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THE MICROCOMPUTER SCIENTIFIC SOFTWARE
SERIES 3:

GENERAL LINEAR MODEL--ANALYSIS OF
VARIANCE..

..

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

,_.__.___, _._ INFORMATION provide postiori tests on the hypotheses, nor estimate '
. _ the expected values of the model parameters or their

confidence intervals.
Identification

Objectives
Name: General Linear Model-ANOVA (GLMA)

Location: North Central Forest Exp. Station The GLMA program and user's guide will:
1831 Highway 169 East

Grand Rapids, MN 55744 (a) Provide users of small computers with a gen-
Language: Microsoft BASIC eral purpose analysis of variance program, and
Computer: Radio Shack TRS-80 Microcomputer _

• (b) Document the program to allow user imple-
Summary mentation of extensions.

Intended Readership
Program GLMA performs an analysis of variance

(ANOVA). No a-priori restrictions are imposed on the Self-sufficiency in the area of computer data anal-
types of experimental designs that can be analyzed, ysis is becoming increasingly more important, de-
Unbalanced as well as balanced designs may be an- sirable, and financially attractive. As used above,
alyzed and the linear model may contain nested or self-sufficiency in data analysis is defined as (1) im-
cross classified factors. The user is required to set mediate, desk top access to data analytical tools, (2)
up estimable functions that lead to testable hy- cost of computer use not a function of time on the
potheses. An example illustrates how to obtain the system, and (3) the power to add to, delete from, and
Proper estimable functions to compute the most fre- alter the data analysis software. This is one of a
.quently needed sums of squares for hypothesis test- series of BASIC lanquage programs designed to help

: ing. interested users achieve data analysis self-suffi-
• ciency. The most important non-equipment related

The GLMA program displays the overall model requirements to achieve data analytical self-suffi-
ANOVA table, the degrees of freedom, sums of squares, ciency is the ability of the user to program. Those

. and mean square for each hypothesis to be tested, who choose not to be programmers should either have
The user. must select the appropriate error mean access to a programmer or depend upon packaged
square for each F-test, compute the F statistic, and data analysis systems to meet their needs.
look up its significance level in a table of F-values.

All users of BASIC programs should find this soft-
The current Version of GLMA does not perform ware of value either directly or as a source of com-

covariance analysis, compute variance components, 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-

_Mentionof trade names does not constitute en- edge. Users of small computers with other BASIC
dorsement of the products by the USDA Forest Service language implementations will need to reprogram



certain basic statements. Frederick et al. (1979)have Quick Reference Guide
prepared an excellent guide for translating programs

between, dialects of BASIC. Input requirements

All users should be familiar with the assumptions The user must formulate the statistical model to
behind analysis_of variance, how to construct a de- -be tested and label each element of the model as a

sign matrix based on a linear model, and how to random or a fixed effect element. GLMA requires
select the appropriate error mean square for each F- that an m"by 1 matrix containing the observationstest.

on the dependent variable ( Y )be defined and located
• on disk. The design matrix ( X ) of dimensions m by.

The numerical methods are presented to allow the n must also be created by the user and saved on disk•

reader to judge their suitability, before accessing the analysis of variance program.
References The m stands for the number of observations and
Buhy0ff, G. J,; Rauscher, H. M.; Hull, IV, R. B.; Kil- the n stands for the number of elements (columns)

leen, K. Microcomputer-resident comprehensive in the design matrix.
statistical' analysia. Behavior Mi_thods & Instru_
mentation 12: 551-553; 1980.

Forsythe,, G. E.; Malcom, M. A.; Moler, C. B. Com- GLMA Output
putler methodS for mathematical oputations. Pren- (a) ANOVA table,
tice Hall Inc., New Jersey; 1977; 259 p.

FrederiCk, J: N.; Ferguson, S. Hirst; Trotter, P., eds.
(b) type I sum of squares for each hypothesis,CONDUIT Basic Guide. CONDUIT, P.O. Box 388,

Iowa City, Iowa 52244; 1977; 233 p. (c) mean square and degrees of freedom for each
Golub, G. H.; Reinsch, C. Singular value decompo- hypothesis tested.

sition and least squares solutions. Numer. Math.
14: 403-420; 1970.

Goodnight,:J. H. Tests of hypotheses in fixed effects APPLICATION
. linear models. SAS Tech. Rep. R-101, SAS Institute

Inc.; Cary, N.C. 1978. 15 p. Introduction
Helwig, _J. T.; Council, K. A. eds. SAS user's guide.

Cary, N.C.: SAS Institute Inc.; 1979. 494 p. This section of the guide shows you how to use
Nash, J.: C. 1979. Compact numerical methods for GLMA. Each option in the system relevant to anal-

computers. New York: John Wiley & Sons; 1979. ysis of variance is presented, discussed, and illus-
227 p. trated by example.

Rau_cher, H. M. The microcomputer scientific soft-
ware series 1; numerical information manipula- After the model has been specified , you must set
tion,system. Gen. Tech. Rep. NC-84. St. Paul, MN: up the design matrix (X). The data from a two-way,
U.S. Department of Agriculture, Forest Service, unbalanced ANOVA experiment with interaction
North Central Forest Experiment Station; 1983a. terms (Searle 1971, p. 289) is presented in table 1 c
44 p. and will be used as an example. The linear model

" Rauscher, H. M. The microcomputer scientific soft- is:
ware series 2; general linear modelmregression.
Gen. Tech. Rep. NC-85. St. Paul, MN: U.S. De- Y uk = mu + (alpha) i + (beta)j + (gamma)u + e_k
partment of Agriculture, Forest Service, North where: i varies from 1 to 3
Central Forest Experiment Station; 1983b. 52 p. j varies from 1 to 4

' RauScher, H. M.; Buhyoff, G. J. Utility subroutines k varies from 0 to 4

•for data manipu.lations. Behavior Research Meth- With balanced data, every one of the ij cells would
ods and Instrumentation 14: 37-38, 1982. have a constant, k, number of observations. In the

Searle,. S,:RI Linear models. New York: John Wiley unbalanced case k varies.
&Sons; 19711 532 p. .

Steele, R. G. D.; Torrie, J: H. Principles and proce- To begin, initiate the operating system and acti-
:dures of statistics. New York: McGraw-Hill: 1960. vate the BASIC interpreter of your computer system.
481 p. 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

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

" _ °_I°_2°_3 _I (32B3 B4 YIIYI3YI4Y21Y22Y32Y33Y34

Ylll l . . l . . . l ....... - -':, Clll
• 1.1

Yll2 ! l . . l . . . l ....... ' _il2

¥I13 l . . l . . . l ....... Xl ell3i

Yl31 : .l .... l . l ...... x2 el31
,

Yl4.1_, l l ..... l . . l ..... x3 el41

"fi42i I 3 ..... I . . I .....  142
v"211 l . l . l ...... l .... B2 c211

Y212 l . l . l ...... l .... B3 c2121

"Y221 l, . l . . l ...... l . . . B4 c221,
"" .,.,,.,,_

"Y222 l . l . . l ....... l . . . Yll c2221

Y321 1 . . 1 . 1 ....... - 1 . . YI3 c321
.,

Y322 l . . l . l ....... l . . Yl4 c322

Y331 1 . . 1 ._ . 1 ....... 1 . Y21 c331

Y332 l . . l . . l ....... l . .Y22 c332

Y341 l . . l . . . l ....... l Y32 c34i

Y342 l . . l . . . l ....... l Y33 c342

Y343 l . . l . . . l ....... l Y34 c343

Y344 l . . l . . . l ....... l "--- c344
• __ __ ,.....,.w

• Y=XB+E

FORESTRY SCIENCES will exit the program and return control to the BASIC

LABORATORY, interpreter, number 3 is used to read a data matrixfrom the disk, and number 7 allows printing of the
U.S. ,,FOREST SERVICE data matrix.

• .

If matrix Y is not already stored on disk, select
MENU FOR: GENERAL number 5 to enter it from the keyboard, When you

LINEAR MODEL-ANOVA are asked for the number of rows and columns (m,n)
in the matrix, enter <18,1>. Then, when you are

' 1. RETURN TO MAIN 2. GOTO BASIC asked to give the first column a name, enter <Y>.
MENU' Finally, you are asked to enter the data elements.

3. READ A MATRIX 4. WRITE A MATRIX For 1,1 enter <8>, for 2,1 enter <13>, and so on '.,

FROM DISK TO DISK (see data in table 1).
5. ENTER A MATRIX 6. DISPLAY MATRIX

• After the 18th element has been entered, you are
MANUALLY ON VIDEO returned to the menu of options. Select number 6 to7. PRINT MATRIX 8. GENERAL LINEAR

MODEL display your matrix. Notice that only 13 of the 18
rows of Y are displayed at one time. Pressing the

SELECT ONE OF THE ABOVE -- down arrow on the keyboard displays the next "page"
Figure i.--Control Menu for Program GLMA. of data. Pressing the up arrow returns the first page

3



to the screen. When a matrix has more than four are given the chance to review and/or print the (X'X)- 1
columns, only four columns will be displayed on any matrix. The second program, GLM2/BAS, then au-
given "page". The left and right arrows move the tomatically loads and executes.

.'ipage" across the desired sections of the matrix. To
Program GLM2 reads the X matrix from disk and

return to the menu, press the <CLEAR> button, computes the X'X matrix. After transferring the X'X
Selecting option number 4 allows you to save Y matrix onto disk, you are given the opportunity to

on disk. When queried for the file name under which display it on the screen, print it, or continue proc-
the matrix will be saved, avoid labeling it "Y" be- essing. Next, you are asked if you want the estimable
cause .the program uses the disk file names Y, X, functions that lead to Type I sum of squares. If the
XPX; and XPXI to store intermediate results. Next, answer is yes, the computations proceed and the re-.
you are asked to specify the disk where you want to sult is automatically displayed on the video screen
store the'matrix. Using the TRS-80, always choose (table 2). Enter <CLEAR> and you can choose to
•a drive other than drive O. This practice ensures print the estimable functions.

sufficient disk storage capacity for the intermediate The third program o the series, GLM3/BAS, ismatrices:
_ read into memory, the generalized inverse of X'X and
The design matrix (X) (table 1) can be entered the X'X matrices are read from disk, and the H ma-

ontodisk the same way. Notice, however, the sparcity trix is computed. After the B vector is read from disk,
of l's in a field of O's. The X matrix can be created you are asked to create the test matrix K by sup-
easily by using the numerical information manip- plying the estimable functions. You may enter es-
ulation System (NIMS) (Rauscher 1983a). NIMS was timable functions of your own design or you may

designed to help you manipulate data matrices. It enter the previously computed estimable functions
can be used to create an 18 by 16 matrix of zeroes that will lead to Type I sums of squares. The matrix
in one command. The alter subroutine in NIMS can of estimable functions is a square matrix in which
then be used to create full or partial columns of l's. the name of row i corresponds to the name of column

i (table 2). For instance, both columns 2-4 and rows

Once Y and X are stored on disk 1, select number 2-4 correspond to the alpha effects in the model. It
-9 (fig. 1). You are asked to enter the filename of the is best to draw lines across the rows to separate the
Y and X matrices. Remember that these filenames first row, representing mu, population mean, from
arenot necessarily "Y" and "X". These are read into the remaining rows. Next, draw a line separating
the active memory and the program executes. After the alpha effect, rows 2, 3, and 4, from the remainder.

• . a variable waiting period, you are asked to enter the Draw a line after row 8 to separate out the beta
number of significant figures in the raw data. Be- effect. Rows 9 to 16 correspond to the interaction
cause of errors in the original data and errors due effect, gamma. To create the test matrix, which will
to cojmputer floating point arithmetic, it is not pos- compute the sum of squares for the alpha effect, sim-
sible to distinguish small singular values from zero ply enter every non-zero row from the estimable
singular values. A tolerance value, based on the function block that designatesd the alpha effect. In
number of significant figures in the data and on ma- this case, there are two non-zero rows in the alpha
chine precision, is used to identify the effective num- effect block, i.e. row 2 and 3. Thus the K matrix will
ber ofn0n-zero singular values, have two rows giving the alpha effect 2 degrees of

" Before thedisplay of the ANOVA table you are freedom. Similarly, the beta effect has three non-zero
, asked if you want the grand mean displayed. In-

eluding the grand mean causes the ANOVA to dislay REGRESSION ANALYSIS OF
the sum of squares that has been accounted for by VARIANCE TABLE

, the mean. This sum of squares is not presented in

the "usual" ANOVA table. Source SS SS MS F Probability

The ANOVA display (fig. 2) presents the sum of Model 7 81.9988 11.7141 2.0918 0.1399
squares associated with the overall model, the error Error 10 56 5.6

sum of squares, and the total sum of squares for the _btal 17 137.999

example. Additionally, pertinent summaries con- Mean of Response Variable Y = 11
cerning the dependent variable Y are given. De- Std. Dev. of Error = 2.36643 C.V. of Y = 21.5

pressingthe <ENTER> key returns you to the query Multiple Correlation Coefficient (R**2) = .549199
about including the mean or not. Fianlly, the B and
the (X'X)-1 matrices are saved onto the disk and you Figure 2.--ANOVA display for example problem.

.



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

_Xl c_2 (_3 81 B2 83 B4 YI I YI 3 YI4 Y21 _{22 Y32 Y33 Y34
.

_ l .33 _ .22 .44 .28 .22 .17 .33 .17 .06 .II .ll .II .ll .ll .22

_I 0 1 -.33 -.67 .33 -.33 0 0 .5 .17 .33 -.17 -.17 -.17 -.17 -.33

°_2 0 0 1 -I .5 .25 -.25 -.5 0 0 0 .5 .5 -.25 -.25 -.5, .

c_3. '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BI 0 0 -0 0 1 -.4 -.2 -.4 .6 -.2 -.4 .4 -.4 0 0 0

g2 0. 0 0 0 0 1 -.33-.67 .29-.1 -.19-.29 .29 .71-.24-.48

83 O 0 0 0 0 0 1 -I 0 .33 .33 0 0 0 .67 -.67

B4_ 0.._ 0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0J

Yli 0 0 0 0 0 0 0 0 1 -.33 -.67 -I 1 -I .33 .67

Y]3 0 0 0 0 0 0 O. 0 0 1 -I 0 0 0 -I 1

"Y'14 0 0 0 O. 0 0 0 0 0 0 0 0 0 0 0 0

Y21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

"Y'22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

'Y32 0 "0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

"Y33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Y34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

rows, i.e. 5, 6, and 7. These rows are entered as es- functions (table 3). The F-statistic, used for testing
timable functions, one at a time, thus creating a K a null hypothesis, is computed by dividing the mean
matrix with three rows and 3 degrees of freedom for square for the null hypothesis by an appropriate er-
the beta effect sum of squares. The interaction effect, ror mean square. The selection of the denominator
gamma, has only two non-zero rows which become mean square depends on the expected mean squares
the estimable functions in K, yielding 2 degrees of (ems) for each effect in the model. GLMA does not

freedom for the interact'ion sum of squares. The sum compute ems. The user must first decide whether the
i .of the degrees of freedom of the alpha, beta, and model is a fixed effects, random effects, or mixed
I gamma effects must equal to the overall model de- effects model an then calculate the appropriate ems.

greesof freedom. Given the appropriate ems and the numerator mean
squares calculated by this program, the user can

when each set of estimable functions has been readily compute the appropriate F-statistic to test
. entered, you are asked whether the M vector (right hypotheses.

hand side of the hypotheses) is zero. Usually it is.

In the example, assume that M is a zero vector. The Table 3._Analysis of variance results for the ex-
program executes the estimability check. If a K ma- ample two-way classification with interaciton (see
trix is found that is not estimable, you are advised Table 1)
and allowed to build another K matrix. If you used

the computed estimable functions, then you will pass Sum of Mean

the e_0r check. Source Clf. squares square

The program computes and displays the hypoth- Alpha 2 10.50 5.25
beta 3 36.79 12.26esis sum of squares, the mean square, and the as-

sociated degrees of freedom for each set of estimable gamma 2 34.71 17.36

.
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PROCEDURES AND structure on data transferred between disks. This

REQUIREMENTS %tandard" structure unites otherwise independent
. • data analysis programs. The input matrices required

System Characteristics by this program may be created by GLMA or by thenumerical information manipulation system (NIMS)
Program GLMA is written in BASIC for the TRS- reported by Rauscher (1983a). These two programs

80 microcomputer. The computer should have a rain- and many others (Buhyoffet al. 1980) are compatible
imum of 48K of user definable random access mere- because they both use the DIS. Because the X matrix
ory (RAM), two disk drives, and a lineprinter. Ex- contains mostly O's, it is efficient to allow the com-
perience with the TRS-80 has shown that it is best puter to create a design matrix with all zeroes. The
to mount,the operating disk with the GLMA pro- alteration routine in NIMS may then be used to
grams on disk drive 0 (see TRS-80 owners manual) change the appropriate zeroes into l's.
and use disk drive 1 to store and retrieve the data

mat ie. Becausehighlyompatibleer ion of Analysis of Variance---Theory
BASIC .are available for most microcomputer sys-

tems, I believe that this program can easily be con- Program GLMA is based upon the theory of gen-
verte d .to executeon most computer systems that eral linear models presented by Searle (1971). The
execute some dialect of the BASIC language, problem in analysis of variance (ANOVA), as in

• Performance regression, is to find a solution to:Y = X B + E- (2)
• where:

Available memory and speed of computation are Y = the m by 1 matrix of observations on the
the. primary limits to performing ANOVA using dependent variable
GLMA. The "dimensions of the design matrix (X) must X = the m by n design matrix
be set to the number of observations (rows) in the B = the n vector of parametersanalysis and the number of effects (columns) in the

E = Y-XB = an m vector of random errors
model to be analyzed. These dimensions will vary

between problems. Line number 40000 in each of the Every element in E is assumed to have variance
three subprograms that make up GLMA contains the (sigma)2and zero covariance with every other ele-
BASIC dimension statement that defines the size of ment (Searle 1971). The regression analysis problem
the response and design matrices. In general the is defined when X is of full rank, i.e. r(X)<n.
program can process an X matrix with 100 rows and

25 columns. Using fewer rows increases the maxi- In ANOVA, the X matrix is called the design ma-
rhum_number of columns possible and vice versa, trix because it carries the code for the design of the

Processing speed varies with the dimensions of analysis. It contains only O'sand l's derived directly
from the hypothesized design model under investi-the X mat;rix. The following examples may be used
gation. The solutiOn to (2) is:

as an index of processing speed: X(12,8) about 4.5 t_ = (X'X) -_ X'Y (3)
minutes; X(18,16) about 17 minutes; X(37,5) about where:

- 7.'minutes; and X(24,20) about 37 minutes. Process- I3 = the n vector of estimates of parameters
ing times were measured from the start of the pro- X' = transpose of X'gramuntil the overall model ANOVA table was dis-
played. These times could be improved by a factor (X'X) -_ = inverse of X'X.

ofl0 by compiling GLMA using the BASIC compiler However, X'X has no unique inverse because it is
'available for. the TRS-80. not full ranked. X'X does have many generalized

inverses, any one of which can be used to solve the
Data Compatibility p_oble_. Equation (3)may be restated as:

t3 = GY (4)
Program GLMA uses the data interchange stan- where:

dard (DIS! proposed by Buhyoff et al. (1980). This G = any generalized inverse of X.
standard is described in detail by Rauscher and
BUhy0ff(1982). Using a common DIS decreases pro- The singular value decomposition algorithm of
gram development time and isolates system depen- Golub and Reinsch (1970) is used to solve (4). A sin-
dencies into .small, exPlicit subroutines. Using a gular value decomposition of an m by n real matrix,
common D.IS. enforce_ a %tandard" input/output X, is any factorization of the form:

6



X = U S V' (5) can be computed from the ANOVA display wi_h the
where: . mean by first summing up the sums of _quares due.

. S = an m by n diagonal matrix of sin- to the mean and the model after the mean has been
gular values accounted for and then dividing by the sum of 'the
if Sii<q then S, = 0 " model degrees of freedom and the error mean square.
S_ = ith singular value F(Rm) (fig. 3C) provides a test of the model-E(Y) ,XB
q = a tolerance value based on the over and above the mean. F(Rm) is displayed in the

precision of the data in the X ANOVA without the mean displayed. When F(Rm)
matrix is significant, we conclude the model satisfactorily

U = an m by m orthogonal matrix accounts for variation over and above the mean. If'
V = an n by n orthogonal matrix, all three F-statistics are significant, then:

G = V S where: S �=as above except S �*�--

1/Sii . _ (6) "F(R), F(M), and F(Rm) indicate, respeci_ively, that
the model accounts for a significant portion of the

]3 = (X'X)-_ X' Y = V S �U'Y (Forsythe et al. variation in y, that the mean is unlikely to be zero,
1977) (7) and that the model needs in it something more than

the mean to explain variation in y" (Searle 1971, p.
(X!X) _ _ V (S FV' (Nash 1979) (8) 180).
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) Estimable Functions
sigma 2= SSE/(m-r(X)) (10)

Once the sum of squares for the overall model has
where: been computed, we generally wish to decompose this

sigma 2 = Residual error estimate of variance value into the various sum of squares for each main
m = number of observations effect and interaction term in the model. This amounts

r(X) = rank of X to partitioning the sum of squares of regression

SST. _ Y'Y = total sum of squares (11) (SSRm) after fitting the mean (fig. 3C). The major
_ statistical analysis packages such as SAS (Helwig

SSR = SST -SSE = sum of squares due to and Council 1979) partition the model sum of squares
regression (12) automatically by assuming the investigator desires

SSM = m * y2 = correction term for the mean to test '_standard" hypotheses. An option is available
• (13) for the user who needs to test additional hypotheses.

where: GLMA is not capable of automatically partitioning
the model sum of squares.

Y = mean of Y

The user must create the matrix of estimable func-
SSRm = SSR-SSM = regression sum of squares

corrected for the mean (14) tions (K) for testing of hypotheses:
HO:K'B = M (17)

- ' SSTm = SST-SSM = corrected sum of squares where:
of dependent variable Y (15) HO = null hypothesis under test

' ' K = matrix of estimable functions

R**2: = SSRm/SSTm = coefficient of M = right hand side of the hypothesis (often equal
determination. (16) to the zero vector) The B vector is supplied by the

' program and calculated as in (7).
TOtest hypotheses, we must assume that the er-

rors are normally, independently, and identically dis- The GLMA program supplies the user with the
tributed.: If we can make these assumptions, F(R) X'X matrix, the X'X -_ matrix, and the matrix of
(fig. 3A) tests the hypothesis that XB =0. If F(R) is estimable functions that lead to the computation of
significant, we conclude that the model accounts for Type I sums of squares. Type I sums of squares are
a significant portion of thevariation in the y-vari- discussed by Helwig and Council (1979, p. 254) and
able. F(M) (fig. 3B) tests the hypothesis that E(Y) =0, by Goodnight (1978, p. 6). This program uses the
i.e. the expected value of the mean of the Y obser- Forward Doolittle method (Steel and Torrie 1960) on
vations is zero. F(M) is given by GLMA when the the X'X matrix to compute the estimable functions
ANOVA display with the mean is requested. F(R) that lead directly to the Type I sum of squares.

.
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•(MODEL" Yijk = _+ _i + Bj + ¥ij + _ijk)
.

. Source D.F. SS MS F-Statistic
, . , ... .

Model - 8 2260 (SSR) 282.5 50.4 = F(R)

(A) Error I0 56 (SSE) 5.6

..
,

Total 18 2316 (SST)

, , ,

•Source D.'F. SS MS F-Statistic
•, . ,, , .. .

. Mean- I 2178 (SSM) 2178 388.9 = F(M)

(B) Model" _, B, y[_ 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-Stati stic

Model" _, B, YII] 7 82 (SSRm) 11.71 2.1 = F(Rm)

• ¢C) Error i0 56 (SSE) 5.6

Total 17 138 (SSTm)

• .

. . . , ,

Note" _,B.,¥11J= model effects after the effect of the mean has been removed.

Figure 3. Example of ANOVA tables from program GLMA.

' A testable hypothesis is one that can be expressed SS(HO) = (K'B-M)' (K'GK)-_ (K'B-M) (19)
, in terms of estimable functions. To ensure that the = sum of squares of hypothesis

user specified estimable functions are testable, the
s = r(K') = number of rows in K' (20)

following identity is verified in the GLMA program: where:
K' ' K' H (18)

. K' is by definition of full rankwhere:

H = G X'X MS(HO) = SS(HO)/s = mean square of
hypothesis (21)

The sum of squares necessary to test the hypoth-
esis HO" K'B =M is supplied by the program and
computed as:

8'



Program Code (1983b). Lines 2382-2395 in GLR have been deletedand line 2415 added to GLM. Line 2415 allows dis-

Documentation play or printing of the generalized inverse matrix
- (X'X).

Introduction Program GLM2/BAS

The programs are coded in the Microsoft (TM) Lines 13-690 comprise the common SEED pro-
BASIC language for direct use with the Radio Shack gram documented by Rauseher (1983a). In line 1045,
(TM) Level IIBASIC interpreter. Unlike many other the dimensioning routine is accessed in line 40000
languages, some Versions of BASIC allow eoneaten- and in line 1070, the X matrix is read from the disk.
ati0n of several logical statements in one physical Lines 1080-1110 compute the X'X matrix, transfer
line.MicrosoftBASIC usesthecolon,":",asthelog- ittotheinput-outputmatrix,A(.,.),saveittodisk,
icalstatementdelimiter.Becauseeachphysicalline and givetheopportunitytodisplayiton thevideo
costs5 bytesofmemory andeachunnecessaryspace, screenand/orprintiton a lineprinter.Inlines1115-
1byte,smallcomputerBASIC programsarewritten 1180,thematrixofestimablefunctionsforuse in
incompressedcodeand appearimpossibletodeci- calculatingtypeIsum ofsquaresiscomputed.The
pher,especiallyforthosewho normallyprogramin procedureused is the Forward Doolittlemethod
FORTRAN. To make mattersworse,internalpro- (Goodnight1978,p.12-14).The matrixofestimable
gram documentationisreducedtoa minimum in functionsisdisplayed,theuserisaskedwhetherit
BASIC becausethesestatementsusememory.Given istobeprinted,and thenextprogramiscalled(line
thesememory constraintsand the abilitytorefer 1190).
unambiguouslytoany physicallineintheprogram,
I believe that adequate documentation of BASIC pro- Program GLM3/BAS
grams should be accomplished external to the code.
The code is presented in the appendix with only one Lines 13-920 are the SEED program subroutines
logical statement per line. Each logical statement that accept input from the keyboard, read data from
may begin either with a linenumber or a colon. One disk, and write data to disk. Lines 1050-1100 read

physicatiine consists of a linenumbered statement in the matrices, (X'X) -_, X'X, and B, and compute
and all the colOn statements until the next linen- the H matrix. Lines lll0-1180 handle the input from
umbered statement. Each section of code is explained the keyboard of the estimable functions, matrix K
inthe following presentation by reference to physical and matrix M. Subroutine 6000-6100 tests for estim-
linenumbers, ability. Lines 1205-1260 calculate the pieces of equa-

• tion (17) using the matrix inversion routine (lines
GLMA is composed of three separate programs: 8500-9450) documented by Rauscher (1983a). The

GLMI/BAS, GLM2/BAS, and GLM3/BAS. degrees of freedom, sum of squares, and mean square
Program GLM1/BAS appropriate to the estimable functions used is dis-

played by line 1280. The user is then routed to an-
Program GLMI/BAS is almost identical to pro- other hypothesis test or prompted to run another

gram GLR/BAS, fullydocumented by Rauscher problem.
. . .

d
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APPENDIX I. Source code listing for program GLMI/BAS
1o 50o

. . : TX=--'I. "
:GOTOTO0,
:"GLHt/BAS VERSION 09101181

13 ' $************************************************
l& 'ANSWER/INPUT ROUTINE
15 P=( 256.gPEEK( 164.17 )._PEEK.(166.16 ) )-15359

IF. A.BS(FL ).=-1THEN.16E.LSE24
lb .INS=" "

:PRINT_P ,.CHR$( 136. ) ;
_ :LX=I

17 ins =.INKEY$
: IF INS=." "THEN22

i8 IFFL=-.1 .AND..ASC( INS )>6.7 AND. ASC( INS.)<SB THEN 21
19 IF FL=I. AND. ASC( IN.$.)>64. AND ASC( INS )<9i THEN: 21

, 2(_ G6TO.22.
2_ PR-INT_P _INS.

:RETURN
LX=Lx+z
IlFL<16THENI7

23 PR t_I-T@P,." " ;.
:FO.RLX=.1T025

: NEXT
,:GOTO.i_.

24 PRtN.T_P, CHR$( 136);
: IH$:.""
: LX=A.BS( FL )
:GO.SUB34

.:25A$=-INKEy$.
;1FA$ :.""THEN25

2&-IFA$=CHR$_(13 )THENPRINTCHR$( 15 );
:RETURN

27"IF A$=CHR$( 8 )THENIFIN.$<>""THENPRIN:TA$.I
:P.R:tNTCHR$( 136. };-CHR$( 24. );
:.INS=LEFTS(. IN.$,LEN( INS.)-1 )

. :LX=Lx+I
, .:GOT025

:ELSEGO.T028.
28. IF A.$=CHR$( 24-}THENPRINTCHR$( 29 )

:G[ITO24..
29 IF .FL>O AND ASC( AS }>31 AND ASC( A$.)K91 THEN: 32
3Q tF F L<O.,AND..A.5C(AS }>=65 AND. A.SC(AT.}<58 THEN 32

' 3t BO'I.U.25
•"" "32 1F.LX=-O. THEN. 25

33 PRZN.T _$._
' ':'IN$=IN$.t-A$

:LX=LX-I
: GO.r025

, 34:FORIX=ITQLX-!
, :PRZNT CHR$.(136);.

iNEXI

•':F.o.RJX=ITOLX
;PRINT CHR$(24..);
:NEXT..
:RETURH

,52 '_N_..UARIABLE NAHES
54."'////1_/. /!//. !//'//
56_LS.- '

!0-

m __



:FL=-2..
: GOSUB.I5-
:XJ.=VAL(INS )

- • _PRIN.T

•IPRINT"PLEASE ENTER NEW NAME --> ";
:FL=8
:GOSUBt5
:1_$(;_J. )=.IN$
:RETURN.

II0 "READ. SEQUENTIAL DATA. SET FROM DISK
120 "////t///////////////
125 CLS"
130 PRIN.Te,&48,"ENTER FILENAME OF DESIREh DATA. SET --> ";

•_1NPUI. F$
l_b _P_ "P $-+" N"'

IL.$=F.$.-I-"L"
tF$=F$+" M:"

:el).UI,"E.N-"I" ,.1_,.FF$-
";INPUT#I ,R,.C
t-_LUSE1
;"LGF_I K ,.UVALUES

l¢.b UP'-LN.'-'I" ,.1 _.L$.
I PORK=-ITQC

l('we'Ui :11:1,N$( K ).
l NEXTK

1¢6 CLOSE
Ibl}Ui"I=t_• " 1", ipF$.

I
160 .FUHI=llOR
' :FOKJ=ITQC

I iNF'U I_.1._,A.(I_,J).
" INF__XIJ-_,.I

I].0.ULU._E 1
18(_RE.TURN

200 " WRITE A SEQUENTIAL MATRIX TO DISK
210 "/t/1/1111////11//11//
220- CLS

:PI_IN.I_¢_B,"ENTER FILENAME OF NEW £1A'I'ASET --:::" "@.
INPUI F$

•I.F"RIN.I
IF'RIN.T"ENTER DISK nRIVE # WHERE DATA SHOULD. BE SAVE['.-->. ";
:INPUT' DD$

'. .222 FP-$=P$+"N.¢"+_.[_$• . .

:L$=F $+"L I"JrDD.$

, ,_F $=F $+"M._"+D.D$
2Zb-_UK JU=IIUC

:.

:IF LEN( N$(.JQ.))=0 THEN'.N$( Jl}.)=STR$(JQ;)

2.Z6 NEX]
' 2_g.OPEN " 0", 1, FF$

' :PRiN.T_I,R _C;.
I.CLO_E1

,,

Z_ UP_.N "0 *',I,F$

IFUH._=.l"IUU
"._iF'RINT'I.I,A( I,J );
•IN.EXIJ _,I

26_ ULUSE • 1

. 11



2.6,5OPEN" O", 1,.L$.
:F ORt=ITQC
: PRIN.T@]. i,N$( I );" w";
=NEXT
=.CLOSE•

ZJO RE.IURN.

29,5.REH SUBROUTINE INPUT
300 ' 1,, THIS SUB READS FROi't THE KEYBOARD.
3Q,5"Z, PIA.TRIX A. IS LOADED AND CAN. BE SAUED ON BISK
32b "6, 14.-APR-79

CLS
34,5 INPUT "PLEASE ENTER: NO, ROWS AND COLS (RyC),--> ";R,C
350 FL=8

:P[_INi
Ik Ut'< J=-ll UE
•II.-'_It_I:"ENTER THE NAME FOR UARIABLE "}J;" --> "

GU-_tlB-15
_;,N$(J-)=.INS-
=FKINI

3bb £LS
3_ kEl_ I=1 T.O. R
3/0 Y_iN-'I. "K.UW " ;.I
,.t/b VU_< d-=1 T13.C
380 t"L=-12

;VKiNi "PLEASE ENTER: UALUE OF COLUHN " ;J" --> ";
=GU_U_{- lb

Ltt_ VI.(INI
.37o _. I ,,I)=.V_-'d...(INS-]-
3'/bNF...XIJ.
4.O0N.V.,Xt i
,k_f_KI::.[Uh:.N.
435 .-ENB

445 ' SUBROUTINE UIDEO
4,30.' DISPLAYS MATRIX A(R_,.C )_,13 ROWS BY 4. COLUMNS AT ONCE
455.' USES ARROWS IN. ALL DIRECTIONS TO: SEE DIFFERENT PAGES
4_0' OF DATA.° "CLEAR" WILL TERbiINA.'I'E DISPLAY

5t(_ CLS
_IFR=(> OR C=O THEN- RETURN ELSE JJ=IN'F(C/4.1+I)
=iI=.II%T( R/13,1+1 )

=

" ;J=l
525 " IF R-131I>=O..O. THEN N=I3 ELSE N=13+(R-1311)
535. IF C-4_,,]>=0,0 THEN L=4 ELSE L=4+(C-4_.J )
54.0, .CLS

=.PRINT" COL:."
' ;FOR KK=OTO( L-1 )

:F:RINT TAB( 14_KK+8 ) N$.( ( KK+I )+4,$( ,.]-1 ) );
54,5 NEXT KK

:PRINT "
550 PRZ NT" ..................................... " .............. "
555 FOR "M=-ITO N.
560 PRINT "'R" ;M.+13._( I'-i );" =" ;
565:FOR K=I TO. L
5/0 A=_(M+i31( 1-1 ),K+4._(J-1 ))
5/5 PRINT TAB( 141(_-1 )+8) A;

.12



580 NEXT K
¢PRtNT '

5rib N_T M "
bUa A$=:I HKE Y$

. ,

; 1F AS=." "GQT058.6
581IF ASC(-AS.)=-31THEN619ELSEIFASC( AS )=?THEN5BBELSE5?O
5_8BIFJ+I>JJTHEN,I= 1ELSEJ=J.+1
btJY _ I ._ b25
bY_ IP ASC(.AS )=BTHEH591ELSES?3
571 IP j-I<=OTHENJ=Jj ELSE J=.J-I
bY_ l_u| .g. 5-25
5?3 'IF ASC(.A.$)=.IOTHEH594ELSE596
bY �IPI+I>IIIHENI=IELSEI=I+I
bgb GBlO 5.25
_Y6 IP R_t_t.A$-)=91THEN597ELSE599
bY/ IP I-I'<=OTHEN.I=IIELSEI =I-1
bYU _UlU b._'b
'bYYIF A5_£ A$)=64 THEN 600 ELSE 601

60.1'I_A_ AS )=66.'THEN GOSU.B 50. ELSE 6.1B
60Z _U.IU. 5Zb.
aiu uu-i ubu6
blY RE.I UIRN:

;.END "
6"/.0." **************************************************
6:22 "LZHEPRINTER OUTPUT ROUTINE
623 If- N=O OR C=O THEN. RETURN

•626 AN$=" DATA SET NAiIE --> "
;CLS
_PRINT_44S._."PRESS -:,ENTER>WHEN PRINTER iS READY."_ _
INPUT AN,
T$=LEFT$( F$,LEN( F$ )-1 )

; T$= AN$- �T$
GOSUB4.2000

;LPRI.NT TAB(.ZZ)_T$
"LPRINT " "
=Li:"R]LN'I " "

630 J.J=IN.T(C/4. I+1 )
" ;ZI-1NT( R/200.. I+i )

632 FORI=I.'FOII
636 IF_.-2OO_I>=O.,OTHEHN=2OOELSEN=200+( R-200;_:{ )
636 FOR_I=ITO.JJ

L
638 .IF L_-4:t(-J>=O° OTHENL=4ELSE L=4 v�C-4.,3.)

L ' _0 LPRINT" COL:" ;
I , .". ' IF t]_(KK=OTO( L-i )

;LPRINT TAB(.14.:_KK+8) N$( (KK+'t)+4_(J.-1))_
' _2- NEXT KK.

6_I-¢.LPRZNT;' "
-&4_ LPR tNT" .......................... "

, 648 fUR ._=.tTON-
6bO L_[._INT"R" iM+200,( I-1 );" ;"@

' 652 i_U'i'< K= 1 TO L
664 _=A( _+200:t¢( t-I ),K+4_( J-1 ) )
16-56&.PRINT TAB( 14,_(K-I ) A_
65B NEXII K

LF'RtNT
NEXT

•664. -LPRT.NI: " "
:LPFcZN.I " "
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=LPRINT " "

66B RETURN. • .-
670 "***********************************

671 'SCREEN PRINT ROUTINE-- ACTIVATED BY PROG_:AHMED. "R." ASC(64)
672 "llll/llll,/llllllll
673 IF PEEK( i43i2 )<>63 THEN. RETURN

674 LPRtflT •STRINGS-( 64_,." +" ) I
675"FOR Nt= 15360 TO .16383 STEP 64
676 _$=" "
679 FOR Q-=O;T063 •
a_." Z=PEEK( Ni+g. ).

=IFZ>OANBZ<27THENZ=Z EI FZ-:-.32THENZ=32
681.IFZ>=t27 AND Z.:.=lgl THEN Z=42
4==82B$=CHR.$( Z _.

_$=-_$+ B$. -

_X_E_i_;(14312)<>63THEN R.ETURN
606 LPRINT " "

"LPRINT At"
687 NEXT 'NI
688 LPR INT STR ING$ (64, "+" )
689.FO-RN=I T0.3 "

-=LPRINT " "
=NEXT

&90 RETURN.
695 RUN-"HAI NIBAS"

=END

710 'GENERALIZED -I-/0 SUBROUTINES FOR PROGRAM-STARTERS
720 'II//IIIIIIIIII///IIIII
Z3,5 ._.S

=T.S=-_'NORTHERNHARDWOODS LA.BORA.'FORY,USFS, MARQUETTE, MI"
, -..,GOSUB4-2000

736 T_=."t/t//////////////////1///////////////////////////////"..

: GOSUB42000
737 PRt NT -
738- T$="MENU FOR: GENERAL LINEAR MODEL - ANOVA
73__suB4.2eoo

_PR.INT'
74,0. iF TX--1 THEN QOSUB 4,0000 ELSE 750
754_TX=t

=PRINT" 1, RETURN TO HA.IN MENU. 2. GOTO BASIC
760 PRINT" 3. READ A MATRIX FROM _ISK &.. WRITE A HA-TRIX TO DISK
770 PRINT" .5, ENTER A HATRIX MANUALLY 6.. DISPLAY MATRIX ON VIDEO
780' PRINT" 7. PRINT MATRIX B. GENERAL LINEAR MODEL

•- 904)-PRINT
=F;RINT"SELECT .ONE OF THE ABOVE--> "_

' =FL=-2
.:GOSUBt5
.;AN=VAL(.INS ).

. It F ANK=OORAN_,,i.6.THEN740
910 ON AN. QOSUB 695,43000,125,220,340.,510,620,2000.
920. G_..T.EJ'735
1000 **************************************************
10.10'SINGULAR VALUE D.ECOHPOSIT I ON.
1020."FORSY:.THE 1977 C½o.9 PP o193-235
I03(_"INPUT

•A( ll,.N)WHERE .M_.=N
1040 "OUTPUT.
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: W CONTA.INS N UNORDERED S.INGU.LAR VALUES OF A.
1050" " U. & V CONTAIN THEMSELVES
1060 'IIIiiiiliiiiiiiiiiiiiiiiiiii

.t065 _V.$=;'TRUE"
=BUS=-"TRUE"

1070 IE=(_
:Rt=R.
:.Ct=C
:M=R
:N=C
•.:N_=R /
:EORI=ITOM
:FOR.J=ZTON.
:1_ l,,J )=A'; t ,.J ).
:NEXTJ.,I " "

1080 "H.OUSEHO-LDER REI._.UCTIONTO BIDIAGONAL FORM
!090 G=O _

- :SCALE=0
:AR=-Q_

1tooFORZ=ITON ,
_..L=Z+l
:RVi(I )=SCALE@_G
'f_,=O
"S=O-
:SCALE=O
:IFI>M.THEN.1160

1110 FORK=:ITOM
:SCAI_=SCA .LE+ABS(U( K,.I )=
:NEXTK
: IF SCALE=OTHEN 1160:

;1120 FORI';=.ITOM.
_U(.K,.I)=O(K, I )/SCALE

-. :S=S �´�ˆ�K,t )[2
:NEXTK

.113(_F=U( I,:I)-
:SS=SGN(.F).
:.G=.-I_SSIA.BS( SQR( S ))

• :I-I=--F_G-S-
:1_ I,.I)=F-Q '
: IF I=NTHEH1150.

114_ FO.RJ=LTON
:S=O
:FORK=ITOM
:S=.S+U(K,l )_U(K,J )

' ,_NEXTK
' • :,F-=S/H

:FORK=ITOM.
' :g(_ _J.)=U(K, J )+FWcU(K, I ),

•: NEXTK •
=.NEXTJ

. 1150 FORK=.ITOM
:U( K,.I)=SCALE,_ K,I )
:NEXTK

1160 _KI )-.SCALE_.Q
:.c_=O

• - _S=O ..
:SCALE=O,

• : IF I>MORI=.NTHENt230
117(_FOR"K=LTOH

:SCALE=SCALE+ABS( U( I ,K ).)
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INEXTK 1370.FgRII=I TOMi_
: IFSCALE=O THEN 1230 :I=MN+I- II

11_. FQRK=LTON. :L= I �.. lU( I,.K)=U(I,K )/SCALE IQ:W( I ).

IS=S+U( I,K )[2 :IF I=O.TH.EN.139(_
• . _ _

INEXTK 1380 FOR.J=L'[ON
1170.F=U(.I,L ) IU(I,J )=0.

ISS=-SGtq(F ) INEXTJ

IG=-I*-SS_A.BS(SQR( S )) 1370 IFG=OTHEN1430.
IH:F*'Q.-S 1400 IFI=HH"I'HENi 42@
.tU( I-,.L )=.F-G 14_10.FEIRJ=LTON-

1200 FORK=LTON lS=O
IRV-I(K )=U(I,K )IH IFORK=LTOM
lNEXTK " =SIS ��v)._U(K, J ).
•IIFI=MT HEN122 0 _NEX TK

1210.FORJ=LTOH :F=(S/U( I, I ))/Q

;_0._K=LTON ' IFORK:I TOM-
- :S=S+U(.J,.K)*U(I,K ) :U.(K,.J)=U(K,J )+FIU(K,.I).

INEXTK INEXTK
INEXTJ.

,:FORK=LTON 14_2@FBRJ=ITO.M
I-IHJ,-K)=U(J-i,K)+S:KRVI(K ) IU(J,.I)=U(J, I )/G
=NEX-fK l NEXT J
INEXTJ. lGOTO.1440-

122@ FORK=LI'ON I¢3Q FORJ=I TOM
I.g(I,-K)=SCALE_.U(Ii,K ) lU(J.,-I )=o.
,'NEXTK =NEXTJ.

123(_TT=AB.S(W( I .))+ABS(RUI( I )) 14_ LK I,.I)=U(I, I ) �IIFTT>ARTHENA.R=TT 14_50NEXTII

1240,NEX-TI 1460-"D.IAQQNALIZATION OF THE BIDIAGONAL FORM.
1250 'FORM: THE V MATRIX IF MV="'TRUE" t¢7@ FEIRKK:.ITON
'126(_"IFMV$=."TRUE" THENI270ELSE1350 :KI:N-KK
1270.FOR II=ITO.N IK=K I+i

:I=N+I-I'I :ITS=O.
l IFI=NTHEN1320. 148@ FOR -LL:iTOK

128_ IFG:O.THEN1310. ILI:K-LL
1290.FBRj=LTON IL=LI+I

:V( J,.l)=(U.(I,.J)/U(I,L ))/G lIF( ABS(RVI( L )=)+AR ).=ARTHEN1560.
INEXTJ I¢9@ IF( AB.S(W(LI ))+AR )=ARTHENISiO

130@ FORj=LTON. 1,5_ NEXTL.L
I,S=O 1510.C=.O
:FORK=LTON IS:1
.IS=S'_U(I,K )$V(K,J ) IFORI:LTOK

:NEXTK IF=-SIRVI(I ). _,
. :FORK=LTON IIF( ABS(.F )+AR )=ARTHENI560.

..- . 'V( K,J )=V(K=,J )+S,_V(K, I ) 152@ _=.W(I ).
=NEXTK

. .:NEXTJ IH=SQR( F,F ‚",�t�)
IW( I )=H

1310 -FOR JILT ON. IG=G/H
IV(l,J )=0 :S=.-F/H

:V(.J,.l ):0 IIFMU.$=."TRUE" THENi530ELSE 1540.
' .:NEXTJ t53@ F8.RJ=1 TOM.

13.20V( I,-I)=I • O: IY-=U(J,.LI)
IQ=RVI( I) IZ=U(j.,I )-
:L::-I." lU(.J,LI )=.Y,_C+Z*S

1330 NEXT II IU( J,l )=-Y_S+Z,C
13_0.'COMPUTEU IF MU=" TRUE" INEXTJ
1350 IFHU$=." TRUE" THEN1360ELSE1470 i54_ NEXTI
I-_.:..MN=N lbbO. "lEST FOR CONVERGENCE

•I IFM'-CNTHENMN=M 15_, Z=W( K )
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I FL=K THEN16.70
15/g tP_Z.'I5=_30THEN1720:
1_ tTS=tTs+I

., :X.=U( L )
=.Y.=._( Kt )
:c==Rvi(K;I=)-
=H=RVi(K).
IF=( ( Y-Z )=( Y+Z ).+( G-H )*( G+H ) )/( 2.H=¥ )
=G-=SgR(F_F+ 1 )
_5-5=SGN( F ).

• : SF=SS._A.BS(G ).
.:F=_ ( X-Z )_( X+Z ). –
ì�x�Y/(Fi-SF )-H ) )/X
.1£:1
: 5:1

lbYt) _ URiI=LTOK1
_I=II �ö:G=RVI( I ).

:G=C_G
" :Z-SgR. ¢ F_= 
V�,�t�)

=RVi( II .}=Z
;C=F/Z
:5=H/Z
F=X_G'+G_S.
G=- X*S +G,C

:H=.Y_S
:¥=Y_C

•_IP ttV$=." TRUE" THEN.1600ELSE1610
la(_ _U_,J=ITON

Ix=V( J,.1I)
' ;Z=V.("J'.I )

:V(J _-II )=X_C+Z _S-
" IV.(J,.1)=-XIS+Z,C

;NEXTJ.
t&l(_ Z=.SQR(FIF+HI½ )

_W(t I }=Z
_tFZ=OTHEN:I&30

i62_ C=F/Z
" ;5=.H/Z

1.:_ P=C_G+S-$Y
=X=.-S_G+C*¥

• =IF ttU$=." TRUE" THEN1640ELSE1650
1&4_ FETRJ.=.ITQH

, =¥=U('J_II ).

i ..- ' ".-=Z=U(J,I)
eLKJ_II )=.Y*C+Z*S.

. _.U(_t._I )=-Y*S+Z_C
:.NE_IJ

t6,50 NEXT I I
I_ RV,I(L )=0

:RV.t( K )=F
'W(.K )=.X.0

:,GQT01480,.

'167Q, I Fz>=O;THEN 1700.
t_. w<_ _..-z

: IFMV.$=."TRUE"TIIENlb?QELSE 17O0
L670 F.'EIR,I=ITON

=V( J,-K)=-V(J ,.K)
• =-NEXTJ
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17oe NEXTKK
1710 GDT01730
1720 IE=K
t730 RETURN

2010 "LINEAR-REGRESSION CONTROL IiODU.LE
2020 "/tt//t//////////////
2030 CLS

:PRINTe12B.,"ENTER VECTOR Y(R_C) IN X*B=Y WHERE R=H & C=1,"
GOSU_.130

_'[_5.5=0
:t4SS=0
&FI_I=ITOR

..:¥( t_1 )=A( Iel )-
;I:SS=TSS �v�tel),Y( I, 1 ).
: HSS=PIS.S+Y( I r I )
;I_XT I

2_ CLS...

:PRINTeI28,."ENTER HATRIX X(H_N ) OF- X*B=.Y,"
:GGSUB130.

204.2 tEES"" Xlt" _- " "-. THEN,=O45ELSEF$=- X
2043 D[I.$=" 1"

;GOSU-B.222
IN=C1

Z04_ :_L5
;PRINTe458,"PLEASE BE PATIENT. COHPUTATIONS IN, PROGRESS."
:GQSUB 1000
;" SUD

;1_ tF. IE<>OTHENCLS.
&I_RINTe458,-"ERROR RETURN FROM SVD."
;5-fOP
wl=:t)ooo,-

.;uet=O.
:;PUHJ=tTON
;11"W(.J)>WMTHEHWH-"_( J.)

_g_ II"Utd )'(WITHENW I=W( J )

' ;_;L_-
_VHI.I_i_8_"NUHBER OF S.IGNIFICANT FIGURES IN- Rt_W DATA? --> ";
;kL=-t

.;_=.VPd,t _N$ ).
;Hl--=O.,1ES

;t-UHJ=ITQN
; £bW( J: ).K=.TA:IHEN21 O0

-,5-=0
;'_UMI=ITOH

' ;_=-_-t-U_I,.J).$Y(I,1 )

;_=.5/W(J )
l_:uHi.=ltUN
[ B_-i ,)=._( I. _+SIV( I ,:J)
*,N.P_XFI
;_V( J )=_ l/W( d ).)E2

;_100 N_,,Y,.Id,
;_I0;£li-RK._._N'fHEHB(.N.+.6)=-IE.LSEB(N+6 )=WI
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2104 B¢ N+4 )=RE
IB(N+5 )=WM
:B(H+7 )=MSS/M

.2..t10 ES-S=O:
_FEJRI=iTOM
";RI=O ' -
IFO_J.=.iIiUN
_k-I=Ri+B( J )@'A(I_J ) _'
_NEXTj

_"._5.5=ES5+(R_.-Y(lwi ))[2
•.,N-EXTI

2120MSs=ei,(MSS/M)[2
;SE=SQR( ESS/( M-RR ))

2i30 RSS=-TSS-ESS
_-_ISB=RSS-MSS
;t._ISs=.TSS-MSS
IIFA( 1•i )=IANDA( INT(N./2),I )=.IANDA(N, I )=ITHENMEAN$=" TRUE" ELSEMEAN$=" FALSE"

__ ip_kN:_QNT_B._N__.2[p.BANOVA TABLES
ZIaV _N=_N �I

-I__=( RSS/RR )/(,ESS/( M-RR ))
J

IUN=RK
_U'U=_-KK"
:fiOsu:B1oooo
SA6=HK
•I.A/=i'(Li-5.
.:A,B=,RSS/RR
=A_?=FR-
;_I=FB
I,Z2=M
&Z3=1S S

," .I.t_d-IU_2_O
•;/.1/g,.E;L5

'. _P_IN.T_B_."INCLUIIE TERM FOR MEAN IN AHO.VA? (Y/N). --> ";.
&FL=I
_Gi]SUB.I5
i-EINS=."Y""!HENFM.$="TRUE" ELSEFM$=" FALSE"

21_).IF F_$=."FALSE" THEN2200
2190 A-I=I

; [-:.'[_=l_i.S.SJ(ESS./( M.-RR ).).

_BN=.I .
D.D=_--RR.
_.G.OBUB.IO00_.

' " &_'5=1"t'i.
'.A6=RR- I

•' :_y--a,_ss
AB=RMSS./( RR- I ).

&EB=AB/( ESS/( M-RR )}
, ._Ag=I;R •

-=BN=RN- l
_,tJTJ=VI-RR

G.OSU.L-_.l-000O.
• , •

_LI-=FB".
&Z2=ti".
Z3=-TSS

•:_;u.=.o:,,:.,.;zo
•,,_.W-_=R_:<.--.1...
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IA-7=RMSS
IAS-RMSS./( RR- I )
IAg=As./(ESS/( M.-RR),)
; F _-=_9. "
ILIN=RR-i
IDIi=II-RR -
lG-L3"BUBIO000.
;ZI=FB
IZ2.=t_l
_Z3=TMSS

2._I_"ANOVA TABLE DISPLAY"
2220 .CLS.

&PRtN'I@IO,"REGRESSION ANALYSIS-OF VARIANCE TABLE"
22_ PR.tNT@I28_"SOURCE" _TA_( 7 )" OF" i TAB(. 15 )" SS" _TAB( 28 )."MS" _TAB( 43 )" F" _.TA.B(50 >" PR{.
BABILtl Y-"
2240 PR I_T.@ 192 J,"............................................................. "
2250 IFFM$=."TRUE" THEN2260ELSE227 0
22?,_PR.INT"IIEAN"_TAB( 6-)A.llTAB( 12 )A2@TAB( 25,}.A31TAB( -40_}A4 _TAB( 53 )-_US.INg" @ ,.@@@_"_AS.
22](_PRINT" MODEL" JTAB( 6 )A&iTAB( 12 )A7iTAB( 25 }AB._.TAB(40:)A? _TAB( 53 )_USING" @ ,@@=l@"'_.Z]

2280"PRINT."ERROR" ;.TAB(6 )II.-RRiTAB( 12 )ESS_TAB( 25 )ESS/( N-RR ).
227(_PRINT."----- ...................................................... "
2300-PR-IN'I"T[_TAL";TAB( 6 )Z2;=TAB(12 ).Z3
23_ PRIN.'I'

=F'RIN'I"IIEANOF RESPONSE VARIABLE Y = "BIN t�)
231_ PR.INT"STD°DEV, OF ERROR= "SQR¢ESS/(.M-RR))I" CoV', OF Y = "_.USING"@f@°@";((S[.
RiESS/( H-RR ).>)/B(N+7 ) )_100

IIFMEAN$=" T.RUE" THENR2=RMSS/TMSSELSER2=RSS/T SS
2312 F'RIN-I;'"MULT_PLECORRELATION- COEFFICIENT (R)K._2):= ";.R2
23¢5 _$=I N_EY$

I.iF _$=" "THEN2345
GO_UB4_O00.

23_ I.FF_$="TRUE" THE .NB$="W.ITHO.UT'"ELSEB$="W.ITH"
P_._CLS

_PKI.'N1;_'_B-_"WANT TO UIEW THE ANOVA "B$" THE MEAN? (. Y/N ) --> ";
_FL=I
=Gos_B.15
I.IF"IN$='"li."THEN2380ELSE'IF INS=" Y"AND=B.$=."W.ITH" THEN.FMS=" TRUE'"
IG_I. 02190.
; __SEF hiS=."FALSE"

2_ i.FlIKeN.S=."TRUE" THEN-B(N+2 )=.IELSEB(N+2 )=2
23,9O,..gL-5

;YK.tN:I._.4.48,"SAVING THE COEFFICIENT MATRIX "B." TO DISK,"
2.4_VI_N+Id-)=N-

• ." _B-(N4,I )=ESS./. ( _-RR )"
IB( N_3. )=RR

, _F"E_li=-II:L3N è#A4 I,_1 )=B(I }

INEL_T
IN.$(1 )=:"I"
IFFt=.."BN.II"
L$=" B.L_I'"

IF $=-"B_ _1"
_R=N †�´(_C=.1

24'02 CL,f:i:
1 IIIPRINT@448|,."CONPtJTING IN.VERSE{-X X) AND. SAVING. IT TO I_ISK,

24_5 F EIRI= 1TON-

20 ",
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_N$( I )=STR$( I ).
=NEXTI • --
" SET COLUMN.LABELS. CORRECTLY

+2410 FEIRI=.iT(_
_F£1R4=.ZTQN. -
_U( t,.J )=SV( I );_V( J, I )-
=NEXT,I., I
_FEIRt=-ITQfl= -
_FORJ=I TQN
_i:,r,.I,.,.l )=0

"FORK=.I TON-
_Ai.I,J ]=A( I ,-J _+V( I ,K )._U( Kwd
&NE_(TK ,.d ,=I
&_$:" XPXI"
;.IJ.B.$="I"
_R=£i

;GELS.LIB-222

-------2_l-_,__N.T@44B,"CARETO <S>EE OR "<P>RINT THE X'X-I MATRIX OR "

_,PRI-NT""<C>ONTINUE? --> "@
_FL=:I

"GOSUB,_5
:IF INS=,"C"THEH2420ELSE IFIN$ =."S""[HEN GOSL_B440ELSE IFIN'_=."P" THENGOBLfB620

241& GOTO.24,15
2+20.R kk_ GL.'N2,_B_S '=
2,k_. EN.B-

10(_1@-"S'.UBRSUTINE FPROB.
I(WH_ " INPU..T

.; = FR--R. RhTIO DN=flUMERATOR DF DB=.DENOHIHATOR DF
10400 "OUTPUT

_ F]_ PROBA.BILITY OF F
__ " iH////.//.//////.///////

=IFFR.,CITHEN-10080
t007_ S_==.DN

• I.i:-'i_=DD
•ZZ=I=T.-"R
_G.OT[H.O0?O.

10080 S_=.DT>
=T#=-DN"

•:ZZf=.l tFR
10090" ..JS=.2,-"9tS@

I, 1:=.--.'3. •,KzJ-,.I?IT#.

:GOSUBZ0500
' "Y..I_=ABS("(l-K5 )-;I{ZZ#[(1/3 ).-l+d5I/Z3#

i t F:_#K4THEN 10110
i0100. )<#'=",.5/( I+Y#;K(. , 19685A (,115194 T�’$&�x�,000344019527)).).)[4

' •_X_=.INT'(X__10000 5 )I10000
-_C,OTO.t0i20

t(I,11@.Y_=¥@_( 1+ ,08,_Y#E4/T#[ 3 )
_GOTOI@IO0.

10120. IFF#> iTHENIO'140
I013(_X_=.I-X#
10140 FB=.i'X_
1015(_RETURN
10500 Z,3_---..SQR(Z# )

=Z3-f=( Z3#. 3#)/2
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:Z3#--( Z3#-t.7:IttZ3# )/2
;RETURN

4_ H--50
II_=.25"

IDIM _L$(-N ),.A(M,H ),W(N ),U(tli,N ),V(HtH ),RVI(N ),YiMt I ),B(N+B.)._S.V(N ):
40015 MV,:_'99,99
,W_2_ RETLI_fl
4.-20,00-CC=L.E.N(T$ .)

IZZ=INT( 30-CC12 )'
IP'RtNT T_B("ZZ )_T$
_RETURN
:" CENTERING ROUTINE

+3(_ END

44000.A$=INKEY$
_IFA$=.""THEN44000ELSEIFASC( AS )=6,_THEHGE_SUB670

444)10 RETURN

APPENDIX II. Source code listing for program GLM2/BAS

10 CLEAR 500
:TX=-I
:CbTOlO+Z
I'GLM21BAS VERSION 10"29-80

14,-"NISWER INPUT ROUT INE
i5 P=(256_PEEN( 16417 )+PEEK( 16416 ))-15359

IIF. ABS( FL )=1THEN16EL SE24
1_ "IllS=.""

=PR!NT@P I,CHR$( 136 ) ;
tLX:I

17 IN-$=INI_EY$
,_I FINS=" "THEN22

•i8 iF FL=.-1 AND ASC( INS )>47 AND ASC( INS )<58 THEN: 21
19 IF FL:I AND ASC(IN$ )>64 AND ASC( INS )<91 THEN 21
20. GOTO.22
21 I$IiNT@P, INS

•:.RET4JR'N.
22 LX=LX + 1

• : IFL<16THEN17
23 PR+INT@P," ";

=FORLX=.IT 025
=NEXT

•- lgOTO16

24.:_R.I NT_P, CHR$( 136 );
IN$=""
;LX=ABS( FL )

IG.OSUB34
.25 A_:-INKEY$

.' I F_$=.""THEN25
26 IFA$=_HR$( 13 )THENPRINTCHR$( 15 );

'*.RE:TLI.R,N"
27 IF _I=.CHR$( 8 )THENIF_N$<>""THENPRINTA$;

•=PRIN.TCHR$( 136 ) ;CHR$( 24 );
I.]:Nt=LEFT$(IN$,LEN¢ INS )-1 )
ILX=LX+I

•I GOT025.
IELSEGOT028

28 IF_$=CHRS(-2-,$)THBIP.R!HTI_HR$(29 )l
lGOTO24.
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29 IF FL>O AND ASC( AS ):>31 AND ASC(A$ )<91 THEN 32• .

30 IF FL<O .AND ASC( AS ):>=45 AN[| ASC( AS )<58 THEN 32
31 GOTO.25.

-.32 IF LX=O THEN 25
33 PRINT AS;,

;INS= INS+AS-
:LX=LX-1
:GOTO25

34,FOR IX=.IT.OLX-1
;PRINT CHR$(136);

.;NEXT _.
IFORJX= 1TOLX

:-PRINT. CHR$( 24. );
=NEXT.
:RETURN "

50- ' $_:_I:_tI_:_Iiii:_IIiiIIIiII_:I,'_IIIiiIiII
•52 'CHANGE VARIABLE NAMES '
54 "/I/H/I/I/I///
56 CLS

°,:PRINT@4_B,"WHICH COLUMN'S NAME WILL BE CHANGED? --> ";
;FL=-2

:GosuB.15
:XJ=VAL( INS )
;PRINT ..

=PRINT"PLEASE ENTER NEW NAME --...."";
IFL=8
:GOSUB15
:N$( XJ )='INS
:RETURN

' 110 'READ SEQUENTIAL DATA SET FROM DISK.
120 "//////////////////
125 CLS

130.PRIN.T@448,"ENTER FILENAME OF DESIRED DATA SET --> ";
;INPUT F$

135 FF$---F$+, N"
:L$=F$ v�L"

• -:F$=--F$+" M"
.14_OPEN "I", 1_FF$

;INPUT@I ,.R,.C
;CL. OSE:I.
:"GET R,.C VALUES

14_5OPEN. " I" ,.1 ,.L$
: FORK=.ITOC

. ; I NPUT_.I FN$( K )
' "" .INEXTK

14_.CLOSE
•' 150.0PE N " I ,i, 1,F$

i60 FORI=ITOR
' " ;FOR,I=.i TOC

, IINPUTfl,.A( I,J )
:NEXTJ ,.I

170 CLOSE. I
180 RE.TURN
190, _.:¢___C_C_.lC__::lC::lC_._C__:::lC_C_C:lC_:lC::lC__:t.'tC_
200 ' WRITE A SEQUENTIAL MATRIX TO DISK
210" I/////////////////////
220 CLS

IPRINT@4_8,"ENTER FILENAME OF NEW DATA SET --> ";
,'INPUT F$
:PRINT
.:PRINT,ENTER DISK DRIVE @ WHERE DATA SHOULD BE SAVED --> ";

. .23
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:INPUT ,DD$
222 FF$=F$+"N= " è�Œ�:L$=F.$+" L: "+DD$

=F$=F $+"M :"+DD$
225 FOR JQ=tTOC

IIF LEN(N$(JQ) )=0 THEN. N$( JQ )=STR$( Je )
22(=NEXT
230-OPEN. "8", 1,FF$

:PRINT@I,R @C_
:CLOSEI

240 op EN ".0." • 1 pF$

250 FORt=:I TOR
"FORJ=.ITOC
=PRIHT#I,A(-I_J )}
:NEXTJ ,-I

260 CLOSE 1
2(=5OPEN"0", 1, L$

'FORI=ITOC
:PRIKT#I ,N$( I );',',"
:NEXT

:CLOSE
270 RETURN.
290 REH _)K_(_)K)_)K_.)KW(__)K)K_W(_)KW(_________
2,95 RE2t " 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-AP R- 79
335 REM _W(,_.__.)I(_W¢____,'K__)K__K_:)X_,'I(_.___
3,$0 CLS
3.4.5INPUT "PLEASE ENTER = NO. ROWS AND COLS ( R _C ).--;::" " ; R,C
350 FL=8.

.:PRINT
:FOR J=ITOC
=PRINT"ENTER THE NAME FOR VARIABLE "_J_" --> "
_OSUBI5
:N$(J )=INS
.:PRINT
'=NEXT

355 cLs
365 FOR I=i TO R
370 PRINT "ROW ";I
375 FOR J=l TO C
380 FL=-12

=PRINT '"PLEASE ENTER= VALUE OF COLUMN " _J" --> "
:GQSUB 15

38,5 PRINT
390 A-(l,J )=VAL( INS )
395 NEXT ,J
400 NEXT I

,4.30 RETURN-
4-35 ENI| .

44-5' SUBROUTINE VIDEO
_50,' DISPLAYS MATRIX A(R_C),13 ROWS BY '$COLUMNS AT ONCE
4.55."USES ARROWS IN ALL DIRECTIONS TO SEE DIFFERENT PAGES
44_' OF DATA. ':CLEAR" WILL TERMINATE DISPLAY
500 '_._._W_II._(_.i_I.IIIIW(I_IX(_IW(W(__I__I_I_I_c_I__c__
510 CLS

:IFR=O DR C=O THEN-RETURN ELSE jJ=INT(C/'_.I+I)
:II='INT(R/13,1 x�)

515 I-i
_J=l •

24 "



525 IF R-13_I>=0,0 THEN N=I3 ELSE N=13+(R-13_I )
535 IF"C-4_.j>=O.O THEN L=4 ELSE L=4+(C-4gJ )
54,0 CLS .

:PRINT"COL :" ;.
:FOR KK=OTO( L-1 )
:PRINT.TAB( 14;$.KK+B) N$( (KIK+I)+41,CJ-1 ))_

545 NEXT _K
:PRINT

W 550 PRINT'................ "
555 FOR M=l TO N
560 PRINT "R"_M+I3,_(I-I);":"_
565 FOR K=.I TO L
57(}A=A_ M+131( I-1 ),.K+4.,$;(J-1 ))
575 PRINT- TAB( 16_(K-1 )+8) A_
580 :NEXT K-

:PRINT
585 NEXT M
586 A$=INKEY$

;TFAS=.""_.T058_.
5B/"IF ASC( A.$)=31THEN619ELSEIFASC( AS )=gTHEN5BBELSE590
588.IEJ J=IELSEJ=J+I
589 GO']O 525
590 IF ASC(.A$ )=BTHEN591ELSE593
591 IF. J-I<=OTHENJ=jJ ELSE J=J-1
592 GOTO.525
593 IF ASC(AS )=lOTHEN594ELSE596
594 IF I+I>IITHENI=IELSEI=I+I
595 GOTO 525
596 IF.ASC( AS )=91THEN597ELSE599
.597IF I-I<=OTHENI= IIELSEI =I-1
'598 GOTO.525
599 IF ASC( AS.)=6.4 THEN 600 ELSE- 60.1
600 [;,[}SUB.670

:GO.T05-2.5.
601.IF :ASC(A$ )=46 THEN GOSUB 50 ELSE 618
602 GO-TO525
61B (;0.1"0586
6i9 RETURN.

"_END

620 ' _)K_:Wc)KWc_:_)K__:_,'K__W(Wc__)K__:_W{__._@c_._
622 "LINEPRINTER OUTPUT ROUI'INE
623.IF R=O OR C=O THEN. RETURN

6-24,AN$="DATA SET NAME --> "
:CI_S '

..-. ' }PRiNT@.448 s,"PRESS <ENTER> WHFN PRINTER IS. READY." _.
:.INPUTAN

, ,I-T$=LFFT.$(F$,I_EN(F$ )-i ).
IT$=AN$.+T$
:GOSUB420.00

• : L..PRINT. TAB( ZZ )._T$
' I:LI:_RIN.}-,, ,,

;LPRINT " "

630 JJ=INT(C/_,I+I )
II=IN.T(R/200,1+I )

632 FORI=iTOI I

636 IFR-200_I>=O, OTHENN=2OOELSEN=200+( R--2001_ )
636 FORJ=:I.]'[}.Jj

6_B IF:'C-_:I(J>=O,01"HENL=4ELSE L=4+( C-4,_J.).
860 LPR INT" COt.i"

:.FORKK=OTO(L'-I)
IL.F:'RIN'i"TAB( 14_KK+B ) N$( (KK+I )+41(J-i ));

6_2 NEXT KK
.6_ I.PR INT': "

.
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646 LF'i';:IN'T" " ............. '
648 FOR M=iI'ON
650 Ll::'i:;:]_i".l'T"R" ,_M+200.*( I-I );" :" ;
652 FOR K=iTO L
654 A=A( i_+200'( I-I ),K+.¢*(J-I ))
656 I..F'RINTTAB( 1.4"(K-1 )+8 ) A;
658 NEX'T K
660 L.I::'RiN l"
662 NI<XT M
664.LPRINT " "

: L.I"R I NT " "
•:LPRINT " "

.,

666 NEXT J,l
668 RE'TURN '
670 ' ***********************************
671 'SCREEN PRINT ROUTINE- ACTIVATED BY PROGRAMMED "@" ASC(64.)
672 ',//////////////////////
673 IF PEEK( 1.4312)<>63 THEN RETURN

674.LPI'_:INTSTRINGS( 64.,"+")
675 FOR N= 15360 TO 16383 STEP 64
676 AS."="'"
679 FOR Q=OT063 ,.

680 Z=PEEK( N+Q )
:IFZ>OANDZ-:_27THENZ=Z FZ-:C32THENZ=32

-681 IFZ>=127 AND Z<=191 THEN Z=4.2
682 B$=CHR$( Z )
683 AS :=AS+B$
684. NEXT Q
685 IF PEEK( l¢312)<>63THEN RETURN
6B6 LPRINI" " "
' :LPRINT AS

687 .MEX'I"i',l
688 LF'i:_INT STRINGS( 64.,"+" )
689 FORN=IT03

: I._I::'RINT " "
:NEX'T

690 ,RETURN
1000 "**********************************************
JO10."ANOV'_ TESTS oF HYPOTHESES
1020"Z'NPUT REQUIRED IS XPXI_B_YyX FROM DISK
J030. '
:1.040 ' I//IIIIIIIIIII/IIIIIII
1041 CLS

'PRINT@4'58_"READING THE X MATRIX FROM DISK."
10.¢5GOSU.B 4.000;0

I"BIMENSIONIi',IGROUTINE
'1070_$="X"

.'GOSU_'{135
" :'READ X FROM .DISK

.1075 I:'-OR-I=iTON :
:X$( I.)=N$(I )
:NEXTI
:'CREATE GUIBE FOR DESIGN MATRIX

_o78.m.s '
.:I_'R.'INT@4.SB,"COMPUTINGTHE X'X MATRIX,"

108Q FORl=I..FOC
•:EORJ=IIOC "
:XPX( I_J )=0
: FORK=IT-OR
;XI='X(I.,:..I-):XPX(..I:,J )+A(K, I )*A(K,J )

• .

":N.EXTI';_.J, I
:'['OMPL$.TEXPX MATRIX-NOTE X'-->A(K,I)

i085 R=C
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' FORir=:tTOC
;FORJ iTOC
'A( i.,J)=XPX(l,J )
NFXT J,i

":CI.S
:PR]'NTS¢48,"SAVING XPX MATRIX "'fODISK,"
FI"="XPX"

:q?$=",., 1"
: c(]c'z,Rn'_'_

= .

1090 CL.S
:PR]:NT@_48y"DISPLAY THE XPX MATRIX? (Y/N.) --> ";
: FL.:=1

IIFINS=" N"-TI4EN1110
• _ __1100 _0,._U_.440

1110 f'I..S.'

- :PRINTt_448,J"PRINT THE vpx MATRIX? (Y/N) --> ";
; FI...=1
;G '"" ;"." OoUxl5
:IFIN$="N'THENIII5ELSEF$=-XPX "
:gOSUB620

11!5 CLS

:PR[NT_448,".COMPUTE TYPE I ESTIMABLE FUNCTIONS? (Y/N) --> ";
:FL:=I "
,;G(]SL.IB15
: IF .11N$='"N" THEN 1190

1120 CL.S"

:PRIN]'@448y;'COMPUTING THE T'(F'E-IESTIMABLE FUNCT IONS, "
1130 FOI:_!=ITOC
• : FOR,.I:=I]'OC
' iA(.]", ,J")=0

:B(i,J)=o
:NEXTJ, I
-' ¢_ -"_.ET A,B TO ZERO

1140 F[}RJ=1TOC
'A( :[,.T)=XPX( l,J )
•:B( 1,..l)=A(I ,J )/;4(I,I )

• :Ni-'XTJ
i 150 FCiF,.'K=2TfIC

:F CIR,.I:=KT0C
: S!.I_i=0
•::FCtRI_=:1"rOK- 1
: SUM=SUM+A( L, K )gB( L, J' )
:NEXTI_

. ' :A( K,J )=XF'X( K,J )-SUM
: IFABS( A( K,,:] ) )"::1. OE-5THENA( K,J )=0

. 1155 Nii"_XTJ
:F'ORJ:=KTflC
;.'IFA( K,K )<>OTHENB( K,J )=A( K,J )/A( K,K )ELSE1158

, 1156 NFXTJ •
1158 NEXTK
1180 R::=C

:FORi=ITOC
iF(]R,.I=iTOC

:A(I,,J)=B(l,j )
NFXTd, I

..G(:IoU_510
1170 "' '--"

:PRINT@.¢48,"DO YOU _ISH TO PRINT THE ESTIMAr_LE FUNCTIONS? (YIN) --:::- ";
:FL:= I
.: "_" /'7_.;[,(],._UB15
: IF :[N-:_=" N" THEN1190

1180 F$:-"Eol I_A';:" c FUNCTIONS ".l,.tL_ t..

,'C,CJSUB622
27



1190 Rl.li"_"GI_M3/' BAS"
40000 _,,_.-,--ni I .... .J _,.

I N----,'_5.
:DIM N$(N),A(M,N),X(M,N),B(M,N),XPX(M,N),X$(N)

40015 MV=-99,99 -
40020 RFTURN
42000 C.C=I.EN(T$ )

: Z.Z=litl'( 30-CC/2 )
:F'i:_;IN.T TAB( -,-,--7,,_,..) ; T+
:RETURN
:" [.'.ENTERINGROUTINE

43000 ['-NB
44000 A$=I NI'(EY$

I.FA"_=....THEN44000ELSEIFASC( AS )=64THENGOSUB670
44010 RETLJRiq

APPENDIX III. Source code listing for program GLM3/BAS

5 "CHANGED-THE ORDER OF ON ERROR IN STATEMENT 9020-9051
10 CLEAR 500

:TX=-I
:GOT01041

:"GL..M3/BASVERSION 12-18-81
1.3:****************************************************
14 "ANSWER INPUT ROUTINE"
15 P=( 256*PEEK( 16417 )+PEEK(16416 ))-15359
. :IF ABS(FL)=lTHEN16ELSE24

16 INS=!""
':F'I-'(INT@P,CHR$( 136 )_
°LX=I

.!7 INS=INKEY$
:IFIN.$=""THEN22

1B IFFL.----1ANT.',ASC( INS )>47 AND ASC( INS )-.158THEN. 21
19 IF:FL=I ANB ASC( INS );,64-AND ASC( INS )<91 THEN 21

:RETURN
i....7,+1,.,._'_.LX="'

:IFL_':::I6THEN17
23 PRIN"F_F:', " " @

:F ORI..X= i T025• .

' ,Nf-XT
: {:.;0T0 I.6

.24 PRINI'CaP_[;I-IR$(136 )i

: INS=""
•,"I...X=ABS(FI.. )

, : G(ISli_",.s4• '
25 AS=]:NK.EY$

, I FA._=" "THEN25
26 iFA$:=CHR$(.:I.3 )THENPRINTCHR$( 15 );

: RETLJRN
27 IF A1-=CHR$( 8 )THEN-]:FIN$-:::>""THENPRINTA$;

:PRiNTCHR$( 136 )_CHR$( 24 )_
:INS=LEFTS( IN$,LEN( INS )-I )

:LX=i_X.i-1
IGOT025
IEI._SF.GOTO28

28 IFA$=CHR$( 24- )THENPRINTCHR$( 29 );
:GO'IFO24

28



29 IF FL.i::-OAND ASC(A$)>31 AND ASC(A$)<91 THEN 32
30 IF F'L<O AND ASC(A$ )>=45 AND ASC(A$)<58 THEN• 32
31 GOTO 25
32 IF LX=O THEN 25. ,

33 PR[NT A$
L " ; IN$=IN$'-I-A$
[ _LX-i_X 3.

GOT 0,,.,.J
34 FOR IX=I]'OLX-I

I" ;F'RINT CHR$( 138 )
' :,NEXT

: FOR,iX= 1TOI_X
'PRINT 0HR$(24)
,'NEXT"
I.RI!!TFURH" -

100 " :_,_______$_,__$_$Z_$_Z_
J l0 'REAT.; SEQUENTIAL DATA SET FROM DISK
180 ".Ii'//Iiliiiiiii/IIIIIII
].'_= (,'3,.,_,CI._

130 PRZ.NT@448,"ENTER FILENAME OF DESIRED IZ.t_'ITA,SET -_> ";.
';INPUT F$

135 FF$=F$+" N"..

; [._$= F$+" L"
IF$=F$+" M"

140 OPEN "I';_1,FF$
."tINPUT_I yR_C
;CI...OSE1

I"C.,E:_FR 5,C VALUES
14.5CiPEN "I" 5,1_L$

IFORK=I TOC

" ;INPUT_ :!.,N$( K )
tNEXTK

146 C[.CISE
150 OPI-'N "I" _1,F$

l
] 60 FORI:= IT OR

•;F('}I'<d=.1"'F0C
I NF'UT_"1, A( I, J )

• : NEXT,.]',,i
170 CLOSE I
R0 RE'fUI_N

200 -'.WRITE A SEQUENTIAL MATRIX TI) II.ISl,_
210 ."////////I///////////
?'_0CI,..S

•.- [PRINT_48.,"ENTER FILENAME OF NEW, B_-TA SET -->.-'_;.
I INPUT F$

. ..IPRI.NT

IPRINT"ENTER DISK DRIVE _ WHERE IIA,_ SHOEI_.I)BE SAVED.--> ";
:INPUT DD$

.n'_2FF-$=F$+"N : "+DD$
I L.$;=r-$-_" L.I "'_DD$.

' IF 'I_=F$'I-" M: "+ DD$
,-.,_,.,FOR jQ- 1TOC

; I F" LEN( N$( JQ ) )=0' THEN, N,$(,..Tt).)-_. ,TR$_ J.l_-),
2.26NEXT
2,30OPEN "O" _I,FF$. '

•:PRINT:II:I,R @C_,
" -ICL(]SE:I
240 OPEN "O", 1,F$

.i
250 FOR I=I"FOR

I,F(].R,..I= iTO.C
.IPRiNT:_I,A( I,_J)_;.
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,*NEXTJ _I
260 CLOSE 1
'3 ' r.,-,...o,.,OPEN"O" ,i ,L$.

: F[ii:;Ci = i TOC
:PRZNT:Ii:i yN$_ I. )6." y"
.,NEXT
ICI...[ISE

'_70REI"lIR.Nm'.

920 t-q,...,."r.[I. 73 5
:!000 '************************************************
]01.0'ANOVA TESTS OF H.YPI_THESES
1020 "INPUT REtlUIRE£1..IS.×PXI ,B,--Y,-XFROM D.ISK
J030 "
I0:$0"-IIIIII/IIIIII/II/III
1041 CLS

•:PRINT@.458,"RIEADING THE g ANB- XPX MATRICES F_I_. DISK.."
1045 GO.SUB.40_

:" DIMENSIONING R£_LI..TIME
1050 F$ =:"XPX I"

IGOSU_i35
":,"READ--XP-XT FROM. D.ISI_

1060 FORi=ITOR •

IFORJ::ITQC
:G(. I,J )=A(I,J ).
_NEXTJ, I "

1070 F$=" XPX"
:GOSUB 135
I'REAI:IX FROM- [I.ISI_

.1.075 N=C
:C8=-C
:FORI=ITON:

-.:'CREATE GU.ID-EFill. DESIGN MAT.IX
1085 CLS

:PRINT@45B,"COI_P_-.TING.THE H M_.¥R.IX,"
I090 FORI.=ITOC

$ ....FORJ-ITOC
.:H.(I,.-J)=0'
_.FORK= iTOC
_.H(I,J )---H(-I,,.,I)+g(I,-K.)*A(K ,.J)
INEXTK,.J,I
"COMPUTE THE H MATRIX

10<25..CLS
'PRINT@..458,-"READ.INGTHE B MA-TRI)_F_ DISI_,"

1. oo B."
•G.OSUB135
'N=:A( R,.1 )'
'FORI=.1TON"
IS(I:):A(I,I )'
INE xr I

, :.SIG=A( N+I,.i )
:"READ' THE B MATRI.X FROff I).-ISK

1110 CL'S
IPRINT"CREATE THE. TEST MATRIX (K) OF K"B---M'_
:PRI._I.T

• :J=l •
1120 N=CB-

',FORI = 1TON,
:PRINT"ENTER THE DESIGN VALUE FOR "X$(.I >" --->.'"_
:FL=-B
:GOSU..Bi5
IK(i,J.):VAL(II¢$)
:PRINT

-,
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:NEXTI
:PRINT
;PF_INT" $iNOTHER DESIGN COLUMN.? (-Y/N ) ""--> " ;.
:FL=i
: GOSUB15

1130 IFIN$="Y"THENl140ELSE1160:
i-140,.l.=J+l

IFJ<=NTHEN112OELSEPRIN.T"SORRY. NO. MEIRE BE£-hREESElF FREEDOM REM_.I_IN(;,,"
t, 1150 AS=INKEY$
: :IFA.'$=" "THEN;1150;

1160 jJ'=J
:CL_S
:PF_IN:T"CREATE THE MATRIX M OF I'(."B--'M'"
:PRINT

1165 FORI=ITON,
;M(I )=0'
:NEXT!

- :'INITIATE M AS THE NII_.LVECTOR •
1170 PRINT"IS M' THE NULL VECTOR? (Y/N,).--> ";

. :.FL_:i
':GOSUB I5
:IFINS=:"N"'THENI 180ELSE I190;

1i80 F-ORI=.ITOJJ
:PRINT" ENTER M VALUE FOR CON.TRAST _- "I" --> ";.
I FL=.- 4.
.-.'GOSUBI5
:M(I )=VAL( INS )
:PRINT
:NEXTI

1190 G(3SUB6.000
:"CHECK FOR ESTIHABILITY

1195 II-""l'X=_ iTHEN1110
i200 CLS

;PRINT@.¢.48,"PLEASE BE PATIENT, COHP-U.TING.SUMS-OF SQUARES°"
1205 FORI =1TON.

:KB( .I)=0
:NEXTI

121,0F (]RJ=1ToJ....I.
• :FORi=ITON,
:KB(J.)=KB( J )+K(l,J )$B(I )
'NEXTI,J.

1220 E(]I!;:I=ITOJJ
CKB( I.)=KB(I )-M.(I )
.:NEXTI
;'.K'B-M NOW IN KB(,)

,.- i230 F(BRI=ITON
'$F•. (]RJ=ITO.JJ

' ': T( 1",J )::0
: F[} RK=_ITON.
IT( I,...I.)=T(I,,J)"I'G(I,-K)_K(K,J )

. :NEXTK, J•I
-:FORI=ITOJJ

' I-FOR..]=1TOJJ
:A(.I,J I=0'
;F"ORK=.:I.TON'
_A(:i,J )=A( I,-J)+K(K ,.I )*T(IK,-...I>
:NEXTK, J,I.

•:" K'G.K COMPUTED AS A
1235-I-"(]RI=iTON

•:FOR,.I=ITON:
:IF:ABS(A( I,J ))<IE-6THENA(-I,:J)---'i):

1236 NEXTJ.,I
1240 "D.D$:" 1"

":F$="KPGK"
31
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iR=,J,]
:C=J,J
:F0I-_i=iTOdd
:N$("I )=STR$( I )
:NEXTI
:GOSUB22-2 -
:"SAVE K'GK ON hlSK #I

1250 IF.],J=1THENA(1,.I)::l/A(1,-i)
: GO.TO1260,
:EL..SEGOSUB8500
:'IF JJ=l THEN. JUST INVERT._ ELSE .C_I_C.UI__TETHE. INVERSE

1260 FORI=ITOJJ
:d(I )=0
:F0RJ=1T-OJd.
:J(I )=J(I ) ,J )_.KB(J ):
:NEXT J_I
:O=O
:FOR I-=1TO,JJ
:Q=Q+KB( I )*d(I )

{NEXT I
:' CALCULA.TION OF [_

1280 CLS
:PRINT@448,"DF= "dJ" S.S(HO}= "@" MS(HO)= "t)IJ..2
:PRINT
IP..RINT"TEST ANOTHER H.YPE)THESIS? (Y/#_--> ";

:GOSU-BI5
:IFINS=-"N:"THEN129_LSEI 11_.

1_°0 CLS_:-

:PRINT@448,"RUN ANOTHER PF_O.BILEM?(YIN.) --'.'.-.'_;:
:FL=I

• :GOSUB 15
:I.FIN-S=" Y" THENRUN'"GLMI/BAS'"ELSEENB.

6010 'ROUTINE TO CHECK FOR ESTIMABILITY OF KB=M
6020 ' TEST IS

: K" H=K"
6030 "/'/II//III/IIIIIIIIIIIIII
6035 ,CLS

LPRINT@458.,"CHECKING FOR ESTIMA.BILITY."
60.40FOR I.=ITO',Jd

:FORJ=ITON
:KH=O

:FORK=IT -_.
:KH=KH+K( K ,.I )_H(K.,J )

, :NEXTK .,
• . :IFABS( KH)< IE-STHENKH=O:

6050 IF ABE( K( .J,I ))>(ABS( KH )+1E-3 )ORA.BS(K(..J._I),R{ABS{ KH )--iE-3}THEN_O_-
'6060.NEXTJ, I

6070 TX=I
:RETURN

.6080 CLS
:PRINT@448,"THE FUNCTIONS IN. THE K MATRIX ARE NOT ESTIMABLE. Pt_EASE TRY AGAT

_i II

:PRINT',-::ENTER>TO CONTINUE,"
6090.A$=INKEY$

•:IFA'$=":'THEN6090 .
6100 TX=-I

:RETURN
8500 RI_._)K)K)K_(,'K;i(W()K)K,_)K)K)K)K)K)K)K)K)K_)K______$___
8510 KEN SUBROUTINE FOR MA_TR-IX IM_ERSIO_.
8520 : .EMPLOYS GAUSS-JORDAN ELIMINATION: WITH CO_.UM_
8530 ' SHIFTING TO MAXIMIZE PIVOT ELEMENTS,
8540 '
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8550-: INF'UTS

8560 ' •A( i,i ) HUST BE A SQUARE, NONSINGULAR MATRIX
8570 " N ORI:iER OF ttATRIX
,858O-"
8590 ' OUTPUTS -

8600 ' A( N,N ) CONTA.INS THE INVERSE
8610" DETM CONTAINS THE DETERMINANT
8620.' .. DTNRH CONTAINS MAGNITUDE OF DET/EUCLID'IAN NORM
+8630" : -.
86+0 : .NOTE

:+ THIS ROUTINE TESTS FOR A SINGULAR MATRIX
8650 : +AND PRINTS AN: ERROR OUT IF A(NrN)' IS SINGULAR
8660 REM _-___+__¢_¢___¢_.+"I¢___+"I¢_-__¢__+t+,.__:_
8670 NN=N

:N=JJ .
8710-PD.=I.0
8720 FOR L-1 TO N
8730 DD=O _.
87+0 FOR K=I TO N
8750 DD=DD+A( L,K )*A(L,K ) .
8760 NEXT K
8770 Dr_I=SQR(DIt)
8780 P£1=PIi_KItD
8790 NEXT L
8800 DETH= i +0-
8810 FOR L 1 TO N
88.20J,:I_+20)=L
8830 .NEXT L

88_0 FZ).RL=I TO N
8850 CC:=O+O.
8860+ti=L
BB70 FOR K=L TO N
8880 IF( (ABS( CC )-ABS(A.(L,K )))'i.'-"0..0) GEl:TO.891&
BB�O M=K:
8900 CC=A( L,K )

"PI89.L.0+NI-XT K
8920 I'F L=H GOTO: 910IO:
8930 K:=J(M'+20)
89+0 J( M+20 )=J(L+20')
8'950J(L'I'20)=K

8960 FOR K=-I TO N
8970 S=A( K i,.L)
'8980A(.K,L)=A(K, M )
8?90 A( K-,M)=S
9000 NEXT K
9010 _(L_ _L )=I .0'
9-020ZIETiI=DETM_CC

"tO90,.,ON ERROR GO.TO 93.80.
.9030EOR M=l TO N

903i PRINT A(L,M),L,.M,CC
90#0 A(L_M )=A(L,M-)./CC
9050 NEXT M
9051 ON. ERROR GOTO O
9060 FOR M=l .TO N
9070 IF L:=iiGOT0.91,4.O
9080 CC=A( M,L )
9090-IF .CC=O +O- .GOTO 9140
9100 A(M,L)=O-+O

9110 FOR K=I TO N
9120 A.(H,K )=A(M, K ).-CC*_(L,'K)
9.1,30 NEXT. K
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9i40 NEXT M
7150. NEXT L
?160.FOR L=I TON.
9170 IF J(.L+20). = L '-_-TD 9290
9180 M=L
9170 M=M+I
9200 IF J( M+20 ), = L GOTO 9220
9210 IF N > H GOTO. 9190

l

9220-J( M+20 )=J( L+20 > ,
9230 FOR K=.I TO N.
9260 CC=A( L_K )=
9250. A( L_K )=A( M'_-K):
9260 A( M_K )=CC
9270 NEXT K
9280 J( L:+20)=L
9290 .NEXT L
9300 BETM=.ABS( ]3ETM )-

I"F_.'3ETM=O, O GOTO 9370
9320 N=NN

J

:RETURN.
:" RETURN N TO, ITS. ORIGt_ ._.. UE

9324 "END
9370 " ROUTINE TO H_N;DLE A SINGULAR H_TRiX
9380"CLS
7390 PRINT" AM- SORRY.. M++TRIX A IS. SINCtHLAR,"
9400 PRINT"A SINGULAR MATRIX HA.S NO: EH+I_UE IN+,IERSE,,"
9410.PRINT"IF YOU.' -MEF3TGET A_ INVERSE,:E)B:T#PIf¢A PR_,R.At_"
9420 PRINT"WH:tCH' CA_ CALCULATE THE PSE_DEP-INVERSE OF h'
9.430PRINT"SINGULAR M_TRIX.. "

• 9+50 END
ioooo.CLS
-. ;PRINT@448_"MATRICES B._ Y, X Ai_-D.(X"X):-I.WILL NEM_'BE RE_]).FRBtf.I_.ISK."

F$=" B-"
: GOSUB:135.
:FORI=:ITOR
:B< I)=A< I,.1).
INEXTI
:N=B( R )
:F$="Y"
:GOSU.B:135.
: F ORI=I TOR

" .tFORJ=I TQC
•:Y( I,.-d)=A(I,:d): -'+
:NEXTJ ,:I "

, ,s
•" :M=R

100:10 FORI= 1TO_
• :YN$( I )=N$( I )

:NEXTI
:F$=."XPXI"

. :GOSU.B.135.
:FORI:.ITON.
IFORJ.:-1TOI+
XI(I,J )=A( I,.J)-
<,'NEXTJ ,-I
: F$: !' X"
:GOSUBlZS.
:FM$:" TRUE'"
:RETURN
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m

40000 _=._._:N=35

_[IIM N$( N ).,.AKM,N')',B4N >,Y(t_l ),G4NrN >_XPX4N_N >,H_N_N:_J_ N+20 >.,.X$(tf>,T(ff_tt>,K(2 glg
5,20),.N(N ),KB(N ): m

60015-MU=-?9.99'
•*FM$="FALSE"

¢0020,RETURN
62000 CC---LEN(T$-).

_ :ZZ=INT( 30'.-CC/2)_ =m
p, :PRINTTA,B_zz>._.Ts.

_RETURN
•* " CEN!TERING ROUTINF.
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Rauscher,HaraldM.
r

The microcomputerscientificsoftwareseries3:generallinearmodel--
analysisofvariance.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.
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