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THE MICROCOMPUSTE];JII{{IS(SJIENTIFIC SOFTWARE
ES 3:
GENERAL LINEAR MODEL—ANALYSIS OF
VARIANCE

Harald M. Rauscher, Research Forester,
Grand Rapids, Minnesota

' GENERAL INFORMATION
Identification

Name:  General Linear Model-ANOVA (GLMA)
Location: North Central Forest Exp. Station
' 1831 Highway 169 East
Grand Rapids, MN 55744
Language: Microsoft BASIC
Computer: Radio Shack TRS-80 Microcomputer*

Summary

. Program GLMA performs an analysis of variance
" (ANOVA). No a-priori restrictions are imposed on the
types of experimental designs that can be analyzed.
Unhalanced as well as balanced designs may be an-
alyzed and the linear model may contain nested or
cross classified factors. The user is required to set
- up estimable functions that lead to testable hy-
potheses. An example illustrates how to obtain the
proper estimable functions to compute the most fre-
quently needed sums of squares for hypothesis test-
ing.

The GLMA program displays the overall model
ANOVA table, the degrees of freedom, sums of squares,
and mean square for each hypothesis to be tested.
The .user. must select the appropriate error mean
square for each F-test, compute the F statistic, and
look up its significance level in a table of F-values.

"The éu‘rrent version of GLMA does not perform

covariance analysis, compute variance components,

\Mention of trade names does not constitute en-
dorsement of the products by the USDA Forest Service

provide postiori tests on the hypotheses, nor estimate
the expected values of the model parameters or their
confidence intervals.

Objectives
The GLMA program and user’s guide will:

(a) Provide users of small computers with a gen-
eral purpose analysis of variance program, and

(b) Document the program to allow user imple-
mentation of extensions.
Intended Readership

Self-sufficiency in the area of computer data anal-
ysis is becoming increasingly more important, de-
sirable, and financially attractive. As used above,
self-sufficiency in data analysis is defined as (1) im-
mediate, desk top access to data analytical tools, (2)
cost of computer use not a function of time on the
system, and (3) the power to add to, delete from, and
alter the data analysis software. This is one of a
series of BASIC lanquage programs designed to help
interested users achieve data analysis self-suffi-
ciency. The most important non-equipment related
requirements to achieve data analytical self-suffi-
ciency is the ability of the user to program. Those
who choose not to be programmers should either have
access to a programmer or depend upon packaged
data analysis systems to meet their needs.

All users of BASIC programs should find this soft-
ware of value either directly or as a source of com-
puter algorithms. Users of small computers with Mi-
crosoft (tm) BASIC will be able to implement GLMA
with a minimum of effort and programming knowl-
edge. Users of small computers with other BASIC
language implementations will need to reprogram



certain basic statements. Frederick et al. (1979) have

prepared an excellent guide for translating programs
between dialects of BASIC.

All users should be familiar with the assumptions
behind analysis of variance, how to construct a de-
sign matrix based on a linear model, and how to
select the appropriate error mean square for each F-
test.

The numerlcal methods are presented to allow the
reader to judge their suitability.
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Quick Reference Guide
Input requirements

The user must formulate the statistical model to
be tested and label each element of the model as a
random or a fixed effect element. GLMA requires
that an m by 1 matrix containing the observations
on the dependent variable (Y ) be defined and located
on disk. The design matrix ( X ) of dimensions m by .
n must also be created by the user and saved on disk
before accessing the analysis of variance program.
The m stands for the number of observations and
the n stands for the number of elements (columns)
in the design matrix.

GLMA Output
(a) ANOVA table,
(b) type I sum: of squares for each hypothesis,

(c) mean square and degrees of freedom for each
hypothesis tested.

APPLICATION

Introduction

This section of the guide shows you how to use
GLMA. Each option in the system relevant to anal-
ysis of variance is presented, discussed, and illus-
trated by example.

After the model has been specified, you must set
up the design matrix (X). The data from a two-way,
unbalanced ANOVA experiment with interaction
terms (Searle 1971, p. 289) is presented in table 1
and will be used as an example. The linear model
is:

Y j» = mu + (alpha); + (beta); + (gamma) ; + ey
where: i varies from 1 to 3

j varies from 1 to 4

k varies from 0 to 4

With balanced data, every one of the ij cells would
have a constant, k, number of observations. In the
unbalanced case k varies.

To begin, initiate the operating system and acti-
vate the BASIC interpreter of your computer system.
Next, run program “GLM1/BAS”. The menu of choices
displayed in figure 1 will appear on the screen. Op-
tion number 1 will redisplay the menu, number 2



Table 1.—Exqmplé data for a two-way, unbalanced ANOVA with interactions terms (Searle
1971, p. 289)

Wooaq ap oz By By By By Y91713Y14721722Y32Y33734
ENIZE R 1 1 —
13- rn2 111 1 1 1 4En2
9 | [rm3 111 1 . 1 X3 €113
12 | V131 11 L X2 | 513
7 a1 1 B
no el 1. . 1 B | {5142
le | frenn| 1] . 1.~ B2 | |®an
12 | 212 1 1 1. B3 €212
12 a1 | _ |1 1 1 fa_ |, |21
14 | vee2 | 1 1. 1 Y11 | {222
9 [[rs2r| | 1.1 M3 | %321
7. {322 | | (I U Y14 | %322
14 | [v331 1 11! 1 Y21 | %331
116 | |Y332 1 1 1. .| {Ye2 | {332
{10 | fram 1 1 1 1] {v32 | |%341
14. | |vaa2 | |1 1 1 11 Y33 | {®342-
1|33 1 1 1 11 |Y34 | {343
13 | |Y344 1 1 1 1{ 7 7 (%344
S I A B — — 1
Y=XB+E
- FORESTRY SCIENCES will exit the program and return control to the BASIC
. LABORATORY, o o et o 3 s g o
o U.S. FOREST SERVICE data matrix.
. MENU F OR: GENER AL If matrix Y is not already stored on disk, select

- LINEAR MODEL-ANOVA

© 1. RETURN TO MAIN

3. READ A MATRIX
'FROM DISK

5. ENTER A MATRIX
MANUALLY

7. PRINT MATRIX

2. GOTO BASIC

4. WRITE A MATRIX
TO DISK

6. DISPLAY MATRIX
ON VIDEO

8. GENERAL LINEAR
MODEL

- SELECT ONE OF THE ABOVE —
Figure 1.—Control Menu for Program GLMA.

number 5 to enter it from the keyboard, When you
are asked for the number of rows and columns (m,n)
in the matrix, enter <18,1>. Then, when you are
asked to give the first column a name, enter <Y>.
Finally, you are asked to enter the data elements.
For 1,1 enter <8>, for 2,1 enter <13>, and so on
(see data in table 1).

After the 18th element has been entered, you are
returned to the menu of options. Select number 6 to
display your matrix. Notice that only 13 of the 18
rows of Y are displayed at one time. Pressing the
down arrow on the keyboard displays the next “page”
of data. Pressing the up arrow returns the first page

3



to the scréen. When a matrix has more than four
columns, only four columns will be displayed on any
given “page”. The left and right arrows move the
.“page” across the desired sections of the matrix. To
return to the menu, press the <CLEAR> button.

Selecting option number 4 allows you to save Y
on disk. When queried for the file name under which
the matrix will be saved, avoid labeling it “Y” be-
cause -the program uses the disk file names Y, X,
XPX; and XPXI to store intermediate results. Next,
you are asked to specify the disk where you want to
store the matrix. Using the TRS-80, always choose
-a drive other than drive O. This practice ensures

“sufficient disk storage capacity for the intermediate
matrices: ‘

The design matrix (X) (table 1) can be entered
onto disk the same way. Notice, however, the sparcity
of I’s in a field of 0’s. The X matrix can be created
easily by using the numerical information manip-
ulation system (NIMS) (Rauscher 1983a). NIMS was
designed to help you manipulate data matrices. It
can be used to create an 18 by 16 matrix of zeroes
_ in one command. The alter subroutine in NIMS can
then be used to create full or partial columns of 1’s.

Once Y and X are stored on disk 1, select number
9 (fig. 1). You are asked to enter the filename of the
Y and X matrices. Remember that these filenames
are not necessarily “Y” and “X”. These are read into
the active memory and the program executes. After

‘- _avariable waiting period, you are asked to enter the

number of significant figures in the raw data. Be-
cause of errors in the original data and errors due
to computer floating point arithmetic, it is not pos-
sible to distinguish small singular values from zero

“singular values. A tolerance value, based on the
number of significant figures in the data and on ma-
chine precision, is used to identify the effective num-
ber of non-zero singular values.

' Before. the display of the ANOVA table you are

.. asked if you want the grand mean displayed. In-

cluding the grand mean causes the ANOVA to dislay
the sum of squares that has been accounted for by

. the mean. This sum of squares is not presented in
the “usual” ANOVA table.

‘The ANOVA display (fig. 2) presents the sum of
squares associated with the overall model, the error
sum of squares, and the total sum of squares for the
example. Additionally, pertinent summaries con-
cerning the dependent variable Y are given. De-
préssing the <ENTER> key returns you to the query
about including the mean or not. Fianlly, the B and
the (X’X) ! matrices are saved onto the disk and you

are given the chance to review and/or print the (X’X)-!
matrix. The second program, GLM2/BAS, then au-
tomatically loads and executes.

Program GLM2 reads the X matrix from disk and
computes the X’X matrix. After transferring the X’X
matrix onto disk, you are given the opportunity to
display it on the screen, print it, or continue proc-
essing. Next, you are asked if you want the estimable
functions that lead to Type I sum of squares. If the
answer is yes, the computations proceed and the re- -
sult is automatically displayed on the video screen
(table 2). Enter <CLEAR> and you can choose to
print the estimable functions.

The third program o the series, GLM3/BAS, is
read into memory, the generalized inverse of X’X and
the X’X matrices are read from disk, and the H ma-
trix is computed. After the B vector is read from disk,
you are asked to create the test matrix K by sup-
plying the estimable functions. You may enter es-
timable functions of your own design or you may
enter the previously computed estimable functions
that will lead to Type I sums of squares. The matrix
of estimable functions is a square matrix in which
the name of row i corresponds to the name of column
i (table 2). For instance, both columns 2-4 and rows
2-4 correspond to the alpha effects in the model. It
is best to draw lines across the rows to separate the
first row, representing mu, population mean, from
the remaining rows. Next, draw a line separating
the alpha effect, rows 2, 3, and 4, from the remainder.
Draw a line after row 8 to separate out the beta
effect. Rows 9 to 16 correspond to the interaction
effect, gamma. To create the test matrix, which will
compute the sum of squares for the alpha effect, sim-
ply enter every non-zero row from the estimable
function block that designatesd the alpha effect. In
this case, there are two non-zero rows in the alpha
effect block, i.e. row 2 and 3. Thus the K matrix will
have two rows giving the alpha effect 2 degrees of
freedom. Similarly, the beta effect has three non-zero

REGRESSION ANALYSIS OF
VARIANCE TABLE

Source SS SS MS F  Probability

Model 7 81.9988 11.7141 2.0918 0.1399
Error 10 56 5.6

Total 17 137.999

Mean of Response Variable Y = 11

Std. Dev. of Error = 2.36643 C.V.of Y = 21.5
Multiple Correlation Coefficient (R**2) = .549199

Figure 2.—ANOVA display for example problem.



Table 2.—Estimable functions that lead to Type I sum of squares for the example problem

rows, i.e. 5, 6, and 7. These rows are entered as es-
timable functions, one at a time, thus creating a K
matrix with three rows and 3 degrees of freedom for
“the beta effect sum of squares. The interaction effect,
 gamma, has only two non-zero rows which become
the estimable functions in K, yielding 2 degrees of
freedom for the interaction sum of squares. The sum
.of the degrees of freedom of the alpha, beta, and
‘gamma effects must equal to the overall model de-
grees of freedom.

. When each set of estimable functions has been
entered, you are asked whether the M vector (right
hand side of the hypotheses) is zero. Usually it is.
In the example, assume that M is a zero vector. The
program executes the estimability check. If a K ma-
trix is found that is not estimable, you are advised

. and allowed to build another K matrix. If you used

the computed estimable functions, then you will pass

the error check.

The program computes and displays the hypoth-
esis sum of squares, the mean square, and the as-
- sociated degrees of freedom for each set of estimable

Wooay ey ag B1 By B3 By Y11 Y13 Yis Y21 Y22 Y32 Y33 Y3y
Wl1o.33 .22 .44 .28 .22 .17 .33 .17 .06 .11 .11 .11 .11 .1 .22
“ 10 1 -.33-.67 .33-.33 0 0 .5 .17 .33 -.17 -.17 -.17 -.17 -.33
“%2!lo 0 1 -1 5 .,25-25-5 0 0O 0 .5 .5 -.25-.25-.5
“3f0-0 0 O O O O O O 0 0 0 0 0 0
110 0 -0 0 1 -4 -2 -4 .6 -2 -4 4 -4 0O 0 O
B210 0 0 0 0 1 -.33-.67 .29 -.1 -.19 -.29 .29 .71 -.24 -.48
B30 0 0 0 0 0 1 -1 0 .33 .33.0 0 0 .67-.67
Bi0o° 0 0o.0 0o 0 O O O O O O O O O O
Yilo-0 0 0 0 0 0 0 1 -33-.67 -1 1 -1 .33 .67
Yi3alo 0 0 0o 0 O 0 O O 1 -1 0 0 0 -1 1
Yis g 0 0 O O O O O O O O O O 0O 0 O
2000 0 o0 0o 0 O O O O O O O O 0 0 ©0
Y240 0 0 0 0O O 0O 0 O O O 0 0 0 0 0
Y219 0o o o0 O O O O O O O O O 0 0 0
Y8310 0 0 0 0 0O O O O O O O 0 0 0 O
Yss{9g 0 0 0O O O O O O O 0 0 0 0 0 0

functions (table 3). The F-statistic, used for testing
a null hypothesis, is computed by dividing the mean
square for the null hypothesis by an appropriate er-
ror mean square. The selection of the denominator
mean square depends on the expected mean squares
(ems) for each effect in the model. GLMA does not
compute ems. The user must first decide whether the
model is a fixed effects, random effects, or mixed
effects model an then calculate the appropriate ems.
Given the appropriate ems and the numerator mean
squares calculated by this program, the user can
readily compute the appropriate F-statistic to test
hypotheses.

Table 3.—Analysis of variance results for the ex-
ample two-way classification with interaciton (see
Table 1)

Sum of Mean
Source CIf. squares square
Alpha 2 10.50 5.25
beta 3 36.79 12.26
gamma 2 34.71 17.36




PROCEDURES AND
' REQUIREMENTS

‘System Characteristics

Program GLMA is written in BASIC for the TRS-
- 80 microcomputer. The computer should have a min-
imum of 48K of user definable random access mem-
ory (RAM), two disk drives, and a lineprinter. Ex-
perience with the TRS-80 has shown that it is best
to mount-the operating disk with the GLMA pro-
grams on disk drive 0 (see TRS-80 owners manual)
and use disk drive 1 to store and retrieve the data
matrices. Because highly compatible versions of
BASIC are available for most microcomputer sys-
tems, I believe that this program can easily be con-
verted -to execute on most computer systems that
execute some dialect of the BASIC language.

; Performance '

Avallable memory and speed of computation are
the primary limits to performing ANOVA using
" GLMA. The dimensions of the design matrix (X) must
be set to the number of observations (rows) in the
analysis and the number of effects (columns) in the
model to be analyzed. These dimensions will vary
. between problems. Line number 40000 in each of the
three subprograms that make up GLMA contains the
~ BASIC dimension statement that defines the size of

"the response and design matrices. In general the
program can process an X matrix with 100 rows and
25 columns. Using fewer rows increases the maxi-
mum number of columns possible and vice versa.

. Processing speed varies with the dimensions of
the X matrix. The following examples may be used
as an index of processing speed: X(12,8) about 4.5
minutes; X(18,16) about 17 minutes; X(37,5) about
7 minutes; and X(24,20) about 37 minutes. Process-
ing times were measured from the start of the pro-
- - gram until the overall model ANOVA table was dis-
played. These times could be improved by a factor
* of 10 by compiling GLMA using the BASIC compiler

- available for the TRS-80.

- Data Compatibility

Program GLMA uses the data interchange stan-
dard (DIS) proposed by Buhyoff et al. (1980). This
standard is described in detail by Rauscher and
Buhyoff (1982). Usmg a common DIS decreases pro-
gram development time and isolates system depen-
dencies into small, explicit subroutines. Using a
common DIS. enforces a -“standard” input/output

6

structure on data transferred between disks. This
“standard” structure unites otherwise independent
data analysis programs. The input matrices required
by this program may be created by GLMA or by the
numerical information manipulation system (NIMS)
reported by Rauscher (1983a). These two programs
and many others (Buhyoff et al. 1980) are compatible
because they both use the DIS. Because the X matrix
contains mostly 0’s, it is efficient to allow the com-
puter to create a design matrix with all zeroes. The -
alteration routine in NIMS may then be used to
change the appropriate zeroes into 1’s.

Analysis of Variance—Theory

Program GLMA is based upon the theory of gen-
eral linear models presented by Searle (1971). The
problem in analysis of variance (ANOVA), as in
regression, is to find a solution to:

Y=XB+E: _ 2)
where:

Y = the m by 1 matrix of observations on the

dependent variable

X = the m by n design matrix

B = the n vector of parameters

E = Y-XB = an m vector of random errors

Every element in E is assumed to have variance
(sigma)?and zero covariance with every other ele-
ment (Searle 1971). The regression analysis problem
is defined when X is of full rank, i.e. r(X)<n.

In ANOVA, the X matrix is called the design ma-
trix because it carries the code for the design of the
analysis. It contains only 0’s and 1’s derived directly
from the hypothesized design model under investi-
gation. The solution to (2) is:

B=XX)1XY 3)
where:

B = the n vector of estimates of parameters

X’ = transpose of X
(X’X)-! = inverse of X’X.

Hewever, X’X has no unique inverse because it is
not full ranked. X’X does have many generalized
inverses, any one of which can be used to solve the
problem. Equation (3) may be restated as:

B =GY 4)
where:

G = any generalized inverse of X.

The singular value decomposition algorithm of
Golub and Reinsch (1970) is used to solve (4). A sin-
gular value decomposition of an m by n real matrix,
X, is any factorization of the form:



X=US V’ 5)
where: .
- 8 = an m by n diagonal matrix of sin-
_gular values
if Sii<q then S; = 0
S, = ith singular value
q = atolerance value based on the
precision of the data in the X
N matrix
U = an m by m orthogonal matrix
V = an n by n orthogonal matrix.
G= V S+ U where S+ = as above except S*; =

S, : )
B =XX)-1XY = VS+ U Y (Forsythe et al.

1977 ™

(XK)“* = V (8+)? V* (Nash 1979) ®)

Using these results as the basis, the sums of squares
can be computed as outlined in Searle (1971):

" E’E = error sum of squares = SSE 9
SIg'ma2 = SSE/(m-r(X)) (10)
where:

- sigma? = Residu:al error estimate of variance
' m = number of observations
r(X) = rank of X

,_SST~ = Y’Y = total sum of squares (11)
"SSR = SST -SSE = sum of squares due to
_ regression 12)

SSM = m * Y2 = correction term for the mean
o (13)
where:

Y = mean of Y

. SSRm = SSR—SSM = regression sum of squares

corrected for the mean . (14)
. 8STm = SST-SSM = corrected sum of squares
of dependent variable Y (15)

R**2 =  SSRm/SSTm = coefficient of

s detérmination. (16)

To test hypotheses, we must assume that the er-
rors are normally, independently, and identically dis-
tributed.' If we can make these assumptions, F(R)
(fig. 3A) tests the hypothesis that XB=0. If F(R) is
significant, we conclude that the model accounts for
a significant portion of the variation in the y-vari-
able. F(M) (fig. 3B) tests the hypothesis that E(Y)=0,
i.e. the expected value of the mean of the Y obser-
vations is zero. F(M) is given by GLMA when the

~ ANOVA display with the mean is requested. F(R)

can be computed from the ANOVA display with the
mean by first summing up the sums of squares due.
to the mean and the model after the mean has been -
accounted for and then dividing by the sum of the
model degrees of freedom and the error mean square.
F(Rm) (fig. 3C) provides a test of the model E(Y) = XB
over and above the mean. F(Rm) is displayed in the
ANOVA without the mean displayed. When F(Rm)
is significant, we conclude the model satisfactorily
accounts for variation over and above the mean. If
all three F-statistics are significant, then:

“F(R), F(M), and F(Rm) indicate, respectively, that
the model accounts for a significant portion of the
variation in y, that the mean is unlikely to be zero,
and that the model needs in it something more than
the mean to explain variation in y” (Searle 1971 P
180).

Estimable Functions

Once the sum of squares for the overall model has
been computed, we generally wish to decompose this
value into the various sum of squares for each main
effect and interaction term in the model. This amounts
to partitioning the sum of squares of regression
(SSRm) after fitting the mean (fig. 3C). The major
statistical analysis packages such as SAS (Helwig
and Council 1979) partition the model sum of squares
automatically by assuming the investigator desires
to test “standard” hypotheses. An option is available
for the user who needs to test additional hypotheses.
GLMA is not capable of automatically partitioning
the model sum of squares.

The user must create the matrix of estimable func-
tions (K) for testing of hypotheses:

HO:K’B =M amn
where:

HO = null hypothesis under test

K = matrix of estimable functions

M = right hand side of the hypothesis (often equal
to the zero vector) The B vector is supplied by the
program and calculated as in (7).

The GLMA program supplies the user with the
X’X matrix, the X’X-! matrix, and the matrix of
estimable functions that lead to the computation of
Type I sums of squares. Type I sums of squares are
discussed by Helwig and Council (1979, p. 254) and
by Goodnight (1978, p. 6). This program uses the
Forward Doolittle method (Steel and Torrie 1960) on
the X’X matrix to compute the estimable functions
that lead directly to the Type I sum of squares.



. (MODEL:  Yijx = u+oj *Bj *yij * eijk)

Source D.F. SS MS F-Statistic
Model 8 2260 (SSR)  282.5 50.4 = F(R)
- (A) Error 10 56 (SSE) 5.6
. Total 18 2316 (SST)
-Source D.F. SS MS F-Statistic
‘Mean: ‘ 1 2178 (SSM) 2178 388.9 = F(M)
(B). Model: o, B8, y|lu 7 82 (SSRm)  11.71 2.1 = F(Rm)
Error 10 56 (SSE) 5.6
Total 18 2316 (SST)
~ Source D.F. SS MS F-Statistic
Model: a, B, y|u 7 82 (SSRm)  11.71 2.1 = F(Rm)
- (C) Error 10 56 (SSE) 5.6
Total 17 138 (SSTm)

Note: o,8,y|u = model effects after the effect of the mean has been removed.
_ Fi_guré 3.—Example of ANOVA tables from program GLMA.

A testable hypothesis is one that can be expressed
in terms of estimable functions. To ensure that the
user specified estimable functions are testable, the
following identity is verified in the GLMA program:

K=KH . (18)
where: ’ '

H=GXX
The sum of squares necessary to test the hypoth-

esis HO: K'B=M is supplied by the program and
- computed as:

8

SS(HO) = (K’'B-M) (K’GK)-! (K’B-M) (19)
= sum of squares of hypothesis
s = r(K’) = number of rows in K’ (20)
where:
K’ is by definition of full rank
MS(HO) = SSMHO)s = mean square of
hypothesis (21)



: Program Code
Documentation

I ntroductiqn

- The programs are coded in the Microsoft (TM)

BASIC language for direct use with the Radio Shack
(TM) Level II BASIC interpreter. Unlike many other
languages, some versions of BASIC allow concaten-
ation of several logical statements in one physical
line. Microsoft BASIC uses the colon, “:”, as the log-
ical statement delimiter. Because each physical line
‘costs 5 bytes of memory and each unnecessary space,
1 byte, small computer BASIC programs are written
in compressed code and appear impossible to deci-
pher, especially for those who normally program in
FORTRAN. To make matters worse, internal pro-
gram documentation is reduced to a minimum in
BASIC because these statements use memory. Given
these memory constraints and the ability to refer
unambiguously to any physical line in the program,

 Ibelieve that adequate documentation of BASIC pro-

grams should be accomplished external to the code.
The code is presenteéd in the appendix with only one
logical statement per line. Each logical statement
may begin either with a linenumber or a colon. One
- physical line consists of a linenumbered statement
and all the colon statements until the next linen-
umbered statement. Each section of code is explained
" “in the following presentation by reference to physical
linenumbers.

GLMA is composed of three separate programs:
GLMI/BAS, GLM2/BAS, and GLM3/BAS.
-Program GLM1/BAS

~ Program GLMI/BAS is almost identical to pro-
gram. GLR/BAS, fully documented by Rauscher

(1983b). Lines 2382-2395 in GLR have been deleted
and line 2415 added to GLM. Line 2415 allows dis-
play or printing of the generalized inverse matrix
X’X).

Program GLM2/BAS

Lines 13-690 comprise the common SEED pro-
gram documented by Rauscher (1983a). In line 1045,
the dimensioning routine is accessed in line 40000
and in line 1070, the X matrix is read from the disk.
Lines 1080-1110 compute the X’X matrix, transfer
it to the input-output matrix, A(.,.), save it to disk,
and give the opportunity to display it on the video
screen and/or print it on a lineprinter. In lines 1115-
1180, the matrix of estimable functions for use in
calculating type I sum of squares is computed. The
procedure used is the Forward Doolittle method
(Goodnight 1978, p. 12-14). The matrix of estimable
functions is displayed, the user is asked whether it
is to be printed, and the next program is called (line
1190). '

Program GLM3/BAS

Lines 13-920 are the SEED program subroutines
that accept input from the keyboard, read data from
disk, and write data to disk. Lines 1050-1100 read
in the matrices, (X’X)-1, X’X, and B, and compute
the H matrix. Lines 1110-1180 handle the input from
the keyboard of the estimable functions, matrix K
and matrix M. Subroutine 6000-6100 tests for estim-
ability. Lines 1205-1260 calculate the pieces of equa-
tion (17) using the matrix inversion routine (lines
8500-9450) documented by Rauscher (1983a). The
degrees of freedom, sum of squares, and mean square
appropriate to the estimable functions used is dis-
played by line 1280. The user is then routed to an-
other hypothesis test or prompted to run another
problem.



APPENDIX I. Source code listing for program GLMI/BAS

10 CLEAR 500

S

.Gmo?oo
4/ GLM1/BAS VERSION 09/01/81
13 /RO KRR IRKRIIRRKR KKK KK
14 ‘ANSWER TNPUT ROUTINE
15 P=( 2S6XPEEK¢ 16417 )J+PEEKS 16416))-15359
{IF ABS(FL )=1THEN14ELSE24
16 IN$="" ,
{PRINT@P »CHR$C 136 )5
o kX=1
17 INS=INKEY$ :
. SIFIN$=""THEN22 ,
18 IFFL=-1 AND ASC( IN$)>47 AND ASC( IN$)<58 THEN 21
19 IF FL—1 AND ASC( IN$ )>64 ANI! ASCC INS )<91 THEN 21
20 GOTG 22
21 PRINT@_P: INS
- $RETURN
22 LX=LX+1 ,
. SIFLLLETHENLZ
23 PRINT@P " "5
{FORLX=1T7025
INEXT
160TOL&
24 PRINT@P » CHR$(136)5
:IN$='" " .
ILX=ABS(FL)
. $6OSUB34
25 A$=INKEY$.
 {IFA$=""THEN2S
26 IFAS=CHR$( 13 )THENPRINTCHR$C 15 )5
- SRETURN
27 IF A$=CHR$( 8 )THENIF IN$<" " THENPRINTAS
‘ IPRINTCHR$C 136 )5CHR$( 24 )5
SINS=LEFT$( IN$ s LENC INS )-1)
S SEX=kX+1 .
+eaT02s
{ELSEGOTO28
.28 IF A$=CHR$¢ 24 )THENPRINTCHR$¢ 29 )5
16071024
29 IF FL>O AND ASC(A%):31 AND ASC(A$)<91 THEN 32
30 IF FL<O. AND ASC(A% )=45 AND ASC( A% )58 THEN 32
3L GOI0 25
32 IF. LX=0 THEN 25
33 PRINT A%
SINS=IN$+A%
ILX=LX~1
. 1687025
34 FOR  IX=1TOLX-1
TPRINT CHR4$( 138);
LNEXT
{FORIX=1TOLX
SPRINT CHR%$¢24)5
SNEXT
SRETURN
50 FEARRKRRRRIKIOOR R KR
52 ‘CHANGE VARIABLE NAMES
54 LLLLIELHTLIILES
56 CLS

»PRINT@448:"UHICH COLUMN’S NAME WILL BE CHANGED? -->

10



FL=-2
{COSUBLS
IXJ=VALC INS )
IPRINT
IPRINT"PLEASE ENTER NEW NAME --> "3
IFL=8
1GOSUB1S
INSC X )=INS
SRETURN
100 7 KARIRAKK KRR KA AR KAKAKRR KA KRRR KRRk K
110 ‘READ SEQUENTIAL DATA SET FROM DISK
120 " LALLEFFELIL771707707
125 €S-
(130 PRINT@448,"ENTER FILENAME OF DESIRED DATA SET --3» "
TINPUL FS
- 180 FF$=FS$4"N"
ILSSFS4 LY
IR SSFEETHY
140 UFEN-"L" 91 sFF$
ILNPUT#1sRsC
ICLUSEL .
Lkl KeC VALUES
145 UFER “1"s1sb$
 IFORK=1T@GC ,
SLNFUT$#19NS(K )
INEXTK
146 CLOSE v
190 UFEN "1"515F%

*
160 FUKI=1TOR
© IFARI=1TOC
CLINFUI#LIACTsd )
COINEXTds
170 CLUSE 1
- 180 RETURN .
190 < KRKRRKARKK KKK KR ARARKIKRIOKK KA OO K KKK
200 © WRITE A SEQUENTIAL MATRIX TO DISK
VSO IIIIIIIIIIIIIIIIIIY
220-CLS
© IPRINI@448s"ENTER FILENAME OF NEW DATA SET --» "j
LINPUL F$
SFRIN

AFPRINT"ENTER DISK DRIVE # WHERE DATA SHOULD BE SAVED —-3

- VINPUT DD$

'222 Fr$=F$+" NI +DD$

- IL$=F$+"L"4DD$
AF SRS MDD

2 FUK Ju=1TUC

. IF LENCN$(.J@))=0 THEN N$C.JQ)=STR$CJQ)

226 NEXT .

| 230 OFEN "0"»1sFF$%

v IPRINT#19R35CH
{CLOSEL

240 UPEN "0"s15F%
T

- 250 FUKE=LTOR
SFURd=1TUC
SPRINT#L9A{Isd )5
ANEXIJ I

260 LLUSE 1

’l’

a

11



265 OFEN"Q" y17L$
tFORI=1T0C
IPRINTHLINSCI)3" "5

SNEXT
- tCELOSE
270 RETURN
290 REM ddokdiokkokkkkdokioiorkoriokookk koo ok koo ook kxR kk
293 REM SUBROUTINE INPUT

300 ‘1. THIS SUB READS FROM THE REYBOARD
305 ‘2. MATRIX A IS LOADED AND CAN BE SAVED ON LISK
325 ‘6 14-APR~79
335 REM ARKRAKRAAOKR KKK RO KKRKRR KKK AR A KRR KRRk kK
340 CLS
345 INPUT "PLEASE ENTER: NO. ROWS AND COLS (RsC)e——=3> "3RsC
350 FL=8
: SPRINI
SFUR J=17u€
WPKINI"ENTER THE NAME FOR VARIABLE "5ds" —==> "}
tEUSHELS
IN$L J)=INS$
IPK LN
INEX 1
33:. ELS
365 PR I=1 TO R
S0 PRINE "KW "51
S/3 FUR J=1 TG C
380 FL=-12
IPKAENT "PLEASE ENTER: VALUE OF COLUMN "3d" --> "§
tEUSUK 15
S8Y PR LN
390 A I 9d )=VUALC INS)
399 NEXT WJ
400 NEXT L
430 Kb ' URKN
435 END
440 ¢ R3ER AR AR RR R R Rk ok ok ok Rk KR KRR R Rk skokokokoksook koK
445 ¢ SUBROUTINE VIDEQ
450/ DISFLAYS MATRIX A(RsC)»13 ROWS EBY 4 COLUMNS AT ONCE
455. USES ARROWS IN ALL DIRECTIONS TGO SEE DIFFERENT PAGES
460 © OF DATA. "CLEAR" WILL TERMINATE DISFLAY
500 7 KKK ORK K KR AR K AOK AOKRAOKR KK AOK JORKKOR KRR AR K KKK AR AR K 30K K
510 CLS
{IFR=0 OR C=0 THEN RETUKN ELSE JJ=INT(C/4.1+1)
SII=INTCR/13.141)

918 I=1

: =1 .

923 IF R=13%I5=0.0 THEN N=13 ELSE N=13+(R-13%I1)
335 IF C~4%J5=0.0 THEN L=4 ELSE L=4+(C-4%J)

340 €LS
C - IPRINT"COLL" S
SFOR KK=0TO({L~-1)
TFRINT TABC 14XKRK+8) N$C (KRK+1)+4%(J-1))s
545 NEXT KK
SPRINT -
930 PRINT" ' "
353 FOR M=1 TO N
560 PRINT "R"5MH13K(I-1)3"8"5
965 FOR K=1 70 L
570 A=ACMF 13X I-1 ) s K+4%(J-1))
575 PRINT TABC 14%(K-1)+8) Aj

.12




580 NEXT K
IPRINT -
S8Y NEXT M
a6 AS=INKEY$
. 11Fas=""6aT0586
587 IF ASC( A% )=31THENGL1IELSEIFASC( A% )=9THENSBBELSES?0
588 IF J+1>JITHENJd=1ELSEJ=J+1
agy GU U SeS
990 ik ASCC A% )=8THENS?1ELSES93
991 IF J-1<{=QTHENJ=JJ ELSE J=dJ-1 v
ayd UG 525 _
993 1F ASC( A% )=10THENS94ELSES96
94 LF L1 IITHENI=1ELSEI=I+1
a%s 60110 525
. Y6 LF  ASLC AS)=91THENS97ELSES?9Y
uyf iF 1-1<=0THENI=IIELSEI=I-1
buye LUIW SuY
‘ayy It ASCL AS)=64 THEN 600 ELSE 601
GUU LUSUB 670
_ HETR T
601 ik abt..( m ¥=46 THEN GOSUB 50 ELSE 618
602 LUIU
aly umu:.ue
&1y Kbkt UKN
SEND : :
620 7 FHKFRKAKRARARK KKK KKK KKK KRR R ARk
622 'LINEFRINTER OUTPUT ROUTINE
623 Ir k=0 OR C=0 THEN RETURN
624 AN$="DATA SET NAME --> "
~iCLS
SPRINT@4489"PRESS <ENTER> WHEN PRINTER IS READY."§
JINFUT AN
STH=LEFTH(FSsLEN(F$)-1)
STS=ANSHTS
- {GOSUR42000
- SLLPRINT TABC ZZ):T‘t
SLPRINT v
. SLFRINT " v
630 JJ=INTCC/4,1+1)
C SLISINT(R/200.141)
632 FORI=1TOII

634 IFK=-200%1>=0,0THENN=200ELSEN=200+( R—200%1 )

636 FORJ=1TOJJ
638 IF C-4%.J>=0 , OTHENL=4ELSE L=4+(C-4%J)
640 LPRINT"COL:"
- IFORKK=0TOC L-1)
ILFRINT TAEC14XKK+8) N$CCKK+HL)4H4%X(JI-1))5

642 NEXT KK
644 LPRINT" "
‘646 LPRINT" -—- - "
648 FUR M=1TOMN
650 LFKINT “R" §M+200%( I-1)5"3" 3
652 FUK K=1T@ L
694 A=ACHH200K I-1)rK+4K(J=1))
656 LPRINT TABC 14X(K-1)48) Aj
658 NEXT K
660 LERINT
662 NEXT M
664 LPRINT " "

CILPRINT " v

13



SLPRINT " "
666 NEXT JvI
668 RETURN - -
670 /KRR KRR KRR KR RA KRR KKK KKK IOKRK KK
671 'SCREEN PRINT ROUTINE- ACTIVATED BY PROGRAMMED "@" ASC( 64)
I "fILILLTLIEI IS Y1 S
673 1IF PEEK(14312)<>63 THEN RETURN
674 LPRINT STRINGS( 64s"1")
. 675 FOK Ni= 15360 TO 14383 STEF 64
) 676 A =ll n
. 679 FOR @=0T0&3
680" Z=FEER¢ N1+G )
. IFZJOANBZ%Z?THENZ‘Zi*é‘&hLSh IFZ<32THENZ=32
681 IFZ»=127 AND Z<=191 THEN Z=42
682 B$=CHR$< Z) .
683 A$=A%+EB%

EPK(¢ 14312 )<363THEN RETURN
686 LPRINT * "
ILFRINT A%
687 NEXT ‘N1
688 LPRINT STRINGS$( b4s"4")
68% FORN=1TO3
ILPRINT » "
SNEXT
690 RETURN-
695 RUN"NAIN/BAS"
. IEND
700/ RAKEKKKRRRKIRKRIRKRAK KRR KRR KRR KRR KKK
710 ‘GENERALIZED I/0 SUBROUTINES FOR PROGRAM STARTERS
720 "FLELILIE7L147L717287174
735 CLS ,
$T$="NORTHERN HARDWOODS LABORATORYs USFSs MARQUETTEs MI"
$GOSUB42000
736 T$="LLLIIFT 11111 IIEIIEIIIIIIFIEEIIELELILLIEILL77170171712"
~ $60SUB42000
737 PRINT - :
738 T$="MENU FOR: GENERAL LINEAR MODEL - ANOVA
73% GOSUE42000

SPRINT
740 IF TX=—1 THEN GOSUB 40000 ELSE 750
75& TX=1 '

SPRINT" 1, RETURN TO MAIN MENU 2. GOTO BASIC
760 PRINT" 3, READ A MATRIX FROM BISK 4. WRITE A MATRIX TO DISK
770 PRENT" .5, ENTER A MATRIX MANUALLY 6. DBISFLAY MATRIX ON VIDEO
780 PRINT" 7. FPRINT MATRIX 8. GENERAL LINEAR MODEL
900 PRINT

{PRINT"SELECT ONE OF THE ABOVE --»> "5

OF_L""'Z '

160SUB1S

SAN=VALC INS )
. IFANK=00RANS-16THEN7 40
910 ON AN GOSUE 695543000125522053409510562092000
920 6ATG 735
1000 KRRKKKIKKAKKRRA KKK IR KK KRRk
1010 ’SINGULAR VALUE DECOMPOSITION
1020. ' FORSY.THE 1977 CH.9 PF.193-235
1030 / INPUT
£ AC NN ) WHERE  Mr=N
1040 * QUTPET-

14



{ W CONTAINS N UNORDERED SINGULAR VALUES OF A

1050 / © U & V CONTAIN THEMSELVES
060 " £ALLERLELLLFFLLILIE717414111
11065 WU$=" TRUE"
iHUS="TRUE"
1070 IE=¢
IR1=R.
C1=C
=R
IN=C
tNM=R |
IFORI=1TOM
 IFORJ=1TON
AL )=A L)
© SNEXTdeI
1080 * HOUSEHOLDER REDUCTION TO BIDIAGONAL FORM
1090 6=0 .
- $SCALE=0
{AR=0
1100 FORI=1TON
S=I+1
IRVL(I)=SCALE*G
6=0
18=0
{SCALE=0
SIFISHTHENI160
1110 FORK=ITOX
$SCALE=SCALE+ABS( W K»I ) )
INEXTK
- tIFSCALE=QTHEN1160
4120 FORK=1TOM
$UCK»1)=UC Ky I )/SCALE
 $8=GHK K, I)L2
INEXTK
1130 F=t( Is1)
© 1S8=8GN(F)
$6=-1¥SS¥ABS( SAR(S))
. tH=F¥G~5
K I91)=F-G
$IFI=NTHEN1150
1140 FORJ=LTON
‘ $8=0
IFORK=ITOM
$5=S+UC Ky I IRUCKyd )
INEXTK
(F=S/H ,
(FORK=1TOM
SR pd )=UCK s J JHFRUCK 9 1)
. INEXTK
INEXTJ
1150 FORK=ITOM
UCKs I )=SCALEXU(K )
INEXTK
1160 W1 )=SCALEXG
16=0
16=0
$SCALE=Q
L IF I>MORI=NTHEN1230

- 117 0 FORR=LTON

$SCALE=SCALE+ABSI U I»K ))

15



SNEXTK
$IFSCALE=0THEN1230
1180 FORK=LTON
. sUC IR )=UC IsK )/SCALE
$S=8H+W(IsK) 2
INEXTR
1190 F=UCIsL)
$85=8GN(F )
t6=—~1%S8%ARS( SAR( S5 ))
tH=FX%G~5
AW Iy )=F-6
1200 FORK=LTON
CARVE(R)=UC IyKI/H
SNEXTK '
: SIFI=MTHEN1220
1210 FORJ=LTOM

PoRx=LTON
$S=GHUC J K JKUC T 5K )
INEXTK
{FORK=LTON
SUC 9k =UC Iy K HSKRVICK )
INEXTK
| INEXT
1220 FORK=LTON ,
SUC Ty K )=SCALERUC ToK)
INEXTK
1230 TT=ABSC W¢ I ) MHABSCRVLCT))
 LIFTTARTHENAR=TT
1240 NEXTI
1250 ‘FORM THE V MATRIX IF My="TRUE"
1260 IFHV$="TRUE” THEN1270EL SE1350
1270 FORII=1TON
U I=N+1-IT
 $IF I=NTHEN1320
1280 TFG=OTHENL310
1290 FORJ=LTON |
BUCIsT)=C U Tod)/UC oL ) )/G
SNEXTJ
1300 FORJ=LTON
T 18=0
{FORK=LTON
3S=SHICT K RV Ky d )
SNEXTK
{FORK=LTON
FUCKy 3)=UCK s J HSKRUCK )
SNEXTK
SNEXTI

1310 FORJ=LTON

IV Ted )=0
CIUC eI =0
SNEXTJ
1320 V( E51)=1.0
$6=RV1( 1)
Cotl=Io
1330 NEXT 11
1340 /COMPUTE U IF MU="TRUE"
1350 IFMUS$="TRUE" THEN1360ELSEL470
1360 MN=N
" S IFM<NTHENMN=HM

016

1370 FORII=1TOMN
sI=MN+1-II
sL=1+1
G=W( 1)
IFI=0THEN1390
1380 FORJ=LTON
WU Ird)=0
INEXTJ
1390 IFG=0THEN1430
1400 IF I=MNTHEN1420
1410 FORJI=LTON
$S5=0
‘FORK=LTOM
$S=8HUCKy I KU Ko d )
INEXTK
WW=(S/WT51))M/6G
tFORR=ITOM
SUCRy»d )=UC K e d MEFRUCK ST )
INEXTK
INEXTJ
1420 FORJ=ITOM
SUCJ»I)=UCJ»I)/6
NEXTJI
+1GaTO1440
1430 FORJ=1TON
U JsI)=0 g
SNEXTJ
1440 W I»I)=UCIy1)+1
1400 NEXTII

1460 ‘DIAGONALIZATION OF THE BIDIAGONAL FORM

1470 FORKK=1TON
tK1=N-KK
IK=K1+1
11TS=0

1480 FORLL=1TOK
SL1=K-EL
HEE R LS
$IFCABS(RVEC L ) )4AR )=ARTHEN1560

1490 IF¢ ABSCWC L1 ) 4AR )=ARTHEN1510

1500 NEXTLL

1510 C=0
15=1
{FORI=LTOK
IF=SKRVLCT )
$IFC ABSC F )4+AR )=ARTHEN1560

1520 G=W( 1)

H=SAR( FXF+GXG )

W I)=H

C=G/H

t5=~F/H
{IFMUS=" TRUE" THEN1S30ELSE1540

1530 FORJ=1T0M
SY=UCJdskl)
$Z=U( s 1)

SUC JsL1 )=YKCHIKS
HUC s I )=-YKSHZKC
INEXTJ

1540 NEXTI

1550 ‘ 1EST FOR CONVERGENCE

1560 Z=W(K)



tIFL=KTHEN1&70
1570 IF LTS=30THEN1720
1580 ITS=ITS+1
. sX=W(L)

C A¥=W(K1)
$6=RVI(K1)
tH=RV1(K)

CF=CCY=Z)KC Y4Z )4 G=H )X G+H ) )/¢ 2KHXY )
1G=SAR¢ FXF+1 )
.$88=8GN(F )

. ¢SF=88%ABS(G )
SF=C(X=Z )k X+ Z JAH¥ YZCF48F )=H) ) £X
€=1
i§=1

1590 FURII=LTOKL
$I=I1+1
§G==R'J1( I)
Hhadid)
{G=CX6

+ $Z=8AR¢ F¥F+HKH )
IRVICII)=Z
sC=F/Z
1S=H/Z
SF=X¥C+CXS

- IG=-XKS+GHC
tH=Y%S
$Y=YiC .

: S1FMVS="TRUE" THEN1600ELSE1610

1600 FURJ=1TON

$A=UCJyII)
$Z=VC(JsI)

CVC I II )=XKCHZ XS
W Jrl )—-X*S+ZXC

, INEXTJ .

1610 Z=SAR¢ FAF+HXH )
tWe LI =Z

, $IFZ=0THEN1630

" 32620 C=F/Z
$S=Hs/Z
1630 F=CXG+SXY
1 X=-5%G+CxXY
- SIFMUS="TRUE" THEN1640ELSE1650
1640 FORJ=1TONM
: $Y=UCJyII)

CAZ=U(JrI)

M J eI )=YRCHZAS

U JeI )=-YARS+ZXC

INEXTJ
) 1650 NEXTII
1660 RUV1I(L)=0
) IRVICK )=F
tWER)=X
+60T01480
‘1670 IFZ>=0THEN1700
1680 W¢ K)=-2Z
$IFMV$="TRUE" THEN1690ELSE1700
1690 FORJI=1TON
AW I K )==U( JeK)
SNEXT



1700 NEXTKK
1710 GOTO1730
1720 IE=K - -
1730 RETURN .
2000 7 Rkkkkikkdkekiokok koo koo kR ok kKR kKKK
2010 'LINEAR. REGRESSION CONTROL MODULE
YU r D NI ITIIIIIIIIIIIIIITY
2030 CLS 4
IPRINT@L128y"ENTER VECTOR Y(RsC) IN X%B=Y UWHERE R=t & €=1."
$6OSUB130
$18S=0
IMSS=0
FORI=1TOR
S¥CIr1)=ACIsl)
$TSS=TSS+Y( I+1)XkY¢Is1)
IMSS=MSS+Y(Isl)
INEXTI ’
zm ELS .
IPRINTE128»"ENTER MATRIX X(MsN) OF XXB=Y."
$1GASUB130
2042 IFF$=" XM" THEN20O4SELSEF $="X"
2043 DBB$="1" . -
- $GOSUB222
tIN=€1
2045 CLS
.PRINTE#SS;"PLEQSE BE PATIENT. COMPUTATIONS IN PROGRESS.”
$GOSUB 1000 '
: $/ SVB
2050 IF IE« J«OTHENCLS
IPRINTE458»"ERROR RETURN FROM SUD"
11
2060 Wi=10000
. M=
SFUNJ=1TON
: $ Ll WE-J ) WM THENWNM=U( J )
406D LFuWed )CUITHENWI=WS J )
2000 B¢ 3 )=
NEX | J
LY
IFHLINI448+" NUMBER OF SIGNIFICANT FIGURF_&: IN RAW DATA? --> "
k=1
~ikUEUBLY
SH=VALL ENS )
IKE=0.1LS
L EA=KEXWM
2080 KR=0 :
S WURJ=ITON -
. SLFWCI )X=TATHEN2100
4090 KK=KK+1
_38=0
SFUNI=1TOM
$U=HHUC Ly d DRYC( Iy1)
INEX L
E=S/WC D)
iPUMLI=1IUN
BCLIEEC LSV Tad )
INEXTI
IHVC = LAWC S ) IL 2
2100 NEXIJ
2102 Lk KRSNTHENBC N6 )=~1ELSEB( N+6 )=UI
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2104 B¢ N+4 )=RE
$BC N+5 )=UM
$B( N+7 )=MSS/M
. 2110 ESS=0
IFORE=1TOM
SRI=0
(FORI=1ITUN
IRI=RLTBCJI KA Id) "
INEXTJ
SESS=ESSHCRI-Y(Iy1))2
INEXTI
2120 MSS=M*¢ HSS/M )2
 $SE=SOR¢ESS/(M-RR))
2130 RSS=TSS-ESS
: {RMSS=RSS5-MSS
§ 1MSS=TSS-MSS o
(IFAC 121 )=1ANDAC INTCN/2 )91 )=1ANDAC Ny 1 )=1 THENMEAN$=" TRUE" ELSEMEAN$="FALSE"

ﬁgﬁ whlihhiQNTﬁﬂéN?ﬁEﬁzEﬁB ANOVA TABLES

- F R-( RSS/RR Y/ CESS/(HM~RR))
SUN=KR
JUU=M-KK
+60SUB10900
IRG=RK
A/ =RES
AB8=RSS/RKR
SAF=FR
tLl=Fg
$22=H
- MEI=ISSH
NI TH TS TIPS
2170 ELS
© IPRINT@448+" INCLUDE TERM FOR MEAN IN ANGVAT (Y/N) --> "}
tFk=1
$GUSUBLS
CELFANS="Y" THENFM$=" TRUE"ELSEFM$="FALSE"
4180 kF FMd="FALSE" THEN2200
2190 Al=1
| $AI=NSY
SR R=MSSAESS/(M~RR )})
‘A4 =FK
S SHN=1
- sDD=H-RR
T +GOSUB 10000
JAS=HE.
1A6=RR- 1
LA7=RMSS
- Y AB=RMS5S/( RR~1 )
. tFR=A8/(ESS/(M~RR))
SAY=FR -
SHN=RK~—-1
sBD=M—-KR
¢ GUSUB 10000
sLL=Ff.
tZ2A=H
$Z3=T88
AU AL L0
L0 A6=RE-1
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tA7=RMSS
tAB=RMSS/( RR~1)
tAP=A8/(ESS/( M-RKR ))
FR=A%
¢LN=RR~1
sDi=M-RR -
$GASUB10000
SLI=FH
© t22=M-1
$Z23=TM3S
2210 ANOVA TABLE DISFLAY
222¢ €LS
- WPRINTE@109"” REGHESSION ANALYSIS OF VARIANCE TABLE"
2230 FRINT@128»"SOURCE" sTALK( 7 )" DF"” s TAB¢ 135 )" 58" § TABC 28 )" MS" § TAB{ 43 )" F" §$ TABC 50 )" PR(
BABELETY"
2240 PRINT@192s" *
'225¢ IFFM$="TRUE" THEN2260ELSER2270
2260 PRINT"MEAN" $TAB( 6 )AL TABC 12 )A25 TABC 25)A3i TAB( 40 )44 i TAB( 53 )5 USING" # ., #433" 545
2270 PRINT"MODEL" § TAB{ 6 )A&F TABL 12 )47 5 TABC 20 )AB3 TAB( 40)A? s TABC S3 )SUSING" # 4 #$$" 571

2280 PRINT"ERROR" #TAB¢ 6 M-KR 3 TABC 12 JESS 3 TAB 25 )ESS/¢ M-RK )}
2290 PRINT" . . "
2300 FRINT"TOTAL" s TAB( 6 Y225 TABC 12)Z3
2306 FRINT
(FRINT"HEAN OF RESPONSE VARIABLE Y = "B(Nt7)
2310 PRINT"STD.DEV. OF ERROR= "SQR{ESSA(M-RR))I" C.V. OF Y = "FUSING" $##4.3"5((SC
RECESS/¢ M-RE >} )/ BON+Z ¥ )K100Q
’ ¢ IFNEANS=" TRUE" THENR2=RMSS A THSSELSER2=R8S/ TS5
2312 PRINT"MULTIPLE CORRELATION COEFFICIENT (R¥%2) = "§iR2
2343 AB=INKEY$
. SLFAS=""THEN2343
23530 GOSUB44000
- 2360 EFFH$="TRUE" THENE$="WITHOUT"ELSEB$="WITH"
237¢ €L.S
PRINT@448+"WANT TO VIEW THE ANOUA "B$" THE MEANT (Y/N) —=> "3
iFL=1
IGUSUBLS
C CIFING="N" THEN2380ELSELIFIN%="Y" ANDE$="WITH" THENFM$="TRUE"
L seIU2190
tELSEF M$="FALSE"
{GOTO2200
2300 LEFMEANS=" TRUE" THENB{ N+2 )=1ELSEB( N+2)=2
2390 .€LS
WWKLINE2448 " SAVING THE COEFFICIENT MATRIX "B" TG DISK."
;.400 Be NTE =N
$BE ML )=ESS/¢M-RR >
tBE NE3 Y=RR
VP ORL=1TUNT8
‘At Erl )=B( 1)

INEXTI
SNS(1 d="1"
(FE§="BNL1"
IL$="BLI1"
tE%="BMILY

tR=NE8
iE=1
{GOSUBL2Y
2402 CLS

- IPRINT@448+"COMPUTING INVERSE¢X“X) AND SAVING IT TG DISK.”
2405 FORI=1TON

20



INGCI )=STR$CI )
INEXTE
SET COLUMN LABELS CORRECTLY
"2410 FORI=1ToON
IFORJI=1TON -
SUC Tod J=SVC 1)K Jo 1)
INEXTd» I
. SFORI=1TON
tFORJ=1TaN
LACTrd =0
{FORK=1TON
AT 1=AC Tod MV IoK IKUK Ksd )
- ANEXTR #.d»1
F$="XPXI"
:u“$=l' 1 11}
tR=CL
o ie=C1
16aSUB222
2430k NT@448, "CARE TO <SZEE OR <PYRINT THE X‘X-1 MATRIX OR "
{PRINT" <CIONTINUE? -3 "
 16OSUB1S
$EFING="C" THEN2420EL SEIF IN$="5" THENGOSUB4 40EL SEIF INS="P" THENGOSUB620
2416 GOTO2415
2420 RUN" GLM2/ BAS"
2430 END
10000 7 KEBKRRARKARREK KRR AR K
10010 ‘ SUBROUTINE FPROB
10040 * INPUT
© 3 FR=R RATIO DN=NUMERATOR DF DD=DENOGMINATOR DF
10050 ‘ OUTPUT
_t FB= PROBABILITY OF F
YO0 < A1LLLI1ELIFLIIALLL1111
10065 X#=1
S IFFRL 1 THEN10080
10070 S#=DN
. iT#=DD
L ZZ#=FR
1GAT010090
| 10080 S#=DD
ST#=DN
$ZZ4=1/FR
10090 J5=2/9/5%
KE=2/9/TH
SZB=KSKZZHEC 243 1445
1GOSUB10500
Y B=ABS(C 1-KS )KZZLC 143 )~ 145 )/ 238
 IEFTC4THENLOL 10
10100 Xd=45/C LEYHKS o 196854 HYEKE 115194 +YHKE 000344+ YEXL 019527 1)) L4
SXF=INTC X$X100004.5 /10000
 1GOTO:O120
10110 Y#=Y4%¢ 1+, 0BKY$L4/THL3)
 160TELI0100
10120 IFF#>1THENLO140
10130 Xd=1-X#
10140 FB=1-X#
10150 RETURN
10500 Z3#=50K¢ Z#)
N Z3=( ZIHHIEAZ3H)/2

21



$Z34=( Z3MHZH/Z33 )/2
SRETURN.
40000 M=50
IN=25 ,
SDIM NSCN)sACHaN Iy WCN) s UCHeN Dy UCN SN Dy RVLEND s YC M2 1 J9 BON4B JsSUCN ¥
40015 MY=-99 .99
40020 RETURN
| 42000 CC=LENCTS)
$ZZ=INT{ 30-CC/2 )
IPRINT TABC ZZ )5 T8
SRETURN ,
t‘ CENTERING ROUTINE
43000 END
44000 AS=INKEY$
© {IFAS="" THEN44000ELSEIFASC( A% )=64 THENEOSUB670
44010 RETURN

APPENDIX II. Source code listing for program GLM2/BAS

10 CLEAR 500
STX=-1 .
:GDT01041
{“GLM2/BAS VERSION 10-29-80
C13 7 BRI KKK KRR KKK KRR AARKKARKKK
14 ‘ANSWER INPUT ROUTINE
15 P=(¢ 256XPEEK( 16417 }+PEEK( 16416 ))-15359
{IF- ABSCFL )=1THEN16ELSE24
16 INg=""
{PRINT@P » CHR$( 136 )5
S X=1
17 INS=INKEY$
~ SIFINS=""THEN22
18 IFFL=—1 AND ASC(IN$ )>47 AND ASC( IN$ )<58 THEN 21
19 IF FL=1 AND ASC(IN$)>64 AND ASC(INS )<91 THEN 21
20 €0TO 22
21 FRINTEP » INS
S RETURN
22 LX=tX+1
- SIFL<16THEN1Z
23 PRINT@P," “;
$FORLX=1T025
~ SNEXT
1GOT016
24 PRINTEF s CHR$(136);
. "IN‘=II 1] .
SLX=ARS(FL)
. $COSUB34
.25 AY=INKEYS
$IFA$=""THEN25
26 IFA$=CHR$( 13 )THENPRINTCHRS( 15)5
 IRETURN -
27 IF A$=CHR$( 8 )THENIFINS<>" " THENPRINTAS
SPRINTCHR$( 136 )5 CHR$¢ 24 )5
STN$=LEFT$( IN$ s LENC IN$ )—1)
S X=LX+1
$G0T025,
IELSEGOTN?8
28 IFA$=CHR$( 24 YTHENPRINTCHR$( 29 )5
{GOT024

22



29 IF FL>O ANDN ASC(A%):>31 AND ASC(A$)<91 THEN 32
30 IF FLKO AND ASC(A%$)>=40 ANI ASC(A%$)<58 THEN 32
31 GOT0 25

32 IF LX=0 THEN 235

33 PRINT A%y, _
TINS=INS+AS
tLX=LX~1
. 607023
34 FOR IX=1TOLX-1
IPRINT CHR$(136)3
INEXT :
SFORJIX=1TOLX
$PRINT CHR$(¢ 24 )}
INEXT. .
SRETURN
< 90 HHOK KKK KOO K IOKOKOK KK R KoKk ok kokokololokokskekokok
‘52 ‘CHANGE VARIABLE NAMES -
LI TV IIIIIIII
56 Ls -
) L APRINT@448y"WHICH COLUMN’S NAME WILL BE CHANGEDR? --3-
F=-2
{GOSURLS
$XJ=VAL( INS )
tPRINT -
PRINT"PLEASE ENTER NEW NAME -- "
"FL=8
$GOSUBLS
NS¢ XJ )I=INS
IRETURN
- 100 7 kickkkok kKKK KKK o0k okkkoksokkkokkkkok
< 110 ‘READ SEQUENTIAL DATA SET FROM DISK
RY BRIV IIIIIIIIIIIIIIIS
125 CLS
130 PRINTR448y"ENTER FILENAME OF DESIRED DATA SET —-> "3
. (INPUT F$ '
135 FFH=F$+"N"
tLs=F$4+"L"
- Fe=Fe4 M
140 OPEN " 1"y 15FF%
SINPUTH#1yRSC
tCLOSE L
© V" GET RsC VALUES
145 OPEN "I"s1sL$
- tFORK=1T70C
SINPUTH#19NS(K)
. INEXTK
146 CLOSE
150 OPEN "Tiy1yF$

160 mm=.1"rorc
IFORJ=1T0C
SINPUT#1sACTyd)
INEXTJ» I
170 CLOSE 1
180 RETURN
190 7 BXRBEKRRRROOKROOOOOCK KKK KRR KRk
200 * WRITE A SEQUENTIAL MATRIX TO DISK
200 “//LII11111170771770777
220 CLS
tPRINT@448, "ENTER FILENAME OF NEW DATA SET --> "3
SINPUT F$
tPRINT

SPRINT"ENTER DISK DRIVE # WHERE DATA SHOULD BE SAVED -—> "3

23



SINPUT DD$
222 FF$=F$+"N$ " +DD$
SL$=F$+"L 3" +DD%
 SF$=F$4+"Mi"4DD$
225 FOR JQ=1T0C
$IF LENCNS$CJE))=0 THEN N$(.JQ)=STR$(.JQ)
226 NEXT :
230 OPEN "0" s1sFF$
-~ PRINT#1sR5CH
~ {CLOSE1
240 OPEN "0"s1sF%

*

250 FORI=1TOR
TFORJ=1T0C
IPRINTH#1,AC Iy )5
INEXTJd»

260 CLOSE 1

263 OFEN"O" s1sL %
{FORI=1TOC
IPRINTHLINGCI )" "5

INEXT

_+CLOSE
270 RETURN
290 REM kiciokolkokkikkikokiciooksoior ok okor ook okkookokokok ok k
295 REM - SUBROUTINE INPUT

300 ‘1. THIS SUB READS FROM THE KEYBOARD
/305 ‘2. MATRIX A IS LOADED AND CAN BE SAVED ON DISK
325 ‘6. 14-AFR-79
335 REM KRRk KRR KRR KRR O KRR KKK KKK KKK KKK
340 CLS .
345 INPUT "PLEASE ENTER: NO. ROKS AND COLS (RsC)i—=3> "§RsC
350 FL=8
© IPRINT
(FOR J=1T0C
(PRINT"ENTER THE NAME FOR VARIABLE "35J3" --> "j
{GOSUELS ‘ '
INSC J)=IN$
IPRINT
INEXT
355 CLS
365 FOR I=1 TO R
370 PRINT "ROW "5I
375 FOR J=1 70 C
380 FL=-12
~ IPRINT "FLEASE ENTER: VALUE OF COLUMN "3J" --> "5
{GOSUB 15
385 PRINT
390 AC Tod )=VAL( IN$ )
395 NEXT J
- 400 NEXT I
. 430 RETURN
435 END
440 £ BARKRKKRRKKRIKKRIKRRIAK KRR KKK KO K KKK K
445 . SUBROUTINE VIDEO
450 DISPLAYS MATRIX AC(R»C)y13 ROWS BY 4 COLUMNS AT ONCE
455/ USES ARROWS IN ALL DIRECTIONS TO SEE DIFFERENT PAGES
460 * OF DATA. "CLEAR" WILL TERMINATE DISFLAY
500/ KRKARKKKRRKKKKKAAKKRRAAAKAAKAAAKKKKRIAKKKKKKKKKKIKKKKK
510 CLS '
{IFR=0 OR C=0 THEN RETURN ELSE JJ=INT(C/4.141)
SII=INT(R/13.141)
515 I=1
=1

24



525 IF R-13%I»=0,0 THEN N=13 ELSE N=13+(R-13%I)
535 . IF C-4%J>=0,0 THEN L=4 ELSE L=4+(C-4XJ)
540 CLS

SPRINT"COLS" 5

IFOR KK=0TO(L-1)

IPRINT TABC 14%KK+8) N$C(KK+1)+4%(J~1))5
545 NEXT KK

PRINT

550 PRINT" ~ - --
555 FOR M=1 TO N
560 PRINT "R"3M+13%(I-1)5"3"5
565 FOR K=1 TO L
570 A=AM+13%KC I-1)sK+4%( J=1))
. 575 PRINT TABC 14X K-1)48) A5
580 NEXT K-
: SPRINT
585 NEXT M
586 AB=INKEY$
_IIFA$=""GOTO586
587 IF ASC(AS% )=31THEN619ELSEIFASC( AS )=9THENSSBELSES90
588 IFJ+1>JJTHENd=1ELSEJ=d+1
589 GOTO 525
590 IF ASCCA% )=8THENSY1ELSES93
591 IF. J-1<=0THENJ=JJ ELSE J=J-1
592 GOTO 525
593 IF ASC(A%$ )=10THENS94ELSES96
594 IF I+1:IITHENI=1ELSEI=I+1
595 60TO 525
596 IF ASC( A$)=91THENS97ELSES?9
597 IF I-1<=0THENI=IIELSEI=I-1
598 GOTO 525
599 IF ASCC AS$ )=64 THEN 600 ELSE 601
600 GOSUB 670
. i160TOS25
| 601 IF ASC( A$ )=46 THEN GOSUB 50 ELSE 618
602 GOTO 525
618 co-'rosaa
619 RETURN
© tEND
620 * KRKRKKKKKAKKKHRAKKKAKKAAAK KKK AAAKRRKKK KA KK K AR KK
622 'LINEPRINTER OUTPUT ROUTINE
623 IF R=0 OR C=0 THEN RETURN
624 AN$="DATA SET NAME --> "
ICLS
'PRINT@4485 "PRESS <ENTER: WHEN PRINTER IS READY.";
PINPUT AN
S TS=LEFT$CF$yLENC(F$)-1).
STS=ANS+TS
1GOSUR42000
" ILPRINT TARCZZ)5TS
SLPRINT * v
SLERINT » »
630 JJ=INT(C/4,1+1)
C STI=INTCR/200.1+1)
632 FORI=1TOI3I
634 IFR-200%1>=0,0THENN=200ELSEN=200+({ R~200%1 )
636 FORJ=1T0.dJ
638 TFC-4%J5=0  OTHENL=4ELSE L=4+(C~4%J)
640 LPRINTCOL 3"
PFORKK=0TO( L-1)
ILPRINT TABC14KKKH8) NSCCKK+1)H4X(I=1))5
642 NEXT KK
644 LPRINT" ©

25



56 LI FINT H oo e o e e e e e

643
650
832
654
654
458
- 660
662

. b6

466
668
679
871
672
673
674
673
676
679
480

681
682
683
684
685
686

487
488
. 489

690
1000 7 sokkolkokkakokorkikokck ok dokokaoiololokiordok ok ok kork

FOR M=1TON

LPRINT "R” $H+200K{ I-1)5" 3" 5
FOR R=1iTO L

A=A R 20080 IT-1 )y K+4%(d~1))
LFRINT TAR(C14%(K-1)48) Aj
NEXT K '

LFRINT

NEXT M
LPRINT v "
UH_FRINT "
SLFRINT *

NEXT JoI

RETURN -

fxAckiociok ook iRk ok Rk kK ook Kk Kk
‘GCREEN PRINT ROUTINE- ACTIVATED BY PROGRAMMED

90003070022220202222227;

IF PEEK(14312)<>63 THEN RETURN
LFRINT STRINGSC 64s"4")

FOR N= 15340 TO 16383 STEF &4
Av$ ey 1] " N

FOR 0=0T063

Z=PEEK( NG )

VIFZS0ANDZ 27 THENZ=Z+64ELSEIFZ<{32THENZ=32

IFZ>=127 AND Z<=191 THEN Z=42
B$=CHR%$( Z)

AB=ASRS

HEXT Q

IF PEEKC14312)<>63THEN RETURN
LERINT » "

ILFRINT A%

NEXT ®
LFRINT STRING$( 645" +")

FORN=1TO3
LPRINT *0 ¢
NEXT

RE TURN

1010 7 ANOUA TESTS OF HYPOTHESES

1020 ¢ INPUT REQUIRED IS XPXIsBsYsX FROM DISK

1030 ¢
NN IV II I I I I I I I
1041 CLS

IPRINT@4585 "REAIING THE X MATRIX FROM DISK."

1045 GOSUB 40000

{’ DIHENSIONING ROUTINE

1070 Eg="X"

{GOSUZ1 35

< Y READN X FROM BISK
1075 FORI=1TON |

IX$HCT)=NSCI)
HEXTI

{“CREATE GUIBE FOR DESIGN MATRIX

1078 £1.5

AFPRINT@458y "COMPUTING THE X’ X MATRIX."

1030 FORI=1TOC

1085

26

CIFORJ=1T0C
IXPX(I0d)=0

IFORK=1T0R

IXPRCEs I = XPX Do d JHACK s T IXA(KSJ )

INEXTR eI T

¢ COMPUTE XPX MATRIX-NOTE X’ -->A(KsI)
3 j=(C

n



SFORT=1TOC
JFORJ=1T0OC
.ﬁ(fyﬁ) XKPR(Isd)
'“-:‘( TJsd
e -
’DPTﬂT@448y"SAUING XPX MATRIX TG DISK.™
F =" XPX"
ery‘ f=rgr
(GOSUR222
1090 CI5.
TPRINT448y "HISPLAY THE XPX MATRIX? (Y/N) -=3 "}
- dFL =1
©IR0RURLS
. CIFINS="N"THEN1110
1100 GOSUR440
S 1110 GRS
,’PHINT@448v"PRINT THE XFX MATRIXT (Y/N) —-=3= "3
Fl=
..Goqudid ‘
IFINS="N"THEN1115ELSEF$="XFX
(GOSUESZ0
1115 CL.s
¢PRINTE4485 "COMPUTE TYPF I ESTIMABLE FUNCTIONS?T (Y/N) -->
H S I
+GO3URLS
.IF]N&‘“N"THENJl?O
1120 CL.&
’FhIN1@4487"CGMPUTING THE TYPE-I ESTlﬁQWLE FUNCTIGNS.”
1130 FORI=1T0OC
y AFORI=1T0C
AT s )"'
COE{ IsJ)=0
. ANEATdS I
U SET AsB TO ZERO -
- 1140 FORJ=170C
PACL s )=XPA(1sd)
3Bty )=A01s)/A0Ls1)
TOUINEXATY
1150 FORK=2TOC
FORI=KTOC
+8HM=0
CGFORL=1TOR-1
LEUM=8UMTA Ly K )KB{ Ly.J)
CINEXTL
PACK I )=XPX (R g )-5UN
’ PIFRAS( A Ky d ) )L, 0OE-STHENA( K »J )=0
1153 NEXTS
- FORJ=KTOC
IFAKYR ) rOTHENR( Ky J)=A(K»J )/AC Ky R )ELSE1158
1158 NEXTI - ‘
11538 NEXTK
1180 R=C
FORI=1TOC
(FORJI=1TOC
AU T I =BT )
SNEXTds I
}GOSUﬁﬁlO
11790
"FKIWT@448v"ﬁO YOU WISH TO PRINT THE ESTIMARLE FUNCTIONST
tFL=1
LGOBURLS
: CIFING="N"THENL11%0
1180 F4="EGTIMABLE FUNCTIONS *
{GO5URG22

-

";

(Y/N) ===

27



1190 FHN' fsl ."id/ Bas”

QN"*\; "N

TIM NECNDsAIMeNIs XOMyN ) s BUMaN ) s XFXOMaN ) s XS N)

40015 MU=-99,99
40020 RETURN

42000 "1(:[ ENCTH )
. INT{30-CC/2)
SFRINT TARLZZ)oTE
IRETURN
3-" EZENTEF\'ING ROUTINE

3#=" " THEN44000EL SEIFASC( A% )=64THENGOSURE70
44010 RETURN

APPENDIX III. Source code listing for program GLM3/BAS

3 ‘CHANGEDF THE ORDER OF ON ERROR IN STATEMENT 9020-9051
10 CLEAR 300 -

$TX=-1
{GOTOL041

. ¢ GLM3/BAS VERSION 12-18-81
13 7 okioiokekdookioioioioiioooookoiookiorokiokeiokooioiololoricokkoksorRiok
14 /ANSHER INPUT ROUTINE
15 P={ 2SH6XPEER( 16417 MPEER( 16416 ))-15359
< tIF ABS(FL J=1THEN1&ELSE24
14 INg=MY
'F'lv.lNT@F‘vCHR‘.b( 1365
’ tLX=1
© 17 INS=INKEY®
SIFING=""THEN22
18 IFFLL=~-1 ANI ASC{ IN$):-47 AND ASC(IN$ )<58 THEN 21
¢ IF. FL=1 AN ASCCINS):»64 AND ASC(IN$)<91 THEN 21
2 0y 29
30 6382, s
RETURN
22 1X=L.X+1
SIFLS18THENLY

23 F‘RINT@P "y
- FORLX=1T025
’NF'XT
GOTOLS
24 PRINTRFs CHR$C 136 )3
.iN!’_.! n

. LA=ARGIFLL)
. GNSUR3S -
25 AF=INREYS
© o LIFA%=""THENRS
26 IFAF=CHR$CIZ3 ITHENPRINTCHRS 15)5
CIRETURN
27;F AE=CHR$C B ITHENIFINS <" " THENPRINTAS
RlﬂTCHR$\136)»CHR$("4);
:IN$=LEFT$(IN$:LEN(IN$)—1)
tLK=X
1607025
{ELLSEGOTO28
28 IFAE=CHR$( 24 YTHENPRINTCHR$( 29 )5
GOTO24

28



29
30
31
32

IF FL>O AND ASCCA%$):31 AND ASC(A%$)<91 THEN 32
IF FL<O AND ASC(A$)>=43 AND ASC(A%$)~ S8 THEN 32
GOTO 257

IF LX=0 THEN 25

33 PRINT A%3

PINS=INE+AS
LX=LX=1
GOTOES

34 FOR TX=1TOLX~-1

FRINT CHR$(136)5

CINEXT

100
0 ‘REAL SEQUENTIAL DIATA SET FROM DISK

120
125G

-130

135

140

145

IFORJX=1TOLX

IPRTNT CHR$( 24 )3

ENEXT

SRETURN -

* RRROROORCIO KRR RORKK KRR

CILIIIIIIII I FE7117 ]
CLS

PRINT@448,"ENTER FILENAME OF DESIRED DATA SET ——> “j
"UINPUT F$

FF$=F$+"N"

SLB=Fg+L "

IF$=F 4+ M

OPEN "I"y1sFF$
JSINPUT#1sR»C

{CLOSEL

1'GET RyC VALUES

OPEN "I"y1sL%
IFORK=1TOC

OLINPUTHL s NSCK)

146
150

140

SNEXTK
CLOSE
OPEN “I",15F%

FORI=1TOR
SFORJ=1TOC
SINPUTH1 9AC T5d )

CINEXTJS T

179
- 180

190
200
210

1220

CLOSE 1

RETURN ,

* RAOORRRKORRIIOOK R IO AR KR KK
“ WRITE A SEQUENTIAL MATRIX T@ BISK

V00000200 0000000707,

LS

'PRINT@448y "ENTER FILENAME OF NEW DATA SET -—> "5
SINPUT F$

CIPRINT

GPRINT"ENTER DISK DRIVE # WHERE BATA SHOWLE BE SAVER ——> "
CINPUT ODS

CFR$=F$+"N{"+00%

IL$=FS UL HDDS

tFB=F 4" M $0D%

FOR JA=1T0C

LIF LENCN$C.JQ))=0 THEN N$¢ J@)=STR$¢ J@)
NEXT - -

OPEN "0"»1sFF$

CAPRINT#1sRSCH

ICLOSED
OFEN "0" y15F%

FORI=1TOR
FORJ=17T0C
GPRINTHLsAC T ed )9 29



CINEXTJYI
260 CLOSE 1
265 OPEN"0" y1sL$
SFURI=1TOC
IPRINTH#LyNSCI 5" 9" 5
INEXT -
(CLDSE
270 RETURN
920 GOTO 735
1000 FHHHOOROROKR RO
1010 ¢ ANOYA TESTS OF HYPBTHESES
1020 INFUT REQUIRED IS XPXIsBsYsX FROM DISK
1030
R IIIIIIIIIIIIIIIIIII
1041 CLS
IPRINT@458, "READING THE G ANB XPX MATRICES FROM DISK."
- 1045 GOSUB 40000
_ $DIMENSIONING ROUTINE '
1050 Fé="XPXI"
1 COSUB13S
1/ READN XPXI FROM DISK
1060 FORI=1TOR -
IFORJ=1TOE
I6¢ Ied )=AC T ed )
INEXTJST -
1070 F$="XPX"
{COSUR13S
! REAR X FROM DESK
1075 N=C
1C8=C
IFORI=1TON

PELINSCD
{’CREATE GUIDE FOR DESIGN MATRIX
1085 CLS S
. IPRINT@458 "COMPUTING THE H MATRIX.”
1090 FORI=1TOC
{FORJ=1TOE
. SHCIsd)=0
" IFORK=1TOE
EHC T9d )=HE T 0d HGC T 2K IKAC K9 d )
INEXTK»J 1
1/ COMPUTE THE H MATRIX
1095 CLS
IPRINT@458,"READING THE B MATRIX FROM DISK.”
1100 F$="R"
{GOSURL3S
IN=A(R 1)
IFORI=1TON
IBCI)=ACIs1)
INEXTI _
ISIG=ACN+1y1)
“READ THE B MATRIX FROM DISK
1110 CLS .
IPRINT"CREATE THE. TEST MATRIX ¢(K) OF K‘B=n"
tPRINT
td=1
1120 N=C8
LFORT=1TON
_ 'PRINT"ENTER THE DESIGN VALUE FOR "X$¢I)' —> "3
{FL=-8
tGOSURLS
KO T 5 d )=UALC ING )
PPRINT

30



INEXTI
IFRINT

IPRINT"ANOTHER DESIGN COLUMNT (Y/N) —> "3

sFL=1
+GOSURLS
1130 IFIN$="Y"THEN1140ELSE1160
1140 J=Jd41
- HIFJI=NTHEN1120EL SEPRINT " SORRY .
1150 A$=INKEY$
CIFAS=""THEN1150:
1160 JJd=J
‘CLS
IPIRINT " CREATE THE MATREX ¥ OF K*
{PRINT-
- 1163 FORI=1TON
NI =0
'NEXTI
*INITIATE M AS THE NULL VECTOR

NG MORE DEGREES OF FREEDNOM REMATINING.™

-.“u

1170 F'I-\INT" IS M THE NULL VECTOR?T ¢Y/N)Y ——> "§

. SFL=l
"{GOSURLS
IF lN‘S“‘"N*”THENIlSOELSEll?@
1180 FURI=1TOJJ

’FF.‘INT"E.NTER M VALUE FGR CONTRAST # "I" —-=> "§

0FL""'"4
SGOSURLS
$HC T )=VARL IN‘$ )
PRINT
' sNEXTI ,
1190 GOSUE&000
. 4 CHECK FOR ESTIMARILITY
T1195 IFTX=~1THEN1110
1200 C1.5
© IPRINT2448y"PLEASE BE FPATIENT.
1203 FORI=1TON :
) © KBTI D=0
SNEXTI
1210 FORJ=1T0J.J
(FORI=1TON
TAIRBECI)=RKECT MRE Tod JKBE T )
_ INEXTIsd
1220 FORI=1TOJJ
CIRECI)=KB( L )-M¢ 1)
-,NEYTl
o VRTBE-M NOW IN KRB( W)
f1230 F(JHI 1TON
FORI=1TOdS
AT T sd )20
SFORR=1TON
AT Ded =T IyJH-G(IrR)*N(KvJ)
CWNEXTKeJ»I
AFORI=1TGdS
FORJ=1T0J4d
AU Ty 0 )=0
tFORK=1TON
CAC T s )=AC T od MHRCK2 I )RTCKsd >
.NE;(Tl\’JlI
¢ K GK COMPUTED A5 A
1235 FORI=1TON
CIFORJI=1TON
VIFAKSO A Iy ) )IIE-STHENAC I »d )=0
1236 HEXTJ»I
240 “Llg="1"
AFS="RPGK"

COMPUTING SUMS OF SAUARES.™
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R
0=
FORTI=1TO0d
PN T)=8TR$C T )
INEXTI
HGOSUR222 -
{"SAVE K/GK ON DISK #1
1250 IF JJ=1THENAC 151 )=1/A¢151)
1GOT01260
{EL SEGOSUBBS00
! IF JJ=1 THEN JUST INVERFs ELSE CALEWATE THE INVERSE
1260 FORI=1TOJ.I .
SID=0
IFORJ=1TOJ]
$JCT =0 T )HAC Ted YKKEC J )
INEXTJ» I
18=0
(FORI=1T0JJ
SO=0+KEC T PKJE T )
INEXTI ‘
i’ CALCULATION OF &
1280 CLS ‘ .
IPRINT@448s"DF= "JJ" SSCHO)= "@" MSECHO )= "@/J.d
SPRINT ~
\ERINT"TEST ANOTHER HYPOTHESIS?T €Y/N)Y —> *j
{GOSUELS
. SIF IN$="N" THEN1290ELSE1110
1290 CLS '
IPRINT@4485 " RUN ANOTHER PROBLEM? ¢Y/N) -—> "§
IFL=1
{GOSUELS
, PIF INS="Y" THENRUN" GLM1 ABAS"ELSEENE
6000 7 HAKKHKIRAKKRKKIKIAKAIKAAAAAK KRR KKKK KK AN
6010 ‘ROUTINE TO CHECK FOR ESTIMARILITY OF KB=M

© 6020  TEST IS

P KYH=K’
8030 *SSIISLILELIFFLFFRFLIERLS
6035 CLS
IPRINT@458s "CHECKING FOR ESTIMARILITY."
6040 FORI=1TOMJ
‘FORJ=1TON
iKH=0
{FORK=1TOMN
SKH=KHHKC K T YKHCK s d )
INEXTK
. $IFABSC KH )< 1E-STHENKH=0
6050 IF ABSCKE.J»I) )¢ ABSCKH)+1E~3 JORABS( K€ J»I ¥ M¢ ABSE KH »-1E-3 )THENGOBO
6060 NEXTJ» I
6070 TX=1
© IRETURN
. 6080 CLS ,
IFRINT@448:" THE FUNCTIONS IN THE K MATRIX ARE NOT ESTIMABLE. PLEASE TRY AGAT
N,
SPRINT"<ENTER> TO CONTINUE."
6070 AS=INKEY$
LIFA$="" THEN6090

6100 TX=~- :

_ IRETURN
8500 REM KAk HKRR K000 KOOIk R K
8510 REM SUBROUTINE FOR MATRIX IMVERSIOM

8520 © EMPLOYS GAUSS—-JORDAN ELIMINATION WITH COLUMN
8530 © SHIFTING TO MAXIMIZE PIVOT ELEMENTS.

8340 ¢ '
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8550 ©  INFUTS

8360 1 .A{I»I) MUST BE A SQUAREs NONSINGULAR MATRIX
8370 - N = ORIER OF MATRIX

8580 -

8590 ¢/ 0QUTFUTS ~

8400 ° ACNYN) CONTAINS THE INVERSE
8610 DETM CONTAINS THE DETERMINANT
T 8620 1 . DTNRM CONTAINS MAGNITUDE OF DET/EUELIDIAN NORM

. B630 1

8640 © NOTE A
¢ THIS ROUTINE TESTS FOR A SINGULAR MATRIX
8650 " AND PRINTS AN ERKOR OUT IF A(NsN) IS SINGULAR

8660 REM KAkl ki kKRR IO KKK AK R R
BA70: NN=N
IN=JT
8710  PI=1,0
8720 FOR L=1 TO N
8730 D=0 .
8740 FOR K=1 TO N
8750 DD=DI4A(LsK IKA(LsK)
8760 NEXT K _
8770 DO=SAR{ L)
- 8780 FIi=PEXOL
8790 NEXT L
8800 DETH=10
8810 FOR L=1 TO N
8820 J¢ 420 )=L
8830 NEXT L
8840 FOR L=1 TO N
8850 CC=0.0
8860 H=L
- 8870 FOR K=L TO N
- 8880 IF((ABS(CC)-ABS(A{LIK))) > 0.0) GOTO 8910
8890 M=K
8900 CC=A(LsK)
8910. NEXT K
8920 IF L=M GOTO 9010
8930 K= M+20)
8940 J¢ MZO )=J¢ L+20)
8950 J{ L+20 )=K
- 8960 FOR K=1 TO N
8970 S=A(KysL )
8980 ACKsL )=ACK s M)
BIF0 AL KyM )=5
9000 NEXT K
19010 ACLsL)=1,0
9020 LETM=DETMXCC
‘9029 ON ERROR GOTO 9380
5030 FOR M=1 TO N
9031 PRINT ACLsM)sLsMsCC
9040 A LsM)=A(Ls M )/ET
2050 NEXT M
9051 ON ERROR GOTO 0
9060 FOR M=1 TQ M
9070 IF L=M GOTO.9140
9080 CC=AC Mok )
9090 IF CC=0.0 GOTO 9140
9100 A{HsL )=0.0
5110 FOR K=1 TO N
7120 AL MoK )=AC MaK )-COKAL LK )
9130 NEXT. K '



9140 NEXT M

9150 NEXT L

9160 .FOR L=1 TO ¥

9170 IF J(L+20) = L 60TO 9290
9180 M=l

9190 M=M+1

9200 IF J{M+20) = L GOTO 922¢
9210 IF N > ¥ GOTO 9190

9220 J{ M+20 )=d€ L+20 >

9230 FOR K=1 TG N

9240 CC=A(LsK )

9250 AL LoK )=A¢ Mek )

9260 A MsK )=CC

9270 NEXT K

9280 J L420 )=t

9290 NEXT L

9300 DE TH=ABS¢ DETH )

3 Henes T oro sae

IRETURN .
$’RETURN N TO ITS ORIGINAL VALUE
9324 ENI
9370 * ROUTINE TO HANDLE A SINGULAR MATRIX
9380° CLS '
9390 PRINT" AM SORRY. MATRIX A IS SINGULAR.”
9400 PRINT"A SINGULAR MATRIX HAS NG UNIQUE INVERSE."
9410 PRINT"IF YOU MUST GET AN INVERSEsOBTAIN A PROGRAM"
9420 PRINT"WHICH CAN CALCULATE THE PSEUDD-INVERSE OF A"
9430 PRINT"SINGULAR MATRIX, °*
9450 END
10000 CLS
 IPRINT@448,"MATRICES Br Ys X AND (X“X)-1} WILL NOW BE READ FROM DISK,"
IF$="B"
$GOSUB135
IFORI=1TOR
$BCI)=ACIsd)
INEXTI
IN=R(R )
:F$=:”Yll.
$GOSUB135
IFORI=1TOR
- tFORJ=1T0E
CEYCIad )=AC T9d )
CINEXTJ I
©iM=R V
10010 FORI=1TOé
T OLYNSCI)=N$CT)
" INEXTI
SF$="XPXI"
{GOSUB13S
IFORI=1TON
TFORJ=1TON
IXICI9d )=AE I9d)
PNEXTJs 1
PFg=m X"
tGOSUR135
. IFM$="TRUE"
SRETURN
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40000 M=35
tN=35 -

SOTM NECNIsAEMaN Yo BEN Jo YE Mrl )y G Ny N Pe XPXE NN JoHE NoN 2o J¢ NP0 P XS4 N Yo TE NN o KE 2D

5920 )5 MC N )eKBEN )
40015 MU=-99,99
tFM$="FALSE"
40020 RETURN
42000 CC=LEN(TS)
 $ZZ=INT( 30~CC/2)
'PRINT TABCZZ)3T$
IRETURN
t’ CENTERING ROUTINE
43000 END

U.S.. GOVERNMENT PRINTING OFFICE:1983-666-764/5046
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Rauscher, Harald M.

The microcomputer scientific software series 3: general linear model —
analysis of variance. Gen. Tech. Rep. NC-86. St. Paul, MN: North
Central Forest Experiment Station; 1983. 35 p.

A BASIC language set of programs, designed for use on micro-
computers,is presented. This set of programs will perform the anal-
ysis of variance for any statistical model describing either balanced
or unbalanced designs. The program computes and displays the de--
grees of freedom, Type I sum of squares, and the mean square for
the overall model, the error, and each factor in the model.

KEY WORDS: Balanced designs, BASIC, unbalanced designs, TRS-
80, singular value decomposition.




