1)FS
UIMENSION Y(1T»M(1)ruS(1)rUH(1)

- - - gy

coccococooccococooooca oo
! .

c
C COMPUTATION OF USTAR
¢
K=}
TMMED
Vo 2 J=13iN
MMzMMEM (G
STQW»U
00 1 1=K MM
1 Szg+vtl)
ToZdyss
usS (J)=S/FLOoAT EMIUY)
KzK+mly)
2 CONTLINUE
T IF(INDZ,.2Q.1) 6O TO 70

"COMPUTATION OF i T
I = (X=TRANSPOSE X X) INVFRSE X THETA X D=INVERSE X THETA-TRANSPOSE

cocon

DO 3 IztjN
0O 3 Jz1jLX
3 ollrddaXC I,y /7 MtITxIU))
D0 5 1z1,N
vo 5 Jz13N
S=Q.U
U0 4 Kz1;LX
4 Szs+ulTerexctueky
5 wllrd)z=s
DO 6 I=13N
DO 6 J=1,N
wlifed)z=wlIyJY
lF‘I.Ech) W(IrJ)=1lW0+wWlIsJ)
6 CONTLNUE



CCC

-

(ol ol ot i ol ol ol Sl QX i o

croe

CC o

!

LOMELLEALLON. OF - QOVARTANCEF - A AT b ROK--UHAT -

L0 7 Tz1,N
ue 7 Jzt N
{ ol eudtou(Tyu)rzety)

CuMEL A LION OF yhial

L HU L= N
UH{I)Zu,.u
UO 6U JT e N
6U UK LI TUb D)+ Cir 0) 2US TG

Ik C 1S KNOGN [ (THF FA=TRANSPOSF) A (vy) =

LG 6L ISpeiN
STYe
O 4y J=zjieblX
by ST+l (T yd) /7 (T pex () )y

B W R VI XY B B B-TB1 SR 6 B AN - e

CUMHMLLATION OF (1

K1s0.0
U0 63 UzmgrlaXo o
STYeu
LO A 1=i 0N
f2 STo+Al (T ,d)xus])

TE L LS KnowN Ta (ThHF JA=TRANSPOSF)Y X (ay) =

Lo Lhzs=tly) . —

60I RlaRLIH(Sak2) /X (J)
CUMFLpATTUN OF P51l UAL Ser OF SOUAKRFS

Sk Ju 71 - - JE— e

7U R1=0.0

LXml)
VO Ry gz ien
Hu ubJdI=us(d)
71 SzZu.u
e WO By Lz el

64 LHIo+Y([) s*2

SLaleN
U 6L Lmgpen

D SURSUH(Z (1) v (1)) /Ml )
KFS=o+K1=Su
VHARRES/E QAT (o e Ky
RE JUKN
[ANIW

C THEN INSERT

£ OTHFN IMYFRT




"¢ FOR EIGOR2
. OUBRUUTINE EIGURZIXE,GiMeWeXrZoReNeLX)

C-“'-"""’--"

- Yy O e e T s o - SR e O ) e S P . P S S T e O e g O

¢

¢ AL INPUT = TAE CONSTRANT MATRIX OR HYPOTHESIS MATRIX (N BY LX)

¢ ~ OUTPYT = TRANSFORMED CONSTRANT OR HYPOTHESIS MATRIX

¢ G AFTER OURFOG IS CALLEN 6 IS XL ORTHOGONALIZFD (N BY LX)
¢ M VECTOR INPUT CONTAINING THE NO. OF OHSERVATIONS PER POPULATION,

¢ THAY IS M(I) CONTAINS THE NO, OF 0BS, IN THE 1=TH POPULATION

¢ OR CELL. M 1S DIMENSIONED N, .

¢ USED AS WORKING STORAGE (N BY N )

C X (EMPYRARY WORKING STQURAGE, DIMENSIONED N

C T OUTPYT = EIGENVALUES OF TRANSFORMED XL MATRIX

C 7 IEMPURARY WORKING STORAGE. DIMENSIONED N

C R ™ UETERMINES OCCEURRENCE OF ZERU VECTOR IN QURHOG, SFE QURHOUG,

C N NO. UF POPULATIONS OR CFLLS

C X NO, OF ROWS [N XL TRANSPOSE OR NO. OF COLUMNS IN XL,

C

(‘—————-—--———__-..-——-_...._-....-_q—__—_—__-----__-_-_---_-----: ----- P —— [y y———

DOYBLE PRECISTON XLINoN) s W(NyNI oG (NoNI 2 Z(1)oX{1)sRsS
T UIMENSION M(LY
CALL DUURHG (XL s GoNsLXoNeNPR)
TUD 3 T=15LX
U0 3 J=iilx
SzP.ub0
U0 2 Kz1,4N
TZEERF G KT x ke U ) /MUK
3 AXL(I )=y
CALL "DUACOBIXL yWyXoZeNeLX2Ro10 IFR)
AF(IER.Fuel) WRITE (60103) IER
"103 FORMAT(6HOIER =»12,44H METHOL FALLED TO CONVERGF IN 150 ITERATIONS
$//7)
DD BTIELLOXT T T N o
b XOL)Y=XL (i 1)
007 I=1gN T
Vo 7 J=1iLX
S={J. 000 )
U0 6 Kz1yLX
BTSERFG LK) *W K J)
7 XL(IrJ)=§
RETURN
eND



' FOR UOURHG
SUBROUUITINE DOURHG (A r 2o Mip N e MM o NiNpEP)

o o o 4 e e e e e = e e e e e S e e T ———————————— ———————— - e o e 2 om0 e —————— -

SPACE OF FINITE=DIMENSTION P (P,LE,N), THIS SUBRUUTTNE COMPUTFS

CUMPOSED OF UNIT vECTURS wHICH ARE mUTUALLY ORTHOGONAL,
A 1S A DOUBLE~DIMENSIONED APRAY, PROVIDFU BY THF 1ISER, THAT CONTATY

CULUMN CONTAINS OnE AND ONLY ONE VECTUR, FOR EXAMPIE, THE T=TH

UsED AS WURKING STORAGF AND THERFFORF, UPON RETURN TO THE CALLT
PROGRAM A Wil NOT CONTAIN ITS ORIGEINAL TNPUT.

Z 1S A DUUBLE=UIMENSIONFU ARRAY)» RETURNFU 10 THE USFRe TH2AT CONTAT
ORTHONORMAL BASIS OF UNIT VECTORS WHICH ARF MUTUALLY ORTHOGONAL
VECTORS WIL'L sE STORFU COLUMN=WISE]

M 1S AN INTEGFRy PROVIDEU BY THF USFRy WHTCH DENOTES THF NUMBFR OF
ELFMENTS UF THE ENPUT VECTORS, '

N 1S AN (NTEGFH» PROVIDFD BY THFE USEKe WHICH DENOTES THF MUMBFR OF
INPUT VECTORS,

M 1S AN (NTEGERe PROVIDFU BY THE USERe WHICH DENOTES THF MAXIMUM R
DiMENSTON DF THE MATRIX A,

NN 1S AN INTEGFR» PROVIUFU BY THF HSFKe WHICH DENOTES THF MAXIMUM C
DIMENSTUN OF [HE MATRIX A, NOTF THAT A MUST Rt DIMFNSIONFD MM R

EP IS A REAL NUMBER) PROVIDED BY THE USER, THAT DETERMINFS [HE OCCU
OF A ¢FRO VECIOR DUKING THE GRAM=SCHMIDT ORTHOGONAL IZATION PROC
IN OTHFR WORDS LF Y IS A VECTUR AND Y o Y ,LF. EPy THEN Y TS SF
TO ZFx0, [(SEE METHOD)

ccoCcCo o CcCcOoC oo oo CcoocaoOon

UOUBLE PRFCISTON A(MMeNN) o2 (MM, NN)'XlNNFR TFMPN.Q-SM'FP
IF({N.Fu,1) GU (0 9
ud 5 I=13M
ZUEeL)=AlTs))
U0 5 Jz=2;N
Ztjsu)=0,000
H CONTLNUF
U0 1uDd J=2»N
JMINUS=J=-1

Crmromrcar— e e ——— - o e e S e e o e - —— e -——— - -

FIND THE INNER PRODUCT OF THE (J=1) COLUMN OF 2 wlik TTSELF
VIVIUF THE (J=-1) CULUMN OF Z RY ITS IMNFR PRODUCT

coCaa

- T e W P D gy oy T T e Y S Y ™ S e - — o s - - W = - T o = s - - - -

AINNER=Z0N,0D0
LU0 2u I=1eM
20 ATNNERZX NNERHPZ (Lo JMINUS)*Z (12 JMINUS)
IF{XINNFR.GT.FP) GU TO 32U
U0 29 l=iem
(L rJMINGS)IZUL UDY
25 Al ruMINGS)IZULODU
G0 T 41
3u CONTLNUE
DO QU I=(eM
4u ALLPIMINGSI =2t L9 IMINUS) /X TNMER

Comm o o e o o i e e e —————— ———————————— L e ————

9
C FIND IWNER PRODUCT OF J=fH CULUMN OF A WITH COLUMNS OF 7 LESS THAN
¢

A-10

GIVEN n BASTS (OF N VFCTORS CONTAINING M ELFMFNTS) FOR A REAL VFCTOR

AN

ORTHONORMAL BASLS FOP THE SPACF. THE ORTHONORMAL BASTS COMPUTED IS

NS THF

BAS1S OF N VECTORS, THF MATRIX A MUST RE CONSTRUCTED SO THAT EACH

COLUIMN

MUST CONTATN [HE L=TH VECTOK COMPOSED OF M ELEMENTS, THE MATRIX A TS

NG

NS THE
« THE

oW

OL.UMN

Y NM,
KRENCE
ESS.,

1 ENUAL

J



e om0 e 1 T 8 S T s e e T e Ot e e P O s 2 e e S O g A B e 2 i 2 S e O

41 CONTLINUE
U0 SU 1zilesJMLNUS
TEMPNZO ., DO
L0 45 K= »M
ub IFMPNSTEMPN+ALK» U)*Z(KyT)
UD 4o K=1¢M
4o LlKeJd)=ZiKoJIHA(K ITXTEMPN
50 CONTINUE
UD 79 I=1sM
T9 £(Led)=A{TedIS2(Led)
10U CONTLNUF
XINNER=05 000
W0 8U IzZieM )
B0 ATNNERZX fNNERIZ ([ oNY*Z1T1,N)
LF(XINNERLGTEP) GO TO A%
U0 81 I=1eM
AlfesN)=0,000
81 2(1'N)=0,000
. 85 CONTLINUF
ST Ra U0
PO 7 J=2,N
SM=S
b:O!UUU
U0 6 I=1iM
6 SES+(Te1)%Z(Y0d)
SEOABS(S)
IF (SM.6T,S) S2SM
7 CONTANUE
U0 8 I=1;M
U0 8 JziN }
L LF(DABS(£{I1)IUT)eLES) 21]rJd)=0,00L0
T8 CONTiINYE
L0 Tu 11
9 CONTINUE
U0 1u I=)1eM
10 £0fet)=A(Ts1)
11 CONTINUE
TTTL0 3 uz1,N
Sy ubY
DO 1 Iz=1,M
1 5=8+£1rd)%2(T1rd)
SEZRORT (ST
V0 2 Iz1,M
2 (v d)=Z{1eud?s
3 CONTLINUE
" RETURN
N

A-11




' FOR UJACUR
SUBROUTINE DUACOB(APUMAT o X p Y yMMMy Ny RHO»OF T FRR)
WOUBLE PRFCISTON A(MMMyNMMM) g UMAT (MMM, MMM ) p X (1) o YT ) »SoSUIMy TANPZ
HEREyRHOp FLOATN, T, TF e AMAX p TANU» TFMP» SINQ L0550, CCO», 5504 5C0O
INTEUFR OPTeFR
IF(NLLELO) o0 Tu 150
LF(NsEQa.1Y GO TO 149
Nml = N-=1
S=y.uby
alm=0.0Dy
FAN22ZU . 41421356237 309500
NCOUNT = u
ERR=UL0NY
Ng 10 121,NM1
L. = 143
DY 10 JdzLoN
SEHHAL P I RA(T HJ)
10 SyM = SyM + B (L,J)*Aa(lydY
SUM = 2, 0xSyuMm
LF{OF1,EgsU) GO 10 4u
STISQKT(S)
DO o) Tx1.N
BY 20 JiisN
20 UMAT (1, J)=u.ubo
30 UMAT (T, T)=1,uby
LF(SeLl1.kHO) KRETURN
4y FLORIN = FLOAT(N)
1 = SQRT(SUM) /FLOATN
Tr = RHU*I|
TFUIF.G[.T) GU [0 150
50 MQOUNT £ 0
AMAXZDARS(A(L»2))
Lz 1
11 J = 141
12 AF(DARS(A(LsU) ) eGT.AMAX) AMAXZUASS(A(T»J))
LF(DABS (AL rd) )4 .TeT) 00 TO 141
MGOUNT = 1
LFADARS (4 (L r L) =A(JrJ) )L TLRFUY GU TO Tu
TANU = AlLsd)/Z(2,0%(A(T, 1)=AlUrJ)))
LFADABS (TAND) S 6T,TAN22) 40 TU 70
TeEMP = 1.0 + TANO*TANO
SINU = {2.0%TANQ) /TEMP
CQSU = (2. 0-TEMPI/TEMP
G 10 Ry
70 w=l.0l0
lF“A(IIJ)oLTanOUO) W:-1'ﬁU0
LEQALTy i)=AC)pJ) Y oTo U 0D0) W==4i,0D0%w
STNO=0,7u7100781L8654RD0%W
LOS0=0,70740678118654800

BV  CCO = CuSu*Cbso
Sn0 = SINO*STNO
SCO T SiNOxCDS0

Dy 9N L=1,N

TF(L#EQ.I.OK’-LQEQud) GO TO 90

Y(L) = alurlY*CuSO =~ A(IL+LIXSINU

X(L) = alL L) %CUOSO + A(JrLIXSINO
ay  CUN{ TNUL '

X(L) = alUsudxS50 + A(T»T)%CCO + 2,0*A(1sJ)%xSCO
Y(I) = (A(Js)=AlIeI))*SCO + A(LpJ)x(CCU=550)
X(Jdr = YUL)

Y{J) = alJdrJdY%CCO + ALTyT)%5S0 ~ 2,0%A([rJ)%SCO
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DU 100 L=1N
A(drL) £ YUY
A(LrJd) = A(JIL)
A(IeL) 2 X(LT
A(Le1) = A(LeL)

100 CONIINUE
IF{OPT.Ewe0) GO (O 130
DO 110 CZ1ew
X(L) = gMAT(L,1)%CO0S0 + UMAT(L,»J)*SINQ
Y{L) = UMAT(L,J)*C0S0 - UMAT (L) 1V *SINO
130 CUNTINUE
DG 120 L=1eN
UMAT (L L) = X(L)
) UMAT (L e J )Y (LT
120 CONTINUE '
130 CUNIINUE
181 U = J+1
LF{JeLE,N)GO YO 12
1z 1+1
AF(I.LE.nML)GD To 11
NCQUNT = NCOURT +1
LF(NLOUN| «6T. 150160 10 160
IF(MCOUNTEQW1) GO TO 5y
LF(TF«GTLAMAXTY Gu TO 150
IF(Tr.6T,.T) 60 TO 150
..T = T/FLOATN
60 TU 50
160 cRR=1.0Dy
KETUKN
149 UMAT(1,1)=1,000
150 RETURN
_ENQ
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' FOR FISHIN,F[SHIN -

Cmrmmmemcnme—aa - 2 e e s ey e e O e ) T e s e e o e e e e P - e o O e e e ey e e o e e -
C CALCULATES ThE INVERSF 'F? VAIUF GIVeN THF CUNFIDFNCt COtFPTCTtNT
C ALFPHA AND THE UPbRtES OF FREEDUM(N),

Crmm—ma-— - o - i g % " e o . o e = = s O - s = e o e - -
FUNCHTUN FISHIN(ALFHA»N1,)N2)
Y1zNi
Y2=Ne ) .

(~=—m—-- - —— oy . O e s - e e S o o - s g = T e " T e o = -

€ ADJUST FUR pEGReFS OF FREEDOM FQUAL TO 1

Gl o o o o o o e e e e e e
LF(Nl.EG‘]) Yiz¢2
LF(N2ebQ,1) Y2=2

C-———_ = e B e o i = g e a2 G S s e o R s g SR S pr—— e e e s e s e W e s e e - —

C  CALL TINORM TO oF T INVERSE NORMAL VALUF OF L.=ALPHA

(o o o o o0 o o o e 0 e e o o e e e O e e e T R e T = S s 95 T oy Vs ot 4 Vo Gy e g
XZPHINV{i«0=AL'PHA)

(oo = o o o e gy o e s - — . Y S T e S gy e T . By 00 e o s P o ot 0 e e o e e e ot e -

C COMPUTE LAMpA VALUE

(=rmmame— -—— - - o - - — P — - [ AP N ——— -
YE(X*xx2=3,)/06%
1C=0

(m=meem— T o o e e s = S T o S o S . s S k2t ST o S P S . P O O o 0 e o e @ e -—

C CUMPUTE THF TINIJIAL APPROXIMATIUN TV THE INVFRSE tE FUNFTION

(m=——— - o S o o e = e g e " s v e e o - o o - e -

YiZ1l./7(Y1l=1,)
Y2R1e/{Y2=1y)
HZ24%/7(Y14Y2)
X=XASORT (HHY ) ZFH=(Y1=Y2) % (Y454 /60e=P ¢ / (3, %HY )
AZEXF (2, 2X)
(o menm -~ Sy p— s e - - - O = = gy 5 T o R S A S T o - - — -
¢ COMPUTE THE CONSTANT TO THE 'F' DISIRIBUTION,TFSTING FOR N1 AND/OR N2
C 0D OR FVEN.
(Cmmm———— - - - = - e . = o S o o o G e e -
6=l,.
iRl=e
LF{MUOD(NTI»2).Fu.u) G0 TO 1
GZ).7724539
Ri=1
1 LBg=2
LF(MOD(Nz2e2).FQeul GO TO 2
UZPX1 e 7720539
l1Reg=1
2 LRA3z=2
LF(MOD(NL+N2,2)sQ.0) 6C TO o
WZ@/Lle /72539
1B3=1
3 LF(LIR1+)B2) MEL2)  G=2.%6
LFCINL4NZ) o LEL3) 6O TU u
NNSNL+N2=2=183
U0 4 1zZ03NDs2
LF(CLHI+ 1) JLEW (N1=2)) G=G*(1RL1+])
LF((LB24 1) JLES (N2=2)) €C=Gx(1R2+1)
4 OTE/IB34T)

(e -—— e T - s o - o - - - - =0 o T O o o g e P i S 0 O e P e e O -
C CUMPUTE THE VALUE OF FISHIN
c——-——-—- ——————————— - o == W - -y o T = e O e . o - ————ﬁ——_—W—:-—————————-—-——
5 Y2aIN/ (N2+N1%X)
'1:]-'Y2

Y=L ot (6% {1 e=ALPHA=F ESHIX N1 ,N2) ) ) /SORT (YL1RRkNL*Y2%X¥ND)
FISHLINZXxY
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Q--——-——_a———_-—_- _________ _-—--_--_--—----_——-—_——--w-——----—-—--_-——

C IF FISHIN 14 NEbATIVEv RESFT FISHMIN TO {&#LAST APPROXIMATIONIXT,

R e
C IR THE AGOLUTE VALUE OF THE DIFFERENCE To LFSS THAN »oE—6r RETURN
I ABS UFTSHIN-12 1+ LT4 (oBEmor] 60 10 7 T
5"}'?".;2'2?[2'.?CE‘EZEGE'SF’?EEHBIEEZEEEZE'?E'ZFZE'?I.ZL \5E=6+ RETURN

Cmrmmr e —————— s S S — —————— e — e —————————————

lF(AUS(X-FISHTN) LT2(«DE=6)) GO 10 7
LCzIC+)
AF(1C.6T,100)  RETURN

(oL L L L L DT T L T PR P ) L] - - - - g = - - - - - —— -
C SET THE APPROXIMATION EQUAL TO FISHIN AND CONTINUE TO ITERATE
L_-—-——-- ————— - . S T i - T - - .- T iy . T e B ey D e - o st g T T oy S D e s it T O o

X=fFISHIN

wh TU b
C--——_-—----—__- ——————————————— . - S e T e S e G e P VR Sy e —————— - o = o
¢ IF OVERFLOW OCCURREU DURING CGOMPUTATIUN OF TINORM, RETURN TO
C STATEMENT K IN THE CALLING PROGRAM
C---"—---&——-_-—-—— - - -

7 RETURN
£ND

- = - Ty Y gy 45 T g T i e - = —
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' FOR FISHIFISH
FUNCILION FISHIFenNTeN2)

coe

LOGIUAL £1/9E2,E3 FISH
IF(NT, Gt.lou’ANu.Na GE. 100) GUTO 9 ,
o o e o g o s ey e e e e e e e e - e e o e e e S e O o
lNLIlALILATIUN AND StT1ING OF LOGICAL SWITCHES 10 TRyUfF, IF
FHE UEGREFS UF FREEDOM ARF FVEN
E1S4FALSLES FISH
EPSFALSE . FISH
E3=.FALSE, FTIGH
LF(MUD(N1¢2) ,EFQ.0Y E1=,TRIUE, FIsH
IF (MOD(NZ2e2) FQeuY E2=.TRUE, FIsH
K;NZ/(N2+N1*FT FISH
IE(onNOT,IF1.URLER2)) GO TU 5 FISH
LF{EL.ANDS NOT,EZ) GO TO 1T FISH
1tF{.NOT 1 ANDJEZ2) GO TO 2 FIGH
LF(NLJLE,N2) GU (0 1 FISH
Crrernccpmm——. - " o . S . T o g T = i g o e s o -
C INLTEALLIZATION FOR SECOND DEGREF OF FREFDOM EVEN AND LFS$S THAN
¢ FIRST DEGREE OF FKEeDOM TIF IT TOO IS EVEM
oo o o e o o o o - o 2 o s - e o O e e - - o = P s o [
2 (=N1 - FISH
N13NZ FISH
N2zl FISH
XZl.U=X FISH
t3z, | RUE, FISH
L——————---———_---_- ——————————— g = — - - - g ¥ T g - - ——
C INLITIALIZATYION FUR FIRST NEGRFE UF FRFEDOM FVFEN AND LFse THAN
C SECOND DEGREE OF FREEVOM YF IT IS EVEN
C————_—-_ _________ _;_-_--—_--_- ————— - - —— -—— " o - g T e D s i e S S sy
1 Y=j.u=X FISH
C—- ————— - —— e o > o - o e - gt W — --_—-—--—-——;—-—-———-—-_———; ————————— - -
C CALCULATION OF PrROBABILITY FOR Al LEAST ONE DFthF OF FRPEFDOM EVEN
(e mren—m—— - - . oy = e | eap— - - 5 T oy - - - — -
FISH=0,0 FTSH
HZSQRT (X#%%*N2) FISH
MziNL/2=1 FISH
UD 4 I=ueM FISH
FISH=F 1SH+H FISH
3 Ho(H*xYx(N242,%1))/7(2.x{T+1,))
IF{E3Y Gu TO U FISH
('--——...—__---—.. _______________ -—.._'-'Q_- ————————— -——-—---————;—————————.-_—_
C ADJUST CALLULATED FRORARILLITY IF ITS ONFS COMPLEMFNT WwAS
¢ CALCULATEY ORIGINALLY
(o e e o o s e o 0 o o O e e o - e 99 e O o e o - o o e e e e e e
FISH=1,0-F1SH FISH
RE TURN FISH
4 f=N1 FISH
N1zNe FISH
N2z1 FISH
KETURN FISH
(e ne ., c e ——————— - e W o 0 . e e R e B o . e e 5 P - e o
C CALCULATION OF THE PKOBABILITY FUR ROTH UFGREES OF FRFEDOM oOLD
Comom o e e e e o e g e - o e e e o o e e e -
b YzZjiu=X FISH
C RT,hI661YTTRSORT (X*Y) FISH
FISH= «634619774ACOSTSQRT (X)) FISH
LF(NZeEQ,1) GO TU 8 FIGH
M=N2=2 FISH
DO © TI21,Me? FISH
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FISH=F ISF+H
) HSM*X*(I+1)/(T+2)
LF(N1.EQ,.1) RFTURN
HZp*iN2
M=N1=-2
U0 7 TZ1.Me2
FISH=F ISKH=H
/_HZE*xY R (N2+ )/ Li42)
RE FURN
Di=n1
D=2
DY=(D1/u2) *F

BNZ=SQRT { (2,#D2=1,)1%DT)=SART (2. *%U1=1,)

XsDN/SQRTL1,40T)
FISHZEPH (X)
RETURN

END
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t FOR

o4

13

53
uv
9y
26

27

98
97

a8
10

FHINV

FUNCIION PHINV( P )
LF(P «EQ. 1.,u)u0 TO Y&
LF(P +EQ., 0.UTGO TO 97
LF(P +6T, 1.uT60 TO 88
LF(P +LT, Usu¥GO TO 88
K= 1

LF(P 6T, 0.5TGO TO 47
13ZSURT (=2, 0%xALOG(P))

IUP=2 1551 7+.802853%73+,010328% | 3%T3

ISP=1e0+1e432788%xT3+,189269%T3*xT3+.00) 308%T13%T3%13

ATRTS=TUP/THP
XT==X1
U0 55 I=ir10v
FHP = EXF(=0.%xX|*xT)
PT = PHI (XT)
LF(ABS(P=PT) LT. P¥4,U0F=R)G0 T0O 99
L= (P=P{)x2,%u6p02827 / PWP
XT = XT %+ &
CONTANUE
w0 Tu 99
P = 1.0 - P
K= 2
60 TO 8
60 TU (26027)3K
PHINV = XxT
RE TURN
PHINV = =XT
F & 1.0 = P

RE TURN

FHINV = 1.0E+33
KETURN

PHINV = =1,0E+38
RE TUKN

wRlTeleerin) P

FORMAT (1109 5X729HARGUMENT NOV A PROBARILITY

KE TURN
eNY
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DATA FOR BLISCHKE (ref. 7) EXAMPLE
18 20 21 21 46 75 79 22 24 42 40 b4 5p 92 28 32 A7 84132 32 33 36 57 58109111

4122221221322

1~-1
00010~

000 1lel

1 0-1

-
1

-t —i -l
1 ]
- D -t = -
1 !
- - - =] o ]
] 11
-cc (= c wo o -
1 1
-ocoo o Ho O Cowmo
] ]
“HMOCem © ©co Cco CC e
-1 LR}
COCCO © OCwmCC wHOCT

] ]
coooe Cem oo T o NCO OO
! ]

D000 -ODOODDODO0OM-HOOOO

HOOOCOHDOOOCOOWO OO0 ™M

L~

D00 COCOCOOmmMuD-C-NCO.
] !

Do OC OO0 ROODODODOwI=mOOO

DO DD HHDDOOC OO M- ~O2
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