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PREFACE

This report consists of three volumes which present the theory and
app l icat i on of a valua ble data reduc ti on tool , the analysis of covariance.
Volume I i ntroduces the anal ysi s of covar iance as a general l inear model
(GLM) and then expands the model to incorporate the multivariate case,
une qual sample si ze, an d m iss ing observa tions on the res ponse var iable.
Volum e I also covers the analysis of covariance for nonparametric data .

Volumes II and III were prepared by the Department of Statistics ,
Oklahoma State Un ivers ity , Stil iwater , Oklahoma 74074, un der Air Force
Contract F08635-76-C-0154, with the Air Force Armament Laboratory,
Armament Develo pmen t an d Test Center , Egl in  A ir Force Base , Florida 32542.
The contract dealt wi th the development and progranining of the method-
ology for evaluating multiple variable data with missing observations
on dependent and independent variables by the analysis of covariance
method . The methodology a l so covers case for unequal samp le size. Thi s
work was begun in January 1976 and completed in December 1976. This
is Volume III.

This report has been reviewed by the information Officer (01) and
is releasable to the National Technical Information Service (NTIS). At
NTIS it will be available to the general public , including foreign
na tions .

I
Thi s techn ical report has been rev iewed an d is approved for

publication .
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SECTION I

INTPQI1JC~ION

Many techniques in multivariate analysis, such as multiple
regression, principal component analysis, and canonical correlation,
assume that one has an array of mothers (Y1, Y12, 

•..
, Yj1,

, Xj~1
, Xj 2

,

• •. , Xj ), i = 1, • • • , n on which various operations are performed.
In ordi~ary multiple linear regression with a single dependent variable,
p will be 1; in a designed experiment, some of the X’s will be treatment
and block indicators taking only the values 0 or 1.

In various experimental environments, it is not uncomon that some
of the Y values and/or X values will be missing, resulting in one or more
incomplete observations: an animal dies, a test tube breaks, a piece of
equipment malfunctions , or a measuring instrument fails to record as
intended.

Most computer programs currently available require that complete
observations only be supplied for analysis. One therefore has the choice
of discarding any observations on which at least one of the variables is
missing, or using an estimation technique of some kind to fill in the
missing values before submitting the data for computer analysis. If
missing values occur frequently, the first alternative can result in
a drastic reduction in the amount of data available for analysis. The
second alternative presents difficult problems in estimation; no
technique is available which works well under all circumstances. (See,
for example, Ffaitovsky (1968).)

In Section II the results of a technique developed to handle the
situation are discussed. Missing values occur among either dependent
or independent variables, but not in the block or treatment design
indicator variables. Full details of the theoretical development, an

U____ _ 
1 

-~~~~~~~~~~
.

--~~~ -- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ .— - - -



extension of the work of Kleinbaum (1973), are given in Volume I .  The
proposed approach requires neither the discarding of incomplete observa-
tions nor the prior estimation of missing values .

In Section III , user instructions are provided for a computer
program written to perform an analysis of a set of data by the methods
given in Section II. Section IV provides a worked example, while a
flow chart and program listing are given in Appendices A and B,
respectively.

H 2 H
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SECTION II

REVIEW OF THE THEORETICAL FRAI1EW0RX

The theory , for a multivariate analysis of covariance model ir.
which missing observations occur among the dependent and/or independent
variables, was developed in Volume I, resulting in a general procedure

which yields Best Asymptotic Normal (BAN) estimators of the design param-

eters and regression slopes and which allows hypothesis tests based on

statistics which are asymptotically distributed as chi—square variables.

Equation 10, described in Section III of Volume I, is used for the compu-

tation of a consistent and unbiased estimate of the variance—covariance

matrix E. The value of E thus obtained is then used to obtain estimates

of the design parameters, regression slopes, and chi—square statistics

for the hypothesis tests. Although the formulae used to obtain these BAN

estimates and test statistics are different in form from those described

in Volume I, they are mathematically equivalent and are used in the actual

calculations only to make the computations manageable on an electronic

computer. These alternative formulae are obtained from the Matrix Modi-

fied representation of the MGMAC model which is described in the following

paragraphs.

To obtain the general form of the Matrix Modified representation

of the MGMAC model , assume that there are xi experimental units and p
response variates V1, •• ‘ , V in total and tha.t the model can be
written In the form

E(Y) = Xc~ + Z8

Var (Y) In~~~~E 
-

where Y is an nxp matrix composed of p—variate responses on n Individuals

with missing values recorded as blanks, -

X Is an n~an~ 
known design matrix of rank F~(x ) = rx(~m~~

n) corres-

ponding to the classificatory variables of the model,

3
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u is an m x p  matrix of unknown parameters

Z is an nxm
~ 
matrix composed of concomitant variables with missing

values recorded as blanks,

~ is an m x p  matrix of unknown concomitant parameters.

~~~= ((0 )) is a pxp positive definite matrix of usually unknown parameters

which represents the variance—covariance matrix of any row of Y ,

and A ~ B is the Kronecker Product of the matrices A and B.

Then replace Z by Z* where Z* is derived from Z by augmenting Z (w ith

0’s in place of missing values) by a matrix G of dimension (nxt) composed

of t columns each with a one in the row position corresponding to the missing

values in Z and zeroes elsewhere. (Note: Z has dimension (nxm*) where

= m + t). Thus, the Matrix Modified representation of the MGMAC model

may be written in the form

E(Y) = Xn + Z*(~ ) (i)

Var(Y) = In ~

where 6 is a (txp) matrix of unknown parameters due to the t missing values

in Z. Missing values in Y are then handled by an approach suggested by

Srivastava (3 )  for incomplete multiresponse designs and later by

K].einbaum (1) for the MGLM model. For simp1ificati~~ of notation,

the model [Equation (i ) ]  is first written in the form

E(Y) = A*~~

Var (Y) = In e E r
I c ~

where A*(nxm*) = [x I z*], m* = m -i~m* and ~(m*xp) = - The n
Z

experimental units are then divided into u disjoint sets of experimental

units S1, S~ , ..., S with n
1 

units in S
i
. On each unit in the set S

i
only q

1
(<p) responses are observed (i.e.,the remaining p—qj response variates

are missing In S
1
). Therefore , the MGMAC model is given by

4 
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E(Y.) = A~ t B .

Var(Y
1
) = In 

~ 
B

3
’ Z B~ , j = l,2,...,u

where Y
1

(n .x q
1
) is the matrix of observations for the .jth set S

i
M (n.xm*) is the design matrix for the set S .,, -

B .(pxq.) is the incidence matrix of rank R(B
1
) = q

1 
for the jth

set of experimental units. It consists of 0’s and l’s and is defined

by B . = ((b
(l)se

) )  where

b . = 1 if variate V is the rth ordered variate
—

measured in the jth experimental set S .

0 otherwise.

It is also assumed that Y . and Y ., ’ are independent if j~j’ and

the rows of Y
1 
are independent and distributed as a q

1
—variate multinormal

vector with variance—covariance matrix B ‘ 
~ B..

1 3
Based on the above Matrix Modified representation of the MGMAC model,

the following results for estimation and hypothesis testing are obtained.

Theorem 1. A BAN estimator for an estimable linear set 0= H ’~ is given

by

= H’ E = H’[~~ B
1

(B
1
’ E B

1
)~~B1

’ eA~ 1A*] ~~[B~ (B
1
’EB

1
)’e A~ ’] ;

where E is defined in Theorem I~ o f Volume I and is f ormed by stacking

the columns of Y
1 

underneath each other.

Theorem 2. The Wald Statistic for testing the hypothesis H0
: H’~ = 0

is given by

— (H’~ )’ 
j—l 

B
1

(B
1
’EB

1
) 1B~ ’ ~ A~”A1

] H} —l H’F .

Note: The above theorems follow easily from similar theorems by Rleinbaum (1).

5
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SECTION III

INSTRUCTION S FOR USE OF THE COMPUTER PROGRAM

In this section are outlined the steps for preparation of data cards
and control cards necessary for ext~cution of the computer program. A
worked example illustrating these ideas and the resulting computer out-

put is presented in the next section.

PREPARATION OF DATA CARDS

The methodology and computer program presented in this report were
designed to assist in analyzing data from an experiment in which a com-

plete observation consists of a block identifier , a treatment identifier ,

numerical values on one or more concomitant variables (covariables , inde-

pendent variables), and numerical values on one or more dependent varia-

bles (response variables). For example, a complete observation may come

from a single shot down a firing range, where block corresponds to metal

type, treatment corresponds to projectile shape, the covariables are such

things as initial projectile weight and initial projectile velocity, and

the dependent variables are residual projectile weight, residual projectile

velocity, and plug weight .

For this program the data card(s) corresponding to a complete

observat ion should contain a block number, a treatment number, the
covariables , and the dependent variables, as well as any identification
the user desires. The order in which these occur on the card is not

important . It is necessary , however , that both blocks and treatments be
numbered sequentially beginning with “1.”

The data card corresponding to the observation on block 3, treat—
ment 2, may look like :

TEST 06 SITE A 3 2 113.8 680 110.7 507 8.9
~~-~~~~~

-
~~--~~~~~~~~ ~~~~~~~~

—--
~~~~~~~~

Identification Blk & Trt X’s Y’s

_  
— 0

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



MISSIN(; VALUES

The user is free to choose any r .urnber he desires tc correspond to
missing values among the Y ’ s or X ’ s. This number WIll then be punched
in the dat a card for any X or Y value which , for reasons reviewed in
Section I , was not recorded when the experiment was conducted . Of course,

the selected number must not be the same as any of the X or Y values
occurring in the data set being analyzed and must also be of a magnitude
which allows it to be coded in the number of columns provided for the
X ’ s and Y’s. Suppose that, in the example above, both 113.8 and 507
had not been recorded and were to be treated as missing values. If the

missing value code selected by the user was 1414~~4 , the card would have

been punched as:

TEST 06 SITE A 3 2 014~~.14 680 110.7 14I4~ 14 8.9

CONTROL CARDS

We now present in sequence a description of the control cards which

must accompany every job.

Control Card 1 — Current Data Set Information

The first 21 columns of this card consist of seven three—digit

(i.e., 13) fields which contain in order the values of

NP — The number of dependent variables (Va) NP ~ 1

NT - The number of treatment s NT ? 1

NB - The number of blocks NB ? 1
NK - The number of covariates (X’s) NK ? 1
NN - The number of observations

IDGT - An input parameter to the LPSDOR subroutine (which computes a
generalized inverse of a matrix). The elements of the matrix
are assumed to be correct to IDCT places. Since thin program
computes the matrix elements In double precision , we suggest
that the user supply IDGT 11e . 

- 

-

I

1 1
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NM SS — The number of missing values in the covariates only. Do not
Include, in this count , L issing values In the dependent van —
ables.

The next 8 columns are blank. Beginning in column 30 punch

Column s 30—39 : EPS — A test value for zero which is used in the
DMFGR subroutine which calculates the rank of
a matr ix .  Suggest user let EPS = l.OE - 07.

Column s 140_ 149 : D - The double precision missing value code described
In an earlier subsection of this section . In
that subsection we used , an an example , a missing

• - value code of ~4l4.14 • In this case we would code
1414 .14 DO.

Column s 50-63: These columns contain seven two—digit (12) fields
indicating the desired print options for the analysis.
Each 12 field contains either “00 ,” which requests
that the print ing be suppressed, or “01,” which
requests that the printing not be suppressed . In
order , the 7 codes refer to -

Column s 50—51 : Print option for listing of MAC model.

Columns 52—53 : Print option for listing of GMAC .model.

Column s 5 14—55: Print option for listing of MGMAC model.

Column s 56—57 : Print option for listing of sigma and its Inverse .

Columns 58—59: PrInt option for listing of the m atrix modified
model. - 

-

Column s 60—61 : Print option for subgroups of obBervations corres—
ponding to the different patterns of missing values.

Column s 62—63: Print option for beta values.

With regard to the user ’s choice of the pr int opt ions , we suggest
that , for most purposes , it would be sufficient to code columns 50 through

63 with “01000001000001 .” This provides the user with a listing of the

I - MAC model , sigma and its inverse , and the beta values as well as results V

of hypothesis teBta .
Control Card 2 - Variable Format for the Input Data Set

On this card the user supplies a FORTRAN format statement which speci—
fies the columns in which the block number , treatment number , dependent

8

— — 
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V r

variables (Y~ , I = 1, ~~~~~ NP), and covariables (x~ j  = 1, •.., NK), in
that order , are to be found. The block and treatment numbers must be read
according to an 1w format, while the dependent and independent variables

would ordinarily be read with F w.d or D w .d formats. This card must
V begin with a left parenthsis (in column 1) and end with a right parenthesis

and contain no intervening blanks. For our example in the first subsection
of this section, the variable format card would be

(Tl8, Il ,6X,Il ,T142,F5.l,1X ,F14.0,3X ,F14.l,T30,F5.l,lX,F14.0).

Control Card 3 - Number of Hypothesis Matrices Being Supplied

This Is the simplest of all the control cards and merely states how

many hypothesis matrices are to be supplied to provide basis for hy-poth—
esis tests for the particular job. This is an integer, NUMHYP, which is
punched, right justified, in the first 5 columns of the card . Ordinarily
this number will be less than 10, so that only column 5 need be punched.

Remaining Control Cards V

Next , we must supply one group of cards for V each of the hypotheses
to be tested. The first card provides the following information relative

to each hypothesis:

Columns 1—5 : The number of rows , NB , in the hypothesis matrix. This
V 

- 
is an integer , right justified in columns 1—5.

Columns 6—25: Any alphameric code which identifies the hypothesis
being tested. This is simply an identification which
will be listed with the output in the hypothesis test—
ing section of the printout.

Columns 26—27: “00” if the user does not desire to have the test
statistic evaluated for this hypothesis on all NP
response variables simultaneously. “01” if the user
does desire to have the test statistic evaluated for
this hypothesis on all NP response variables simul—
taneously .

Columns 28—29: “00” if the user does not desire to have the test sta-
tistic evaluated for this hypothesis on the first
response variable separately. “01” if the user desires
to have the test statistic evaluated for this hypothe-
sis on the first response variable separately .

9
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Columns ((26+ “00” is the user does not desire to have the test
2N1’)— (27+2NP)): statistic evaluated for this hypothesis on the NPt~

response variable separately . “0]” If the user does
desire to have the test statistic evaluated for this
hypothesis on the NPth response variable separately .

The remaining NB cards in the group for a particular hypothesis give

the coefficients for each fow of the hypothesis matrix, one row on each of
- NP cards. These coefficients are read from consecutive four—digit fields

according to an F14.2 format. The number of coefficients read per card will

be equal to (NB+NT+NK), with the exception that if the data set is composed

of one block only (or one treatment only) the number will be (NB+NT+NK—l).

V 
This number will , of course , vary from one problem to the next. The number

of rows in the hypothesis matrix, NB, will also vary from one hypothesis to
the next and from problem to problem.

If we denote by NRj, I = 1, ~~~~
• , NtJNHYP, the number of rows in the ith

hypothesis being tested , then the flt*±er of control cards after control card
NUMHYP

3 will be z (NB1 + 1).
1=1

The method of constructing the hypothesis matrices will be demonstrated

in the next subsection .
EXA?~~LES ILLUSTRATING CONSTRUCTION OF HYPOTHESIS MATRICES

In Section II, we outlined the general formulation of’ t.~ assumed model
with

E(Y)=Xa +Z8

as the underlying mean structure for the data. Here a was an ~~ by p matrix
of unknown design parameters, and B was an m5 by p matrix of unknown regres-

I , 

sion coefficients for the concomitant variables. Let us stack the a matrix

on the B matrix to form a matrix B. In keeping with the notation used in

relation to our computer control cards , this will be a matrix with row
dimension (NB+NT+NK) and column dimension NP.

Denoting~ the block parameters by bjj’si the treatment parameters by
t.Ij ’f; , and the regression c o e f fi c i ent s  by Bij ’~~ we could think of the
f~ matrix an

10
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b11 b12 ... b1NP 
NB rows for  block parameters

b
NB bNB .. bNB1 2 NP

til t l2 t iNP
B = : NT rows for treatment paramters

• 
tNT tNT tNT

611 ~l2 ...
NP NK rows for regression coefficients

-~~~l ~~2 
8NKNP_

This makes it easy to construct full rank hypothesis

matrices to test hypotheses of the form H
0
: HB = °M’ 

where H is a fu l l

rank hypothesis matrix of dimension r(= rank of H) by (NB + NT + NK) and

is the r by NP matrix containing all zeroes. For example, the hypothesis )
of no treatment differences (i.e., t

1 
= t 2 = .~~~~• = ~~~ for all j = l,2,...,NP)

J 3 j
can be tested with an H matrix containing (NT—i) orthogonal rows. Similarly,

the hypo thesis of no Influence of covariates (8~~ 0 , i l,...,NK; j l , . .. ,NP)

can be tested with a full rank hypothesis matrix of row dimension NK. Some

specific examples will now be given to illustrate the construction of H matrices .

Example 1:

Suppose we have two blocks, two treatments, one covariate, and three response

variables. Here NB NT 2, NK 1, and NP 3. Thus , B can be written

b11 b12 b13
b21 b22 b23
tll tl2 t13

t21 t22 t23

.~~i 
8fl 813

To teat the hypothesis of no treatment differences, H will be the 1 by 5

matrix

H— [0  0 1 — 1  01.
1.1

— _ ,  - . .-~ V
~~

V V - V V V_~~~~V 
~~~~~~~~~~~~~~~~~~~~~ — V~~- _

~~~~~-~~
_ ,p

~
;•_;---V 

~~~~~~~~~ ~~~~~ V irA~~~~~~~~~~ ~
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Note that HB = 0 Is equivalent to

[(t11 
- t21) (t12 - t

22
) (t13 

- t 23)]  = [0 0 0] .

To test the hypothesis of no influence of the covariate, H will

be the 1 by 5 matrix

[ 0 0 0 0  1].

Note that HB = 0 is equivalent to

1811 612 6131 = [0 0 0] .

Exan~ple 2:

Suppose we have two blocks, four treatments , two covariates, and three

response variables. Here NB = 2 , NT = 4, NK = 2 , and NP = 3. Thus, B can

be wr i t ten

b 11 b 12 b 13
b 21 b 22 b23
tll tl2 t

l3

B =  t21 t 22 t23
t
3l 

t32 t33
t
41 

t 42 t
43

1
~
]
~1~ 

8~~ 613

~21 
822 623 

-

To test the hypothesis of no overall treatment differences, H will be

the 3 by 8 matrix

0 1 —l 0 0 0 ol

H = 1 0  0 1 1 — 2  0 0  0
+ Lo 0 1  1 1 — 3 0 0j.

To test the hypothesis of no overall block differences, H will be the

lby 8 matrix

H [1 —l 0 0 0 0 0 0].
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To test  the hypothesis of no overall effect due to the covariates ,

II w i l l  be the 2 by 8 matrix -

0 0 0 0 0 i.

L° 0 0 0 0 0 0

To test the hypothesis of no effect due to the first covariate only

H will be the 1 by 8 matrix

H = [0 0 0 0 0 0 1 0].

To test the hypothesis of no difference between treatments one, three

and four , H will be the 2 by 8 matrix

ro 0 1 0 — 1  0 0 0
1 1 = 1

0 1 0  1 — 2 0 0 -

Example 3.

Suppose we have three different treatments in the experiment but only one

block and one covariate. Suppose , in addition , that there are two response

variables. Here NB = 1, NT = 3, NK = 1, and NP = 2.. However , the row

dimension of the B matrix is (NB + NT + NK — 1) or 4, since we do not require

any block parameters. (Refer to the discussion in the Control Card sub-

section aboie.) B will be the 4 by 2 matrix

~ ll ~~~~

t21 t22
B =  t

31 
t32

8 11 812

The hypothesis matrix for testing “H0 : No Treatment Differences ” will

be the 2x4 matrix

1 - 1 0 01
H-

Ll 1 —2

13
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The complete set of punched cards necessary to execute a job using

the source program with a level G FORTRAN compiler are submitted to the

card reader in the following order:

co:ITB0L CARD 3

l)ATA CA~ D~

EvSUk. S(V t RCE LtCK

/ f .tYS IN  CD ‘ V.

.. ECAS! ~FC

~~~~~~~~~~~~~~~~~ D~;Cr

,~~

‘

~~~~~1 1;0.~~0r

The form of the initial job card and the various job control cards

may vary from one installation to another . The user should verify the

validity of these with systems personnel at his particular ccs~çuter

center. I -
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SECTION IV

A WORKED EXA}IPLE

A sample problem will now be presented and the necessary programming

steps i l lustrated. This data set was constructed to represent a set of

results from a series of test shots involving two different metals from

which projectiles were made (the blocks) arid three different projectile

shapes (the treatments). Each block/treatment combination was replicated

five times , resulting in a total of 30 observations . Two concomitant

va riables were measured on each project i le . These were X
1
=Initial Projectile

Weight and X2=Initial Projectile Velocity . The three dependent variables

recorded were Y
1 

= Residual Projectile Weight, Y2 
= Residual Projectile

Velocity , and Y
3 

= Plug Weight.

The data were generated using the model )

~ijk 
= b~ + t~ + BlXlijk

+ 82X2jjk
+ 

ijk

where 
~ ij k represents the kth replication of treatment j in block i for

any one of the three response variates. For our problem i = 1,2; j = 1,2,3;

k = 1, 2 , . .. , 5. The disturbances were chosen from a table of random standard

normal deviates (2). The values used for the model parameters were

as shown in the following B matrix.

b1 0 0 0

b 2 2 20 0

10 8 0

B —  t
2 10 8 0 t )

20 20 4

8 0 .005

82 C) 7 .01 
V
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The data resul t ing from this simulation were :

Observa t ion Block Treatment  X 1 X 2 Y 2
1 1 1 110 710 98.0 504.4 7.3

2 1 1 110 710 97.5 503.2 5.2 V

3 1 1 112 695 98.2 494.5 8.3

4 1 1 111 705 100.0 501.1 8.2

5 1 1 112 690 100.1 490.9 8.1

6 1 2 110 710 98.4 504.6 8.3

7 1 2 109 705 95.5 501.2 8.8

8 1 2 107 700 94.6 497.0 10.5

9 1 2 111 700 99.3 498.8 9.5

10 1 
- 

2 112 710 98.9 504 .3- - 7.5

11 1 3 116 810 110.7 586.4 8.1

12 1 3 115 770 112.4 558.9 8.5

13 1 3 116 790 113.3 572.6 8.9

14 1 3 116 800 110.6 581.1 8.7

15 1 3 117 790 115.3 572.9 7.4

16 2 1 109 705 98.3 522.8 6.6

17 2 1 112 705 101.0 521.3 8.3

18 2 1 111 690 99.1 510.0 6.3

19 2 1 110 700 99.8 517.2 8.3

20 2 j 
V 

lii 710 103.1 524.3 8.4

21 2 2 112 700 100.9 517.6 5.8

22 2 2 112 690 100.5 510.5 7.2

23 2 2 114 695 103.1 514.6 6.2

24 2 2 112 700 99.5 517.3 7.4
25 2 2 113 705 102.0 522.9 8.8
26 2 3 115 

~~ 114.2 597.1 12.3

16
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27 2 3 116 800 114.8 598.6 12.5

28 2 3 117 795 115.9 598.0 12.7

29 2 116 790 116.0 - 593.0 12.3

30 2 117 805 115.2 602.4 12.4

For the purpose of a realistic example in which we have some

missing observa tions among both the dependent and independent variables,

we consider as missing the values of

on observation 1

Y
3 
and X2 on obse rvation 11

X2 on observation 18

and Y3 on observation 21~.

PREPARATION OF DATA CARDS ‘

First we must select a value to use as the missing value code. Any

negative number would suffice , as would zero . We have chosen D— 50.ODO , a number

intermediate in magnitude between Y 3 and the other X and Y variables . The

data cards were punched as follows :

Columns 1—5 : The identification SAMPLE I 
V

Column 10: Block number 
V

Column 12: Treatment number

Columns 13—16: X1, in format 714.0

Columns 17—20: X2, in format F14.O : 1
Columns 22—25: Y1, in format F14.1 (Decimal not punched)

Columns 27—30: Y2, in format P4.1 (Decimal not punched)

Columns 31—314: Y~ , in format 714.1 (Decimal not punched)

For example , the first data card was , beginning in column 1:

SAMPLE 1 1 110 710 0980 0500 073 
I
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_ _ _ _ _ _ _ _ _ _ _ _  - — ~~ — ~~~~~~~~I ~~~~~~~~~~~~~
— ~~~~~ - V V~ - - - 

V~~ - - ~~~~~~~~~~~~~~~~~~~~ ~~~~ -VA — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - — -- -‘-~~~~= V V~ - ~~~~ •_V - — V —



Note that the value of 598.0 has been replaced by 50.0, since in this

example we are treating it as a missing value .

PREPARATION OF CONTROL CARDS

Control Card 1: 
V

To complete this card, we determine that for the present problem

we have:

NP — 3

NT = 3

N B = 2

NK = 2

NN — 30

NMISS — 2

To provide a thorough look at the printout availab le from the program , we

shall take every print option. Using the suggested values for EPS and

IDGT, the first control card has the form, beginning in column 1:

0030030020020300l4002 1.OOE—07 50.ODO 01010101010101

Control Card 2:

For this card , we may use any permissible FORTRAN form~t statement to - 
V

read in the block number, treatment number, ‘i’s and X’s. One possibility

for our data would be

(TlO , [1, lx, Ii, T21, 2F5.1, F4.l, T14, F3.O, lx, 73.0)

Control Card 3 and Subsequent Control Cards : 
V 

V

For this problem we shall test four hypotheses to illustrate the flexibility

of this aspect of the program.

( 1) H :  No Block Differences

With only two blocks , the H matrix consists of one row which compares

the two block effects. Recalling that for this problem the matrix of unknown

pa rameters is 
18 
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b
11 

b 12 h 1.3 
-

b 21 b 22 b 23

til 
t
l2 tl3

B —  t21 t22 t23

t31 t32 t33

811 812 813

1321 ~22 ~23

our H matrix is H = [1 —1 0 0 0 0 o] - If we elect the overall

test as well as the test on response variates two and three separately ,

the necessary control cards are:

00001NO BLK DIFF 01000101

0100—100

(2) H :  No Treatment Differences

The H matrix for constrasting our three treatments requires two rows:

0 1 — 1  0 0 0~H —
0 0 1 1 —2 0 0

The necessary cards , electing the overall test as well as Y
1 and Y2

separately, are:

00002N0 TRT DIFF 01010100

000000000 100—100

0000000001000100—200 V

~~ No D i f f e rence Between Treatments 1 and 2

If we elect the overall test as well as the test on each variate

separately , the necessary cards are:

0000INO DIFF BETI’! TR l&2 01010101

000000000lOO—lOO

19 
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(4) I I :  No El f e c  L Due to Covar lat e s

Electing the same test options as for the previous example , our control

cards are

00002N0 EFFECT COVARS 01010101

000000000000000000000lOO V

0000000000000000000000000 100

These ~~ntro1 cards for hypotheses ia.ist be preoeded by control c~~~ 
V

3, which for our prthlan will have a “4” punched in co1~iu~ 5, indicating

that four hypotheses are to be tested.

THE PRINTED o~jr~tir FIU’l THE P1~)GRAM

The program output , when all print options are exercised, has essentially

10 parts.

I
(1) Problem Dimensions:

This is the first page of the printout . It provides the user with the

current program dimensions and dimensions for his particular job, as well

as the print options chosen for the job.

( 2 ) Lis t ing of the Input Data :

Each observation is given with its block value, treatment value , dependent

variables and independent variables in that order.

( V j) The MAC Model List ing :

The response variables and complete design matrix are listed for the

multivariate analysis of covariance model.

(4) The GMAC and MGMAC Model Listing:

These are given for each response variate separately, along with the rank

of the corresponding design matrix.

20
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( 5) Sigma and Sztcothed Si~ na

The sigma matrix submitted to the subroutine S!~V(YI’H is printed

along with the smoothed sigma matrix which the subroutine returns.

(6) Sigma and Sigma Inverse

Si~ na and its inverse, as ocmpited by the LPS1~~R subroutine, are given.

(7) The Matrix Modified Model

This is listed, showing the extra columns added to the design matrix

to account for the missing values.

(8) The Groups of Observations with Different Patterns of Missing Valu es

These are the “S
i
” sets referred to in Section ~~ The design matri ces

associated with these sets are used in the compt1~tion of the beta estimates and

the Wald Statistics.

(9) Beta Values

The be t V Vl matrix of dimension (NB + NT + NK) by NP is given.

(10) Hypothesis Test Results 
V

The hypothesis matrix and associated Wald Statistic are given for each

of the hypotheses to be tested.

The listing of the computer printout for the sample problem follows In

the remaining pages of this section.

It shc~u1d be pointed out that it is normal for underflow errors to occur ,

particularly in large scale analyses. We might also add that the error code

f rom LPSDOR is printed each time we call that subroutine; a successful call

to LPSDOR results in an error code of zero .

1.

2].
(The reverse of this page is blank)
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L I ST I N G  OF INPUT DATA

V * 1 98.00 50.00 7.30 110.00 710.00

• 1 1 (07.50 503.20 5.20 110.00 110.00

1 1 98.20 494.50 8.30 112.00 695.00

2 1 100.00 501.10 0.20 111 .00 705.00

1 1 100.10 490.90 8.10 112.00 6(00.00

1 2 98.40 504.60 8.30 110.00 710.00

1 2 95.50 501.20 8.80 109.00 705.00

1 2 94.60 497.00 10.50 107.00 700.00

1 2 99.30 498.eO 9.50 111 .00 700.00

1 2 93.90 504.30 1.50 112.00 110.00

1 3 110.70 506.40 50.00 116.00 50.00

2 3 112.40 558.90 8.50 115.00 770.00

I 3 113.30 572.60 8.90 116.00 790.00

I 3 110.60 581.10 8.70 116.00 eoo.oo

1 3 115.30 572.90 1.40 117.00 790.00 
V

2 1 (08.30 522.80 6.60 109.00 705.00

2 I 20 1.00 521.30 8.30 112.00 705.00

2 1 99.10 510.00 6.30 111.00 50.00

2 I (09.80 517.20 8.30 110.00 700.00

2 * 103.10 524.30 8.40 111.00 710.00 V

2 2 1 00.90 517.80 5.80 112.00 700.00

2 2 1(0.50 510.50 7.20 112.00 890.00

2 2 103.10 514.80 6.20 111.00 6(05.00

2 2 99.50 50.00 50.00 112.00 700.00

2 2 102.00 522.90 8.80 113.00 705.00

V 2 3 1*4,20 597.20 12.30 115.00 795.00

2 3 11 4.80 598,60 12.50 116.00 800.00

I 
2 3 115.90 598.00 22.70 117.00 79S.00

2 3 116.00 593.00 12.30 1*6.00 790.00 V
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THE VALUES OF V AND A FOLLOW MA C M 008L

98.00 50.00 7.30 1.00 0.0 1.00 0.0 0.0 110.00 710.00

97.50 503.20 5.20 1.00 0.0 1.00 0.0 0.0 110.00 7*0.00

98.20 494.50 8.30 1.00 0.0 1.00 0.0 0.0 *12 .00 695.00

*00.00 501.10 8.20 1.00 0.0 1.00 0.0 0.0 111.00 705.00

100.10 490.90 8.10 1.00 0.0 1.00 0.0 0.0 112.00 690.00

96.40 504.60 8.30 1 .00 0.0 0.0 2.00 0.0 110.00 710.00

95.50 501 .20 V .80 1.00 0.0 0.0 1.00 0.0 109.00 705.00

94.60 497.00 10.50 1.00 C.0 0.0 1.00 0.0 207.00 700.00

99.30 498.60 9.50 1.00 0.0 0.0 1.00 0.0 111.00 700.00

96.90 504.30 1.5~ 1.00 0.0 0.0 1.00 0.0 112.00 710.00

110. 70 586.40 50.00 1.00 0.0 0.0 0.0 1.00 116.00 50.00

112.40 5 8.90 8.50 1.00 0.0 0.0 0.0 1.00 115.00 770.00

113.30 57’~.60 8.90 1.00 0.0 0.0 0.0 1.00 *16.00 790.00

11 0.~~0 581.10 8.70 1.00 0.0 0.0 0.0 1 .00 116.00 800.00

* 15.30 572.90 7.40 1.00 0.0 0.0 0.0 1.00 117.00 790.00

98.30 522.80 6.60 0.0 1.00 1.00 0.0 0.0 *09.00 703.00

101.00 5~~1.30 8.30 0.0 1.00 1.00 0.0 0.0 *12.00 705.00

99.10 510.00 6.30 0.0 1.00 1.00 0.) 0.0- *12 .00 50.00

99.80 517.20 8.30 0.0 1.00 1.00 0.0 0.0 110.00 700,00

103.10 524.30 8.40 0.0 1.00 1.00 0.0 - 0.0 1*1.00 710.00

*00.90 ~~17.60 5.t0 0.0 1.00 0.0 1.00 0.0 *12.00 100.00

100.50 ~ l 0.50 7.20 0.0 1.00 0.0 1.00 0.0 *12.00 690.00

103.10 514.60 6.20 0.0 2.00 0.0 1,00 0.0 *14.00 695.00

99.50 50.00 50.00 0.0 1.00 0.0 V 1.00 0.0 112.00 700.00

102.00 522.90 8.80 0.0 1.00 0.0 1.00 0.0 *13.00 705.00

1*4.20 5(07.10 *2.30 0.0 1.00 0.0 0.0 1.00 115.00 795.00

1* 4.80 598.60 12.50 0.0 1.00 0.0 0.0 1.00 *16.00 800.00

*15.90 598.00 12.70 0.0 1.00 0.0 0.0 1.00 117.00 795.00

* 16.00 S93.00 *2.30 0.0 2.00 0.0 0.0 1.00 1*6,00 790.00
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THE VALUES OF V AND A FOR VAR I A T E  1 FOLLCU GMAC MODEL

98.00 1.00 0.0 1.00 0.0 0.0 110.00 710.00

97.50 1.00 0.0 1.00 0.0 0.0 110.00 710.00

98.20 1.00 0.0 1.00 0.0 0.0 112.00 695.00

I 100.00 1.00 0.0 1.00 0.0 0.0 *11.00 705.00

100.10 1.00 0.0 1.00 0.0 0.0 112.00 690.00

98.40 1.00 0.0 0.0 1.00 0.0 110.00 710.00

95.50 1.00 0.0 0.0 1.00 0.0 109.00 705.00

94.60 1.00 0.0 0.0 1.00 0.0 107.00 700.00

99.30 1.00 0.0 0.0 1.00 0.0 111.00 700.00

98.90 2.00 0.0 0.0 1.00 0.0 112.00 710.00

110.70 1.00 0.0 0.0 0.0 1.00 116.00 50.00

112.40 1.00 0.0 0.0 0.0 1.00 115.00 7~ 0.00

213.30 1.00 0.0 0.0 0.0 1.00 116.00 790.00

110.60 1.00 0.0 0.0 0.0 1.00 116.00 800.00

*15 .30 1.00 0.0 0.0 0.0 1.00 117.00 790.00

98.30 0.0 1.00 1.00 0.0 - 0.0 109.00 705.00

101.00 0.0 1.00 1.00 0.0 0.0 112.00 705.00

99.10 0.0 1.00 1.00 0.0 0.0 111.00 50.00

99.80 0.0 1.00 1.00 0.0 0.0 110.00 700.00

103.10 0.0 1.00 1.00 0.0 0.0. 1*1.00 
V 710.00

100.90 0.0 1.00 0.0 1.00 0.0 112.00 700.00

100.50 0.0 1.00 0.0 1.00 0.0 1*2.00 690.00

103.10 0.0 1.00 0.0 1.00 0.0 134.00 695.00

99.50 0.0 1.00 0.0 1.00 0.0 1*2.00 700.00

102.00 3.0 1.00 0.0 1.00 0.0 113.00 705.00

11 4.20 0.0 1.00 0.0 0.0 1.00 115.00 795.00

1 14.80 0.0 1.00 0.0 0.0 1.00 *16.00 800.00

11 5.90 0.0 1.00 0.0 0.0 - 1.00 117.00 795,00

1*6.00 0.0 1.00 0.0 0.0 2.00 - *1 6.00 790.00
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a

THE VALUES OF V AND A FOR VARIATE * FOLLCW MGM AC MODEL

98.00 1.00 0.0 1.00 0.0 0.0 110.00 7*0.00 0.0 0.0

V 
97.50 1.00 0.0 1.00 0.0 0.0 110.00 710.00 0.0 0.0

98.20 1.00 0.0 1.00 0.0 0.0 *12.00 695.00 0.0 0.0

1 00.00 1.00 0.0 1.00 0.0 0.0 112.00 705.00 0.0 0.0

100.10 1.00 0.0 1.00 0.0 0.0 112.00 690.00 0.0 0.0

98.40 1.00 0.0 0.0 1.00 0.0 110.00 710.00 0.0 0.0

95.50 1.00 0.0 0.0 1.00 0.0 109.00 705.00 0.0 0.0

94.60 2.00 0.0 0.0 1.00 0.0 107.00 700.00 0.0 0.0

99.30 1.00 0.0 0.0 1.00 0.0 111.00 700.00 0.0 0.0

98.90 1.00 0.0 0.0 1.00 0.0 112.00 710.00 0.0 0.0

110.70 1.03 0.0 0.0 0.0 1.00 116.00 0.0 1.00 0.0

112.40 1.00 0.0 0.0 0.0 1.00 - 770.00 0.0 0.0

1*3 .30 1.00 0.0 0.0 0.0 1.00 1*6.00 790.00 0.0 0.0
I

1 10.60 1.00 0.0 0.0 0.0 1,00 *16.00 800.00 0.0 0.0

12 5.30 1.00 0.0 0.0 0.0 1.00 1*7.00 790.00 0.0 0.0

98.30 0.0 1.00 1.00 0.0 0.0 109.00 705.00 0.0 0.0

ioi.oo 0.0 1.00 1.00 0.0 0.0 1*2.00 705.00 0.0 0.0

99.10 0.0 1.00 1.03 0.0 0.0 111.00 0.0 0.0 1.00

99.80 0.0 1.00 1.00 0.0 0.0 110.00 700.00 0.0 0.0

103.10 0.0 1.00 1.00 0.0 0.0 111.00 - 710.00 0.0 0.0

100.90 0.0 1.00 0.0 1.00 0.0 112.00 700.00 0.0 0.0

100.50 0.0 1.00 0.0 1.00 0.0 1*2.00 690.00 0.0 0.0

103.10 0.0 1.00 0.0 1.00 0.0 114.00 695.00 0.0 0.0

99.50 0.0 1.00 0.0 1.00 0.0 *12.00 700.00 0.0 0.0

202.00 0.0 1.00 0.0 1.00 0.0 113.00 705.00 0.0 0.0

114.20 0.0 1.00 0.0 0.0 1.00 1*5. 00 793.00 0.0 0.0

214 .80 0.0 1.00 0.0 0.0 1.00 116.00 800.00 0.0 0.0

115.90 V 
0.0 1.00 0.0 0.0 1.00 117.00 795.00 0.0 0.0

2*6.00 0.0 1.00 0.0 0.0 1.00 - *16,00 790.00 0.0 . 0.0
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THE RANK OF THE DESIGN MATRIX FOR VAR IAT E 1 FOR THE MGMA C MODEL IS S

ERROR CODE FROM LPSOOR 0

ER ROR CODE FROM LPSDOR a 0

ERRO R CODE FROM LPSOOR a 0

I

-
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•V V
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THE VAU.UES OF Y AND A FOR VARIATE 2 FOLLOW GUAC M00(L

503.20 2. 0 0  0.0 1.00 0.0 0.0 210.00 710.00

494.3 0 1.00 0.0 1.00 0.0 0.0 112.00 695.00

501.10 1.00 0.0 1.00 0.0 0.0 111.00 705.00

490.90 1.00 0.0 1.00 0.0 0.0 112.00 690.00

504,60 1.00 0.0 0.0 2 . 0 0  0.0 110.00 7*0.00

502.20 1.00 0.0 0.0 1.00 0.0 *09.00 705.00

491.00 1.00 0.0 0.0 1.00 0.0 *07.00 700.00

4V96 80 1.00. 0.0 0.0 1.00 0.0 112 .00 700.00

504.30 1.00 0.0 0.0 1.00 0.0 112.00 710.00

586.40 1.00 0.0 0.0 0.0 1.00 116.00 50.00

558.90 1.00 0.0 0.0 0.0 1.00 113.00 770.00

572.60 1.00 0.0 0.0 0.0 1.00 *l6eOO 790.00

581.10 1.00 0.0 0.0 0.0 1.00 1*6.00 800.00

572.90 1.00 0.0 0.0 . 0.0 1.00 1*7.00 790.00 )

522.80 0.0 1.00 1.00 0.0 0.0 109,00 705.00

521.30- 0.0 1.00 1.00 0.0 0.0 *12.00 705.00

510.00 0.0 1.00 1.00 0.0 0.0 111.00 50.00

517.20 0.0 1.00 1.00 0.0 0.0 1*0.00 700.00

524.30 0.0 1.00 1.00 V 0.0 0.0 111.00 ‘110.00 •

517.60 - 0.0 1.00 0.0 1.00 0.0 112.00 V 700.00

5*0.50 0.0 1.00 0.0 2.00 0.8 1*2.00 690.00

314.60 0.0 1.00 0.0 1.00 0.0 114.00 695.00

522.90 0.0 1.00 0.0 1.00 0.0 *13.00 703.00

397.10 0.0 1.00 0.9 0.0  1.00 1*5 .00  795.00

398.60 0.0 1.00 0.0 0.0 1.00 116.00 800.00

398.00 0.0 1.00 0.0 0.0 2 .00  117 .00  795.00

593.00 0.0 1.00 0.0 0.0 1.00 116.00 790.00

602.40 0.0 2 . 0 0  0.0 0.0 1.00 217,00 aos.oo
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THE VALUES OF V AND A FOR V A R I A T E  2 FOLLCW M GMAC MODEL 
V

303.20 2 .00  0.0 1.0 0 0.0 0.0 220.00 710.00 0.0 0.0

494.50 1.00 0.0 1.00 0.0 0.0 112.00 695.00 0.0 0.0

501.20 1.00 0.0 1.00 0.0 0.0 111 .00 7O5 H °O 0.0 0.0

490.90 1.00 0.0 1.00 0.0 0.0 112.00 690.00 0.0 0.0

504.60 1.00 0.0 0.0 1.00 0.0 110.00 710.00 0.0 0.0

501.20 1.00 0.0 0.0 1.00 0.0 209.00 705.00 0.0 0.0

4~~7.00 1.00 0.0 0.0 1.00 0.0 107.00 700.00 0.0 0.0

498.80 1.00 0.0 0.0 1.00 0.0 111 .00 700.00 0.0 0.0

504.30 1.00 0.0 0.0 1.00 0.0 112.00 710.00 0.0 0.0

586.40 1.00 0.0 0.0 0.0 1.00 116.00 0.0 1.00 0.0 V

558.90 1.00 0.0 0.0 0.0 V 1.00 115.00 770.00 0.0 0.0

572.60 1.00 0.0 0.0 0.0 1.00 116.00 790.00 0.0 0.0

581.10 1.00 0.0 0.0 0.0 1.00 116.00 800.00 0.0 0.0

572.90 1.00 0.0 0.0 . 0.0 1.00 117.00 790.00 0.0 0.0

522.80 0.0 2.00 1 .00 0.0 0.0 *09.00 705.00 0.0 0.0

521.30 - 0.0 
I 

1.00 1.00 0.0 0.0 112.00 705.00 0.0 0.0

510.00 0.0 1.00 1.00 0.0 0.0 111.00 0.0 0.0 1.00

517.20 0.0 1.00 1.00 0.0 0.0 110.00 700.00 0.0 0.0

524.30 0.0 1.00 1.00 V 0•0 0.0 *11.00 720.00 0.0 0.0

5*7.60 0.0 1.00 0.0 1.00 0.0 *12.00 700.00 0.0 0.0

510.50 0.0 1.00 0.0 - 1.00 0.01 112.00 690.00 0.0 0.0

514.60 0.0 1.00 0.0 1.00 0.0 114.00 693.00 0.0 0.0 V

522.90 0.0 1.00 0.0 1.00 0.0 113.00 705.00 0.0 0.0

597.10 0.0 1.00 0.0 0.0 1.00 115.00 795.00 0.0 0.0

598.60 0.0 1.00 0.0 0.0 1.00 116.00 800.00 0.0 0.0

- 
398.00 0.0 1.00 0.0 6.0 1.00 217.00 795.00 0.0 0.0

593.00 0.0 1.00 0.0 0.0 1.00 116.00 790.00 0.0 0.0

602.40 0.0 1.00 0.0 0.0 1.00 *17.00 805.00 0.0 0.0

THE RA NK OF THE DESIGN MATRIX FOR V A R I A T E  2 FOR THE MOM AC MODEL IS S
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ERROR CODE FROM LPSDOR • 0

ERROR CODE FROM LPSOOR • 0

L .
32

- - 
_ i 

- - - - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V - ~~~~~~~~~~~~~~ 

—~~~~~~~~~~~~~~~~~~ - ---V-- ~~~~~~~~ 4V



T HE VALUES OF V AND A FOR VARIATE 3 FOLLOW GMAC MODEL

7.30 1.00 0.0 1.0 0 0.0 0.0 110.00 110.00

5.20 1.00 0.0 1.00 0.0 0.0 110.00 710.00 V

8.30 1.00 0.0 1.00 0.0 0.0 112.00 695.00

8.20 - 1.00 0.0 1.00 0.0 0.0 2 2 2 . 0 0  705.00

8 .2 0  1.00 0.0 1.0 0 0.0 0.0 112.00 690.00

8.30 1.00 0.0 0.0 1.00 0.0 110.00 110.00

8.80 1.00 0.0 0.0 2 .0 0 0.0 109.00 705.00

10.50 1.00 0.0 0.0 1.00 0.0 - 107.00 100.00

9.50 1.00 0.0 0.0 1.00 0.0 111.00  100.00

7.S0 1.00 0.0 0.0 1.00 0.0 112 ,00 1*0.00

5.50 1.00 0.0 0.0 .0 1.00 113 .00 170. 00

8.90 1.00 0.0 0.0 0.0 1.00 116.00 790.00

8.70 1.00 0.0 0.0 0.0 1.00 1*6.00 800.00

7.40 1.00 0.0 0.0 - 0.0 1.00 117.00 790.00

6.60 0.0 1.00 1.00 0.0 0.0 *09.00 705.00

8.30 0.0 2 .00  1.00 0.0 0.0 2* 2 . 00  705.00

6.30 0.0 1.00 2.00 0.0 0.0 - 1* 1 .00  50.00

8.30 0.0 1.00 1.00 0.0 0.0 110.00 700.00

8.40 0.0 1.00 1.00 0.0 0.0 111.00 710.00

5.80 0.0 1.00 0.0 1.00 0.0 *12.00 - 700.00

7.20 0.0 1.00 0.0 1.00 0.0 *12.00 600.00

6.20 0.0 1.00 0.0 1.00 0.0 114.00 695.00

5.80 0.0 1.00 0.0 1.00 0.0 113.00 703.00

*2 .30 0.0 1.00 0.0 0.0 1.00 115.00 795.00

12.50 0.0 1.00 0.0 0.0 1.00 116.00 500.00

*2.70 0.0 1.00 0.0 - 0.0 1.00 117.00 795.00

12.30 0.0 1.00 0.0 0.0 1.00 116.00 - .790.00

12.40 0.0 1.00 0.0 0.0 1.00 117.00 505.00
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THE VALUE S OF V AND A FOR VARIATE 3 FOLLCW MGNAC MODEL

7.30 1.00 0.0 1.00 0.0 0.0 11 0.00 7*0.00 0.0

5.20 1.00 0.0 1.00 0.0 0.0 110.00 110.00 0.0

8.30 1.00 0.0 1.00 0.0 0.0 112.00 695.00 0.0

8.20 1.00 0.0 1.00 0.0 0.0 111.00 105.00 0.0

8.10 1.00 0.0 1.00 0.0 0.0 *12.00 690.00 0.0

8.30 1.00 0.0 0.0 1.00 0.0 110.00 710.00 0.0

8.80 1.00 0.0 0.0 1.00 0.0 109.00 705.00 0.0

10.50 1.00 0.0 0.0 1.00 0.0 107.00 700.00 0.0

9.50 2.00 0.0 0.0 1.00 0.0 111.00 700.00 0.0

7.50 1.00 0.0 0.0 1.00 0.0 122.00 110.00 0.0

6.50 1.00 0.0 0.0 0.0 1.00 115.00 770.00 0.0

8.90 1.00 0.0 0.0 0.0 1.00 116.00 790.00 0.0

8.10 1.00 0.0 0.0 0.0 1.00 116.00 500.00 0.0

7.40 1.00 0.0 0.0 - 0.0 1.00 117.00 790.00 0.0

6.60 0.0 1.00 1.00 0.0 0.0 109.00 705.00 0.0

8.30 0.0 2.00 1.00 0.0 0.0 112.00 705.00 0.0

6.30 0.0 1.00 1.00 0.0 0.0 111.00 0.0 2.00

8.30 0.0 1.00 1.00 0.0 0.0 110.00 700.00 0.0

8.40 0.0 1.00 1.00 0.0 0.0 111 .00 110.00 0.0

5.80 0.0 1.00 0.0 1.00 0.0 112.00 - 700.00 0.0

1.20 0.0 1.00 0.0 1.00 0.0 112.00 690.00 0.0

6.20 0.0 1.00 0.0 1.00 0.0 1*4.00 695.00 0.0

8.50 0.0 1.00 0.0 1.00 0.0 113.00 705.00 0.0

12.30 0.0 1.00 0.0 0.0 1.00 115.00 795.00 0.0

12.50 0.0 - 1.00 0.0 0.0 1.00 116.00 800.00 0.0

12.70 0.0 1. 00 0.0 0.0 1.00 *17.00 795 .00 0.0

12.30 0.0 1.00 0 .0  0.0 1.00 *16.00 790.00 0.0

12.40 0.0 . 1.00 0.0 0.0 1.00 *17.00 805.00 0.0

THE R A NK  OP THE DESIGN MATRI X FOR VARIAT E 3 ~OR THE M GMAC MODEL IS S
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ERROR CODE FROM LPSDOR a

I NPUT MATR IX TO SMOOTH
1.0281164 — .11701501 .19631602

— .11101501 .69946443 .12176522
.19632602 .11176522 2.2882109

M ATR I X OUTP U T BY SMOOT H
1 . 0 2 61* 6 4  — . 11 7 01 50 1  . 29 6 326 0 2
.1110 1501  .69946443 .1 11 76 52 2
•19631602 .11176522 2.2882109

THE VALUE OF SIGMA FCLLOW S

1.02812 .1110*5 .1963*6

— .117015 .6994 64 .111 765

.196316 .212165 2.28821

ERR OR CODE FROM LPSDOR = 0

THE VALUE OF SIGMA INVERSE FOLLOWS

1.01196 .15460 7 .9583 79D—01

.184607 1.47459 — .8786300—0* 
—

=.9383190—o1 — .8786300—0* .4495 37
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•****s HYPOTHESIS TESTING SECTION ******

4 HYPOTHESIS MATRI CES SHALL BE USED. IN TURN,FOR COMPUTING CII! SQUARE STATISTI CS 
-

EACH M A T R I X  SHOULD HAVE 7 COLUMNS AS FOLLOwS 
- 

-

THE FIRST 2 COLUMNS CORRESPOND TO BLOCK PARAMETERS
THE NExT 3 COL UMNS CORRESPOND TO T~~0ATME P~’y PARAMETERSTHE LAST 2 COL UMNS CORRESPOND TO CCVARIA T !  COEFF!CI ECIITS
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f’~PPF2~DIX )‘~
t-i.L~’z cii~gr

READ INPUT
PARAMETERS

r READ INPUT DATA I
/ BLOCK & TRT CODES, DEPENDENT/

f AND INDEPENDENT VARIABLES J

/WRITE INPUT DATA/

41.
SET UP BLOCK AND TRT J

DESIGN

41
,/BUILD COVARIATE 

- 
- - 

V

MATRIX

/ BUILD DESIGN MATRIX
( AND AUGMENT WITH COVARIATE

MATRIX - - - -

f  WRITE THE MATRIX
/ 

FORM OF THE MAC MODEL

1
T NSTRUCT THE VARIATE FORM OF THE MODEL \

- 
- 

/ REMOVING MISSING VALUES FROM THE DEPENDENT \
VARIABLES AND THE CORRESPONDING ROWS OF

THE DESIGN MATRIX
_

I WRITE THE VARIATE FORM OF THE /
I 

- GMAC MODEL
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No missing TEST FOR MISSING VALUES
values AMONG THE COVARIATES

Missing Values

among co ariates

/R~~~~~ MISSING VALUES FROM THE DESIGN\

/ MATRICES OF THE VARIATE MODEL, REPLACE \
\ BY ZEROES AND BUILD EXTRA COLUMN S TO /
\AccouNT FOR MISSING VALUES

/ WRITE TUE VARIATE FORM OF THE /
MGMAC MODEL

CO~~UTE THE VARIANCE-CO VAR lANCE
MATRIX FOR THE APPROPRIAT E VECTO

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r Definite 
- - THE VARIANCE-COVARIANCE

- 
--- MATRIX IS POSITIVE DEFINITE

Not p aitive
def nite 

V

SMOOTH VARIANCE-COVARIANC
MATRIX

CONSTRUCT MATRIX MODIFIED V- - - 

\ 
FORM OF THE MODEL~~~,,”

-

- 

-

~~~~ H
/WRITE MATRIX MODIFIED FORM/

L. OF THE MODEL /
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BUILD THE GROUPED DAT
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>FORM OF THE MODEL /

/WJ~ I Tk. 11II- ;ROVI’ED DA l A /
/ 

FORM OF THE MODEL__/

_ _ _ _ _ _ _ _ _ _ _ _

COMPUTE THE PARAMETER[ ESTIMATES

1~
/WRITE ThE PARAMETER ESTIMATESJ

/ READ THE NUMBER OF HYPOTHESES TO BE TESTE~ ,/

_
~~~~~~~~

V V~~~V V )  / READ THE TYPE OF HYPOTHESES TO BE TAKEN 7
/ EG. FOR ALL VARIATES OR FOR SIMPLE
/ SPECIFIED VARIATE S 

-

/~EAD HYPOTHESIS MATRIX /

J
I~~ITE HYPOTHESIS MATRIX/

41 -~~~~

/ EXTEND HYPOTHESIS MATRIX TO
( ACCOUNT FOR ADDITIONAL PARA-

METERS DUE TO MISSING COVARIAT ES

/CONSTRUCT APPROPRIAT E HYPOTHEST~~\MATRIX FOR VECTOR MODEL OR FOR
SINGLE SPECIFIED VARIATE

II,

C~ 1PUTE THE WALl) STATIST ICJ
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/ WRITE THE WALl) STATISTIC AND

/ 
DEGREES OF FREEDOM FOR THE CHI—SQUARE

_ _ _ _

TEST WHETHER~ —.

- - - MORE HYPOTH ESES ARE~~>
Yes <~~~~~~~ B E T ~~ T~~~~~~~~

C 
STOP -

I )
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APPENDIX B

P1~ GRN’i LISTfl~G

In the subsequent pages, a listing of the FOFTRAN source program
is given. This is the program which was used to provide the printout
for the sample prthlQn in Section IV , Volume II.

We do not list the subroutines used fran the Scientific Subroutine
Package nor the International Math~~iatical and Statistical Library. These
are available in the appropriate manuals.

V 

V 

V
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F O R T R A N  IV 61 REI..EASE 2.0 MAIN DATE — 76320 21/26/16

C
0001 REALS8 A ( 1 0 0 . I 0) ,*J A ( IO . l 0) ,A S( 1 0 0 , I 0) , B ( 7 . 7 ). B B (  *00. 7) ,B ETA ( 70)

* .B L K ( l O O ,2 , , BS( 7 .7 ) . B T ( 1 00 ,6 ) . 8 S) G ( ? .7 ) ,e $ I G B( 7 ,7 ) . B S I G I D( 1 ,7 ) ,
N~~~ SI G I l ? . ? )  .6€TAMX (26,7)

C
0002 INTEGE R SA IeLk( loo).ITRT (100).IR(?) ,IRR(? .7),IM (loo.1).Ipdoczoo).

XNCJ(127),NCL(127),NCMIc(9).P4CM (7.q).NCMC (7,7,9),p4CTC (7,7),NC,(7),
M NMA ( f l . N MA C ( ? , 7 ) , I~UNRCI( 9)

0003 INTEGER*4 IROw(~~t),lC0L (26),!PRI(0Q(?),kORESP (?)
C

0004 REAL*4 FM T ( 2 0 ) . EP S . MY P IO (5 )
C

0005 REAL*8 F ( i 0 0 , l 0 ) . w . O .S I G I . P$ ( 56, 7O) .HPRNV IS6.  7O),HPRH(56.56) ,
%HSETA(56).I-t6ETAP (56),HP (8. 70).PROO2(70,?0)

- c
0006 REAL* 8 RV I 70).SSS (I0 ,I 0).RSSS(tOO ).S(tOO.IO).TC S160).SIG (?.7I .

IS I G I N V (7 , 7)  ,TRT ( 100.4) .U( 100, 100 ) .V( *00) -

C
C

0007 REA L. *8 X ( 1 0 0 , 3 ) .Y U O O , 7 ) , Y YS ( l 0 0 .7 ) .Y S ( 1 0 0 . 7 ) .Z ( 1 0 0 ), Z T( I0 0 ) .
< ZY (*00).ZZ (7)

C
C *** ARRAYS WH ICH MAY NAVE TO 8E REDIMENS IONEO To HANDLE A L ARGER •
C *S* OF MISSING VALUES ARE : A ,AJA .A 5,BETA.BETAMX .F .H.HPRNV .PROD2.RV.
C *** RSS .RSSS ,S ,T ,NCMK.NCN .PSCMC .I RCW.ICOI..
C
C SS* CURRENT OIMENSI CN S OF ARRAYS; INCREASE THESE AND ThE CORRESPONDING 

V

C •9* DIMENSIONS TO INCREASE THE CAPACITY OF THE PROGRAM
C •

~0008 NP D I M = 7 -
0009 NNQ!M *00  - 

- 
V

001 0 NBOIM = 2
0011 NTDI N = 4
001 2 NK OIM=3
0 0* 3  NADIM = 10
0 0* 4  NFOIM 10
0015 NPRfl O =70
0016 NHPRHO=56

C
C - -

C EQUIVALENCE ( T ( t ) ,A S I I) ) . ( * ( l ) . S( * ) ) . (H ( L ) ,V ( 1 ) )
C

0017 DATA 8/4 9*0.000/,ELK/200*O,000/,H/3920 60.000/, 1P4/700* l/,
•P ROO2 / 4 9 0 0e0 . 0 0 0 , ,R V/ 7 0*0 . 0 0 0 / ,TR T / 4 0 0*0.0 0 0 /  

-

0018 DATA RSS/10 0*O.OCO/
C
C NP EQUALS THE NUMEER OF DEPENDENT VAR IABLES
C NT EQUALS THE NUMI ER OF TREATMENTS -

C NO EQUALS THE MIWE FR OF OL.OCNS
C Nk EQUALS THE NUMEER INCEPENbENT VARIABLES -

C
C READ INPUT DATA
C

00*9 REA O ( 5 .1 )  NP,NT,NE.NK.NNIIDGT.NMISS.EPS.0.IPR~ O0
4 0020 1 FO RMAT( Y IJ . T 30 . t 1O .0 .D10 .0 ,7 I2 )

0021 W R I T E (6 , 9 9 0 1 )
0022 9901 F O R M AT ( • I ’ ..PA RAM ETER VALUE S READ FROM FIRST DATA CARD * ,l/#.’I

0023 WMIT E(6 ,9909 5 0

60
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~I3IS PAGE 
IS BEST ~UAL1T~ 

p kC1~ICAM1Z

- 71~~OM COPY JRNLSHSD 1~() ADO ~~
. .. .— 

V

FORTRAN IV 61 RELEASE 2.0 M AIN OATE — 76320 21/26/16

0024 9909 FORMA T (’O ’.’THE CU RRENT VALUE BEING USED FOR THE MISSING CODE IS 1
(‘.G1 6.6)

0025 WRITE(6,9910) ICGI
0026 9010 F O R M A T ( ’ O ’ , ’ THE ~JA LUE OF IOGT SUPPLIED FOR USE IN LPSDQR SU6~~OUT!N

*E IS :‘.IS) -

0027 WR I T E (6.9911) EFE
0028 9911 FORMAT( ’O’ ,’TIlE VALUE OF EPS SUPPLIED FOR USE IN THE DMFGR SUBROUT

S INE IS I ‘.G16.6)
0029 W R I T E ( 6 , 99 0 2 )  NW! SS
0030 9902 FORMAT (’O’ ,’NUMEER OF MISSING VALUES IN COvARIATES :‘,Is)
0031 WRITE (b,9903) NPOIM.MP
0032 9903 F OR MA T ( ’ 0 ’ , ’ MA X  CI M RESP VECTOR ’ ,13, ’ CuRRENT Di M RESP VECTOR: ’ .

0 1-3 )
0033 - W R 1T E ( 6. 99 0 4 )  NNOZM.NN
0034 9904 FQRMAT (’O’.’MAX MJMO OBS:’ ,lS. ’ CURREMT NUMB oes:’.zs~0035 WRITE(6,9905) NEOIM .Ns
0038 9905 FORMAT (’O’ ,’M AX P.tjMO BLOCKS:’.IS,’;CURRENT NUMB BLOcKS:’,IS)
0037 WRITE(6.9906) NTCIN.NT -

0036 9906 FURMA T (’O’ .’MAX P’UMB TRTS:’ ,I S, ’;CURREPIT NUMB TRTS ’,tS)
0039 WI~ IT~~ (6.99O7)  NKC!M.NK
0040 990? FORMAT(’o’ .’MAX MjN9 COVARS: ’II S,•;C URRENT NuNS COVARS:’.15)
004* W~~ITE(6,99OO) NAC IM
0042 -9906 FOS~M AT (’0’.’NAX NUMB COLS TN MODIFIED DESIGN MAT R IX: ’,IS././.jX.

‘CU~ HEN T NUMBER CCLS WAY BE SEEN IN LISTING OF MODIFIED DESIGN MAT
URIX TO FOLLOW LATE R’ ,//)

0043 W N I T E ( 6 . 9 7 7 0 )
0044 9770 FO R MA T ( ’ 0 ’ , ’ P R I NT  OPTICN S CHOSEN FOR THIS PRO GRAM: O=NQPRiNT .L~~PRZ

INT ) -

0045 9769 EORMAT( ’O’ .’PRIP.T CPTICN FOR MAC MODEL : ‘.15)
0046 9768 FORMAT (’O’.’PR INI OPTION FOR GMAC MODEL : ‘.15)
0047 976? FORMAT( ’O’ ,’PRI P.T OPTION FOR MGMAC MODEL : ‘.15) -

O~~48 9166 FORMAT (’O’.’PRINT CPTICN FOR SIGMA C ITS INVERSE 1 ‘.15)
0040 9765 FORNAT(’O’.’PRTNT OPTICN FOR MATRIX MODIFIED MODEL : ‘.15 )
0050 9764 F O R M A T ( ’ O ’ . ’ PRI NT  CPT !CN FOR CEPENOENT V A R IA B L E S  AND DESIGN M A T R I X

* FOR VAR iOU S M! 5SZNG VALUE PATTERNS 1 ‘.15)
0051 9763 F O R M A T ( ’ O ’ ,’PRINT OPTION FOR BETA VALUES I ‘ .15)
0052 WRITE(6.9769) IFRKOO (1)
0053 WRITE( 6,9786) IF~~KO 0C2 )
0054 W R I T E ( 6 , 9 7 6 7 )  I P R K O D ( 3 )
0055 •RITI~(6.9766) IFFKCO (4) -

0056 WRI TE(b, 9?65) IFRKOD( 5) -

0057 WMI T I t ( 6 .9764 ) I F F X O D ( 6 )
0058 - W H I T E(6 . 9 ? 6 3)  IFFKOD(7 )
0059 R EA O ( 5 .2 )  FMT 

V
0060 2 FOR MA T( 20A 4 )

C
C W R I T E  INPUT DATA
C - -

0061 W R I T E ( 6 . 3 )
0062 3 F O R MA T ( I H I . ’ L IST ING OF INPUT OATA ’ , / // )
0063 IF(NB .LE.1.ANO.Nt .LE ,I) GO TO 11
0064 IF(N8 .LE .1) GO TO 29
0065 IF(NT .LE .l) GO TO 26
0066 I X K ~~~ 0 V

0067 00 4 ! * ,NN - 
-

0068 PrAD(5,PMT ) IBLM(I) .ITPT(I),(Y(* .J).J *.NP).(*(I.J),J *.Nk)
OOf ,9 IKk~~~I kIcK+ l
0010 WHITE (6.SI IBLK (f),ITRT(fl.CYlI.J),J*I .NP),(X(I,Jp.J—1.Nk)

61
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Th IS PAGE IS BEST QUALITY PR~~~Z~,A.RIII
~~~~~~~~ O~*’X 1~U~ USk1ED 70 D~Q ~~~~~~~~~~~~

FORTRAN IV GI RELEASE 2.0 M A I N  DATE — 76320 21/26/16

007* 5 FQRMAT (IHO .214,IBFS.2)
C
C SET UP BLOCK DESIGN

- 
C V

0072 00 7 11 1,ND
0073 IF (I BL I (( I ) , E Q . I I )  8 L K ( 1 , I I ) a I . ODO
0074 7 CONTINUE

C
C SET UP TREATMENT CESIGN
C

0075 00 6 1I 1.NT
0076 I F( IT R T (  I).!0.I I)  T R T( 1 . I I) 1.000
0077 6 CONTINUE -

C076 - 4 CONTINUE
0019 wRITE(6,9796) IKK K
0080 9798 FORMAT(’O’,//,’C’ ,IS.’ OBSERVATIONS HAVE BEEN READ FOR THE CURRENT

H DATA SET. DOES THIS AGREE WITH THE CURRENT 0 005 GIVEN EARLIER?’)
C
C BUILD DESIGN MATRIX BY AUGMENTING BLOCKS, TREATMENTS AND COVARIATES
C

0081 CALL ARRAY (2,NN,N0.NNOTM ,NBDIM .BLK,BLK)
0082 CALL ARFIAY-12,NN .NT.NNOIM,NTOIM .TRT,TRT )
0083 • CALL CTIE (BLK,TRT,I)T,NN.N0.O.o,NT)
0084 NBT NB+NT
ooe5 GO 70 25
0086 i i  I K A K = 0
0087 00 4 1  Z a L , N N
C088  R E AO ( 5 .F MT ) (Y ( I .J ) . J— t . N P) .( X ( I ,J ) .J a L . N K )
0089 IKKK=IKKK+1
0090 WRITE(6.95) (Y(I.J).JaI.NP).(X(1.J),J—l.NK)
0091 95 FORMAT (1t10,15F6.2)
0092 41 CONT INUE
0093 MRITE(6,9798) IKKK
0094 00 22 1 1.P4N
0095 00 22 K=1.NK
0096 A (I.K) X(I,K)
0097 22 CONTINUE
0098 NM NK
0099 60 10 26
0100 -29 IKKK O
0 1 0 1  OJ 40  i I,NN V

0102 RE A D ( 5 .F MT ) IT RT ( I ) ,(Y l ! , J ) ,J — l . N P) . ( X ( I. J ),J — 1 .NK )
0 103 - IKKK IKKK+1
0*04 WRITE (6,45) ITRT(1). (YU,J).J.1,NP).(X(T.J),J—1,Nic )
0105 45 F3RMAT (IHO,14,*!F8.2)
0106 00 60 lIaI,NT
01 07 IF (ITRT (I).E0.II) TRT (I,II)*1.000
0108 60 CONT INUE -
0*09 40 CONTINUE
0110 WRITE (6.9198) IKKK
0111 00 24 IIal.NN
0112  0(3 24 K z t , N T  -

0 * 1 3  DT ( I I . K )  a T R T( I I , K )  -

0 1 1 4  24 CONTINUE —

0* 15  CALL A R R A Y I 2 . N N , NT , N N DIM.NTO IM.OT.eT ) - 
-

0116 NMT a NT
Gt) TO 25

0 11$ 28 IkK* 0

t
62 H
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usaED To DDO _~~~~~ —

FORTRAN IV GI RELEASE 2.0 MAIN DATE a 76320 21/26/16

0119 00 42  l= I .N N
0* 20 READ (5.FMT) IBLKII),(Y(1.J) .J=1,NP),(X(I .J).J=t,NK)
012* IKKK=IKKK41
0122 WRITE (b.46) IBLK(1). (Y(1.J).Jat,NP),(X (I.J),J=1,NK )
0123 46 FunMAy (1Ho .I4.1~~Fe.2)
0124 DI) 61 l Z = 1 , N B
0125 ISr (IULK (I) .EO.II) BLK(I,!I) = t.000
0126 61 C~)NTINU~
0127 42 CONTINUE

• 0 2 2 8  W R I T E ( 8 . 9 7 9 8 )  IKK K
022 9  00 27 I= I ,N N
0 13 0  DO 27 K l .N B

0 13 1  ~~T ( I , K ) B L K ( I . K )
0132 27 CONTINUE
0* 33 CALL ARRAY(2.NN.P.6.NNDIM .NBDIM,BT,BT)
0* 3 4  N~3T = N~~
0*35 25 CALL ARRAY(2,NN .~-K, NNDIM.NKOIM,g .X) V

0136 CALL C T I E I O T . X . A . N N , NRT ,0 . O . NK )  -

- 0 1 3 7  NM=NBT+UK
0138 CALL ARRAY (t,NN ,KM.NNOIM ,NA D1M .A,A)
0 139  NOMOO NR
0140 NTMOO NT
0 1 4 1  • IF ( N B . E Q .j )  NBMCD=N8—l
0 1 4 2  IF ( N T . EO .t )  NT A C C = N T — I

C
C NM EQUALS THE NUMEER OF COLUMNS IN THE DESIGN MATRIX
C
C W R I T E  THE M A T R I X  FCRM OF V AND A FOR THE MAC MODEL
C

014 3  26 W R I T E ( 6 . 1 2)
0144 12 FORMAT(II-41 ,’THE V ALUES OP V AND A FOLLOW MAC MODEL’.///)
0145 IF IIPRKOO(l).EC.Q) GO TO 9797
0* 46  

- 
00 13 I l.NN

0147 W R I T E ( 6 , 2 9 )  (Y (I. 4).J i.NP) .(A (I,J).Ja1.NM )
0 1*8 19 FORMAT (’O’ ,14F9.2)
0* 4 9  13 CONTINUE
0150 GO 70 9795
015* 9797 IR I TE (6,9796)
0152 9796 PORMA T (’O ’,’ TItE ABO VE LISTING WAS SUPPRESSED I IPRTKOO(1)aO’)

C
C COMPUTE THE V A R I A T E  FORM OF Y A N D - A  FOR THE GMAC MODEL
C

0153 9795 00 8 Ja1 ,NP
C
C W R ITE THE VAR IAT E -WISE FORM OF Y AND A FOR GMAC MODEL
C -

0154 W R IT E ( 6 , 1 6 )  J
0155 16 FO RMA T ( IHL . ’THE VA LU ES OF Y AND A FOR VA RIA T E ’ .I 2, ’ FOLLOW

SGMAC MODEL ’,///)
0156 IF ( IPRK OOI2 ) . EC .C)  GO TO 9794
0157 GO TO 9792
0158 9794 W R I T C( 6 . 9 7 9 3 )
0159 9793 F U R M A T ( ’ Q ’ . ’ THE ABOVE LISTING WAS SUPPRESSED : IPRT KOO(2) O’ )
0*60 9792 ICT O
0161 00 9 I** .NN

‘ 0*62 I F(Y ( I . J ) .E 0.0 )  CC TO 9
0163 LCT. ICT• I
0164 Z ( I C T )  — Y ( I .J )

.L
63
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TEIS PAGE IS BEST QUALITY ~~~~~~~~
COPY ~~O D~Q ~~.. —

FO R T R A N  IV 61 RELEASE 2.0 MAIN DATE a 76320 21/26/ 16

0165 00 10 K=1 .NM
0166 F(ICI.K) * (I.i)
0167 10 CONTINUE
0168 IF (IPPKOD (2).EO.C) GO 109
0169 WRITE(6.18) Z(!C1), (FIICT,K),Ka1.NM )
0170 18 FQRMAT( ’O’ .14F 9.2)
0171 9 CONTINUE

C

I I C NCT(J) EQUAL THE NUMBER OF OBSERVATIONS FOR VARIATE J,Jaj ,....NP V

C
0172 NCI (J)=ICT
0173 N88 0
0*74 ZF (NMZSS.E0.0) CC TO 6000
0175 00 3000 1 = 1,NN
0176 03 3000 K = l.NMISS
0177 Bd(I.K) = 0.000
0178 3000 CONTINUE V

C
C REMUVE MISSING VALUES FROM A MATRICES AND REPLACE BY ZE ROES
C BUILt) E X T R A  COLUP4ES FOR A MATRICES TO ACCOUNT FOR MISSING VAL UES
C

0 2 7 9
0*80 - 00 90 K kK.NM
02-SI L N CT(J)
01R2 NCM(J.K) O
0183 DC) 100 I = 1.L
0184 IF(F(I,K).NE.O) GO TO 100
0185 F(1.K) a 0 .000
0286 NC M IJ . K )  a NCMIj.K) + I
0*87 1*0 KAK= NCM(J .K)
0188 US(I.KKK ) = 1.000 V

0189 NOB = NBO + 1
0190 100 CONT INUE
0201 90 CCJNTINUE

C
C BUILD NEW A MATR ICES FOR NGMAC MODEL BY AUGMENTATION
C

0192 L = NCTIJ)
C
C NM A(J) EQUALS THE M.WBER CF COLUMNS IN TIlE DESIGN MATRIX FOR VAR I ATE .1
C V

0193 N M A ( J )  • NM • NEE
0* 94  DO 130 KI I , L
0193 NMPI a NM • 2
0196 NMAJ = NM A (J )
0197 DO 130 K2 P .MP 1,PsMA J
0*9S  NOUM a K2 — NMP * • I
0199 1(Kt,K2) = !D(K1.NOUM)
0200 130 CCNT 1N(JE

C
C WRITE THE VAR I ATE-W ISE FORM OF V AND A FOR THE MGMAC MODEL
C

0201 WRITEI6,5t ) 1
0202 51 FORMAT (lPfI .’?HE VALUES OP V AND A FOR VA R IA T E ’ .12. ’ FOLLOW

*MGMA C MOOEL’,//,)
0203 IF (IPRKOU (3).EC.C) GO TO 9791 V

0204 GO TO 9790
0205 9791 WR ITE(b ,97$9 )
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0206 9789 FORMAI (’O’,’ TI- C ABOVE L I S T I N G  W A S  SUPPRESSED : ! P R TK O Dt I ) z 0 ’ )
0201 - GO TO 6000
0208 9700 LL NMA(J)
0209 DO 52 1=1.L
0210 ~RI TE(6.53) 1(1), (FII.K).K 1,LL)
0211 53 FOR (AT (’Q’ .*4F9.2)
0212 52 CONTINUE
0213 6000 NMA (J) = NM + NEE
0214 L1=NCT (J)
02*5 MI=NMA (J)

C
C COMPUTE VARIANCE
C
C FIND F’ P
C
C TEST FOR RANK OF F AND COMPUTE (F’F) INVER SE=R INV
C

0 2 16 00 3002 I = I .Ml
- 0217 00 3002 L = I .Ml
0218 RSS( I .L) = 0.OOC
0219 00 3003 K = 1.L1
0220 Ii~(F (K.I).EQ .0.CO0 00.OR.F(K.L) .EQ .0.000 00) GO TO 3003
0221 - RSS(I ,L) = RSS(I,L) + F(K,I)*F(K,L)
0222 3003 CONTINUE
0223 3002 CONT INUE
0 2 2 4  03 900 I = 1 .MI
0225 03 900 K=1.M1
0226 IKI ( 1—I )*M2 + K
0227 900 RSSs (IK1)=RSS (I,K)
0228 CALL DMFGR (RSSS.U1.Ml .EPS.IRANK.IROW.ICOL )
0229 IR( J ) = IRA NK
0230 W~~ITE (6,55 ) J.IP(J)
0231 55 FORMA T(lI1O .’THE RA NK OP THE DESIGN MATRIX FOR VAR ZATE ’ ,IS, • FOR TN

*0 MGMA C MODEL 1!’ , I S , ’ ‘.///).
0232 CALL LPSDQR (RSS,Wj,MI,NFOIM,RSS .!OGT .T,IER )
0233 WRITE(6.9864) IER
0234 9864 FORMAT(’O’./,’ •.‘ERRCR CODE PROM LPSOOR = ‘.16./)

C
C FORM THE PRODUCT F (RINV)
C

0235 9753 00 3004 1 = I.Lt V

0236 DO 3004 L = I,M1
0237 S(I.L) = O.ODO
0238 03 3005 K = 1 .M I
0239 I r ( F( f . x ) . C Q .O .C CO  OO.CR .RSS (K.L).~~Q.0.OD0 00) 60 TO 3005
0240 5 (I.L) = S(I .L) +F(I.K)*RSS (K ,L )
0 24*  3005 CONT I NUE
0242 3004 CONT I NUE

C
C
C COMPUTII F (RINV)F’
C

0243 00 3006 1 a I.L1
• 0244 00 3006 L = I.L1

* 0345 UI I .L )  a 0 . 000
0246 00 3007 K — I,NI
0247 IF (S (I.K).EO.O. COO 00.CR .F(L,K).EO.0.ODO 00) 60 TO 3007
024$ U( I .L )  • U(I,L ) + S ( I , K) * F ( L . K )
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0249 3007 CONT INUE
0250 3006 CONTINUE

C -

C COMPUTE Z’IZ Z’Z
C

0251 ZZ(J) a 0.000
0252 00 320 11=L ,LI
0253 ZZ(J) = ZZ(J) + 2(11)4*2
0254 320 CONTINUE

C
C COMPUTE Z’F(RIP4V)F’ $

C
0255 DO .3008 I .a 1,LI
0256 V(I) = 0.000
0257 - 

00 3009 L = 1.L1
0258 IF(U (L,1).EO.O .COO 00) GO TO 3009
0259 V (I) = V II) + Z(L)*U(L.I)
0260 3009 CONT INUE
02b1 3008 CONT I NUE

C
C COMPUTE Z’E(RINV)F’Z
C

0262 W a 0.000
0263 DO 3010 I I.L1
0264 w = w + Z(I)*V (I)
0265 3010 CONTINUE V

0266 SIG (J.J) = 122(J ) — W )/ ( L I  — IR(J))
C
C COMPUTE COVAR lANCE
C

0267 J J = J l • 1
0268 IF(JJ.GT.NP) GO TO 8
0269 DO 411 .IJJ a JJ ,NP
0270 ICTc a 0
0271 00 409 -I = l .NN
0272 IF(Y (1.JJJ).EO.C .CR .Y(I,J) ,E0.oI GO TO 409
0273 ICTC a I C T C  + 1
0274  £ ( I C T C )  = Y (1.J)

V 0215 ZV(ICTC ) = Y (1.JJJ )
0216 00 4*0 K • l.P’IM
0277 F (ICTC.K) A (I.K )
0278 410 CONTINUE - -

021’) 409 CONTINUE
V 0280 NCTC (J,JJJ) • ICTC

0281 NBBC = 0 V
0262 LF(NMISS .EQ .0) GO TO 6001
02P3 DO 3001 1 a 1.NN
0284 DO 3001 K l .NMTSS
0285 B8 (1.K) a 0.000
0286 3001 CONT I NUE
0287 KK = NOT + 1
0288 DO 490 K = KK,P~~
0289 L = NCTC(J,JJJ)
0290 NCMC(J,JJJ,K) • 0
029 * 00 4100 I a I.L
0292 IF(F(I.K),NE.D) GC TO 4100
O2-~3 F(I,K) • 0.000
0294 - 

NCMC (J,JJJ.K) a NCWC (J,JJJ,K) + 1

_ _  
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0295 XXX — NCMC (J.JJJ.M)
0296 BO(1.KXK ) a

0297 NOOC = NB3C + I
0298 4100 CONTINUE -

0299 490 CONTINUE
0300 L NCTC (J.JJJ)

V 030 * Nr4AC(J .JJJI  a N M  + NOOC
0302 00 4130 Xl a 1.L
0303 NM P1 = NM + 1
0 3 0 4  NMAJ = NMAC (J .JJJ)
0305 DO 4130 1(2 = NMPI .NMAJ
03C6 NOUM = K2 — P.MPI + I
0307 F (X1.K2) = BO KI.NDUM)
0308 4*30 CONT INUE
0309 600* NMAC (J .JJJ) = Nb + N8BC
01* 0 L2 = NC TC (J,JJJ)
0311 M2 = NMAC(J,JJJ)

C
C FIND F F
C

03*2 00 3012 I = I.M2 
V

0 3* 3  - 00 3022 L a I.M2
03*4 - R S S( I , L )  = O . O D C
0315 00 3013 K a 1. L 2
03*6  I F ( F ( K . I ) . E Q . 0 . C O O  00.OR.F(K .L) ,EO.0.000 00) GO TO 3013
0317 R$S(I,L) a RSS(1,L) + F(K.I)*F(K,L)
0 3* 8  3013 CONT INUE
0319 30*2 CONTINUE

C V
C TEST FOR RANK OF F AND COMPUT E INVERSE
C

0320 00 901 1 a t , M 2
0321 00 901 ~ 2.M2
0322 

- 
I K 1 = ( I — 1 I * M 2  + K

0323 RSSS (IKI)aRSS(1.K)
0324 901 CONT iNUE
0325 CALL DMFGR(RSSS,M2,M2,EP5.IRANK.IROW,ICOL)
0326 £ R R ( J . J J J )  a I R A N K
0321 CALl. LPSDOR (RSS,W2 .M2 ,NFOIM,RSS ,IOGT ,T,1fp)
0328 WRLTE(6 .9864) IER

C
C FOR M THE PRODUCT F(PINV)
C -

0329 00 3014 I • 1.L2 
V

0330 00 3014 L a I.M~
0331 S(I.L) .0.000
0 332 DO 30*5  K • 1,142
0333 IF( F ( 1 . K ). E0 .O . 0 0 0  0O.OR.R$S(K, I ),EQ.O.000 00)  GO TO 3015
0334 S ( I ,L )  • S(I.L) 4 P(l,K)*RS3(K,L)

I 
- 

- 0335 30*5 CONTINUE
0336 3014 CONTINUE

C
C COMPUTE F(RINV)F’
C

0337 00 3016 I • 1.L2
0338 DC 3016 L a I ,L2
0339 V I I . L )  a 0.000 -
0340 00 3017 $~ a 1,141
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0342 IF (S( I ,K) .E0 .0.  000 00.OR.F(L ,K ) .EQ.o .000 00) GO TO 3017
0342 U(I.L) = U (!,L) + S (I,K)*F(L ,K)
0343 3017 CONTINUE
0344 3016 CONT INUE

C
C COMP UTE Z’IZZ
C

0345 ZL(J) • 0.000
0346 00 620 I I—  l ,L 2
0347 11(J ) = 22 (J) + Z(II)*ZY(!!)
0348 620 CONT I NUE

C
C COMPUTE Z’F (RTNV IF •
C

0349 00 30*8  I a l .L2
0350 V I I )  a 0.000
035* 00 3019 L = I,L2
0352 IF(U (L .I).EO.0.C0O 00) GO 70 3019
0353 V I I )  = V I I )  • Z(L)*U (L,!)
0354 3019 CONT INUE
0355 3018 CONTINUE

C
C. COMPUTE Z ’ F ( R I N V ) F ’ Z Y

0356 W = 0.000
0357 00 3020 I = 1.L2
0358 W a W + ZY (!)*VU )
0359 3020 CONTINUE
0360 SIG(J .JJJ) = (Z2(J) — M).’(L 2 — IRR(J ,JJJ ))
036* SIG ( JJJ ,J) = S IG ( J .J J J )
0362 411 CONT INUE
0363 8 CONTINUE

C
C 4*4 CALL TO SMOOTH FC L LOW S THIS CARO V

C
0364 CALL SMOOTII(SIG .NP .l)

C
C W R I T E  OUT SIGMA AND S I G MA  INVERSE
C -

0365 WRITE (6,695 )
0366 695 FO R MA T ( I H I , ’T HE VALU E OF SIGMA FOL LOWS’ ./#/)
0361 IF ( 1PRK O D(4 1 .EO.0 )  GO tO 9706
0368 DO 9788 JJJ a l . NF -
0369 - WRITE(6.9787) (SIG (JJJ,JJJJ),JJJJ I.140)
0370 1787 FORMA T(’O ’ ,10 (l*,6I2.6))
037 1 9788 CONTINUE
0372 GO TO 9184
0373 9786 WRITE (6.9705)

I - 0374 9785 FORNA II•O’.’ TN! ABOVE LISTING lAS SURPRESSED 2 IPRTKOO(4)aQ’I
- 

- 0375 9784 CALL LPSDOQ (SIG.NP .NP.NPD !N.S1GINV ,IDGT,T ,IER )
0316 W R I T E( 6 .V 8 6 4 )  I E R
0317 W R I T E ( 6 ,~~99)
0378 699 FUR$AT (ZHI ,’THE VALUE OF SIGMA INVERSE FOLLOwS ’./// )
0379 IF (IPRKOO (4) .E0,O) GO TO 9703
0380 00 9182 J J J—1,NF
0381 W R I T E(6 , 9 78 1 )  (5 IG INV(JJJ ,JJ J J ) ,JJ JJ .1,NP*
0382 9181 FORMAT( ’0’ ,10 (ZM,G12.6)p
0383 9782 CONTINUE
0384 - 

GO 10 9780
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0385 9783 WR *TE(6.9785)
C
C REM OVE MISSING VALUES FRCM A ANC REPLACE BY ZEROES
C BUILD EXTRA COLUMNS FOR A MATRIX to ACCOUNT FOR MISSING VALUES
C

0386 9780 NOB = 0

4 0381 IF(NMISS.EO .O) GC TO 6002
0388 03 5005 I = 1.NK
0389 DO 5005 K = l.NMISS
0390 B8(I.K) a OsOD O
0391 5005 CONT INUE
0392 K h( = NOT + 1
0393 00 2012 K — KK.1’N
0394 NCM KIK )  0

V 0 395 DO 1012 1 =
0396 IF (A(I,K).NE.O) GO TO *012
O~~97 A (I.K) = 0 .0 00
0396 NCMK(K) = NCMK (K) + 1
0399 KKK = NCMX (K)
0400 BB(I.KKX ) = I.OCO
0401 P480 = NBB + 1
0402 1012 CONTINUE
0403 *011 CONTINUE

C
C BUILD NEW A MATRIX FOR MATRIX MODIFIED MODEL
C
C NA EQUALS TIlE NUMEER OF COLUMNS IN THE MODIFIED DESIGN MATRIX
C

04C4 NA = NM + N90
0405 00 1114 K) = 1,NN
0406 NMPI a NM + 1
0407 00 1114 K2 NMFI,NA
0408 NOUM a Xe — N MP I + 1
0409 A (K2,K2) = BB(X1.NDUM )
0420 *114 CONT INUE

C
C WRITE THE MATRIX ~CCIFIEO FORM OF V AND A
C

0411 WRITE (6.1020 )
04 *2  1020 FORMAT (1HI ,’THE VALUES OF V AND A FOLLOW

*M A T R I X  MODIF IED MODEL’ .///)
04*3 IF (IPRKOD(5) .EC.0) GO TO 9779
0414 DO 1021 I a *.NN
04*3 WRITE (6, 1022) (V(I,J),J=1,NP),(A (I.K),Kal,NA )
434*6 1022 FONMA T( ’Q’ .14F9.2)
04 * 1  1021 CONTINUE
0418 WRITC(6,9729 )
0419 9729 F O R M A T ( ’ l ’ .’ *4*44* DEPENDENT VARIABLES AND DESIGN MATRIX FOR

S TIlE VARIOUS GROUPS CORRESPONDING TO DIFFERENT PATTERNS OF MISSING
S VALUES ’) V

0470 NI)IGMPaC**NP —

0*21 IRIT’(6.9703) NCIGRP,NDIGRP
0422 9703 FORMAT (’O’ .’**** THERE ARE ‘,I*.’ DIFFERENT POSSIBLE GROLPS NUMBER

WED FRO.4 1 TO’ .14.’ TH’~UGH IN GENERAL NOT ALL GROUPS WILL APPEAQ’,/
8/.’O’.’s** WHICI ONES OCCUR DEPENDS ON THE PATTERN OF MISSING VALU
<~~S.HU EVER THE ICTAL • CRSERVATIONS IN ALL GROUPS MUST EQUAL NN’I

0423 GO TO 6002
04*4 

- 
9779 WRI TE( 6,9718 )
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0425 9778 FORMAT (’0’,’ T*-E ABOVE L1SIIP’JG WAS SUPPRESSED I IPRTK OD (5)aO’)
0426 WRITE(6.9729)

4 0421 6002 NA = NM + N OB
0426 00 1019 J = I.NP
0429 0 (J .J) a 1.000
0430 1019 CONTINUE
0431 00 *000 1 = t .NP.
0432 IND(I ) = 0
0433 00 1001 J = 1,NP
0434 IF(Y(I.J).NE.D) GC TO 1030
0435 I N ( I .J )  a 0
0436 1030 L = NP — J
0437 IND(I) = IND (I) • IN(I.J)*2**t.
0438 1001 CONTINUE
0439 1000 CONTINUE
0440 KP = 2..NP —

0441 00 1002 LL a I.KP
0442 - NCL (LL) = 0
0443 DO 1003 I a 1,NN
0444 !F(INO (I).N! .LL ) GO tO 1003
0445 NCL(LL) = NCL(LL) + *
0446 ICT a NCL(LL )
0447 DO 1004 J • 1.NP
0448 Y S ( I C T .J )  • Y (I.J)
0449 1004 CONT INUE
0450 00 1005 K a 1,NA
0451 AS (TCT.K) = A ( I . K )  V

0452 *005 CONT INUE
0453 1003 CONTINUE
0454 IF (NCL(LL).EO.0) GO TO 1002
0455 J C T = 0
0456 DO 1007 J = 2.N~
0457 IF (YS(1.J) •EO.C) GO TO 1007
0458 JCT = JCT + I
0459 00 *008 JJ = 1,PP
0460 US(JJ ,JCT) — R (JJ .J)
046* 1008 CONTINUE
0462 1007 CONTINUE
0463 - NCJ (LL ) • JC7

C V

C WR ITE THE GROUPED CATA FORM OF V AND A FOR T I-I! MODIFIED M A T R I X  MODEL
C V

0464 - K NCL (LL )
0465 JJ a NCJ ILL )
0466 W R I T E (6 , 103 2 )  LL.K.JJ
0467 1032 FOMMATIIHO .’tHE DEPENDENT VARIABLES AND CORRESPONDING DESIGN MATRI

** FOLLOW FOR GRCI.P’.!S, ’ WHICH I-$AS’ .IB,• OBSERVATIONS ON’,IS, ’ VAR
*IATES’,/// )

0468 IF (IPRKOD(6).EO .Q) GO TO 9711
0469 00 1024 I • I.K
0470 WRITE (6, 1025) (VS(I,J),J—I,N P).IAS I I .KK).KK I,NA )
0471 1025 FORI4AT (’o•.)4P9 .2)
0472 1024 CONTINUE

4’ 0473 GO TO 9776
0474 9717 WRITE(6,9175)
0475 9175 FURMAT(’o’.’ THE ABOVE LISTING WAS SUPPRESSED I IPQTKOO(6).0’)

C
C COMPUTE THE SUM OVER ALL GROUPS OF (S(INV (B’*SIGMASI) )XA’*Y
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C
C COMPUTE 8’*SIGMA
C

0476 9776 NAP a NA*NP
0477 NJ a NCJ (LL )
0478 00 1036 £ • 1.NJ
0479 00 1036 L = l.NF
0480 BSIG (I,L) • 0.OCO
0481 00 2066 K = I,NF
0482 IF (OS (K,I).EO .O .000 00) GO TO 2066
0403 QSIG(1.L. ) a BSIG (I.L) + BS(K ,I)*SIG (K,L.)
0484 2066 CONT INUE
0403 1036 CONTINUE

c
C COMPUTE B’*SIGMA*B
C

0486 00 1037 I a 1.NJ
0467 00 *037 L a 1,NJ
0400 OSIGB(I.L) — 0.CDO
0409 DO 2067 K • I.NF
0490 IF(SS(K.L) .E0.0 .000 00) GO TO 2067
0491 USIG8(I,L) SSIG !(1.L) + BS IG( I .K )*OS(K ,L )
0491 2067 CONT INUE
0493 *037 CONT INUE

c
C COMPUTE INV (E’SSIGMA *B)
C

0494 IFINJ.EO.l) GO TO 103 8
0493 CALL LPSOOR ($SIGB.NJ ,NJ.NPDIM,85168, IOGT .T,IER)
0496 WRITE (6,9864) 1!R
0497 GO TO 1039
049$ 1038 BS IGB( NJ ,NJ) a l .000/BSIGB(NJ,NJ)

C
C COMPUTE e(INV (e’*SIGMA*B))

C
0499 2039 00 *040 1 a *,NF
0500 00 *040 L a 1.NJ
0801 8BSIGI(I.L) a 0.000
0502 00 2070 K = 1.14,1
0503 IF (BS(I.K).EQ.O.000 00) GO TO 2070
0504 OBSIGI(I .L .) — BOSIGI (I .L) + BS (I,K)*85I08(K.L)
0803 2070 CONT INUE 

V 
-V-

0506 1040 CONT INUE
C
C COMPUTE (B(INV (e’SSIGMA*$))*A•)
C

$50? ML • NCL(LL )

C• - C GET COLUMNS OF V
-

~~~~~ C
010S 00 1042 ~ a 1 .NL
0909 DO 1042 J = I.NJ
0510 Y Y S ( 1 . J )  — 0.ODC
liii 00 2072 ~ a 1,NF
.111 !F(BS(K.J).EO.0.000 00) 00 tO *071
04*3 Y Y S ( Z , J )  • V V SI I .J )  + Y$(1.II)OIE$(k,J)
66*4 *072 CONT INUE

4 II,. 
- 

104* CONT INUE

7].
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C
C COMPUTE O(INVIE’*SIGMA*B))XA •)Y
C

0516 I I  a 0
0517 00 1043 I 1.NP
05 B 00 1043 K a 1.N~
0519 I I  a I I  + 1
0520 00 1043 J * 1, N J

0521 00 2073 L • 1,NL
0522 IF(BBSIGI (I,J).Eo.Q.000 O0.OR.AS(L,K).E0.O.000 00) GO TO 2073
0523 RUIII ) a R V ( I I )  4 BBSIGI(!,J)*AS (L,K)*yyS(L,J)
0524 2073 CONT INUE

V - 0525 1043 CONTINUE
C
C CO MPUTE THE SUM CVER ALL GROUP S OF ((B(INV (B’SS I GMA *O)B’ )XA•A)
C AND COMPUTE THE INVERSE
C
C COMPUTE B(INV(0’*SIGMA*B)3’
C

0526 DO 1051 I a I.NF
0527 00 1051 L a 1~~NP
0528 B S I G I B( I . L )  a 0.000
0529 DO 208 1 K a 1.NJ
0530 IF(BS(L,K).EO.0.000 00.OR.BBSIGI(I.K).EO,0.000 00) GO TO 2061
053*  USIGIO(I.L) = B S IG IB(I,L ) + B B S IG I ( I .K )* 8S(L . K )
0532 2081 CONt I NUE V

0533 1051 CONTINUE
C
C COMPUTE A’A
C -

0534 - ML = NCL (LL)
0535 00 1052 I • 1,NA
0536 DO 1052 L a 1,Nb
0517 A J A ( I . L )  a 0.000
0538 00 2082 K — 1.P~L 

4

0539 IF(AS (K.1).EO.0.000 00) GO TO 2082
0540 A J A ( I , L )  a AJA( I,L ) + AS(K .I)*AS (K.L)
054 1 2082 CONTINUE
0542 1052 CONT I NUE 

- V
c

C COMPUT E (B(!NV(B ’tSIGMA*B )B ’)XA ’A
C
C PUT THE ABOVE INTC A MATRIX
C

0343 II a 0

0544 00 1054 I • 1.NF
0545 DO 1054 K a I.NA -:
0546 K K O
0547 II a I! + I
0548 DO 1054 J a 1.NF
0549 00 1054 L a I.NA
0550 KK .K K + 1
0551 I-’I4002(II,KK) • FRCDI(11,KK ) + BSIG IO( ! ,J )*AJ A (L ,K )
0582 1054 CONT I NUE
0533 1002 CONTINUE

C
C COMPUTE THE INVERSE OF TI-I! 400V! SUM

I

i 

C
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0554 CALL LPSOOR (PROC2,NAP,NAP,NPRCO.PROO2,IOGT,T,IER )
0555 WRITE (6.9864) 1E~
0556 00 1056 1 a 1.NAP
0557 QETA CI) a 0.000

• C V
C COMPUTE BETA ESTIMATES
C

0558 00 1056 L = 1.NAP
0559 DETAIl) = BETA(I) + PROD2 (I.L)*RV (L)
0560 1056 CONT INUE
056* 00 9728 I8 1.NP
0562 DO 9728 19=1,NA
0563 I7= (!8—2)*NA+I9
0564 9728 BE TAM X (I9,I8)=OETA (I7)
0565 WRITEI6.1067*
0566 1067 FOPMAT (’I’ .’ 4*44*4 L I S T I N G  OF PARAMETER ESTIMATES IN THE 080

HER rILOCKS, TRTS. REGRESSION COEFFICIENTS DOWN THE PAGE *44*4*’)
0567 IF I IPRKUQ(7).EC.O) GO TO 0774

-0568 W RI TE(6,1 062)
0569 1062 FORMAT (’O’ ,’ V A R H I  V A R H 2  VAR#3

VARHA yARNS VARI6
S VARI7’)

0570 DO 1 060 I8=1.NM
0571 wR I TE(b.9727) (EETAMX (18,19).I9 1.NP )
0572 9727 F0RMAT(’O’ ,7(IX,Gi8,6)~
0573 1060 CONTINUE

C WR ITE (6.1926)
C1926 FO H MA T (/ / .. ’ •~~~~1 ***$44 ESTIMATES OF DUMMY PARAMETERS INT
C W RODUCED BECAUSE OF MISSING VALUES *4 4*4* 1)
C IF (NM.EO .NA) GC TO 1 9*9
~ NMP 1 NM+ 1
C DO 1925 I8 PsMPI,NA
C WRITE (6,9727) (eETAMx(I8.I9).Io~~I,NP)
C1925 CONT INUE
C GO TO 1917
C1919 WRITE (6.1918)
C*9 18 F Q RMA T ( ’ o ’ ,’ THERE ARE NO DUMMY PARAMETERS ( THERE WER
C HE NO MISSING VALUES )‘)

057* GO TO 1917
0575 977* WRITE(6 ,9773)

V 0376 9773 FORMAT (’O’.’ THE ABOVE LISTING WAS SUPPRESSED : IPRTKOD(7)aQ’l
0571 1917 CONT INUE

C
C READ IN THE SPECIFIED HYPOTHESES MATRICES
C

0518 - WRITE(6,9756)
0519 9758 FO RMAT (’1’ ,’ 4*4*6* HYPOTHESIS TESTING SEC

STION *6*6*. ‘,/// )
0580 REAO(5,2020) 6UMHYP
0581 2020 FORMAT (I5)
0582 WRITE(b,9172) NUMHYP
0583 9772 FORMA T(’0’ ,I5, ’ HYPOTHESIS MATRICES SHALL BE USEDeIN TURN,FOR COMP

HUtING CII SQUARE STAT1STICS ’.I//)
0584 WR ITE(6.9771) P.M -
0585 9771 FORMAT(’O’,’EACI MAtRIX SHOULD HAVE ‘.15.’ COLUMNS AS FOLLOWS 3 • )
0566 WRITE(6.9759 ) P.EWCO
0587 9759 P’ORMAT (’O’.’ TM! F I R S T  ‘ ,tS, ’ COLUMNS CORRESPOND TO BLOCK QARAME TE

585 ’ )

73
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0588 WRITE (6,9759) NTMOO
0589 9758 FORMAT (’ ‘ . ‘ TH E ?~EXT ‘.15.’ COLUMN S CORRESPOND TO TREATMENT PARA

EHETERS’)
0590 WRITE(6,97571 NM -

0591 9757 FORMAT( ‘ . ‘ THE LAST ‘ .IS. COLUMNS CORRESPOND TO COVARI HTE COEF
SF IC ! ENTS ‘ I

0592 1)0 2000 I a
0593 READ (5.2O211 NUMRCW (I).HYPID,K000VL,(KORESP(I9),IOaj.NP)
0594 2021 PORMAT (IS.5A4 .2CI2)
0595 MR - NUMRO- (I)
0596 WRITEI6,1999) I ,t’4YPIO
0597 1999 FORNA T(ZH I ,’**** LISTING OF HYPOTHESIS MATR1X~~.I5,’ FOLLOWED BY IT

OS EXTENSION FCR MCDIFIED MODEL.HYPOTH ID 151 ‘.SA4,///)
0598 DO 2001 J • 2.N~
0599 RCAO (5 ,2022) (H(J ,K),KaI,p-4M )
0600 2022 FONMAT(ZOF4.2)
0601 HRTTE (6,199E) (H(J.K) ,K 1  .NM )
0602 1991i r O 4 M A T ( ’ O ’ . 2 0 ( I X, F5 . 2) )

- 0603 2001 CONTINUE
0604 N’-IP = NR*NP

C
C N,~PaNR* P.P AND NAP NA*NP
C. 

-
C EXTEND HYPOTHESIS MATRIX TO ACCOUNT FOR ADDITIONAL PAR AMETERS
C RES ULT IN~i FROM MISSING INDEPENDENT VARIABLES
C

0605 IF(NM.EO.NA) GO IC 2002
0606 DO 2003 J a 1.NR
0607 DO 2003 K a I , N EE
0609 M M = NM + K
0609 H(J .KK I a 0.000
0610 2003 CONTINUE

C
C BUILD HYPOTHESIS MATRIX FOR PARAMETER VECTOR
C V

0611 2002 00 200* L a 1.NF
0612 DO 200* J l .NR
0613 JJ a J + NR*(L - 1)
0614 - 00 2004 K 1.P4A - i 

I0615- KK a K + NA*(L — 1) - 
-

0616 H(J J .K K ) a H(J .K)
06*7 2004 CONTINUE
0616 00 4000 J I.NRP 4
0639 WNI TEI 6 ,9155) J.(H(J.K).K.t.NAP)
0620 9755 FORMAT (’ ‘,// . •,‘ROW(’.I2,’)I ‘.&011X.P5.2 ))
0621 4000 CONT INUE - -
0622 IF (K000VL.E0.0) GO TO 9749

C
C COMPUTE THE T EST S T A T I S T I C
C
C COMPUTE N’*PRINV
C

0*23 00 2005 J a I.N~ P
0624 DO 2005 L • 1.N*P
0623 PIPRNV (J ,L )  • 0.000
0626 30 2008 K a 1.NAP

V 062? I F( M 1 J . K ) . EC . 0 .C C O  00.0R.PROO2(K.L).E0.0.000 00) 00 TO 1006

~ii 
062$ NPRNVIJ.L) • sPRP.V(J.L) • N(J ,K)688002(X,L)

— — ~~L~~Ti VV T~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~



FORTR AN IV 03 RELEASE 2.0 MAIN OAT ! a 76320 21F26/16

0629 2006 CONT I NUE
0630 2005 CONTINUE

C
C COMPUTE H SPR INV SH
C

0631 DO 2007 .9 a I.N~ P
0632 00 2007 L a t.N~ P
0633 HPRH(J.L) a 0.0~~Ø
0634 00 2008 K = 1,P.AD
0235 IF(HPRNV(J.K).E0.0.000 0o.oP.H(L,k).Eo.o.ODO 00) 60 TO 2008
0636 piPpps(J.L ) a HPRH (j.i ) • HPRPIV (J .K)SH (L.K)
0637 2008 CONTINUE
0638 2007 CONTINUE

C
C COMPUTE THE INVERSE OF H’*PRIHV6H
C

0639 CALL LPS0OR(HPRH.P~RP,KRP,NHPRHO,MPRH .1DGT,T. IER )0640 W R IT E ( b , 9 B6 4 )  IER
C
C COMPUTE H’*BETA
C

064 1 DO 2009 .9 = I,N ~ P
0642 • PWETA(J) 0.000
0643 DO 2010 L a I.NAP
0644 I FI H (J , L ) . EO . O. 0 0 0  00)  GO TO 2010
0645 HBETA (J) a HBE TA( J) 4 H(J.L )*EETAIL)
0646 2010 CONTINU E

V 0647 2009 CO NT I NUE
C 

-

C COM PUTE (H’*B!TA)’(INV(H ’ePRIPIV *H) )
C

0649 00 2 0 2 1  J a 1.N~ P
0649 HUETAP (J) • O.0C0
0650 00 2011 L =
0651 HOETAP (J) a HOETA P (J) • HBETA (L)*HPRH(J .L)
0652 2013 CONTINUE

C
C COMPUTE (H*BETA)’(INV’P.’*PRINV*H))(H*BETA )
C

0653 WALD a 0.000
0654 DO 2012 .9 a 1.N P - 

- 
I -0655 WALO a WAL O + HEETAP (J)*HOETA(J) V

0656 2012 CONTINUEV 
0657 WRITE( 6,2013) I .P.P.WALO 

- -

0650 2033 FORMAT(1HO .//.1I’O.’TH! WALD STATISTIC FOR IlVPOTHESIS’ ,t*.~ FOR AU.
- ‘.14. ’ RESPONSE VARIABLES SIMULTANEOUSL Y IS 1 ‘.Fl.5.4.//I

0659 WR ITE (6.2015) N FF - - -
0660 2015 FOR MAT( ’O ’ ,’ITS ASYMPTOTIC DISTRI6UTION UNDER THE NULL HYPOTHESES

H IS Cl-lI—SQUARE W ITH ‘.14,’ DEGREES OF FREEOON’,///)
C
C COMPUTE THE TEST STATISTIC FOR THE TESTS ON INDIVIDUAL RESPONSE VARIABLES
C

0661 97*9 WRITE(6.9750) I .l4~~Pt D
• 0662 9750 FOMMAT (’l’,’ * ** * *4  RESULTS OF HYPOTHESIS TESTS ON INDIVIDUA L VAR I

HATES FOR HYPOTH PAtRIX• ,I3,’ WITH lOl ‘.34*,’ 4*4.6*1,///I
0663 WR ITE(619708) NP.(K0R!SP (Iq).19a1,p~~)
066* 9708 PORMAT ( / / . ’ ‘ .‘ *6* TM~ OPTIONS FOR tHE ‘ . I3 . ’ INDIVIDUAL VARIATE

63 ARS~ ‘.1013./I 

L
-_______________________________________ - 
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0665 00 9146 IVaI.NP
0666 IF (XDRESP (IV) .EO .0) GO TO 9748

C
C EXTRAC T APPROPRIAtE PART OF THE H MATRIX CONSTRUCTED EARLIER
C

0667 DO 9747 IV I :1. P.~
0668 00 9747 IV2a I.NA P
0669 IVJ= ( IV — 1 ) * N R + EV I
0670 9747 HP (!V1.IV2)=H(I~~3,IV2)

C
C CO MPUTE l-i’*PRINV
C

0671 DO 9746 J j,NR
0672 DO 9746 La1.NAP

0673 HPRNV (J,L)aO .D0
0674 00 9745 K*1.NAP
0675 IF (HP(J.K).EO .0.C0.CR.PROO2 (K .L).EQ .O.DO) GO TO 9745
0676 HP PNV ( J , L)= H PR NV (J , L )  + I-IP(J ,K)*PROD2(K .L)
0677 9745 CONTINUE
0678 9746 CONT I NUE

C
C COMPUTE H’*PRINV*H
C-

0679 DO 9744 Ja1.NR
o~~ao DO 974* L=1 .HR
066! HPRH( J , L )a O .0 0
0662 00 9743 Kxl .NAP
0683 IF ( HPRNV(J ,K) .EC,O.OO.QR.l- IP(L,k).EQ.O.00 ) GO TO 9743 )
0664 HPRH~~J.L~~~M PflJ~ItJ.t ) 4 NPQNVfJ ,1C)*HP(L,K~
0685 9743 CONTINUE
0686 9744 CONT INUE

C
C CO MPUTE THE INVERSE OF M ’*PRINV *H
C

0681 CALL LPSDORCHPRI,NR.NR .NHPRHD .HPRH .IDGT .T .!ER )
0688 WRITE (6,9664) IE~

C
C COMPUTE H’*3ETA
C

0689 DO 9742 Jal,NR
0690 H S ET A Ja 0 .o o
0691 DO 9741 LaI ,NA P
0692 IF (HP(J.L ).EO.0.D0) 00 TO 97*1
0693 HI$ETA (J) NBETA(J) • MP(J ,L)SBETA (L)
0694 9141 CONT I NUE
0695 9742 CONTINUE

C
C COMPUTE (H 6BETA ) ‘(INV (M’*PRINV *H))
C •

0696 DO 9740 Ja3 4NR
0697 HWETAP~ J ) O.D0
0698 00 9740 Lal ,NR
0699 HDETAP(J)aHB!TAF (J) + HBETAIL)*HPRH(J,L)
0700 9140 CONTINUE -

c
C COMP UTE I PI*BETA )’(IP4V’N’SPRINV *I4flIHSSETA)
C

0703 WALOaO.D0

76 H
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0702 00 9139 Ja1,PdR V

0103 9739 WALD WALD + HBEIAP(J )* HBETA (J )
0704 W RI TE(6,9738) !,Iv ,WALQ
070S 9738 FORMAT (•O’,’THE WALD STATISTIC FOR HYPOTHESIS ‘.14.’ RESTRICTED TO

* RESPONSE V A R I A T E  ‘.14,’ ONLY ES 1 ‘.F15.4./ )
0706 IRITE (6,9737) N$
0701 9737 FORMAT( ’O’ .’ITS ASYMPTOTIC DISTRIBUTION UNDER THE NULL. HYPOTHESIS

N I S  Cl-il—SQUARE W ITH ‘.14.’ DEGREES OF FREEOOM’,////)
0708 9748 CONT INUE
0709 DO 9736 19 1.NHFRHO -

0710 00 9736 I8 t,NP~ OO
0711 9736 H( 19 , I8) O .O0
0712 2000 CONT I NUE
0713 9999 STOP
0714 OE~ UG SUBCHK
0715 END

~
V V

4

-- 
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FORTRAN IV 61 RELEASE 2.0 MAIN DATE — 76320 21/26/16

*OPTIONS IN EFFECTS NOTERM.ZD,EBCO!C.SCURCE.NOLIST.NOOECK,LOAO.NONAP .NOTEST
*OPTIONS IN EFFECT* NAME — MAIN • LINECNT a 60
*STATISTICS* SOURCE STATEMENTS = 115.PROGRAM SIZE a 376500
*STAT IST1 CS*  NO DIAGNOSTICS GENERATED

- I

d

~1
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FORTRAN IV 61 RELEASE 2.0 SMOOTH DATE — 76320 21/26/16

0002 SUSROUT I NE SM OOTh(A 1,N.KOO )
C
C *4* THIS SUBROUTINE ACCEPTS A DOUBLE PRECISION INPUT MATRIX A l OF DIMENSION
C *0* N BY N AND CHECKS TO SEE IF IT IS POSITIVE SEMIDEFIN !tE. IF SO IT IS LEFT
C *6* INTACT AND RETU.,psEO. IF NOT IT IS SMOOTHED BY THE LEAST SQUARES ALGOR ITHM
C 6*4 ( NOT GENERALIZED LEAST SQUARES ) OF SCHWERTMAN AND ALLEN (UNIV KENTUCKY
C 5*4 DEPT. S T A T I S T I C S  T ECH REPOR T •56.SEPTEMBER 1973) TO THE NEAREST POSITIVE
C 6*. SEMIDEFINITE MATRIX AND RETURNED.
C *0*
C *0* AN OPTION IS AV ~~!LA5LE TO PR INT BOTH THE MATRIX SUBMITTED TO THE ROUT INE
C *0* AND THE ONE RET LRPSEO BY IT
C *** KCC a 0 6YPAS SES THE PRINT OPTION
C *6* KCO = 1 INVOKES THE PRINT OPTION.
C *0*
C *6*
C *6* THE PROGRAM CAN BE MAOE TO HANDLE LARGER MATRICES BY INCREASING NOIM, THE
C *0* DIMENSIONS OF VA. EG. AND A ! IN THE SUBROUTINE SMOOTH. THESE SHOULD MATCH
C *4* THE DIMENS ION OF THE AREA HOLDING THE INPUT MATRIX IN THE CALLING PROGRAM.
C -

0002 REAL*8 VA (7,7).TRC,EG (7.7),AI(7,7)
000 3 NDP~la7
0004 00 14 1 1,N
0005 - 00 14 J 1,N
0006 14 vA (1,J)aALU ,J )
0001 IF (KOO.EO .0) GC TO 1 3 -
0008 CALL MATOUT (VA .N,N, ’INPuT MATR IX TO SMOOTH ‘.ND IM.NOIM)
0009 13 TRC O.000
0010 CALL HDIAG( VA,N,C.EG,NR,NDIM )
001 1 00 15 I=I .N
0012 IF (V A ( 1 . I) . L T .C . 0 0 0 1  TRCaT RC+VAU~~t %
0013 16 CONTINUE -
0014 00 16 I l,N
0015 IF (VA(I,I).LT.C.000 ) GO TO 17 -

0016 - 
16 CONTINUE -

0017 GO TO 40
00*8 17 00 21 I l,N
0019 DO 2 1 Ja1 ,N
0020 21 AI (I.J)aO.000
0021 00 20 I l,N -

0022 IF (VA(I,I),LT.O,000 ) GO TO 20
0023 00 19 Jaj .N
0024 DO 19 LaI.N - 

-

0025 AI (J.L.)—AI(J•L) + !G(J.1) * VAIl, !) * 56(1..!)
0026 19 CONT INUE -

0027 20 CONTINUE -

OIlS 40 IF (MUD.EO.O) GC TO 41 
-

CALL NATOUT (Af.N.N. ’MATRIX OUTPUT BY SMOOTH ‘.NDIM .HDIM)
0030 43  RETURN -

l i i i  DEbUG SUBCIIK
0032 END 

-

H
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FORTRAN IV 61 RELEASE 2.0 SMOOTH DATE a 76320 21/26/16

*OPTIONS IN EFFECTO NOTERM,ZD ,EOCDIC ,SOURCE ,NOLI$T.NOOECK .LOAO.NOMAP ,NDTEST
*OPTIONS IN LFFECT* NAM E — SMOOTH • LINECNT a 60
*STAT!ST!CS0 SOURCE STATEMENTS • 32.PROGRAM SIZE a 2352
*STATISTICS* NO DIAGNOST I CS GENERATEC

~~~~~~~~~~~1
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FORTRAN IV 41 RELEASE 2.0 IIDIAG DATE * 76320 22/26/36

0001 SUBROUTINE HDIAG (H.P4.IEGEN,U.NR.NN)
0002 I MPLICIT REAL*8 (A—H,C—Z)
0003 D I M E N S I O N  HIN IS,PN ).U (NN .NN ) .X (100) .IO (100)

0004 IF(IEGEN)50,I0.!0
0005 10 0040I=1,N 

- 
V

0006 0O40J=!.N

0007 IF(I—J)30.20.30
0008 20 U (I,J)=1.000
0009 GOTO4O
0010 30 U(I.J)=0.ODO
0011 40 CONT INUE
0012 50 N R O
0013 IF(N—l)47O,470,60

4 0024 60 NM II=N— 1 -

0015 OQ8O I=l,NM II
0016 X ( I) O•000

0017 IPLI=I+1
0018 OO 8 OJ =IP LI .N

0019 IF(X(I)—DAIiS(H( !,J)))70 ,70,80

0020 70 X II ) OABs(H(I,J))
0021 IQ (I)=J
0022 80 CONT INUE
0023 - RAP=7.450580596C—9
0024 HOTEST=I.0038
0025 90 DO12OI~~1.~~M I2 -

0028 I F ( l— 1 ) 2 1 0 , l l 0 , l O C
0027 100 I F ( X M A X — X ( I ) ) I I C , j 2 0,120 -

0028 110 X M A X = X ( I)
0029 IPIV= I
0030 JP I V= IQ ( I)

0031 120 CONTINUE -
-0 032 IF(XMAX)470.470,130
0033 130 IF(HDTEST)150,1SC .140 V

0034 140 IF (XMAX—HDTEST)1SO,15O,I8O
0035 150 HOIMIN=DABS(H (1.l))
0036 D01701=2.N
0037 IF IHO I M I N — D A B S  (H(I.I)))170.170.160
0038 260 HO IM IN DAUS (H(l,I)).
0039 170 CONTINUE -

0040 HDTEST HDIM IN*RAF
00* 1 IF(HOTEST—XMAX))6C.47O,470
0042 180 NR =NR+I -
0043 IF(H(IP!v.IPIV)—l, (JPIV,JPIV))200,190,200
0044 190 S=l .ODO
0045 TANG=OSLGN (2.OCO,SI*H (IPIV,JPIV)/(DABS(H(IP1V.IPIV)—H(JPIV,JPIV))

100SQRT ((H(IPIV .IFIV )—H (JPIV ,JPIV)) **2+4 .0000H(IPEV .JPIV)**2))
0046 GO TO 210
0047 200 TAN G=DS IGN (2.OCO ,(H(IPIV .IPIV)—H( JPIV ,JPIV )))*H (IPIV .JPIV)/ (DASS (

IH (IP!V,IPIV)—H (JPIV .JPIV))+DSORT ((H(IPIV,IPIV)—H (JPIV,JPIV))**2.4
2. ODO*H( IPI V. JR!. )**2) )

0048 210 COSIN~~~1.0/OSQR1 ( I.000+TA NGS*2 ) V

0049 SIN F.=TAN G*COS INE V

0050 HI I=H (IPIV ,IPIV)
0051 H(Ip I V ,I P I V ) COSIPE*$2* (MII+ TANG*(2 ,000*H(Ip !V ,JPIV )+TANG *H (Jp2V,J

IPIV I) )
0052 H (JPIV .JPIV)=COSINE*42* (H(JPIV,JPIV)—TANG* (2,ODO*H(IpIV,JPI V)—TAND

- I 1*HII ))
0053 

- 
H(IPIV ,JPlV)aQ ,COC
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FOR TRAN IV 41 RELEASE 2.0 1-D IAG DATE a 76320 21/26/16

0054 IF(H (IPIV.ZPIV )—H(JPIV .JPIV))220.230 .230
0055 220 HTEMP H (IPIV .IP IV )
0056 H( IPIV , IPIV ) a H( JF IV ,J PIV )
0051 H (JPIV,JPIV )=HTEMP 

-
0058 HTEMP DSIGN (I.CCO,— SI NE)*COSINE
0059 COS INE=OA BS ( S I P s E )
0060 SINE=HTEMP
006 1 230 CONTINUE
0062 003101=1.NMI1
0063 IF I I — IPIV ) 2 5 0 .3 10 ,2 4 0
0064 240 IF (I—JPIV )250.210.250
OObb 250 I 1 1 I U ( I ) — I P I V ) 2 ~~0,27O,260
0066 260 IF (I0(l)—JPIV)310.270.310
0067 270 K 10 (I)
0068 280 I4TEMP~~t $ ( l . K )
006~I H( I . K)a O . 0 0 0
0070 I P L I - I * 1
001% X ( l ) 0.000
0072 DO300J IPLI,N
0013 I F ( X I I ) -D ABS  ( H (I ,J ) ) )2 9 0,290,300
0074 290 X ( I ) OA BS ( H ( I ,J ) )
0075 IQ (I)=J
0076 -300 CONTINUE
0017 H( I ,K )=HTEMP
0018 310 CONT INUE
0079 X ( IP IV ) 0.000

0080 X (J P IV )= 0 . 0 0 0
0081 DO44OI I,N )
0082 IF (I— IPIV )320,440,360
0083 320 PITEM P=H (I.IP IV )

- - 0084 4-4( I , IPIV) =COSINESHT EMP+SINESH(I .JP IV)
0085 IF (X (I)— OA BS (H(I.IPIV)))330.340.340
0086 330 X ( I ) 0A US ( H ( 1 , I P IV ) )
0087 IO ( I ) = I P IV
0058 34 0 4 ( I ,J P IV ) = — S I N E S H T E M P+ C C S I P I E S H ( I , J P I V )
0089 IF (X(1)-OA)S (H(I.JPIV)U350.440,440
0090 350 X(I )=OA LJS (H (I,JPIV ))
0093 IQ ( I) =J P IV  - 

V

0092 G0T0440
009 3 360 I F( I — JP IV )3 10 . 4 4 0 ,4 00
0094 370 HTEMP=pi(IPIV.E)
0095 I-i(IPIV ,I)aCOSINESh TEMP ,5(P4E*H (I,JPIV)
0096 - I F ( * ( I P I V )— O A B S  C H ( IP IV . 1) ) )38 0 .3 90 . 3 9 0
0091 380 X(IPIV )=OA8S(H(IPIV .I))
0098 IO ( I P IV ) a I
0099 390 H( I• J P IV ) —SI NE* HTEMP+COS INE* H( I .JP IV)
0*0 0  I F (X ( 1 )— D A B S ( H ( I ,J P I V ) f l 3 5 0 ,4 8 0 .4 4 0
0101 400 P$T EMP=$( IP IV • t I
01 02 H (IPIV,I)*COSINE*II TEMP +S INE *H(JPIV ,I)
02 0 3  IF (X( IP IV ) — O A 8 S  ( H( IPIV , I )) ) 4 1 0 . 4 20 .4 20
0104 410 X (IP IV )=DA0S (H(!PIV .I))
0305  IQ ( IP IV ) = I
01 06 420 H(JPIV. I)a—S INE*HTENP+COSINE*H( JP*V ,1)
0*01 L F ( * ( J P IV )— D A B S  ( H (J P IV . I f l )4 30 ,44 0 , 4 4 0
0 106 430 X ( J P IV ) = D A8 S  ( H (J P IV • I ) )
0*09 I0(JPIV)aI
0110 440 CONTINUE
0113 IF(IEGEP-l-)9o,450,co

2
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~~~IS PAGE IS BEST QUALITY PR&CflC’.B~~
J~Q~ ~~~~‘! 1~~~LS1~~ TO D~Q ...~~~~~~~~ ‘

—

FORTRAN IV GI RELEASE 2.0 IIC1AG DATE — 76320 21/26/36

0112 450 OO46OIa1,N V

- 01*3 HTEMP—U (J.lp1V )
02 24 U(I.IPIV)2COS !NE*HTEMP+SINE*U (I.VJPIV)
0 115 460 U(I .JPIV )a_ SIP4E *MTEM P+COS INE *U (I,JPIV )
0116 GOTO9O -

0111 470 RE TURN
O i l s  DEBUG SUBCHK
0119 END
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ThIS PAGE ~~~~~~~~~~~~~~ QI1AI4fl’! PR&C~rICA3~4
r~o~ c PY r~n~znsaED To DDC —

FORTRAN TV GI RELEASE 2.0 N O lAG DATE a 76320 21/26/IS

*OPTZONS iN £FFECT* NOTERM, IO.EBCO!C.SOURCE, NOLIST.NOOECIC,LOAO.NONA P.NOTEST
*OPTIONS IN EFFECTS NAME a HOZAG • L1NECNT a 60
*STATISTICS* SOURCE STATEMENTS - 119.PROGRA M SIZE — 9266
*5TATISTICS* NO DIAGNOSTICS GENERATEC

1
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THIS PAGE IS BEST QUALITY ?R&CTICA3I~
FROM COPY FURDUSli~

) TO DDO ._.—

FORTRAN IV G* RELEASE 2.0 NATOUT DATE — 76320 21/26/16

0001 SUBROUTINE MAIOI..T(A .M.N.T ITLE.NR.NC)
0002 REAL*8 A
000 3 DIMENSION A ( NR.kC) ,T IT LE(6 )
0004 1 FORNAT (’O’/’O’,884)
0005 2 FORMAT (’ ‘.7618.8) V
0006 WRITE (6,1) TITLE -

0007 00 3 I•1 .MV 
0008 3 WRITE (6,2) (A(I,J),Jal,N)
0009 RETURN
0010 DEBUG SUBCHK
001 % END

I

85

_ _ _ _ _  — - i_ — _ _ _ _ _ _ _ _ _ _ _



— H
V _ 

- 

V

FORTRAN IV 41 REL EASE 2.0 MATOUT DATE • 76320 21/26/16

*OPT!ONS IN EFFECTS NOTERN .ID,EBCOIC.SOURCE .NOLIST .NODECK ,LOAO .NOMAP ,NOTEST
- SOPTIONS IN EFFECTS NAM E a MAT OUT • LINECNT — 60
- *STATISTICSS SOURCE STATEMENTS a - 1I •PROGRAM SIZE — 700

I 
* S T A T IST I C SS  NO DIAGNOSTICS GENERATED

I 
*STATISTICSS NO DIAGNOSTICS THIS STEP

I V~

I I
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INITIAL DISTRIBUTION

I-K~ USAF/SN4I 
1

USAFEIDOQ 1
PACAF/000FQ 1
TAC/DRA 1
ASD/ENFEA 1
AIJL/LSE- 71-249 1
SAC/NRI (STINFO LIB) 1
NWC/cODE 318 1
N%W /CODE 317 1
OO- ALC/!4*i4P 2
AFIS/IW~A 1

V 
DDC 2
AFATL/DLODL 2
AFATL/DL 1
AFATL/DLY 1
AIYrC/XP.S 1
AFATL/DLW 20
AFATL/DLYW 10
USA ENG WatWay Ex Sta/VMS 1
BAL RESRCH LAB/AIiVCBR-VL 1
AMSAA/DRXSY-J 2
USAMSAA/DRXSY-S 1
ARRAIXXI4/DRDAR-LCU-Th1 1 -

AFOsR/r-14 1
ARMY RESEARCH OFFICE/NC 1
OKLAI-U4A ST UNIV/Dept of Stat 20
TAC/INAT 1
USA TRADOC SYS ANN ACT 1
ASD/XRP 1 V

aIvIIPAC/I-232 1
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