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THE MICROCOMPUTER
' SCIENTIFIC SOFTWARE SERIES 2:
GENERAL LINEAR MODEL—REGRESSION

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

GENERAL INFORMATION
Identlﬁcatlon

Nanme:

General Linear Model-Regression
(GLMR)
Location North Central Forest Exp. Station

1831 Highway 169 East

_ Grand Rapids, MN 55744

" Language: Microsoft BASIC

Computer: Radio Shack TRS-80 Microcomputer!

Summary
General

The general linear model regression (GLMR) pro-
gram provides the microcomputer user with a so-
phisticated regression analysis capability. GLMR is
a member of the SPS family of programs (Buhyoff et
al. 1980). It provides the utmost generality regard-

.ing choice of models. The output provides a regres-
sion ANOVA table, estimators of the regression model
coefficients, their confidence intervals, confidence in-
tervals around the predicted Y-values, residuals for
plotting, a check for multicollinearity, a check for
autocorrelation, and the scaled regression coeffi-
cients. A plotting routine is part of the regression
program to facilitate quick plotting of residuals.

1Mention of trade names does not constitute en-
dorsement of the products by the USDA Forest Serv-
ice.

Documentation

This manual will explain the operation of GLMR,
detail how the program functions in enough depth
to allow a knowledgeable user to implement im-
provements and extensions, and present the com-
plete source code listings.

Objectives

In this paper I have two objectives:

(a) Provide small computer users with a flexible
and general purpose regression analysis pack-
age.

(b) Provide user instructions in enough detail to
allow implementation of extensions to the basic
system.

Assumptions

I assume that the users of GLMR are also pro-
grammers. In my opinion, the opportunity cost of
owning a small computer system without being able
to program it is too high. Consequently, this docu-
ment is aimed at users who understand the operating
environment of their small computer, can program
their small computer in its resident BASIC dialect,
and have some understanding of the differences be-
tween the many dialects of BASIC in use.

Furthermore, I assume that users have enough
statistical knowledge to intelligently use regression
analysis. This manual does not teach regression
analysis. The theoretical basis for regression anal-
ysis is presented in some depth to allow the informed
reader to judge the mathematical approach used as
the basis of this program.
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Quick Reference Guide
Input requirements
There are two input requirements: an m (number
of gbservations) by 1 matrix containing the obser-
‘vations on the dependent variable and an m by n

_ (number of variables) matrix containing the corre-
sponding independent data. When an intercept term

2

is required in the regression equation, the first var-
iable of the independent data matrix must be a col-
umn of 1’s. When no intercept term is desired, i.e.
the line is forced through the origin, the column of
1’s must be absent.

Regression analysis options

The following 10 regression analysis options are
available:

(a) ANOVA table with regression coefficients,

(b) test for homogeneity of variances,

(¢) confidence intervals for the coefficients,

(d) confidence intervals for the estimates of the

dependent variable,

(e) plotting of residuals,

(f) check for multicollinearity,

(g) store the (X’X) inverse matrix on disk,

(h) check for autocorrelation,

(i) scaled regression coefficients, and

(§) test for equality of regression coefficients.

APPLICATION
Introduction

This section of the guide will teach how to properly
use GLMR. Each option in the system will be pre-
sented, discussed, and illustrated by example.

For the purposes of linear regression, a model is
linear in the parameters for any function of the in-
dependent variable as long as these functions do not
involve the coefficients b;. The general form of a lin-
ear model is (Mather 1976)):

Y=Db, +b A + ...+ b A 1)

where: A, = f(x,, X, ..., X)

This program requires an input Y, the m by 1 matrix
of observations on the dependent variable. Due to
memory size constraints, the program is dimen-
sioned to accept no more than 200 observations. The
X matrix must be an m by n matrix in which the
columns of X are the observations on the indepen-
dent variable(s). Missing values, coded -99.99, are
not allowed in matrices Y and X. The program is
constrained to accept no more than 10 independent
variables when no intercept term (b,) is in the model.
When b, is used, only 9 independent variables are
permitted. All dimensions are in line number 40000
and may be readily changed to meet changing needs
consistent with the available maximum memory of



the hardware. For example, a problem with only 50
observations could use up to 40 independent varia-
bles in the model equation. If an intercept term (b,)
is in the model, then the first column of X must
contain all 1’s. How the values of the independent
variables are computed is irrelevant to the program.
This allows maximum design flexibility for the an-
alyst.

, To illustrate the use of this program, I will follow

an example from the widely available text on regres-
sion analysis by Draper and Smith (1966, p. 362)
(table 1). Load the disk with the programs on the
disk drive which must have the operating system
present (drive 0) and a formatted data diskette with
no operating system present on drive 1. Run program
“GLR/BAS”. The menu of choices wil present itself
(fig. 1). Select number 5 to enter matrix Y from the
keyboard. You will be asked for the number of rows
(m) in the matrix and the number of columns (1) to
enter <25,1>.. Next you will be asked to give the
first column a name, enter <Y>. After the 25th ele-
ment has ben entered, you are automatically re-
" turned to the menu.

Select number 6 to display the Y matrix. Notice
that only 13 of the 25 columns 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 to the screen. When a
‘matrix has more than 4 columns, only four columns
will be displayed on any given “page”. The left and
the right arrows move the “page” across the desired
sections of the matrix. To return to the menu press
the <CLEAR> button. To save the matrix Y for use
with the regression program it is necessary to select
number 4. You will be asked to name matrix Y. It is
best not. to 1abel it “Y” because the program uses the
" names, Y, X, B, and XPXI to store intermediate re-
sults. You are then asked to specify the disk on which
" you want to store the matrix. Using the TRS-80, this

Table 1.—Example dependent variable (Y) and in-
dependent variables (X) from Draper and Smith
(1966) p. 362

Dependent
variable Independent variables
coL: \ 4 X0 X8 X6
R1: 10.98 1 35.3 20
R2: 11.13 1 29.7 20
R3: 12.51 1 30.8 23
R4 : 8.4 1 58.8 20
R5 : 9.27 1 61.4 21
R6 : 8.73 1 71.3 22
R7 : 6.36 1 74.4 1"
RS : 8.5 1 76.7 23
R9 : 7.82 1 70.7 21
R10: 9.14 1 57.5 20
R11: 8.24 1 46.4 20
R12: 12.19 1 28.9 21
R13: 11.88 1 28.1 21
R14: 9.57 1 39.1 19
R15: 10.94 1 46.8 23
R16: 9.58 1 48.5 20
R17: 10.09 1 59.3 22
R18: 8.1 1 70 22
R19: 6.84 1 70 1
R 20: 8.88 1 74.5 23
R21: 7.68 1 721 20
R22: 8.47 1 58.1 21
R23: 8.86 1 44.6 20
R 24: 10.36 1 33.4 20
R 25: 11.08 1 28.6 22

should always be a disk other disk drive 0, the drive
that contains the operating system. This practice
ensures sufficient disk storage for the intermediate
matrices. Enter the matrix X into memory the same
way and save it using a name other than X.

Once Y and X are stored on disk 1, select number
8. You are asked to enter the name of your Y matrix
and of your X matrix. These two matrices are read

-into the active memory and the program commences.

After some period of waiting, you will be asked to
input the number of significant figures in the raw

MENU FOR: GENERAL LINEAR REGRESSION ANALYSIS
SYSTEM

RETURN TO MAIN MENU

READ A MATRIX FROM DISK

ENTER A MATRIX MANUALLY

PRINT MATRIX.

BARTLETT'S TEST FOR HOMOGENEITY
OF VARIANCES

wﬂww&.

SELECT ONE OF THE ABOVE —>..

2. GOTO BASIC

4. WRITE A MATRIX TO DISK

6. DISPLAY MATRIX ON VIDEO

8. GENERAL LINEAR REGRESSION

Figure 1.—Menu of options, program GLR/BAS of the GLMR system.



data. The presence of errors in the data and in the
computational processes prevent the program from
detecting when a singular value, computed as small
but not zero, is in fact zero. If the matrix is less than
full rank, a warning is issued (see discussion of mul-
ticollinearity below). You will be asked whether or
not to include the mean in the ANOVA table. In-
cluding the mean displays the amount of the total
sums of squares that has been accounted for by the
mean. This sum of squares is not evident in the “usual”
ANOVA table in which the mean is not included.

The ANOVA display presents the “usual” results
(fig. 2). The estimates of the regression coefficients
are given at the bottom of the list of output. The
ANOVA table will persist until you depress the
<SPACE> bar. You are queried about the mean again
and a. positive response will display the ANOVA ta-
ble with the mean included (fig. 3). Finally, you are
asked whether you want to continue the analysis by
computing confidence intervals or performing error
analysis. If the answer to the above question is yes,
the pertinent matrices are saved on disk 1 and the
second part of the program is moved into memory
and activated.

The menu for part II will automatically appear
(fig. 4). The Y matrix at this point shows four col-
umns—the original Y values, the estimated YHAT
values, the residuals (EHAT), and the normalized
residuals (ZHAT) (table 2). The confidence intervals
of the coefficients will result if selection number 8
is chosen (table 3). The test for b, = 0 is easilly made
by seeing whther or not 0 falls within the confidence
limits of b;. The standard deviation, which is needed
to test the equality of regression coeffficients, is pre-
sented with this option. Choosing selection number
9 produces the confidence intervals around the pre-
dicted Y values (fig. 5). If you will want to plot the
confidence band around the regression line, save the
augmented Y matrix when queried.

Some indicators in evaluating multicollinearity
are displayed upon choosing selection number 11 (fig.
6). The condition number of X can be used as an
index of collinearity (Forsythe et al. 1977). If cond(X)
is close to 1, the columns of X are very independent.
If cond(X) is large, the colums of X are nearly de-
pendent. A matrix A may be considered to be more
singular than a matrix B if cond(A) > cond(B). The
collinearity number is that condition number that

'REGRESSION ANALYSIS OF VARIANCE TABLE

SOURCE DF SS MS F PROBABILITY
REG _ 2 54.1858 27.0929 61.9027 0.0000
ERROR 22 9.62872 437669

TOTAL 24 63.8145

- -MEAN OF RESPONSE VARIABLE Y = 9.424
STD. DEV. OF ERROR = .661566 C.V.of Y = 7.0

MULTIPLE CORRELATION COEFFICIENT (R**2) = .849115

. REGRESSION COEFFICIENTS
BO =19.12692 B1 = -.0723934 B2 = .202815

Figure 2.—ANOVA display for the example problem without a line for the “MEAN”.

REGRESSION ANALYSIS OF VARIANCE TABLE

SOURCE ‘ DF SS MS F PROBABILITY
- MEAN 1 2220.3 2220.3 5073 0.0000
REG. © : 2 54.1858 27.0929 61.9027 0.0000
ERROR 22 9.62872 437669

TOTAL . - 25 2284.11

- MEAN OF RESPONSE VARIABLE Y = 9.424

'STD. DEV. OF ERROR = .661566 C.V.of Y = 7.0

MULTIPLE CORRELATION COEFFICIENT (R**2) = .849115

" REGRESSION COEFFICIENTS
BO =912692 B1 = -0723934 B2 = .202815

Figure 3. —ANOVA display for the example problem with a line for the "MEAN”.
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MENU FOR: GENERAL LéNEAR REGRESSION ANALYSIS
YSTEM
PART II. CONFIDENCE INTERVALS AND ERROR ANALYSIS

. RETURN TO MAIN MENU

READ A MATRIX FROM DISK

ENTER A MATRIX MANUALLY

PRINT MATRIX

‘ CONFIDENCE INTERVALS FOR YHAT
~11. MULTICOLLINEARITY CHECK

13. AUTOCORRELATION CHECK

15. EQUALITY OF REG. LINES

SELECT ONE OF THE ABOVE —>..

© Nt =

. GOTO BASIC

. WRITE A MATRIX TO DISK

. DISPLAY MATRIX ON VIDEO

. CONFIDENCE INTERVALS FOR B
. PLOT RESIDUALS

. HETEROSCEDASTICITY CHECK

. SCALED B

Figure 4.—Menu of options program GLRI/BAS of the GLMR system.

would cause the matrix X to be rank deficient. If
your original input to the number of significant dig-
its in the data produces a less than full rank matrix,
run the program again with more digits specified as
significant. If the matrix is then of full rank, then
you need to be wary in the use of the coefficients.
" The estimates of B will still be unbiased but a large
standard error will result indicating that the prob-
ability of an individual b, that is far from the true
population b, is increased (Mather 1976). This is not
critical for predictive uses but would be unacceptable
for explanatory purposes. One solution to problems
of multicollinearity is ridge regression.

_ Table 2.—The “Y” matrix for the example problem

. Data set name —> Y
coL: Y YHAT EHAT ZHAT

R1-:. . 10.98 10.6277 .352269 .532478
R2: . 11.13 11.0331 .0968657  .146419
R3 : 12.51 11.5619 .948053  1.43305
R4 : 8.4 8.92649  -.526486  -.795819
R5 : 9.27 8.94108 .328921 .497186
-R6: - 873 8.4272 .302802 .457705
R7: .- 6.36 5.97181 .388187 .586771
R8-: - 8.5 8.23909 .260911 .394384
RY : 7.82 8.26782  -.44782 -.676909
R10: . 9.14 9.0206 .119403 .180485
R11: 8.24 - 9.82416 -1.58416  -2.39457
R12: - 1219 11.2939 .896136  1.35457
R13:. . 11.88 11.3518 .528221 .798441
R14: - 29.57 . 10.1498 -.579822  -.876439
R15: = 10.94 10.4037 .536348 .810726
- R16: . 9.58 9.67214  -.0921383 -.139273
R17: 10.09 9.29592 .794081  1.20031
R18: g1 -~ 8.52131 -.41131 -.621723
R19:- - 6.83 6.29034 .539657 .815728
R20: - 8.88 .8.39836 . .481646 .728039
R21: 7.68 7:96365  -.283653  -.428761
R22: - 847 9.17998  -.709977 -1.07318
R23:. - 8.86 9.95447  -1.09447  -1.65437
R24: 10.36 10.7653 -.405279  -.612606
R 25: 11.08 11.5184 -.438397 .662667

Option number 13 provides the Durbin-Watson
statistic to test autocorrelation. In the example, this
statistic has the value of 2.2. The evaluation of this
statistic is presented by Durbin and Watson (1950,
1951, 1971). If significant autocorrelation is shown,
three possibiities exist (Mather 1976). (1) The func-
tional form of the model is incorrect, change it. (2)
Some explanators are missing, plot the residuals
against some possible candidates. If a relationship
is found, include the new predictors into the model.
(3) The data contain a true autoregressive structure.

Option number 14 activates the routine that cal-
culates the standardized coefficients. These scaled
coefficients allow evaluation of relative importance.
The larger the scaled coefficient, the more that in-
dependent variable contributed to explaining the to-
tal variation.

Option number 12, check for heteroscedasticity, is
currently not activated. Option number 10, plotting
residuals, allows visual analysis for heteroscedas-
ticity as recommended by Draper and Smith (1966).
At this point, the Y matrix is augmented with the
columns of the X matrix and one column for the
observation numbers (table 4). If the augmented ma-
trix exceeds 10 columns, an error will occur. Change
the dimension statement in line 40000 to increase
the number of columns as required by the problem.

Table 3.—Confidence interval and standard deviation
of the regression coefficient for the example problem

Upper Lower
Coefficient level level Stand. dev.
BO 9.12692 11.4159 6.83794 1.1028
B1 -.0723934 -.0557898 -.088997 7.99942E-03
B2 .202815 .29781 10782  .0457676




CONFIDENCE INTERVALS

. FOR PREDICTED Y
- VALUES
- T-VALUE FOR 95 TWO-
SIDED CONFIDENCE
INTERVAL = 2.0756
DF = 22
YHAT UPPER  LOWER STAND.
CI cI ERR.
10.6277 110292 102262  .193436
11.0331 115065 105597  .2281

11.5619 12.047  11.0768  .233737
8.92649 9.21899 8634  .140921
8.94108 9.26728  8.61488 .15716
8.4272 8.89789  7.95651 226775
' 5.97181 6.89029  5.05333 442512
8.23909 8.82925  7.64893 284334
8.26782 8.69214  7.8435 204434
9.0206 9.30658  8.73462 .13778
9.82416  10.12 9.52832  .142535
11.2939 117667  10.8211 227802
11.3518 11.8353  10.8683  .232055
10.1498 105379 97617  .18698
10.4037 107817  10.0258  .182092
1967214 9.95714  9.38714 .137312
9.29592 9.64742 894442 169349
8.52131 89764  8.06623 .219254
6.29034 719751  5.38317 437063
8.39836 8.96083  7.83589 270993
. 7.96365 8.38516  7.54214 203078
9.17998 9.48286  8.8771  .145926
9.95447  10.2625  9.64648 .148385
. 10.7653 111903  10.3403  .204757
11.5184 12.0024  11.0344 233167

R Fi‘gﬁr.e 5.—Confidence intervals around the pre-
dicted Y values of the example problem as viewed
on the video display.

'The Y matrix is on disk, so you have lost nothing.
If the variances of the residuals are not equal, then
the least squares estimators B will not be of mini-
mum variance although they will still be unbiased.
Variances will be heterosedastic if they increase or
decrease with any of the independent variables. Be-
cause the predicted values of Y are linear functions
of the independent variables, the residuals, EHAT,
can also be plotted against Y and the scatter ob-
served for trends. If a functional relationship be-
tween .the residuals and Y’s can be found then
weighted least sqares is a solution.
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CHECK FOR
MULTICOLLINEARITY

RANK (X) = 3 X HAS FULL RANK
MAXIMUM SINGULAR VALUE (X) = 292.563
MINIMUM SINGULAR VALUE (X) = .599452
CONDITION NUMBER FOR (X) = 488.051
COLLINEARITY NUMBER FOR (X) = 1E +06

IF CONDITION NUMBER IS CLOSE TO 1, X =
INDEPENDENT (NONSINGULAR).

IF CONDITION NUMBER IS INFINITE, X = DE-
PENDENT (SINGULAR).

IF CONDITION NUMBER CLOSE TO COLLI-
NEARITY NUMBER, X = NEARLY DEPEN-
DENT (SINGULAR)

Figure 6.—Multicollinearity indicators for the ex-
ample problem.

Selection of option number 10 activates the plot-
ting part of the program. Use option number 3 and
number 6 to review the Y matrix. You will see the
original Y vector, the predicted Y, the errors, the
normalized errors and if you chose to save them, the
confidence intervals around the predicted Y. In ad-
dition, the columns of the X matrix are now columns
of the Y matrix as well (table 4). Select option num-
ber 10. Answer the first question with 1 for disk and
enter the name of the data matrix as Y. You are given
the choice of viewing Y and reviewing the names of
the variables in Y. Choose variable number 9 as the
x-axis designate and the residuals, EHAT, variable
number 3, as the Y-axis designate. Decline the sort-
ing option because the X-axis is in ascending order
already and the graphing status menu is displayed.
(fig. 7). The X and Y axis designates are presented
along with their ranges. The ranges can be changed
by selecting either number 3 or number 4. Selections
number 5 and number 6 allow manipulation of ver-
tical and horizontal control lines on the plot output.
Options number 7 through number 9 allow desig-
nation of title and labeling of the axes. Option num-
ber 10 executes the plotting routine (fig. 8). The form
of the lineplotter output is patterned after Bahn
(1979).

This regression system can also be used to test for
homogeneity of variances and for the equality of
regression coefficients. Option number 9 of the main
regression menu (fig. 1) is used to enter the test for
homogeneity of variance. Using the example on page
370 of Sokal and Rohlf (1969), the program requires
as input the variances and their degrees of freedom.



Table 4.—Augmented Y matrix for plotting

COL: ) Y YHAT EHAT ZHAT Y-UPPER Y-LOWER X1 X2  O0BS
1: 10.98 10.6277 0.352269 0.532478  11.0292 10.2262 35.3 20 1
2 1113 = 11.0331 .0968657 146419 11.5065 10.5597 29.7 20 2
3: 12.51 11.5619 .948053 1.43305 12.047 11.0768 30.8 23 3
4: 8.4 8.92649 -.526486 -.795819 9.21899 8.634 58.8 20 4
5 9.27 8.94108 .328921 497186 9.26728 8.61488 61.4 21 5
6: 8.73 8.4272 .302802 457705 8.89789 7.95651 7.3 22 6
7: 6.36 5.97181 .388187 .586771 6.89029 5.05333 74.4 11 7
8: 8.5 8.23909 .260911 394384  8.82925 7.64893 76.7 23 8
9. 7.82 8.26782 -.44782 -.676909 8.69214 7.8435 70.7 21 9
10: 9.14 9.0206 .119403 .180485 9.30658 8.73462 57.5 20 10
11: - 8.24 9.82416 -1.58416 -2.39457 10.12 9.52832 46.4. 20 1
12: 12.19 11.2939 .896136 1.35457 11.7667 10.8211 28.9 21 12
13: 11.88 11.3518 .528221 .798441  11.8353 10.8683 28.1 21 13
14: 9.57 10.1498 - -.579822 -.876439  10.5379 9.7617 39.1 19 14
150 10.94 10.4037 .536348 .810726  10.7817 10.0258 46.8 23 15
16: 9.58 9.67214 -.0921383  -.139273 9.95714 9.38714 48.5 20 16
17: - 10.09 -9.29592 .794081 1.20031 9.64742 8.94442 59.3 22 17
18: 8.11 | 8.52131 - 41131 -.621723 8.9764 8.06623 70 22 18
19: 6.83 6.29034 .539657 - .815728 7.19751 5.38317 70 11 19
20: . 8.88 8.39836 .481646 .728039 8.96083 7.83589 74.5 23 20
21: 7.68 7.96365 -.283653 -.428761 8.38516 -7.54214 72.1 20 21
22: 8.47 9.17998 -709977  -1.07318 9.48286 8.8771 58.1 21 22
23: 8.86 9.95447 -1.09447 -1.65437 10.2625 9.64648 44.6 20 23
24: 10.36 10.7653 -.405279 -.612606  11.1903 10.3403 33.4 20 24
25: 11.08 - 11.5184 -.438397 -.662667  12.0024 11.0344 28.6 22 25

Y=AXIS: RESIDUALS Y-YHAT
X-AXIS: OBSERVATION NUMBER
-2.00E+00 -1,20E+00 -4.00E-01  +4.00E-01  +1.20E+00 +2. 00E+00
#L00EH00 += = = = = —b= = = = o= = - = - - Tpe - = - —-+— - - - -
+3 .40E+00 + + + + *4 +
+5.80E+00 + + + : + + +
1. X-VARIABLE = VAR. #9 .
2. Y-VARIABLE = VAR. #3 vo.a0mmen L i j A
3. RANGE OF X-VARIABLE —> 1 TO 25 .
4. 'RANGE OF Y-VARIABLE —> -2 TO 2 .
5. VERTICAL CONTROL LINE STATUS —> OFF +1L06EH0L + ' " + ' ¥
6. HORIZONTAL CONTROL LINE STATUS ON ’
7. TITLE OF GRAPH —> PLOT OF EXAMPLE *
- PROBLEM FROM DRAPER & SMITH P. 364 #0800 ¢ T - : y
.8. X-AXIS LABEL —> X-AXIS: OBSERVATION .
NUMBER

+1.54E+01 + + + + ok + +

9. Y-AXIS LABEL —> Y-AXIS: RESI-
. DUALS Y-YHAT
' 10. EXECUTE THE GRAPHING ROUTINE p— L , , X
11. GET ANOTHER MATRIX
12. REGRESSION PART II
13. DISPLAY MATRIX #2.028001 S - - :
14. PRINT DATA MATRIX .
SELECT STATUS CHANGES OR CONTINUATION o f o I ) '
— *
o +2.50E+01 + + * +

Figure 7.;Graphing status menu for the example Figure 8.—Plot of residuals for the example problem
problem. from Draper & Smith (1966).



HOW MANY EQUATIONS ARE TO BE COMPARED? —> 2.
" ARE THE VARIANCES ASSUMED HOMOGENEOUS <0> OR HETEROGENEOUS <E>?

PLEASE ENTER THE REQUESTED INFORMATION FOR EACH EQUATION.

EQUATION #1
VALUE OF B COEFFICIENT —> 3.238
 STANDARD DEVIATION OF B —> 1.307
* ERROR SUM OF SQUARES —> 21521
"-ERROR DEGREES OF FREEDOM —> 9

EQUATION #2

VALUE OF B COEFFICIENT —> 2.52
STANDARD DEVIATION OF B —> 0.284

ERROR SUM OF SQUARES —> 26874

ERROR DEGREES OF FREEDOM—> 17

. WISH TO REVIEW THE- INPUT? (Y/N) —> Y.

| STAND.DEV.

COL: B ERRORSS ERROR DF
RL: 3.238 1.307 21521 9
26874 17

R 2: 2.52 .284

CONTINUE <C> OR REDO INPUT<R>? —> C.
Figure 9.—Procedure for testing equality of regression coefficients.

The values of the variances must be greater than or
equal to 1 because a logarithmic transformation is
used in the calculation. This program allows the user
to multiply all variances by an appropriate values.
Be warned that Bartlett’s test is sensitive to depar-
" tures from non-normality in the data. Hence, a sig-
nificant qui-squared value may indicate non-nor-
. mality rather than heteroscedasticity (Sokal and Rohlf
-1969).

- The test for equality of regression coefficients is
- entered from menu part II (fig. 4). Data requirements
- are: the values of the coefficients, their standard de-
viation, the error sum of squares for each regression
equation, the error degrees of freedom, and whether
“the error variances are assumed to be homogeneous
or heterogeneous. The example of this procedure comes
from Snedecor and Cochran (1967, p. 435). Follow
the procedure in figures 9 and 10. The computational
details are presented in the “Equality of Regression
Coefficients—Theory” section.

(A)

RESULTS OF THE TEST FOR EQUALITY OF REGRESSIO
COEFFICIENTS. .

WEIGHTED AVERAGED B = 2.56786

SUM OF SQUARE FOR COMBINED B’'S = 673.531

NUMERATOR DEGREES OF FREEDOM = 1

MEAN SQUARE FOR B’S = 673.531

COMBINED ERROR SUM OF SQUARES = 48395
DENOMINATOR DEGREES OF FREEDOM = 26

COMBINED ERROR MEAN SQUARE = 1861.35

THE CALCULATED F-VALUE = 361852

THE PROBABILITY OF REJECTING THE NULL HYPOTHESIS =
4407

®)

RESULTS OF THE TEST FOR EQUALITY OF REGRESSION
COEFFICIENTS

WEIGHTED AVERAGED B = 264824

SUM OF SQUARES FOR COMBINED B'S = 653.573
NUMERATOR DEGREES OF FREEDOM = 1

MEAN SQUARE FOR B’s = 653.573

COMBINED ERROR SUM OF SQUARES = 48395
DENOMINATOR DEGREES OF FREEDOM = 24

COMBINED ERROR MEAN SQUARE = 2016.46

THE CALCULATED F-VALUE = .324119

THE PROBABILITY OF REJECTING THE NULL HYPOTHESIS =
4192

Figure 10.—Results of test for equality of regression
coefficients for the example problem: (A) Homo-
geneous case (B) Heterogeneous case.



PROCEDURES AND
REQUIREMENTS

System Characteristics

Program GLMR is written in BASIC for the TRS-
80 microcomputer. The computer should have a min-
imum of 48K of user defineable random access mem-
ory (RAM), two disk drives, and a lineprinter. Highly
compatible versions of BASIC are available for most
microcomputer systems. It is anticipated that, with
a minimum of effort, this program can be converted
to execute on any computer system that can use some
dialect of the BASIC language.

Performance

A problem with 25 observations and 2 indepen-
dent variables plus intercept takes approximately 2
* minutes to solve. One with 13 observations and 5
independent variables plus intercept takes approx-
imately 3 minutes to solve.

| ‘Data Compatibility

. Program GLMR is compatible with the data stan-

dard used by the SPS system (Buhyoff et al. 1980).

" The numerical data of interest are built into a ma-
trix, A;, where i = number of observations and j =
number of variables. Each data set has three data
files automatically defined for it. If “TEST”, “TESTN”,
and “TESTL” will be automatically created or up-
dated every time “TEST” is saved to disk. File
“TESTM” contains the matrix A;. I have found that

~data file manipulations are greatly simplified by us-
ing this three file organization.

Matrix A(R,C) is used to transfer data to and from
disk, R and C are the row/column-dimensions, and
NS(C) is used to store names of the variables. The
input matrices required by this program may be cre-
ated by GLM or by the numerical information ma-
nipulation system (NIMS) reported by Rauscher
- (1983). The output data matrices generated by GLMR
are compatible with all of the above referenced pro-
graris.

Availability

Owners of Model I TRS-80 single sided, single den-
sity, 5-1/4" disk based systems who desire a machine
readable copy of this program must send a blank
diskette to the author.

Regressidn Theory

GLMR is based upon the theory of general linear
models as presented by Searle (1971). The problem
in linear 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 matrix of observations on the
independent variables
B = the n vector of parameters
E = the n vector of errors
r(X) = n; X has full rank
subject to the constraint that the sum of the squares
of the errors is minimized. The solution to (2) is:

A

B = XX)-1 XY 3
Wherq: )
B = the n vector of estimates of parameters

X’ = transpose of X
(X’X)-t= inverse of X’X

The most reliable method for computing the coef-
ficients (B) for the general least-squares problem is
known as singular value decomposition (Forsythe et
al. 1977). Although other algorithms may require
less computer time and storage, they are less effec-
tive in dealing with errors in the data, runoff errors,
and linear dependence of X. The singular value de-
composition algorithm of Golub and Reinsch (1970)
was used as the basis for solving the least squares
problem in this program. A singular value decom-
position computes a factorization of the form:

X=US8V (4)

where:
S = m by ndiagonal matrix of singular values

if S; <qthen S; =0

ith singular value

a tolerance value based on the precision

of the data in the X matrix

an m by m orthogonal matrix

an n by n orthogonal matrix.

<C.' .-0.1(:,J
Il

and

o
il

XX)-1 XY = VS+UY where S+, =
1/8; (5)
(Forsythe et al. 1977)

X’X)-t = V (8+)2 V' (Nash 1979) 6)

Using these results as the basis, the regression es-
timators, variances, and sums of squares can be com-
puted as outlined in Searle (1971):



A\ |
E¥)y=Y=XB )

where: A
E(Y) = Y = estimates of Y
E’E = ‘error sum of squares = SSE (8)
(sigma)? = SSE/(m-r(X)) 9)
where:
(sigma)? = residual error estimate of variance
-+~ m = number of observations
r(X) = rank of X

SST'= Y'Y = total sum of squares 10)
SSR = SST -SSE = sum of squares

. due to regression 11n
' SS8M =m % Y2 = correction term for the
mean (12)
where i
Y = méan of Y .
SSRm = SSR—SSM = regression sum of squares

corrected for the mean (13)

7 8STm = SST-SSM = corrected sum of squares
of dependent variable Y (14)

R? = SSR/SST no intercept model b, (15)
‘ = SSRnm/SSTm intercept model by <> 0
. where:
" R? = multiple correlation coefficient
var (B) = (X'X)-1 = V(§+)2 V’ (16)
where: .

var (B) = variance of parameter estimators
Cvar(M =X (XXX = XVS U amn

where: X
~ var (Y) = variance of estimates of Y.

 Regression Assumptions

A linear regression analysis may be used for pre-
“dicting values of the dependent variable or as part
of the process of scientific explanation of the varia-
tion in the dependent variable as accounted for in
terms of the independent variables (Mather 1976).
The assumptions needed for both of these purposes
.of regression were discussed in detail by Mather (1976)
and they are summarized here.

1. The mean of the residuals is zero. This assump-
‘tion implies that no important explanatory var-
.iable has been omitted in the model and that the
chosen independent variables represent the major
controls on the variability of the dependent var-
iable.
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2. The variance of the residuals and the variance of
the dependent variable are constant at each level
of the independent variable. This is the assump-
tion of homoscedasticity.

3. The independent variables are nonrandom and
are measured without error.

4. The independent variables are not multicollinear,
that is, they are not perfectly linearly related.

5. The number of observations, m, exceeds the num-
ber of independent variables, n. The situation
where m = n defines the general linear equations
problem. The situation where m < n produces the
mathematical programming (optimization) prob-
lem.

6. The residuals are independent. Dependence shown
by similarity of adjacent values is known as au-
tocorrelation.

7. If statistical tests of significance are to be used,
the conditional distribution of the dependent var-
iable given the independent variables should be
normal. =

When least squares regression is used as a pre-
dictive tool, only assumptions 4 and 5 need be true
to produce acceptable estimates for the coefficients.
If scientific explanation is the goal all the assump-
tions except 7 must hold. Assumption 7 is required
whenever tests of significance are carried out or in-
tervals are estimated.

Equality of Regression
Coefficients—Theory

The procedures used as the theoretical base for
this subroutine were presented in a college course
in applied statistics by Dr. R. G. Krutchkoff at Vir-
ginia Polytechnic Institute and State University,
Blacksburg. In the homogeneous case, the following
equations are used:

SSE = 3SSE; (18)
where: '
SSE = combined error SS
SSE, = ith equation error SS
DFE = ZDF; 19)
where: '
DFE = combined Deg. Freedom
DF,; = ith equation DF
MSE = SSE/DFE (20)
MSE,; = SSE/DF,; (21)
SSX; = MSE/DF,; (22)
D, = 1/S8X, (23)



BB = E(BI/DI)/E(I/Dl) (24
EiZ(Bif * SSXi)/Zi?SSXi

where :
- B; = i’th regression coefficient

SSB = 3(B,~BB)¥%2/D,) (25)
= X (B;—BB) %2 # SSX;
DF = K-1 (26)
- where: : »
K = no. of coefficients compared
MSB = SSBIDF @7)
FB = MSB/MSE (28)
For the ‘he{:erogeneous case, the computations are’
as follows: ‘
SSE see above _ (18)
DFE = (SSE)? /S(SSE? / DF) (29)
Round DFE down to the nearest integer
MSE see above (20)
BB = 2(B/S2B)) /=(1/82B) (30)
where: ' '

S2B; = ith coefficient variance; standard devia-
tion squared

~ SSB = (S(B-BB) ## 2/S2B)) * MSE  (31)

'DF same as above ' (26)
MSB same as above 27

FB same as above (28)

Program Code
- Documentation

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, BASIC allows concatenation of several
logical statements in one physical line. Microsoft
BASIC uses the colon, “:”, as the logical statement
delimeter. Because each physical line costs 5 bytes
‘of memory and each unnecessary space 1 byte, small
computer BASIC programs are written in com-
pressed code and appear impossible to decipher, es-
pecially for those who normally program in FOR-
TRAN. To make matters worse, internal program
documentation is reduced to a minimum in BASIC
because these statements use precious memory. Given
these memory constraints and the ability to refer
unambiguously to any physical line in the program,

I believe that adequate documentation of BASIC pro-
grams should be accomplished external to the code.
Consequently, the code is presented in the Append-
ices in the normal, compressed fashion. Each section
of code is explained in the following presentation by
reference to physical linenumbers.

GLMR is composed of three separate programs:
GLR/BAS, GLR1/BAS, and MULTPLT/BAS. The
source code listings for these three programs are given
in Appendices I, II, and III, respectively.

Program GLR/BAS

Linenumbers 13 to 695 comprise the same stan-
dard SEED program that was described in detail by
Rauscher (1981). The general linear regression pro-
gram, menu option number 8, begins with linen-
umber 2000. The matrix with the dependent varia-
ble, Y, and the matrix with the independent
variable(s), X, must be resident on a data diskette
prior to entering the regression program. Lines 2030
to 2043 request loading of the Y and X matrices. In
addition, in line 2030, I transfer the matrix of de-
pendent observations from the input/output matrix
A(.,.) to the holding matrix Y(.,.), compute the total
sum of squares, TSS, and the sum, MSS, of Y.

Line 2045 branches to the singular value decom-
position subroutine located at line 1000. For a de-
tailed presentation of the theory of least squares and
the singular value decomposition see Forsythe et al.
(1977). Lines 1000 to 1730 are a direct translation
from the FOR program SVD in chapter 9, pages
193 to 235 of Forsythe et al. (1977). The input to SVD
is the A matrix which contains the independent var-
iables. Upon return from SVD, W(.) contains the n
unordered singular values of matrix A(.,.), and ma-
trices U(.,.) and V(.,.) contain the orthogonal column
vectors of U and V of the singular value decompo-
sition (Forsythe et al. 1977). IE equals zero on a nor-
mal return from SVD, or else it is equal to K sig-
nifying that the K-th singular value has failed to
converge after 30 iterations. This error is checked in
line 2050 and fatally disrupts the program when IE
does not equal to zero.

Lines 2060 to 2070 define WI as the value of the
minimum singular value and WM the maximum,
zero array B(.), and compute TA, which controls the
effective rank in line 2080. The user is prompted to
enter the number of significant digits in his or her
raw data which is used to compute TA. This proce-
dure is necessary to allow the computer to decide
when a singular value is legitimately zero. In lines
2080 to 2100, I test for zero singular values (2080),
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set RR to the rank of the matrix, and calculate the
regression coefficients in B(.).

In 2102 I check for singularity (RR < N where N
is number of columns in matrix) warn the user of
this fact if true, and save the minimum singular
value in B(N + 6) if the matrix is nonsingular or save
-1 if singular. In location B(N +4) I save the scale
factor, RE, for computing effective rank, B(N +5) is
loaded with the maximum singular value, and
B(N+7) is equated to the overall mean of the de-
pendent variable (line 2104). The array B is simply
a convenient place to store these miscellaneous data.
Next, I compute the error sum of squares (line 2110),
the sum of squares of the mean MSS, and the stan-
-dard error of the mean SE (line 2120). Notice that
variable MSS has been redefined and used again. In
line 2120 I compute the predicted Y values YHAT,
the error deviations EHAT, and the normalized error
‘deviations ZHAT, and save them in column 2; 3, and
4 of matrix Y(.,.), respectively.

1 then compute the sum of squares due to regres-
sion RSS, the regression sum of squares corrected
for the mean RMSS, the corrected total sum of squares
TMSS, and set the variable MEANS equal to TRUE
if the first column of the independent matrix is a
column of 1’s (line 2030). A column of 1’s signifies
that an intercept coefficient is present in the regres-
‘sion model. Without a column of 1’s, MEANS is set
to FALSE and line 2160 is executed. Rank is in-
creased-by 1, the Ftostatistic is computed FR, and
the subroutine FPROB (lines 10000 to 10500) is called
- -to compute the critical value. The code variables for
the ANOVA display are initialized and the program
jumps to lines 2220 through 2345 to print the AN-

. 'OVA table on the video display.

- If MEANS is TRUE, the user is asked whether
.- the term for the mean should be explicitly included
" in the ANOVA table or not. Lines 2190 and 2200
compute the necessary statistics and load the display
variables with their values. Lines 2380 to 2410 saves
~the Y, (X’X)~, and B matrices to disk prior to loading
the second program, GLRI. B(N + 3) contains the rank,
B(N+8) holds the number of coefficients N, and
B(N + 1) contains the error mean square. '

Menu selection number 9 executes Bartlett’s test
‘for the homogeneity of variance. This subroutine im-
plements the procedure presented by Sokal and Rohlf
(1969, p. 370). The calculations are straightforward
“enough not to require additional documentation.
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Program GLRI/BAS

Lines 13 to 695 are the same as the above men-
tioned SEED program. Lines 700 to 920 manage the
menu display and operation. The variable FMS (line
905) is a flag that, if FALSE, causes the intermediate
data matrices Y, X, B, and (X’X)-1 to be loaded from
disk into memory (lines 10000 to 10010). Once these
matrices have been loaded from disk, FMS turns
TRUE, thus bypassing the subroutine at line 10000.

Choosing Option number 8 leads to the confidence
interval calculations for the regression coefficients
(lines 1000 to 1090). The subroutine at lines 11000
to 11090 calculates the T-table value for a two sided
confidence interval. This subroutine also calculates
and displays the standard error for each regression
coefficient. The standard error is required input for
testing equality of regression lines (Option no. 15).

The confidence interval around the predicted Y-
values is computed in lines 2000 to 2130. Lines 2127
to 2130 allow the option to save the augmented Y
matrix to disk for use with the plotting routine. Lines
3000 to 3080 merge the X matrix with the Y matrix
by columns and save the combined matrix to the data
disk which must reside on disk number 1. This is
done to make the necessary column variables avail-
able to the plotting program, which is automatically
called in line 3080.

Lines 4000 to 4140 calculate and explain the check
for multicollinearity. Lines 5000 to 5040 mark the
location of a heteroscedasticity test that will be im-
plemented at some future data. The code for the au-
tocorrelation check (lines 6000 to 6090) and the scaled
B values (lines 7000 to 7130) is self explanatory.

Lines 8000 to 8230 contain the code to test for the
equality of regression coefficients. Lines 8022 to 8065
guide the user and request the needed data input. If
the error variances are assumed homogeneous, lines
8060 to 8090 are executed. If they are assumed het-
erogeneous, lines 8200 to 8230 are executed. The
results are displayed in lines 8100 to 8140.

Program MULTPLT/BAS

Although the common input/output routines used
in this program do not use the format of the SEED
program that is used in GLR and GLR1, the function
and structure of the routines are nearly the same.
Lines 2 to 18 contain a TRS-80 specific formatted
input routine functionally similar to that described



in the SEED program by Rauscher (1981). Lines 19
to 20 and 21 to 24 contain the disk read and disk
write routines, respectively. Lines 26 to 31 contain
a video display routine. The dimension statements
used by this program are in lines 124, 130, and 131.
Lines 34 to 43 solicit the required input information
from the user. If data are not sorted, lines 46 to 64
perform a matrix sort. Rows of the matrix are sorted
~ according to ascending values of the column desig-

~ nated asthe X-axis. The graphing status control menu
is displayed in lines 66 to 74. Lines 75 to 102 contain

the code for executing the plotting function on a li-
neprinter. This routine was adapted from Bahr (1979).
Lines 103 to 118 perform the graphing status ma-
nipulations in the menu.

. Lines 119 to 123 allow a function, defined in line
122, to generate the data to be plotted. The begin-
ning, end, and interval values for the independent
variable are used in a loop (121 to 123) to calculate
the values of the dependent variable.

APPENDIX I. Source code listing for program GLR/BAS

10 CLEAR 300
. $TX==~1
{6OTO700
¢ GLR/BAS  VERSION 10-21-80

13 7 BRAOKKAOIOKK KKK KK IR RIORKIOR KK A KA KKK IR KA KKK KA KoK

-14 ‘ANSUWER INPUT ROUTINE

13 P={ 236XPEEKS 16417 HPEER( 16416 )-13359

{IF ABS(FL )=1THEN16ELSE24
16 INg=""
IPRINT@P»CHR$( 136 )
X=1
17 IN$=INKEYS
{IFIN$=""THEN22
18 IFFL=-1 ANII ASCCINS$ )>47 AND
19 IF FL=1 AND ASCCINS)>64 AND
20 G016 22
21 PRINTEP s INS
SRETURN
© 22 L¥=LX+1
$IFL<16THENL7Z
23 PRINTEF»" "5
{FORLX=1T025
INEXT
160TO16
24 PRINTEFy CHR$(136)5
INg=""
ILX=ABSCFL )
IGOSUB34
25 AS=INKEY$
{IFAS=""THEN2S

ASC( IN% )<G8 THEN 21
ASCCINS )71 THEN 21

26 IFA$=CHR$( 13 )THENPRINTCHR$C 15)5

tRETURN

27 IF A$=CHR$(CBITHENIF INS<-" " THENPRINTASS

PRINTCHREC 136 )5CHR$( 24-)5
SING=LEFTS$C IN$sLENC IN$ )-1)
sbXx=L X+1

- t6OTO2S
tELSEGUTO28

28 IFAS=CHR$( 24 )THENPRINTCHR$( 29 )5

687024
29 IF FL>0 AND ASC(A$)IH31
30 IF FLAO AND ASELA$)-=43 AN
31 607G 25
32 IF L.X=0 THEN 23

AND ASCOA$)<?1 THEN 32

ASC( A% )58 THEN 32

13



14

50

33 PRINT A%5

LINS=INS+AS
CiLX=LX-1
607025

34 FOR IX=1TOLX-1

$PRINT CHR$( 1365
SNEXT
tFORJIX=1TOLX
(PRINT CHR$(24)5
SNEXT

SRETURN

. 7 ERRACKR R R Aok Cok koo kR ook
. 52 'CHANGE VARIABLE NAMES

S8 1111107011017
56 CLS

100
110

120

125
130

L 146

150

160

170

-180

190
200
210

220

SPRINT@448,"WHICH COLUMN’S NAME WILL BE CHANGEDY --: "j
(FL=-2 . )
$GOSUB1S

$XJ=VALC INS )

PRINT '

IPRINT"PLEASE ENTER NEW NAME --> "3j

FL=8 ‘ '

$GOSUBLS

NS X )=ING

SRETURN

XK RO KKK
‘READ SEQUENTIAL DATA SET FROM LISK

SITIIIIIIIIi 7T

cLs '

PRINT@448, "ENTER FILENAME OF DESIRED DATA SET ~-» "
SINPUT F$

FF$=F$+" N

IL$=F§4+7L"

SRS+

OPEN "I"»1sFF%

PINPUTHI,RYC

CLUSEL

761 RoC VALUES

OPEN "I"s1sL%

$FORK=1T0C

SINPUTHLNS(K)

INEXTK

CLOSE

OPEN "1"s1sF$

FORI=1TOR

SFURJ=1TOC

LINPUT#LsA(Isd)

INEX1JsI

CLOSE 1

KE1 URH

7 KRR AEOK K RORKOOKR KK O OR R K ACROR R KKK KK R ok lok K K
/' WRITE A SEGUENTIAL MATRIX 10 DISK
VI PI ey

CLS

IFRINT@448y "ENTER FILENAME OF NEW DATA SET --3 "j
SINFUL F$

IR AN

$INPUT LDD%

222 Fr$=F$+"Ni"+DD%

sLs=Fs+"L " +DDS

.

IPRINTYENTER DISK DRIVE # WHERE DATA SHOULD BE SAVED -->

1)

a
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COES=FS+UMITHDOG

i

PN
33

L
e
<

270
290
. 295
300
304
25
333
340
345
350

- 500

RPURK JA=1TOG
f1F LENCN$(JQ) I=0 THEN NE(JE)=5TR$.JQ)
NEX'I
UPEN "0" s 1sFF$-
SPRINT#IIRSCS
sLLuUsEl
UrFeN 0" »1sF%
FURKLI=11UKR
sFURJ=1710C
IPRANI$ISAC L d )5
INEXTJds]

) CLUSE 1

UPEH"U"y1sL$

sFURL=110C

IPRANTSLyNSCI )™ "5

SREX

LCLUSE

KETURN -

REM  ERRRKAKK R RO RCKOR R ARORKHRIOR KK KKK X KKKk Rk Kk kK
{2y ]  SUBROUTINE INPUT

‘1. THIS SUB REALS FROM THE KEYEROARD .

‘2. MATRIX A IS LOADED AND CAN BE SAVED ON DISK

‘6 14-APR-79

KD 30KAKKKR KKK KKK KRR K ACK AR ROROK ORI AR R KKK 30K K AR 30K KoK K K
€LsS

INFUT "FLEASE ENTER! NU. ROWS AND COL3 (RsCle~—=3 "3Rs5C
FL=8 )

SPRINT

CeFUK J=1T0C

tPRINT"ENTER THE NAME FOR VARIABLE "3d5" --> "3

tGOSUB1S
NS J)=INS
SPRINT
© INEXT
355 CLS
365 FUK I=1 TG R
3/0 PRINT "ROW "1
375 FUK J=1 TG C
340 FL=-12
: IPRANT "PLEASE ENTER! VALUE OF COLURN "3J" -3 ";
$GOSUE 15
345 PRINT
390 AC 15 )=UAL{ INS)
395 NEXT .J
400 NEXT T
430 RETUKRN
‘435 END
440 KRRROOKEOOKK KKK SRR KR AR K ORI OK KOO Ok Kok K kKK
44% ¢ . SUBROUTINE VIDEO
450 < DISPLAYS MATRIX A(RsC)Is13 ROWS BY 4 COLUMNS AT ONCE
455 ‘ USES ARROWS IN ALL DIRECTIONS TO SEE DIFFERENT PAGES
460 © OF BATA. “CLEAR" WILL TERMINATE DISPLAY
£ BRI KKK KK CAOK KA A KA OIOK KRR KOO AOR KR OR AR AR AR Kok
510 CLS .
. LIFR=0 OR C=0 THEN RETURMN ELSE JJ=INT(C/4.141)
SII=INT(R/13.141)
515 I=1
$d=1
. 525 IF R~13%I>=0.0 THEN N=13 ELSE N=13+{R-13%1)
535 IF C-4%J3>=0,0 THEN L=4 ELSE L=4+(C-4%J)

15



16

545
550

[ ¢ -X

© oAbl

560

565

570

975

580

585

586

587
, 588

S89
990
991
592
393
594
395

996

597
998
599
600

601
602

618

619

620
622
623
624

630

632

T 634

ELS

" IPRINT"COLS" 5

sFOR RR=0TO(L~-1)

tPRINT TABC14XKR48) N$CORK+L 4% J-1))5

NEXT RK

sPRINT

PRI:NT" T T T T (D 5 0 o (00 0 20l T T S8 T €T G848 40 ki 400 [ Seas A 4000 Mt e o i e e o (e o e S8 Tt et e o )
FOR M=1 7O N

PRINT "R"5M+H13KCI-1)5" "5

FOR K=1 10 L

A=A M35 I-1 )y K+4%( J~1))
PRINT TAB(14%(K~1)+8) Ajs
NEXT K

SPRINT

NEXT M

AS=INREYS

LIFA$=""G0TO586

IF ASCCAS)=31THENS1FELSEIFASC( A% )=9THENSBBELSES90
IF 415 JITHENI=1ELSEJ=J+1

COTO 525

IF ASCK A% )=8THENSP1ELSES93

IF J-1<=0THENJ=JJ ELSE J=d-1

GOTO 3525

IF ASC(A% I=10THENS94ELSESY6

IF I+15IITHENI=1ELSEI=1+1

60TO 525

IF -ASC{ A )=F1 THENG9/ELSESY9

IF I~-1<{=0THENI=IIELSEI=I-1

GaT0 525

IF ASC{AB )=64 THEN 4600 ELSE 401

GA8UB 670

1GOTOS25
IF ASC{A$ )=46 THEN GOSUX 50 ELSE 618

6070 525

6070586

RETURN

LEND

7 BOK KK AROKOK OK KR RO KO SOOI R OR R AOK KKK KKK
‘LINEFRINTER OUTFUT ROUTINE

IF R=0 OR C=0 THEMN RETURN

ANG="DATA S5ET HAME —-»> ©

ICLS

IFRINTE4485"FRESS <ENTER: WHEN PRINTER IS READY."
SINFUT AN

(TH=LEFT$¢F$syLENCF$)~-1)

(TS=ANS+TS

-t GOSUR42000

SLFRINT TAR(ZZ )5TS

SLPRINT »

ILFRINT *

JI=INTCC/4.1+1)

II=INTORA200.141)

FORI=1TOII

IFR-200415=0, OTHENN=200ELSEN=200+( R~200%1 )

636 FORJ=1TUJJ

638
640

642

IFC~4%35=0, OTHENL=4ELSE L=4+{C~-4%J)
LPRINTCOLY 5

tFORKR=0TO{L~1)

ILPRINT TABC 14kRK+3 ) N$CIRK+HL dH40J~1))5
NEXT Kik

644 LPRINTY ¥

646

LPRINT Y ——mm e e e e



643 FOR M=1TON
650 LPRINT "RY iM4200KC1-133"8"5
632 FOR R=170 L
654 A=A ME200%K 1-1 Yo R+4%0J-1))
656 LERINT. TABC 14k(K-1)48) Aj
658 NEXT K
660 LPRINT
662 NEXT M
664 LPRINT " °
- ILPRINT »
ILPRINT " "

666 NEXT Jol
© 668 RETURN

670 XXARR R KRR oo R Rk k Rk '
671 ‘SCREEN PRINT ROUTINE- ACTIVATED BY PROGRAMMED “@" ASC(64)
OI2 SIS/ PSP PSSP
623 IF PEEK( 14312)<>63 THEN RETURN
674 LPRINT STRINGH(S4s"+")

675 FOR N= 15360 TO 16383 STEF 64
- 676 AR=" "
679 FOR G=0TB63
680 Z=FEERO N+ ) .

S IFZ-OANDZ 37 THENZ=Z+84ELSEIFZ <32 THENZ=32

681 IFZH=127 AND Z<=191 THEN ZI=42
682 B$=CHR$(Z)

683 A$=A%+tES

684 NEXT Q

685 IF PEERC 14312)<:63THEN RETURN
686 LFRINT » ¥

LEFRINT A
687 NEXT N

688 LPRINT STRINGH(54y"4+")

689 FORN=1T703

ILPRINT " "
INEXT
690 RETURN
695 RUN"HAIN/EAS"
LEND
700 “¥RARRRRROOEORIORCOROROOCOCOROROO KRR IOORKK

710 'GERERALIZED I/0 SUBROUTINES FOR PRUGRAM STARTERS

720 "/l /1057555555 S

. 735 CLS
' $TH="NORTHERN HARDWOULS LABORATORYs USFSy MARGUETTE. MI”
16OSHB4 2000
T36 182 L7 K F VP 777 PP i iSSP 7 i TP PPl S A PSPPI PP 777 i A 7P 77"
. +6085UB42000
© 737 PRINT

738 T$=="MENU FOR: GEMERAL LINEAR REGRESSION AMALYSIS SYSTEM
739 GOSUB42000

.. WPRINT

740 IF TX=-1 THEN GUOSUR 40000 ELSE 7350

750 TX=1

SPRINT” 1. RETURN TO MAIN MENU 2. GOTO BASIC
760 PRINT" 3, READ A MATRIX FROM LISK 4., WRITE A MATRIX TO IISK
C770 PRINT" S, ENTER A HATRIX MANUALLY 6. DISPLAY MATRIX ON VIDEC
780 FRINT" 7. -~FRINT MATRIX 8. GENERAL LINEAR REGRESSION
790 PRINT" 9. BARTLETT'S TEST FOR HOMOBENEITY OF VARIANCES"

. 900 PRINT

SPRINT"SELECT ONE OF THE AROVE -—> 75
S iFbk=-2

+GOSURLS

sAN=VALCING )

17



.18

. (IFANC=00RAN: 16 THEN7 40
710 ON AN GOSUB 6935y43000512552209340+5105620520005 3000
920 6070 735

© 1000 7 RXERICKKER KRR K ELRRRAAKRKIOORAORK KK KKK F KKKk KoK

1010 “ SINGULAR VALUE DECOMPOSITION
1020 “ FORSYTHE 1977 CH.9? PP.193-235
1030 / INFUT

! A(HyN) WHERE Mo=N

1040 / QUTPUT

¢+ W CONTAINS N UNORDERED SINGULAR VALUES OF A

- 1050 1 U & V CONTAIN THEMSELVES

1060 “ALLIE7[117770771177777277
1065 HWU$="TRUE"
 iMUS="TRUE"
1070 TE=0
tR1=R
$C1=C
tH=R
IN=C
INM=R

FORI=1TOM

IFORJ=1TON

WCIrd)=A{ Ird)

CINEXTJ I :
1080 “ HOUSEHOLLER KREDUCTION TO BIDIAGONAL FORM
1090 6=0

{SCALE=0
LAR=0
1100 FORI=1TON
=141
IRV1( I)=SCALEXG
16=0
15=0
{SCALE=0
SIF I>MTHEN1140

" 1110 FORK=ITOM

SCALE=SCALE+AES( U(Ky 1))
INEXTK
{IFSCALE=0THEN1160

1120 FORK=ITOM
SUCK» I )=UC Ky I )/SCALE
1S=SHUC K1) 2
INEXTK

1130 F=UCIs1)
$S5=SGN( F )
16=—1KSSHAKS( SAR(5))

 H=F3G-§
HWEIsI)=F-G
(IFI=NTHEN1150
1140 FORJSLTON
- 15=0
FORK=1TOM
1S=5HUC Ky I IKUCK )
INEXTK ~
IF=5/H
SFORK=1TOM
SUCK o )=UCK s J J4FRUC K 1)
INEXTH
INEXTJ

1130 FORK=ITOM

SUCR 1 )=SCALEXUIRSI)
SHEXTR



1160 N( I)=5CALEx%G
16=0
15=0
$SCALE=0
SIFIHMORI=NTHEN123
1170 FORK=LTON
$SEALE=SCALE+ABS{ UCIsK))
SNEXTR
‘ +IFSCALE=0THEN1230
1180 FORK=LTON
. U IsK )=l 19K )/SCALE
CIS=SHU(INK )2
’ SNEXTK
1190 F=UK IsL )
4+88=8GN(F )
G=~1%88%XABS({ SAR{ 5 ))
- sH=F %G5
SUC TPl )=F-6
'1"00 FORK=LTON
- SRVI(K =W TR )/H
INEXTIK
. sIFI=MTHEN1Z20Q
1210 FORJ=LTOM
45=0
SFORK=LTON
$S=8FUC Jy K )RUL IoK )
+NEXTK
tFORK=LTON
UG T 2K )=UE o K IHSRRVIIK )
SNEXTK
INEXTJ
1220 FORK=LTON
o (U EeRDI=8CALERUK IyK)
SNEXTK
1230 TT=ABS{ W( 1) )+ARS(RVI{I))
HIFTT>ARTHENAR=TT
1240 NEXTI
1250 "FORM THE V MATRIX IF MV="TRUE®
1260 IFMU$="TRUE" THENI1Z70ELSE1350
1270 FORII=1TON
$I=N+1-I1
: CIFI=NTHEN1320
- 1280 IFG=0THENL310
1290 FORJ=LTON
ST I)=(UC T d /U I0k 2)/6
' INEXTJ
1300 FORJ=LTON
tFORK=LTON
$5=8+U{ TR JAV(Ksd)
INEXTK
- IFORK=LTON
VIR d )=V Kso 345KV K 1)
INEXTK
SNEXTJ
'1310 FORJ=LTON
sV I5d)=0
W Js1)=0
C INEXTJ
1320 W Isi)=1.0
$6=RVI{ 1)
k=1

19
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. 1330 NEXT IX
1340 /COMPUTE U IF MU="TRUE"

1350 IFiriU$="TRUE" THEN1360ELSEL1470

1360 HN=N

$IFMANTHENMN=M
1370 FORII=1TOMN
$I=MN+1-11
k=141
G=W(I)
$IFI=0THEN1370
1380 FORJ=LTON
U I 9d =0
SNEXTS
1390 IFG=0THENI1430

1400 IF I=MNTHEN1420

1410 FORJ=LTON

+5=0

{FORR=LTOM .

$S=8+UC Ky I )KUCK»J)

SNEXTR

F={S5/WK1Is1))/6

tFORK=1TOM

’ .U( h! J )—U( "’\! J )+F*d( ‘\9.[ )
INEXTR
. SNEXTJ

1420 FORJ=1TOM

UGS I )=UC I I )G

SNEXTJ

1G0T01440
1430 FORJ=ITOH

$UC J»1)=0
. INEXTJ
1440 U I5I)=U(Is1)+1
1430 NEXTII
1460 ‘DIAGONAL.IZATION OF THE BIDIAGONAL FORM
1470 FORKR=1TON

sR1=N-RK

iK=K1it1

$1T5=0
1480 FORLL=1TOK

bi=K-LL

tb=L1+1

$IFCABSIRV L L ) )HAR I=ARTHEN1560
1490 IFCABS{WCLL ) )HAR I=ARTHENLTG10

1500 NEXTLL

1510 C=0
~i8=1

{FORI=LTOK

tF=8%RV1(1 )

$IFCABS(F )HAR I=ARTHEN13540
1520 6=W( 1)

tH=SOR{F¥F+GX6 )

W T )=H

1C=6/H

$S§=~F/H

$IFMUS="TRUE" THEN1530ELSE1540

- 1330 FORJ=1T0M

$Y=U(JsL1)
$Z=UCJr 1)

UK J L1 )=YRCHZRS
tUC JpI )=~V KS+ZXC
SHEXTJ



1540 NEXTI
1550 ' TEST FOR CONVERGENCE
1560 Z=UW(K )
’ +IFL=KTHEN1670
1570 IFITS=30THEN1720
1580 ITS=IT6+1
+X=UWiL)
$Y=W(RL)
G=RVLI(K1)
tH=RV1(K)
sF={ (Y~ —Z K YHZ )4 G-H 1K GHH ) )/ 2RHKY )
{G=8AR{ FXF+1 )
$58=8GN(F )
+SF=88%A55(6)
AP ECIX=Z)RCXHZ M HE Y/CF45F )=H ) )/X
te=1
i5=1
1490 FORII=LTOK1
tI=I1+1
tG=RULCT)
Y=W(I)
H=8%G
16=CAG
- tZ=SQR( FXF +H%H )
IRVI{II)=2
1E=F/Z
tS=Hs/Z
tF=XAC+G6%5
16=~XXS+G%XC
tH=YXS
$Y=Y%C
AIFMVS="TRUE" THEN1600ELS5E1610
1600 FORJ=1TON
$X=U(J511)
$Z=CU5T )
WWEJI1)=XKC+Z4S
SVC eI )=~XkE+ZXC
INEXTJ
1610 Z=S0R¢ FXF+H%XH )
We 11 )=z
$IFZ=0THEN1630
1620 C=F/2
1S=H/Z

1630 FECRGASKY

1 X=~SKG+CKY

: LIFHMUS="TRUE" THEN1640EL5E 1650

1640 FORJI=1TOM

i SY=W(JIYII )
1Z=UC 1)
sUCI»I1)=Y%CH+Z%5
SUCT 9T )=-YRS+Z%C
SNEXT -

1650 NEXTII

1660 RVIC(L)=0
SRVL(K )=F
H t\ =X
160T01480

1670 IFZ>=0THEN17090

| 1680 WK )=-Z

{IFMV$="TRUE" THEN1 690ELSE 1700
1630 FORJ=1TON
SUC IR )=V I9K )

21



.22

INEXTJ
1700 NEXTKK
1710 66701730
1720 IE=K
1730 RETURN
2000 kRkkikxiokkkiookocouooRoooOOORKRR R E
2010 ‘LINEAR REGRESSION CONTROL MODULE
20 T SLLSLLITISETLI P77
2030 €LS
IPRINT@128"ENTER VECTOR Y(M) IN XXB=Y WHERE R=4 & C=1."
$GOSUBL30
$TS8=0
tMSS=0
tFORI=1TOR
YCIrl)=Al Isl)
$TSS=TS5+Y{ I+1 )AY{Is1)
$MSS=M55+Y( I»1)
SNEXTI

2048 ELS

IPRINT@1285"ENTER MATRIX X(M:N) OF XKB=Y."
{GOSUB130
2042 IFF$="XM" THEN2045ELSEF $="X"
2043 DD$="1" :
+60SUR222
2045 CLS ,
IPRINT@458:"PLEASE BE PATIENT. COMPUTATIONS IN PROGRESS.”
$GOSUB 1000
/SVD
2050 IF IE<>OTHENCLS
IPRINT@458," ERROR RETURN FROM SUD™
 iSTOP
2060 WI=10000
S Wii=0
SFORA=1TON
SIFWC D HWHTHENWM=WC 1)

- 2065 IFWCJ ISWITHENWI=W(J)

2070 B¢ J )=0

INEXTJ

ICLS

(PRINT@448s" NUMBER OF SIGNIFICANT FIGURES IN RAW DATA? --» "5

SFL=-1

{COSUBLS

$G=VALL IN$ )

16=8+2

SRE=0.1L5

s TA=RE*UM

T SETS EFFEETIVE RANK AND IS ARBITRARILY COMPUTED
2080 RR=0

IFORI=1TON

$IFWCJ )=TATHEN2100

© 2090 RR=RR+¥1

$5=90

SFORI=1TOM

1S=8S+ Iy d DKV Is1)
SHNEXTI

1$8=8/W(J)

(FORI=1TON

(BCI =Bl T3SV I»d )
$NEXTI

ISV J)=( 1 /UCT L2



2100 NEXTS
2102 IFRRANTHENS{ Nt6 )=—1
SPRINT
IPRINT"WARNING ! MATRIX IS SINGULAR.”
tELSEBC N+6 )=WI
2104 B( Nt4 )=RE
¢BC N+S =W
i 4B NEZ )=MS5/HM
2110 ESS=0
sFORI=1T0OM
IRI=0
tFORJ=1TON
) sRI=RIHBCI KA Id)
sNEXTJ
JESS=ESSH+{ RI-Y{Is1)X2
INEXTI
2120 HOS=NA{ M55/ /M M2
$SE=SAR{ESS/( KK ) )
tFORI=170M
$YC1+22=0
CIFORJ=1TON |
CAYCT920=Y0T 92 3440 Ted DKEC J )
SNEXTJ.
sYCEs3)=Y{Isl )-Y{(1Is2)
1YC T4 )=Y( I»3 2/5E
CINEXTI
. 2130 RS5=TS5-ESS
$RMSS=RSS-MSS
{THS5=T55-M55
SIFACL 1 )=1ANDAC INTINA2 )y 1 )=1ANDA Ny L )= 1 THENMEANS=" TRUE" ELSEMEANS="FAL SE"
2140 ‘' DECISION BRANCHES FOR ANOVA TABLES
C 2150 IFMEANS$="TRUE" THEN217O
2160 RR=RR+1
SFR={RSS/RR )/(ESS/( ¢ H-RR )
sLinN=RR
sDO=M-RR
GOSUB10000
. $AS=RR
$A7=RS5
YAZ=RES/RR
tA9=FK
tZ1=FE
122=n
323 158
L 'GOTOZZ:’.O
217¢ CLS
FRINT@4484" INCLUDE TERM FOR MEAN IN ANOVAT (Y/ Ny ——> "5
. OFL—
+GOSUHRLS
S IFINS="Y" THENFM$="TRUE"ELSEFM$="FALSE"
< 2180 IFFHM$="FALSE" THEN2200
2194 Al=1
LA2=N58
CQO—ﬁJS
tFR=MSS/{ESSA{ M-RKR))
IA4=FR
+DN=1
¢BO=M-RR
+GOSUER10000
tAS=FR

23



tB6=RR—-1
tA7=RMSS
+AB=RMSS/¢ RR-1 )
tFR=A3/{ESS/(H~RR )}
tA9=FR
$BN=RR-1
tDIi=M~-RR
- +GOSUB 10000
¢Z1i=FB
tZ3=M
+Z3=188
- 60TO2220
2200 AG6=RR-—-1
LA7=RMSS
+AB=RMSS/{RR~-1)
+A?=A8/(ESS/{ M-RR 1))
EFR=A2
- ¢IIN=RR~1
s DD=H-RR
. ¢+GUSUE10000
tZ1=FE
$Z2=1-1
.Za-TMSS
2210 ‘1 ANOVA TABRLE DISPLAY
2220 CLS
SPRINT@10» "REGRESSION ANALYSIS OF VARIANEE TABLE"
2230 PRINT@L28y"SOURCE" TARBC 7 )"IF" s TABL 151" 88" i TABC.28)"MS" § TABt 43 Y F” 5 TAR( 50: )" PRC
BABILITY" ’
2240 PRINT@192s" e e - s——— ="
2256 IFFH$="TRUE" THEN2260ELSE2270
2260 PRINT"MEAN" $ TABC & )AL TARC 12 )AZ5 TAR( 25)A3 i TAE( 40 )A4 5 TARC 53 Y5 USING" . 343%" ¥AD
2270 PRINT"REG." s TARB( S )INGITARC 12 ))A7 3 TAR( 23 )AB i TAR( 40 JAZ i TABC I3 }SUSING" # . $$3%" 571
T 2280 PRINT"ERROR" 5 TAB( 6 - RR:TAB( 12 ESSS TAR 25 )ESS5A(M-RR )
2290 PRINT " == oo e e e e e e e e e i "
. 2300 PRINT"TOTAL" s TAB( 6 )Zg!TAB( 12)5Z3
2300 PRINT"MEAN OF RESFONSE VARIABLE Y = "B{N+7)
2310 PRINT"STD.DEV . OF ERROR= “"SGR{ESS/(M-RR))3" CV¥. OF Y = "5USINGC"$3%.$"5((5C
REESSA¢ M—RR } > )/ B N+ZF ) 24106
T LIFMEANS=" TRUE" THENR2=RMSS/ THSSELSER2=RSS/T58
2312 PRINT" MU TIPLE CORRELATION COEFFICIENT (RAX2) = "j
tPRINT"REGRESSION COEFFICIENTS"
(FORI=OTON-1
¢ IFMEANS="FALSE" THEN2330
2320 PRINT"B"I"= "BC(It1l )y
- GBTO2340
2330 FRINT"B"I+1"= "B{ I+1)»s
2340 NEXTL )
- 2345 HH=INKEY$
tIFAS=""THEN2343ELSEIFASC A% =64 THENGOSURSG7 O
- 23530 IFHEANS="FALSE" THEN2380
. 2360 IFFM$="TRUE" THENE$="WITHOUT"ELSER$="WITH"
2370 ELS.
IPRINT@448»"WANT TO VIEW THE ANOVA "B$" THE MEANT (Y/N) —— "5
iFk.=1 .
. -GOSUAI.J
. lFIN$"'N" THEN23BOELSEIFINS="Y" ANDE$="UITH" THENFM$="TRUE"
1GOTO2190 .
ELSEF M$="FALSE"
+60T02200
2380 S‘WE Yot %X’ X)=1yAND B WITH B¢ O )=RR

A
[N ]

24



2382 €LS
{PRINTE448»"COMPUTE CONFIDENCE INTERVALS OR DO ERROR ANALSIS? (Y¥/N)Y ——>
=1
{GOSUBLS
SIF ING="N" THENRETURN
2385 €L =
IPRINT@448» "MATRICES Y(.v4)y (X X)-1s AND B(.) WILL NOW BE SAVELD."
IPRINT"BE SURE A [ATA DISK IS IN LRIVE #1,"
SPRINT
v SPRINTYSENTER> TO CONTINUE."
2386 AS=INKE($
LIFAS=""THEN23864
2390 FORI=1TOM
tFORJI=1TO4 .
ACIyd )=YC Ixd )
INEXTd s X
AFF$="YNIL"
'L$ prvey YL 1“
.‘Fi_" x‘“ﬁ 1 "
SNBC L d=m Y
NS 2 )="YHAT"
SNSL3 I="EHAT"
SNSC 4 )""ZHQT"
tR=H
iC=4
+GUSUBR22S
'2393 IFMEANS=" TRUE"” THENB( N+2 )=1ELSERt N+2 )=2
2400 B N8 =i
$BCNt1 I=ESS/A(M~KR )
+BE N3 )=REK
tFORI=1TON+3
{ALIs1 )=B( 1)
TNEXTI
iN$< 1 )="1"
FFFH="BNI1™
tLg="BL 1"
tFe="EMI1"
“tR=N+8
i€=1
16a8UB225
2405 FORI=LTON
INSLT )=8TR${I)
INEXTI
- SET COLUMN LABELS CORRECTLY
24-10 FGRI 1 TON
IFORJ=1TON
$UC Tod )=6WK I )EVC Js 1)
CSNEXTJsI.
- (FORI=1TAON
tFORJ=1TON
AL Iy )=0
tFORK=1TON
R Jrd )=AC T s I MU TR KU Ked )
CINEXTR e J»I
AFF$="XPXIN: "
tLd="XPXILI1"
IES="XPXIMIL"

- IR=N
ie=N
{6OSUB22S

25



2420 RUN"GLR1/BAS"
3000 7 Ak Ak Aok Ak A R KOKKOROK R KKK KKK ORI R OK KKK kK ok K
3010 “BARTLETT S TEST FOR HOMOUGENEITY OF VARIANCES
- 3020 AFTER
. ¢ SORAL AN ROLFE 1969y PP. 370-371
3030 7 USER . MUST INPUT VARIANCES AND THEIR [F'S
SR “ LIS LS LIS 7 7877 PRSP E7 L7077
305¢ ELS
WFPRINTE448y"TO USE THIS ROUTINE YOU MUST HAVE THE VARIANCES AND THEIR DEGREES
OF FREEDOM. THEY ARE NOT COMPUTEER FOR YOU IM THIS ROUTINE."
- ¢PRINT
HPRINTENTER «¥> IF YOU HAVE THEM AND «<N> IF YOU DO NOT."
SPRINT
‘ IPRINT"ENTER —-> "
3060 FL=1 .
: 16ESUERLS
30704 EESNS="Y" THEN307OEL SERE TURN
IPRINT@448+"ENTER THE NUMBER OF VARIANCES TG BRE COMPARED —--> "§
CFL"“_Z
TLIGOSURLES
{N1=VAL( IN$ )
SR=iN1
NS 1 )="VARIANCE"
NS 2 ="ELFEY
3073 E€LS
WPRINTVENTER VARIANCE S2¢(I ) AND D.F.= NCI)-1.,"
SPRINT
3080 FORI=1TONL
IPRINT"UARIANCE #"1"="3
Fe=-8 -
{6GOSUBLS
A E91 )=VARC INS )
fFRINTY . BF #"1"="3
WFFL=-3 '
+GE5URLS
sAC T2 )=VALC INS )
- SPRINT
‘NEXTI
.5090 cLs
: IPRINTE448, L0 YOU WISH TO REVIEW THE ENTRIES ABOVET (Y/N) ——> "§
~ Fk=1
$608UBL3
‘ SIF INS="N"THEN3100ELSEGOSUBS10
- 3100 CLS
. .V-F‘RINT@448y”ENIER € TO CONTINUEs <R> TO RESTART BATA ENTRY. --> "%
. sFk=1
tGOSUBLS
. LIFINS="C" THEN3110ELSE3080
3H0CLS :
) IPRINTE448+"T0 AVOIL NEGATIVE LOBARITHMS: ALL VARIANCES MUST HE GREATER"
(PRINT"THAN ONE (1.0). ARE THEY? (Y/N) ——> "3§
sFe=1
1GUSUBLS
.IFIN%“"Y"THENBIZ"»'{)
3120 PRINT
PPRINTENTER THE CONSTANT MULTIPLIER TO INSURE NO NEG. LOGS --> "3
©iFL=4
IGOSUBLS

- 26



tE1=VAil IN% )
(FORI=1TONL
M Iy1)=C1¥A{Is1)
INEXTI
- JGOSURS1O -
3130 CLS
IPRINTE458+"PLEASE BE PATIENT. COMPUTATIONS IN PROGRESS."
3140 S5=0
154=0
- 181=0
$82=0
FORI=1TONL
~181=81+A{I1+2)
$82=82+Al Is2 04Al I91)
$1S4=54+AC T2 0K(LOGI AL TI»1 )3/ LOGL 1O ))
$85=85+1/A(1+2)
INEXTI
$83=62/51
+83=L06{ 53 )/LOG{10)
- 3150 CHI2=2.3026%{{ S1%53)-54)
317¢ CF=14+C¢ 1/C 3H{NL~1 ) ) ) 85~¢ 1/581 )}

tCHEZ=CHIZ/CF
3180 CLS :
WPRINTE448y"CHI SQUARED = "CHIZ" WITH "Ni-1" DF." ~
- SPRINT

- IPRINT"REJECT HOMOGENEITY OF VARIANCES IF CALCULATED VALUE (ABOVE) IS

R THAN TABLE VALUE. (LOBK IT UF)"
~ tPRINT
SPRINT"<ENTER:> TO KETURN TO MAIN HENUE."
3190 AS=INKEY$
$IFA$=""THEN3 190ELSERE TURN
10000/ HHRRAKRAKARKKKARRHAKOR KRR
10010 ‘SUBROUTINE FPROB
10040  INPUT - ,
! FR=R RATIO DN=NUMERATOR DF DD=UENOMINATOR OF
10050 ‘ QUTPUT
! FB= PROBABILITY OF F
RV RYIIII VIV VI P24
10065 X#=1
{IFFR+1THEN10080
10070 S#=IN
iT#=D0
 lZZB=FK
T iBOT010090
.. 10080 S#=35
: AT#=DN -
ZZ#=1/FR
10090 J5=2/9/5%
IKS=2/9/T#
SZH=KSKZZHL( 2/3 )443
 GOSUBLOE00-
AYE=ABS( ( 1-KS MMZZHEC 143 0-1405)/23%
SIF T#44 THENL0L 10
10100 X#=5/C LYK 1968544 YHKE 1151944V H%E 0003444 Y4X. 019527 )) )0 4
O X#=INT(X#%10000% 5 1/10000
(60T0L0120
10110 Y#=Y4K¢ 1+, 08K Y404/ T#03)
7 60T010100
10120 IFF#>1THEN10140
10130 X#=1-X#

GREATH
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10140 FB=1-X¢
10130 RETURN
10500 Z34#=84R(Z# )
SE3H= Z3%+ZIH/23% )1/ 2
YZ3%=( Z33+Z#/Z3%1/2
{RETURN
40000 M=100
CiN=10
SOIM NSON)p AN I WEN ) s UC Mo N 2oV NN Do RVICN ) o ¥Cir 4 I BE N8 1o SUIN Y XI( NN
49015 MY=-99.29
40020 RETURN
42000 CC=LENCTS )
$ZZ=INT{ 30~-ECA2)
T PRINT TAB(ZZ)5TH
IRETURN
¢V CENTERING ROUTINE
43000 ENDB
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APPENDIX II. Source code listing for program GLR1/BAS

10 CLEAR 500
: $TX=-1
160TOZ00
$/GLRL/BAS VERSION 02/19/81 ,
13 ¢ BRI KRR KRR KRR AORKIOOK KKK KRRk
14 ‘ANSWER INFUT ROUTINE
15 P=( 2S6KPEEK( 16417 MPEEK( 16416 ))-15359
 $IF ABS(FL)=1THEN16ELSE24
L6 IN$="" ,
IPRINT@P s CHR$C 13605
o tkX=1
17 INS=INKEYS$-
_SIFINS="" THEN22
18 IFFL=-1 AND ASCC INS )»47 AND ASCC INS <S8 THEN 21
19 IF FL=1 AND ASC( IN$)>64 AND ASC( IN$ <91 THEN 21
2¢ G0T0 22
21 PRINT@F »IN$
 IRETURN
22 IX=LXt:
SIFL<LATHENLY
23 PRINTEFs" "5
: 'FORLX=1T025
. SNEXT
| I60T016
24 PRINTEPs CHR$(136)5
. :IN$=’I n
SLX=ABS¢ FL)
. iGOSUR34
25 AS=INKEY$
tIFAS=" " THEN2S
26 IFA$=CHR$¢ 13 )THENPRINTCHRS¢ 15 )
. IRETURN _
27 IF A3=CHR$( 8 )THENIFINS<>" " THENPRINTASS
SPRINTCHRS( 136 23CHR$( 24 )5
$IN$=LEF T$¢ INS +LENC IN$ )~1)
SLX=LX+1
G0T025
{ELSEGOTO28

28 IFAS=CHR${ 24 )THENPRINTCHRS${ 29 )5

1607024
29 IF FL>0 AND ASC(A$)>31 AND ASC(A%)<91 THEN 32
30 TF FL<O AND ASC{A$)»=45 AND ASC(A$)<58 THEN 32
. 31°60TO 25
. 32 IF LX=Q THEN 25
33 PRINT A%4
 LINS=INGHAS
SLX=kX-1
160T025
34 FOR IX=1TOLX-1
" SPRINT CHR$(136)5
INEXT
{FORIX=1TOLX
CSPRINT CHR$(24)5
INEXT .
SRETURN
50 KAFRKARNKK KKK KRR KON KRR
‘52 'CHANGE VAKIABLE NAMES
TSN IIIIITIIIIIY
56 LS }
IPRINT@448+"WHICH COLUMN’S NAME WILL BE CHANGEL? --» "3
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SFr=-2"
$GOSUBLS
IXJ=YALL INS }
{PRINT
IPRINT"PLEASE ENTER NEW NAME ~-> "3
tFL=8
{GASUB1S
NS X I=ING
SRETURN
100 7 KRR AERAAAK KA RRRARA KKK KK AR K ARK AR R KKKk
110 ’READ SEQUENTIAL D&TA SET FROM DISK
320 /LLIEELELLLEFS
125 €LS
130 Ple@w,"Emza FILENAME OF DESIRED DATA SET --> "#
tINPUT F$
135 FF$=F$+"N"
L$=F$4+ L"
F$=F$+"H"
140 OFEN "1"»1sFF%
SINFUT#1sR»C
1CLO5EL .
3’ GET RsC VALUES
145 OPEN "1I"s1sL%
IFORK=1TOC
SINPUTHLsNSCK )
INEXTR
146 CLOSE
150 OPEN "1".1,1:(*

180 FOR,I‘—'-ITGK
© O WFORJ=LTOC
SINFUT#LyALI»d )
_ INEXTd»1
. 170 CLOSE 1
180 RETURN:
SCLIRS P33 e¢3 2 823 23280380833 ¢28282223223828225222238052 31
200 / WRITE A SEQUENTIAL MATRIX TO DISK
L0 T LSLLLLLLFLLLL LY
229 CLS
_ tPRINT@E448»"ENTER FILENAME OF NEW DATA SET —> “3j
. CINPUT F$
SPRINT
IPRINT"ENTER DISK DRIVE # WHERE DATA SHOULD BE SAVED --> "#
- SINPUT DD
222 FFS=F+" NI " +BD%
© LS=FSH"LI " HLDS
- sFS=F34+" ML " +DIS
225 FOR J8=1T0C
C O IF LENCNSL JG))=0 THEN N$(JQI=STR$CJQ)
226 NEXT. .
230 OPEN 0"y 1 »FES
cF’RINT*l +R3CH#
tCLOSEL
244 OPEN “0"»lsF$

25¢ FORI=1TOK
tFORJ=1TOGE
“IPRINTH#LsAL Ivd 23
INEXTJd»1
260 ELOSE 1
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265 OPEN"Q" 1L %
FORI=1TOC
IPRINTH#LINSCI )i"s" §

FNEXT

tCLOSE
ZZQRETURﬂ .
290 REM dkkckkxickiokdkikkkdokkiiiokionibkokkiikokioiiokk okl ki kkkkk
2953 REM SUBRBUTINE INPUT

300 ‘L. THIS SUB READS FROM THE KEYBGARD
30572, MHATRIX & IS LOADED AND CAN BE SAVED ON DISK
325 ‘he  14~APR-7F
335 REM BEKRRRACEREA 0RO R R KRR KRR KK
340 CLS
345 INPUT "PLEASE ENTER: NO. ROWS AND COLS (ReE)e——3 "$R,C
350 FL=8
{PRINT
(FOR J=1TBE
IPRINTZENTER THE MAME FOR VARIAELE "3di" —=> "3
${COSUB1S
L INSC I I=INS
SPRINT
 NEXT
355 CLS
365 FOR I=1 TO R
370 PRINT “ROW "3
375 FOR Jd=1 TQ C
380 FL=~12
IPRINT "PLEASE ENTERS VALUE OF COLUMN "5d" —-» "}
1GOSUE 15
385 PRINT
390 & Ird)=VALC INS )
395 NEXT J
400 NEXT I
430 RETURN
435 END
440 7 BRRRRKIKRRERRIRK KKK KRB RO KKK
445 * © SUBROUTINE VIDED
450 © DISPLAYS MATRIX A(R»C)s13 ROWS BY 4 COLUMNS AT ONCE
455 / USES ARROWS IN ALL DIRECTIONS TO SEE DIFFERENT PAGES
460 / OF DATA. "CLEAR" WILL TERMINATE DISPLAY
500 7 KRBRRKARRRRRR ORI RO KRR KK
510 CLS
“1IFR=0 OR C=0 THEN RETURN ELSE JJ=INT(C/4.141)
SLI=INTCR/13.141)

515 I=1

=1
523 IF R-13%I>=0,0 THEN N=13 ELSE N=13+{R-13%I)
335 IF C-44J5=0.0 THEN L=4 ELSE L=44(C~4XJ)

: S“)CLS

SPRINT"COLS"
IFOR KK=0TO4L-1)
CSPRINT TAB¢ 14KK+8) N$C(KK+1)44%¢J~1 )3

545 NEXT KK
. SPRINT
550 PRENT" — e o o e e e "
555 FOR M=1 TO- N

560 PRINT "R"sMEL3%( I-1)5"3" %

565 FOR K=1 T0 L
| 570 4=a4 ME13%C I-1 Je K444 I~1))

575 PRINT TAB( 14%( K~1 M48) A
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580 NEXT K
IPRINT
585 NEXT M
586 AS=INKEY$
" 1IFAS=""GOTOS586
587 IF ASC(A$ )=31THENG19EL SEIFASE( A% )=FTHENSBBEL SESP0
588 IF J+1>JITHENd=1ELSEJ=d+1
589 COTO 525
590 IF ASCCAS )=8THENS?1ELSES93
591 IF J-1<=0THENJ=dJdJ ELSE J=d-1
592 60T 525
593 IF ASC( A% )=10THENSP4ELSES96
594 IF I+1>IITHENI=1ELSEI=I+1
595 6OTO 525
596 IF ASCCAS )=91THENSY7ELSESSY
597 IF I-1<=0THENI=IIELSEI=I~1
598 6OTG 525 ,
599 IF ASCK A% )=64 THEN 600 ELSE 401
600 COSUB 670
1GOTOS2S ’
601 IF 'ASE( A$ )=46 THEN GOSUB 50 ELSE 618
602 GOTQ 525
618 GOTOS86
613 RETURN
SEND -
620 HHRIRAOKRKIAK KK ARRAAK KRR KA KA AAAK IR KR
622 'L INEFRINTER OUTFUT ROUTINE
623 1IF R=0 OF C=0 THEN RETURN
624 ANS="DATA SET NAME --7
iCLS
. tPRINT@448,"PRESS <ENTER> WHEN PRINTER IS READY.";
CIINPUT AN
STH=LEFTSCF o LENCF$)-1)
ITH=ANSHTS
:GOSUB42000
JLPRINT TAB(ZZ)iT$
ILPRINT " »
LLPRINT " ©
630 JI=INTCC/440141)
$IISINTCRA200. 141 )
632 FORI=1TOLI
634 IFR-200%13=0,O0THENN=2Q0ELSEN=200+¢ R-200%1 )
636 FORJ=1TOJJ
638 IFC—4%J>=0, OTHENL=4ELSE L=4+{C—4%J )
640 LPRINT"COL:"
' FORKK=0TO( L-1)
LLPRINT TABCL4KKK+3) N$CCKK+1 M4%¢ J-1 )5
642 NEXT KK -
644 LPRINT" "
646 LPRINT" ~—- "
648 FOR M=1TON
650 LPRINT. "R" iM+200%¢ I~1 )57 8" §
651 FOR K=1TQ L
654 A=BEMT200KE I~1 Yo R+4% J-1))
656 LIPRINT TABC 14%¢K~1)48) a3
658 NEXT K \
660 LIPRINT
662 NEXT M
664 LPRINT » *
ILFRINT * »
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ILPRINT * *
666 NEXT- Js1
668 RETURN:
670 F HARRRARKKIRE KRR ARk
671 * SCREEN PRINT ROUTINE- QCTIVATED BY PROGRAMMED "@" ASCC 64 )
612 "L/ I114 41100717
673 IF PEER( 14312)<»63 THEN RETURM
674 LPRINT STRING$( 64" +")
675 FOR N= 15360 TQ 16383 STEF 64
676 ﬁ. =.”ll "
679 FOR 8=0T063
680 Z=PEEK( NG ) .
- UIFZ>QANDZ427 THENZ=Z+64ELSE IFZ<32THENZ=32
68t IFZ»=127 AND Z<=191 THEN Z=42
682 B$=CHR$(Z )
683 AS=AS+ES
684 NEXT @
685 IF. PEEK(14312)<»63THEN RETURN
686 LFRINT " *
 ILPRINT A%
687 NEXT N
688 LFRINT -STRINGS( 641"4" )
689-FORN=1T03
ILFRINT *  »
SNEXT -
630 RETURN
695 RUN"GLR/EAS"
LEND :
700 7 KAAIRROKIR KRR AR IR KRR R XK K
710 ‘ GENERALIZEL I/0 SUBROUTINES FOR PROGRAM STARTERS
720 £LILLIELF17174707
735CLS -
- ST$="NERTHERN HARDWOODS LAEORATORYs USFS»: MARGUETTE, MI®
© iCOSUB42000
736 TS="L AL LELLILLLLLLLFFIEELLLLLELEELEELELLELELIFIILLIEELILEL"
. (COSUB42000
737 PRINT
738 T$="MENU FOR: GENERAL LINEAR REGRESSION ANALYSIS SYSTEM
739 GOSUB42000
742 T$="PART II. CONFIDENCE INTERVALS AND ERROR ANALYSIS"
{COSUB4-2000

$PRINT
. L IFTX=~1THENGOSUB40000ELSE750
750 TX=1
. WPRINT" 1. RETURN TO MAIN MENU 2. GOTO BASIC
- 760 PRINT" 3. READ A MATRIX FROM GISK 4. WRITE A MATRIX TO DISK
- 770 PRINT" 'Si ENTERK A MATRIX MANUALLY 6. DISPLAY MATRIX ON VILEQ
780 PRINT". 7. PRINT MATRIX 8. CONFDNCE INTERVALS FOR B
790 PRINT" 9. CONFDNEE INTULS FOR YHAT  10. PLOT RESIDUALS
. 800 PRINT" 11, HULTICOLLINEARITY CHEEK 12. HETEROSCEDASTICITY CHECK"
810 PRINT” 13. AUTOCORKELATION CHEEK 14. SCALED K
820 PRINT" 15, ' EQUALITY OF REE. LINES”
900 PRINT
(PRINT"SELECT ONE OF THE AEOVE —-> "3
FL=-2
IGOSUBLS

LAN=VAL{ IN$ )
_ L IFAN«=00RAN 1 6THENZ 40
- 905 IFANKBTHENFM$="FALSE"

© - 37 PREVENTS DATA MIXUPS
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710 ON AN GOSUE 6954300021255 220»340+51056205 1000520005 3000 ¢ 4000950006000 7000
8000
920 GOTO 735 .
1000 “ RxkkdokikkkdoksokioloRkiiokokiorkiok ko iokk Rk Kok ok
1010 - CONFIDENECE INTERVALS FOR COEFFICIENTS B
1020 f'li/[l///////////////!‘
1030 LFFM$="FALSE" THENGGSUE 10009
- ¢ READ BrYs AND (X' X)-i
1040 GOSHEB11000
£/ GET TC2
1056 SIG=SARCBENFL )
IFORI=1TON '
SCICE )=SIGHTC2ASAREXIC I»1) )
INEXTE
(IFA(L #1 )=1ANDAL M1 )=1 THENLL =0ELSELL=1
1060 CLS :
IPRINT@10y " CONFIDENCE INTERVALS FOR THE COEFFICIENTS."
IPRINT*T-VALUE FBR 95%Z CONFIDENEE INTERVAL= "iTC2i" DF= "X

(FRINT"COEFFICIENT" »"UFFER LEVEL"»"LOWER LEVEL"s"STAND. DEY."
1062 PRINT Y == m e e o e e e e e e e e e "

1065 K=1
IFORI=1TON
LIFLL=0THENK=I-1 :
1070 FRINT"B"K". "$B¢I ¥sB( I M4EI¢ I 29 BC I 1-CIC T }»SAREXTC T9 T JKBEN+L )
C K=K
INEXTI ,
1080 GOBUBB13Q
1090 RETURMN
2000 7 BBRAKIREKERBIRRARREKAAKARK TR XKL ERRRAK KK KK
2010 ‘ CONFIDENCE INTERUAL AROUND PREBICTED Y VALUES
2000 “ LAILLIELLLLILELEILELLE
2030 CN=Q-
LIFFH$="FALSE" THENGOSUE 10000
© 17 CHECK IF Y AND (X’X)~1 ARE LOADED
12040 GOSUB11000
$YFILL TE2
2045 SIG=SGK{BEN+L )
1607102055
2050 CLS
SPRINT@10s" CONFIDENCE INTERVALS FOR PREDICTED Y VALUES.”
 tPRINT"T-VALUE FOR 95% TWO—-SIDED CONFIDENCE INTERVAL= *3TC23" DF= "X
TPRINT" YHAT" » "UPPER CI" +"LOWER CI" s"STAND. ERWN."
© 2052 PRINT" »
SRETURN
2055 GOSUB2050
2060 FORE=1TOM
15Y=0
LY =0
FORJ=1TON
BETCdI=0
$FORK=1TON
SCECT Y=CIC J MK oK MAXICK2d )
SNEXTK .J
20720 FORJI=1TON
SPYUYHCTCT AL Tad X
INEXTJ:
LSY=8IGRSARE VY )
{CI=TC2ASY
2080 PRINTY¢ 15239 Y( 152 MEIsY( 152 ECI+8Y
2085 Y€ 35 )=Y€ 152 MCI
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tYCird =YY€ I22 )€1
2090 IFEN<PTHENCN=CN+1ELSE2110
2100 GOTO212¢
2110 6B5UBB 130
2115 EN=0
:GOSUB2050
2120 NEXTE
2‘125 AS=INKEY$
YIFAS=""THEN212S
21J cLs

“IPRINT@448+"D8 YOU WISH TO SAVE THE CONFIDENCE INTERVALS FOR YHAT IN THE Y

ATRIX? CY¥AN) -~ ;5
FL=1 B}
sGOSUBLS
$IF INS="N" THENRE TURNELSE 2130
2130 DD$="1"
tFg=ryn
+{L=6
. aR=H
SFORI=1TOM
FORJI=1TEC
$ACIrd )=Y¢ Iad )
SNEXTJI 1
- SFORI=1TO4
NBL T I=YNSE I )
INEXTI
NS{ 5 )="Y-UFFER"
NS4 & =" YL OUWER"
16a5UB322
RETURN
OO0 “ BBAKRE KK AR AR KAK KA KA IOK KAk KAk

3010 ‘PREPARE THE Y MATRIX FOR PLOTTING OF RESIBUALS

RIS I I IIIIIS

3022 €LS
{T$="PREPARING FOR MATRIX PLOTTING OF RESIIWMALS®
+GOSUB42000

3030 Fe="y"

+GOSUBL3S
+TFORI=1TOR
$FORJI=1T0C
Y ird )=Ad Ead )
o WNEXTdr I
. FORI=1TQS
CAYNS(T )=N${ T )
CINEXTI
- ’Fs...,'lx.'
+GOSUBL3S
. 3040‘ N=C
T iC=6
LFORJ=1TON -
AIFACL»d )=1ANLAL R e d I=1 THENS30&0
3056 C=C+1
: IFORI=1TOR
SYCTIPEX=AC Iy d )

INEXTI :
IN$CCI=" X" +STRSC C~6 )
3060 NEXTJ
3062 C=C+1
tFORI=1TOR
YO IE)=1

t
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INEXTI - -
tN$< C)="0BS "
3065 FORI=1T06&
INSC T )=YNSCT ) -
INEXTI
$*NOTE X‘S LABELED ABOVE
3070 DD%="1"
:F$=_"Yll
{FORI=1TOM
{FORJI=1T0C
$AC Trd )=Y( 1)
INEXTJ»I -
. tGOSUBR22
3080 RUN"MULTPLT/BAS™
4000 7 HABRBIOOK KRN ARRIIKKKRRRKRARKRIROKKAKKIONAK K KEKK
4010 ‘ MULTICOLLINEARITY CHEEK
4020 /L1714 7FFIIFITIEILEL
4021 CLS
:T$="CHECK FOR MULTICOLLINEARITY”
:GOSUB42000
PRINT
4022 IFFM$="TRUE" THEN4O35
4025 F$="B" -
LGOSUBL3S
{FORI=1TOR
SECI)=AC Il )
INEXTI
IN=B(R)
4035 IFB(N+3)<NTHENZI#="REGUCED RaNK"ELSEZI$="FULL RANK"
4040 PRINT -
SPRINTYRANKC X)= "B(N+3)3
IPRINT® X HAS "ZI$
| 4050 PRINT"MAXIMUM SINGULAR VALUE (X)
 LIFB(N46 )=—1THENZI=0ELSEZI=E( N+&)
4060 PRINT"MINIMUM SINGULAR VALUE (X) = "ZII
4070 IFB(N+6)=—LTHENZI$=" INFINITE"ELSEZI$=STRS( BC N+5 )/BE N+6 )
4080 PRINT"CONDITION NUMBER FOR (X) = “ZI%
4090 PRINT"COLLINEARITY NUMEER FOR (X) = "1/E(Nt4)
LPRINT
 IPRINT
4100 PRINT”IF CONDITION NUMBER IS CLOSE TO is THEN X = INDEPENDENT ( NONSINGULAR ).

"BENES )

4110 PRINTIF CONDITION NUMBER IS INFINITE THEN X = DEPENDENT ( SENGULAR).”
4120 PRINT"IF CONDITION NUMBER CLOSE TO COLLINEARITY NUMBERs X = NEARLY HEPENDENT
¢ SINGULAR ). " -
4130 GOSUBB130.
4140 RETURN
5000 KERRRKEBIRKKROERINK RO ROk KX K
5010 * HETEROSCEDOSTICITY CHEEK
5020 1 £/1/11110701F77107F7
5030 CLS
IPRINT@448s"NO NUMERICAL EVALUATION IMPLEMENTED AT PRESENT."
SPRINT"VISUAL EXAMINATION OF RESIDUALS PLOTS IS RECOMMENVED,"
5035 A$=INKEY$
LIFA3=" " THENS03S
5040 RETURN '
6000 * HRNBKERRKKAAOK KA OK KRR KKK KK
6010 ’ AUTOCORRELATION CHEEK
G020 * /7111711711117 70117F
6025 ELS
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$T$="AUTOCORRELATION CHEEK”
{GOSUB42000
PRINT
6030 IFF#$="TRUE" THENG 045
6045 Fe="Y"
{GOSUB135
6050 S1=0
152=0
- tFORI=2TOR
$S1=S1+{AL T14)=A¢ I~154 )02
1S2=824AC I 14 )AL I54 )
INEXTI
IS2=S2HAL Le4 KA 114 )
6060 PRINT"THE DURBIN-WATSON STATISTIC! D= "S1/82
6070 PRINT ‘
_ SPRINT"SEE USER’S GUILE FOR EVALUATION."
6080 GOSUBB130
6090 RETURN
7000 * FRARRAIOCOOOORRRROOOORK KRR R R KKk
7010 ‘PRODUCE THE SCALEEL B VALUES
FO20 LLLILIIELLFFEILILEL
7030 CLS
| $T$="SCALED B COEFFICIENTS"
- LGOSUB42000
IPRINT
7033 IF - FM$="FALSE" THENGOSUB10000
IGOTO7040
tELSE7035
. 7035 Fé="X"
{GOSUB13S
U NEED X MATRIX IN AC) FOR TEST IN 7040
7040 IFa( Lyl )=1ANDAC My 1 )=LTHENLL =2EL SELL =1
7050 FORI=LLTON
1CCI=0
IXZ(I )=0
INEXTI
| 7060 FORI=1TOH
{FORJ=LLTON
SCICJ)I=CICJ MHACIsd )
INEXTJrI
i/ COL SUMS
7070 FORJ=LLTON
| WCICdI=CICT Wi
ANEXTI
: 1°COL AYES
7080 SYY=Q .
{FORI=1TOM
SSYY=SYYH YC T2l )-BC N7 )22
{FORJ=LLTON
XZCII=XZE IO Dad LIS 32
INEXTI 51
7090 K=1
 iFORISLLTON
SIFEE=2THENK=1-1
7100 PRINT“B"K” SCALED = "B( I )XSQREXZ( I M/SYY )
7110 K=K+1
CINEXTI
7120 GOSUB813¢
7130 RETURN
8000 7 KEHHK AR RIAAAK KA KRR RO K K



8010 ' TEST FOR EQUALITY OF REERESSION LINES
8020 “ SLISLFLELLLLLLLFSII L/
8022 CLS
SERINE YOU MUST BE PREPARED TG ENTER THE FOLLOUWING INFORMATION"
$PRINT .
IPRINT"1. THE B(I) VALUE FOR EVERY EQUATION"
{PRINT”2. 1ITS STANDARD DEVIATION"
IPRINT"3« THE ERROR SUM OF SGQUARES FOR EACH EQUATION.®
8024 PRINT"4. THE ERROR DEGREES OF FREEDGM FOR EACH EQUATION "
IPRINT .
IPRINTYIF YOU HAVE THE ABOVE DATA PIECES FGR EACH EGUATION TQ BEY
SPRINT"COMPARED THEN ENTER «<Y». IF NOT ENTER <N> AND YOU WILL RE"
8026 PRINT'RETURNED TO THE MENUE PART II. TO COMPUTE THE AROVE INFORMATION.™
IPRINT
SPRINFYENTER --3 "
Fb=1 .
cGO’SUBlJ
. SIF INg="YT THEN8028ELSERETHRN
8028 €LS
.F‘RINT@MB!"HO& MANY EQUATIONS QRE T8 BE COMPARED? --> "3
tFk=-
-GQSUB]:J
tR=VAL{ IN$ )
SPRINT
SR=K
iN$L L )="R"
iN$C 2 )1="STANE.DEY . "
¢N$C3 )="ERRER 58"
N$L 4 )="ERROR LF™
8040 CLS
~cF’RINT"F’LEASE ENTER THE REQUESTED INFORMATION FaRk EACH EQUATION."
SF(-JRI:lTQK
IPRINTYEQUATION #"1I"
BﬁOPRINT"UﬁLU& OF B COEFFICIENT —>» "#
'CFL""‘IO
+GOSUBLS
A4 Tl 2=UALE INS )
SPRINT
IPRINT"STANDARD GEVIATION OF B ——>» "3
GOSUBLS
WA Ie2)=UALC INS Y
COPRINT
SERINT"ERROR SuUM OF SQARES ——> "
$6O8UELS |
AL I3 )=VALTINS )
) PR INT
8060 FRINT "ERROR IIEGREI:S OF FREEDOM -—-> "&
) .GG&UB.E"
LAC Er4 )=VALT IN$)
IPRINT
CIELS
sNEXTI
8062 CLS
.F‘RIHT@448:"NISH TG REVIEW THE INPUT? (Y/N) — "%
: cFL"‘
- +GOSUELS
$IFIN$="Y¥"THENGOSURS 1O
8063 FORI=1TOR
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SACEr2)=AC 152 KA 122 )
INEXTE
8045 ELS
SPRINTE448"CONTINE <€> OR REDO INPUT <R ——3
tGOSUB1LS
$IF INS="C" THENBOA7ELSES040
8067 €ELS _
TFPRINTYARE THE VARIANCES ASSUMED HOMOGENEOUS <0 OR"
SPRINT"HETERGGENEGUS <E> 7 --> "%
FL=1
«GOSUBLS
, LIFING="0" THENBOGBELSEIF IN$="E" THENB200ELSES0&7
, 8068 ELS
IPRINT@458s"PLEASE BE PATIENT. COMPUTATIONS IN PROGRESS."
8070 K=R
51=0
152=0
IFORE=1TOK
+S1=51+A{I+3 )
182=82+A{Ir4)
¢ACIs2)=(AL T, 3 WA Ir4) )1 /AL I!'-')
L ONEXTI
- iMl=81/82
¢ES=S5t
. iBD=82
8080 51=0
15220
SFORE=1TOK
$S1=81+ACI¥r1 )KQC T2 )
$82=824M{Is2)
SNEXTI
i .BB—-SI/ 82
: 3090
«I‘-GRI 1TOK
tSISEIHIAC IS 1 )-BE JKEAC I 1 )~BB ) M 1/A(I¥2))
INEXTI
18B=51
tDiN=K—1
sM2=5BAEN
sFR=M2ML
+GASUR20000
8109 CLS
o IPRINTYRESULTS OF THE TEST FOR EQUALITY OF REGRESSION COEFFICIENTS."
SPRINT
IPRINTPWEIGHTED AVERAGED B = "BB
CPRINT"SUM OF SQUARES FOR COMBINED B‘S = "SE
8110' PRINT Y MIMERATOR LEGREES UOF FREEDGM = "IN
PPRINTYMEAN SQUARE FOR B'S = "M2
SPRINT"COMBINED ERROR SUHM OF SQUARES = "ES
tPRINT” DENOMINATOR DEGREES OF FREEDOM = "DD
CWPRINT"COMBINEL ERROR l“ihﬁN SQUARE = "M1
8120 PRINE" THE CALCULATED F-USLUE = “FR
© O PRINT”THE PROBARILITY OF REJECTING THE NULL HYPOTHESIS = "FB
8130 AG=INKEYS$
- IFAS=""THENSB130ELSEIFASL{ A% =464 THENGOSURG7 0
8140 RETURN
8200 ¢ HETERGQENEGUb VARIANCES
8210 CLS
. IPRINTE448»"PLEASE BE PATIENT. COMPUTATIONS IN PROGRESS."
822¢ E5=0
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$B0=0
=R A
SFORI=1TOR
- IES=ES+M E+3)
(DN=DOE (AL T»3 MR 193 X/ A0 194 )
sNEXTI ‘
(BO=INT CESKES /DD )
sHi=ES/DD
8230 Si=0
152=
FORI=1TOK
1S1=8 kAL Tl MAC T2 )
$92=82+1/a{Is2 ¥
INEXTI
3313;91 782
158=0 .
IFORI=1TOK
$SB=SHA({ A¢ I51 }-EB 3 Al I’ 1 BB )»IFAC T2
INEXTE .
- 8B=8E%ril
SDN=K~1
#M2=8B/BN
LFR=M2 /1M1
-1 GOSUBRC000
$6GT08100
10000 CLS
IPRINTR448»"HMATRICES Be Ys X AND (X“X)-1 WILL NOW BE READ FROM DISK.”
. ’F$~II B’l
6GSUBL 35
tFORI=1TOR
CIB(I AL Irk )
INEXTI
IN=B(K }
:F*z." YII
1GOSUBL 35
IFORI=1TOR
WFORJ=1LTOC
A Ied =R Ixd )
SHEXTJ 1
sM=R
10010 FORI=1T06
CUYNSL T )=NSC T )
INEXTI
Fg="XPXI"
. +GOSUBE3S
_ (FORI=1TON
IFORJ=1TON
SXICTsd )=AC T9d )
CANEXTJ s X
sFg=rR”
1608UB135
FMe=" TRUE"
SRETURN
11000 7 Xk kb KRk KKKk ROk KRR IR RO Rk
11010 7/ INTERPOLATION FOR T C2 VALUES
YNQQ " SVFF LI 7 101087787,
11025 IFXTC Lk FOTHENLLOSO
11030 DATA 1912.7065224.303s393.1825452.7762592.571 2692444727 92.36598,2.3069292.5
62r10s2 22821592131 92052.08622552.06053022.04254052.021+6092.00,120:1.28
11040 FORI=1TO17
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READATCE »2¥TCI )
SNEXTE
11050 X=H~E{N+3 >
SIFXXTE L YTHENTEZ=YTC )tLSEIFX, AT L7 YTHENTC2=YT( 17 JELSE11070
11060 RETURN '
11070 FORI=2TQL7
CIFX{=XT{ I YTHENI10BOELSENEXTI
- 31080 TE2=CYTCI -YTCI-1 FI/CXTOE I=XTCI-1 » 2R X=XTC I-1 ) 4YTCI~1 )
11090 RETURN
20000 7 FRACORR KRR EA K IO RAOR KRR KKK BB XK Rk kK Aok
20010 -° SUBROUTINE FPROB
. 20020 7 INPWT
v ¢ FR=R RATIOG DN=NUMERATOR OF DO=IENGMINATOR OF
20030 “ QUTPUT
+ FB= PROEBABILITY OF F
20040 L HEE //////////////////

20030 X2k | THEN20070
20060 S#=DN
s T =D
1 Z74=FR
: GOTO20080
20070 S#=LD
LT H=DN
LZZ¥=i/FR
20080 J5=2/9/5%
K5=2/9 /T4
ZH=KSKIZHE € 243 W5
LGOS 20150
YB=ABSC ( 1-K5 JKZZHEC 1/3 r- 1405 ) /234
VIF T4 THENZ0100
2«»0 X4= 2570 LKL o 1968544 YHKE o 1151944 YK . 000344+ Y$%. 019527 1) )00 4
XA=INTC XEKL00004 .5 )/ 10000
16aTO20110
20100 Y#=YH¥( 1+ .08KY$L 4/ THL3 )
60T020090
20110 IFF41THEN20130
20120 X3=1-X#
© 20130 FB=1-X#
20140 RETURN
20150 Z3#=50RC 24 )
S Z34=C Z344Z842341/2
2= 238474/ 238 1/2
LRE TURN
40000 M=200
=11

ADIM NBUND) s ACMaN)sBINIB 1o YUMo N JpCI{N Yo XTELZ 2o YT L7 Yo XI{ NN ) s YNS( 6 )9 XZ( N )

40015 MU=-99 .99
© IFM$="FOLSE"

40020 RETURN

42000 CC=LEN(T4)
$ZZ=INT( 30-CC/2)
(PRINT TABCZZ)3TH
SRETURN

© {7CENTERING KOUTINE

. 43000 END -
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APPENDIX III. Source code listing for program MULPPLIT/BAS

1cs o
tCLEARSSO
CSPRINT"MULTIPRLE PLOT ROUTINE VERSION 8-24-30"
IPRINTY NORTHERN HARDWOOLS LABORATORYs USFSsy MARQUETTE, MI."
{60SUB4000
PRINT -
{GOTO33
2 I“‘___:u n
sWE=INREYS
HWi=0
SWS=WD
S ZL=WD
S IFFL=UDTHENFL=1
3 PRINTSTRINGS{ ABS( FL }sCHR$( 136 ) )3 STRINGH( AEKS{ FL )»CHR$( 24)
) 32 ,
4 PRINTCHRS$C 14 )5
SFORUWZ=1T025.
SWI=INKEY$
S IR ST "THENG
ELSENEXT _
IPRINTCHRS$L15)5
(FORWA=1TQ23
MS=INKEYS .
- SIFWS<" " THENS
ELSENEXT
. {GBT04
S IFUS-CHR$S 13 YTHEN/ELSEPRINTSTRINGSS ABS{FL )-UWLZ,™
5
6 PRINTCHRSC 13 )5
© O sWZ=25
INEXT-
SRETURN
-7 PRINTCHR$K 14 )3
, SIFUS=CHR$( 24 JTHENPRINTSTRINGSC WEZ »CHR S
t24))%
606702
8 IFWS« CHR$( 8 )THENIZELSEIF WL L=0THENAEL SEPRINTEHRS( 24 )5
SIFFLAOTHENIOEL SEIFPEERC 16418 )=44THEN1E
9 IFPEER( 16418 )=46THENWD=0
iGOTALOELSEIFPEER( 16418 )=43
ORPEEK( 16418 )=45THENWS=0
10 MNG=LEF TH{ TN LENC INS -1 )
1t UbZ=bl%-1
4POKEL6418-136
60T _
12 IFABS(FL )=WLLZTHENSELSELFFLAOTHENIF WS =" "ANDWS$=
ZTHENL7 '
13 IFus="." ANDUWL=0THENWI=1
- J60T01L7
14 HUW3="" THENPRINTWS§
WL A=Wt X+1
16471018
1S IFCWs="-"0RWS="+" IANIHS=0aNOWL =0 THENWS=1
+6aT0L7 '
16 IFWS{" 0" ORWE>" 9" THENS
17 PRINTHG & :
SINS=INStUE
AWEZ=UWLEEL
18 IFABS(FL )J=1THENSELSE4
19 LS ’
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IPRINTR448+"INSERT L[ATA DISK «<ENTER> FILENAME OF DESIRED DATA SET. —3

SINPUTF S
FJd3=F ¢
SEF$=F$+"N"
IF$=F 441"
LG$=F.I54"L"
SOPEN"I" p1sFF%
SINPUT#1 R C
{CLOSEL

. $GASUEL30

. SOPEN"I"s1:F$

- tFORI=1TOR

. SFORJ=1TOC
SINPUT#1sACTsd >
INEXTd» I
$CLOSEL

20 GPEN"I" s 1s6%
tFORI=1TOC
SINPUTH#LsNSC T )
SNEXT

1CLOSE .
~SRETURN

21 ELS -

IPRINT@4485:" INSERT DATA DISK <ENTER> FILENAME OF NEW DATA SET —-» "§
LINPUTF S

IFI$=F$

SPRINT

{PRINT"ENTER DISK DRIVE # WHERE DATA SHBULE BE SAVED --» "§
LINPUTBDS

SFF$=F$+"N$ " +DDS

SF$=F$4+" M " +DE%

o iB$=FJ$+ULI"+DDS

22 GFEN"O" 5 1+FF$

. SPRINT#1sR3CH
$CLOSE
LOPEN"0" 1sF$

- 23 FBRI 1 TOR
(FBRJI=1TOE
IPRINT#IsACI5d )3
INEXTd» I
$ELOSEL
SOPEN"Q" s 15G%
tFari=170C
SPRINTH#LsSTRE(I " o" §
SNEXT
€L OSE
sRETURN

24 END

S REM

26 CLs
$JJI=INTC C14 i+1)
II=INTORALIS 141 Y

«e 60 Ay ae

FORI= 1T0.[.[

. .IFR*I.‘;XI}‘—‘-0.0THENN=13ELSEN=13+€ R~13%1)
27 FORJI=1TO1J

*
- L :
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:IFC-4XJ}=010THENL=4ELSEL=4+(C~4*J)
28 €LS
cPRIﬂl"UR Hil
oF URKKK= OiU( L‘l 3
PRINTTABS 14¥RK43 I RR+1 M4k{ -1 )
SNEXTNK
tPNINT
CPRINT® - et et et s e e e
IFORM=1TON
PRINTQ" sMH13KC E~1 23" 1" 5
SFORK=1TOL
A=A ME L3RS I~ 1)!h+4iid 1))
29 PRINTTABC 14k¢K~1 }+8 )4}
INEXTR ’
$ENINT
INEXTM
30 A=INKEY$
tEFas="" GOT030
3% NE,X Fd» I

P R 1)

{RETURN
32 ENIV
33 GOSUB124
‘34 PRINT@448s"PLEASE ENTERS "
IPRINT"MATRIX OF INPUT LATA FROM (1) DISK (2) FUNCTION —-> "5
WFb=-1
1GO8UR2
+B=VAL{ IN% »
i C$IFB=00RE>2THEN 4
33 IFB-icGaUBl‘il-_LSEGGanM‘?
. 36 ELS
' TPRINTE448+"PLEASE l:NH:i(. LISPLAY MATRIX ON VIBEQY (Y/N)Y —>» "3
tFL=1
. 1GOSUBE2
T A=CINS="Y" YORC IN$="N")
$IF@=060T034
37 IFINS$="Y"THENGOSUB2S
38.€LS |
{PRINT
PRINT
WPRINT
SPRINT
’F’RINT"D@ YOU WaNT TG SEE VaR., #°S5 ANl LABELS (Y/N) —=3"3%
'.GGSUBW
tIFINS="Y"GOSUR ELSESY
.39 6t
.PKINT@:L? y"PLEASE LESIGNATE X-AXIS VARIABLE $ ——> "3j§
tFL=-2
+1GOSUE2 |
SZA=UALE INS )
$IFZX=00RZX *CTHENIYELSEPRINT
40 PRIMI HOH HANY VARIARLES WILL BE FLOTTED ON Y-AXIS (4=6) —3» "3
:GGSUBZ
CONISMALE INSG ¥
.IFNI—OGRRI »&6G0T040



41 FORCI=ZLTONI
SPRINT
42 PRINT'TESIGNATE VARIABLE # FOR DEPENDENT VARIABLE " §iCIs" --> "%
FL=-3
$6OSUR2
LIWEET )=VALE INS )
, LIFIWCET )=00RIWE €T )-ETHENSR
43 NEXTCI
44 CLS
. IPRINT@4485" 15 THE MATRIX OALKREADY SORTED ON THE X-AXIS (YAN)? - "j
tF=1 ~
_tGOSUB2
SIF INS="Y" THENGOSURIELSE IFINS="N" THEN4SELSE44
45 GOTQ&S
46 CLS
IPRINTR458+"PLEASE BE PATIENT. SORTING IN PROEBRESS."
1YL=9999
LY H=—999%
47 W=INT(M/2)
. tIFM=0THENSS
48 J=1
IK=R-M
49 I=d
5¢ L=I+d
(FORCI=1TONI
1ZY=IWCCT)
VIFM I xZY )=—99 .F9THENSS
S1 IFYLIAC I3ZY JTHENYL=A% I+ZY )
52 IFYM<AC I »ZY YTHENYH=A( I92Y )
53 NEXTCIT
: IFACI »ZX ) =AC L o ZX )THENSS
54 FORJJ=1TUC
' I TABET-YQ IPRAS
(Al IeJJd=al Lo Jd )
ALy JI =TS )
INEXTIT
$1=1-M
$IFISLTHENSS
55 68T05¢
56 d=.d+41
CtIFJAKTHENSZ
57 6AT0Q49
3 XL=Ai12ZX)
XH=a¢ RyZX 2
59 IFL=RTHENGOTO&3
6G :

w

I=1+1
PFORCI=1TONI
$ZY=IWCCI)
LIFYLZAC D9 ZY YTHENYL=AC 15 ZY )
61 IFYH<AL I 9ZY ITHENYH=AE 1»ZY )
- INEXTEI
62 COTOS%
63 CLS
IPRINI 448, "FLEASE ENTER: DISPLAY SORTED MATRIX ON VIDED (Y/N) ? —-> "j
tFL=1 | '
. 1GOSUB2
 LIFINS$="Y"GOSUB26ELSEIF INS="N" THENG4ELSE&3
64 PRINT
TPRINT"PLEASE ENTER: SAVE SORTED MATRIX (Y/N) ? —=3» ";
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(FL=1
{GOSUB2
(IF IN$="Y"GOSUB21ELSEIF IN$="N"GOTOGSELSES4
65 REM
66 CLS -
{T$="GRAPHING STATUS MENU"
JCE=LENC T$ )
1GOSUB126
IPRINTTABL ZZ )5 T4
SPRINT
SEPRINT® 1. X-VARIABLE
SPRINTY 2. Y-VARIABLE
SFORCI=1TONI
SPRINTIWCET )5
INEXTCI -

 SPRINT® °

67 PRINT*. '3, RANGE OF X~VARIABLE ~-> "§XL3" TO "iXH
IPRINT" 4. RANGE OF Y~VAKIABLE --» "§YLi" TG "#YH

. LIFZV=1THENZVS="ON"ELSEZV$="0FF"

68 IFZH=1THENZH$="0N" ELSEZH$=" OFF"

6% PRINT" 5. - VERTICAL CONTROL LINE STATUS --» "§ZV$
SERINT” 6. HORIZONTAL CONTROL LINE STATUS --» "3ZH$
SERINT" 7. TITLE OF GRAPH ~-»> "$Z0%

IPRINT" 8. X~AXIS LABEL --3> "§Wls
LERINT® 9. Y-AXIS LABEL ~—> ";U0%
70 PRINT" 10. EXEGUTE THE GRAPHING ROUTINE™

- VAR #"§ZX
- VAR« #"3

SPRINT 11, - GET ANOTHER MATRIX 12. REGRESSION PART II
71 PRINT" 13. DISPLAY MATRIX 14. PRINT DATA MATRIX”
72 PRINT \

(PRINT"SELEET STATUS CHANGES OR CONTINUATION —-3» "

Fh=-2

36OSUB2

TANSVALCINSG )
. § IFAN=0O0RAN14THENZ2
73 ONANCOTO399392 103710491059 107 910922109111 ¢75+132511251135114
74 EOTQ4G
75 ELS
SPRINTE448 3 "PRESS «ENTER> WHEN PRINTER IS READY."§
TINPUTAN
tI=1
o :J:ZX
sZ35=XL
tZ6=XH
CiZisYL
1E2=YH -
IZOC13 =21
$ZO¢ 14 )=(Z2~71 /5.0
SZ7=INT{30~LENC Z0% /2 )
S EB=INT{30~LENC WO% »/2)
tZ9=INT( SO~-LENCWLS »/2 )
LEPRINTTABS Z7 )5Z0%
SLPRINTY ®
76 LPRINTTABC Z8 )5 W0
CLLPRINTTABCZ? )5Uls
CHLPRINT
tLPRINTTABL 6 )5
‘FORZB=0T0GS
TZN1T 1=Z0¢ 13 147200 14 )kZ8
CIEPRINTUSENG" +# #ELLET " §20¢ 1503
11k AB O tHENLPRINTY "3
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77 NEXT28
$ZO(14)=(Z2~71)/50
ILERINT
$Z0C11 )=¢ Z6-25)/50
1z/s=1
{FORIB=0TAS52
{FORZ9=0T0S52
1Z180Z7 )=" "
LNEXTZ9
$ IF18=060T0%S

78 1F £8=52601088

79 IF Z7>0607084

80 IF 18=1 THENGQTO82

81 LE-ZV=0THENGOTOB3

82 FORZ9=3TOS1STEF2
$Z1$CZ9)=" "

INEXTZ9
83 FORZ9=1TOS1STEF10
L IFI8=1THENGOT03S
84 IFZ9< 1 ANDZH=0ANDZV=0THENGOTOS8
85 71579 )="+"

INEXTZ9

1607088
86 FAORZ9=1TOSLSTEF10

$ IFZH=0ANDZ9<» 1 THENGOTO38
87 ZL$(Z9)="1t"

. INEXTZ9

88 1 L>RTHENGOTO9?S

89 IFXL>A¢ I+J )THENGOTOY4

90 Ik £54€ 18-1 JKZO¢ 11)<A¢ I»J YTHENGOTO9S

91 FUKLI=1TONI
Ld=1WECT )

LIFAC T1d )=—99 (99THENDS
92 ZL$CINTCL L SHCAC T9d )~Z1 YKS0/CZ2~Z1 1) )=UF ${ CT )
93 NEX'LLI
94 1=it1

t=LX
:GOT088

T 99 MR £7206OTUYF

Y6 LU L2 )=L54L0€ 11 )% I8~1 )
CLPRINTUSING" +# ##ECLL" $720¢ 1203
1Z7=5

- 1GOT098
97 LPRINT"
98 FORZ9=07T052
COLPRINTZ1$C 2905
INEXT£9 .
CLPRINT
VZ7=17~1
INEXTIS
$Z1=Z1+41
CSZOC(0)=55 .
- {GOTA&s
99 XL=a(1»ZX)
LXH=A¢ ReZX)
LY L=9999
§IHE-$99Y
SEFORI=1TOR
~ SFORCI=1TONI
SEVACILE G

-
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SIFAC B9 ZY )=~2F .39 THENLO2
100 IFYL>AC I ZY YTHENYL=A¢ I+ ZY ¥
101 IFYHCUAC Dy 2 YTHENYH=AC E9ZY )
102 NEXTUL

- WNEXTL

SREFURN
103 XL{ k=Xl .

$AHEL J=XH

sCLS

IPRINT@448 » "PLEASE ENTER NEW MINIMUM VALUE FOR X --3» *

P b=—12
+GOS8URR
SXL=VALLINSG )
P IRINT .
SERINTYPLEASE ENTER NEW MAXIMUM VALUE FOR X —->» "
16O8HE2 .
sXH=UAE ¢ ING )
1GOTU6S
104 YLC 1 )=YL
$YHE L )=YH
. LELS | .
IPRINT@448 +"PLEASE ENTER NEW MINIMUM VALUE 6F ¥ -—» ©
IFL=~12 - .
1GOsUR2
C SYESVUALOINS )
tPRINT '
SPRINT'PLEASE ENTER NEW MAXIMUM VALUE OF Y ——» "3
1GOSUR2
SYH=VAECINS )
1607065
103 IFZV=1THENZU=QELSEZ7U=1
106 6OTAEE ,
107 IFZH=1THENZH=0ELSEZH=1
‘108 6O T066
- 102 CLS
IPRINT448y "PLEASE ENTER NEW TITLE —-3»
FFL=50.
tGOSUR2
_AZH=ING
1GOT0SS
110 Wld="X-AXI8: *
. $CLS
APRINT2448y "PLEASE ENTER NEW X—-AXIS LABEL —-3 ®
FL=00
16OsUB2
W LS=bl st ING
S GOTOES
111 WO$="Y-AXIS! *®
‘ ICLS :
FRINTE448+"FLEASE ENTER NEW Y~AXIS LABEL —-3» *
- PL=50
{GOsSUR2
sWQH=WOS+ING
{GOT064
112 RUN"GLR1/BAS"
113 GUSUB2E
1607046
114 GOGUB1 33 ) ‘
LANS="TIATA SET NAME --~
iCLS
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IPRINT@4485"FRESS «ENTEF:> WHEN PRINTER IS READY.";
JINFUTAN
SDN$=LEFTH{F$2LENCF$ )1 )
IDN$=ANSLINS
SCC=LENS DN )
{GOSUB126
(LPRINTTABC ZZ )5 INS
IWPRINT® ©
SLPRINTY "
PIJSINTCCA4.141)
SIESINTCR/200.141)
 IFORI=1TOLX
115 IFR-200%I>=0,0 THENN=200EL SEN=2004¢ R-200%F )
116 FORJI=LTOJI
| SIFC-4%.J>=0,OTHENL=4ELSEL =44¢ C~4%d )
117 LERINT"VAK "
{FORKK=0TO¢ L~1 )
SLERINTTABC TARKKS ) ER+L H4K(I~1 )
INEXTKK
ILPRINT" *
SLPRINT" ———— - "
IFORM=1TON
LPRINT#6" § M4200%CI~1)5" 375
IFORK=1TOL -
SA=AT ME200KC -1 )y Kt44(J~1))
118 LPRINTTABE 14%¢ K-1 M8 A5
T INEXTK
SLPRINT
ENEXTiY
CILPRINT® »
ILERINT" "
IPRINT" *
| INEXTJ I
© 1607066
119 CLS ,
(FRINT"YOU MUST ENTER THE EQUATION BY FIRST TYPING LINE#122"

SPRINTTHEN ENTER THE EQUATION ~— E.G. 122 Y=X[2 <ENTER> THEN RUN 120"

{§TAOF

- 120 ¥ue=1

- GOSUB131
16OSUBLE24

. 12t CLS

APRINTE448"ENTER BEGINNING VALUE OF X ~-» #;
- SFL=-12
- t6OSURR
. +BEGIN=YAL¢ INS$ )
PPRINT
CAPRINTVENTER THE ENDING VALUE OF X --» "j
16U8UR2
SED=VAL( INS )
SPRINT
SPRINTVENTER THE INEREMENT OF X -3 "
- +688UB2
CLINESVALCING )
_ +GOSUB134
iEsp |
{FORX=EBE .TO EDSTEPIN
122 ¥1=0.,252%XL2.239
3 YO0 GATFBRAL2 (335
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YIS0, 165KAL2.362
123 ¢ T2l }=X
1ACI92 )=Y1
1A T3 )=Y2
LAC Ir4 =3
SI=I1+41
INEXTX
IR=E-1
€=4
:€0TO36
124 BLIMZOC 20 y»Z1$C 52 2y ZOSL 52 Do WOSE 52 deb1 $( 52 )
© 1DM=500
1Zy=1
Zh=r
{ZO$="FIGURE 1."
LWQ$="Y-AXIS"
-8 = T
WF 942 )="0"
S SC3 ="X"
WS4 ="
WSS )="3"
WS 6 =R
“IRE HURN
125 FORI=1T0500
O ONEXTL
sRE TURN
126 LL=INTC 30-€C42 )
© SRETURN
127 18=Q
s
IFERI=1TOEC
GOSUB12G
APRINT"VGR #"315" = "3N$(I)
SNEXT
PINPUT" <ENEER> 10 RETURN";6%
 SRETURN
128 18=E8+1
3Lk EB<=10THEN1 29EL SEINFUT" <ENTER> FOR CONT."jA%
“tlg=1
129 REIUKN
130 BEIMAKRSC 1 TCC )
. IKELUKN
151 DLOAL 20697 }sF(7 )
RETURN
L3 RUN
158 1F YU 1THENLIS3S
154 LLY o
. UINPUT"<ENTER> NAME FOR DATA SET"iF$
ESS K= { UKN
L1486 PRINT
IPRINT"COMPUTING VALUES"
SKE LURN -
4000 AB=INKEY$
LIFA3S=""G0TO4000
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WLPRINT"O" s ME200%I-103" 3"
(FORR=1TOL
tR=ALM+200%¢ I-1 )rRt4%(J~1))
118 LPRINTTAR( 14%¢ K-1 M3 )As
‘NEXTR
SLPRINT
INEXTH
LPRINT®
ILERINTY ¢
sLPRINT" ¥
INEXTIYI
GOTA6S
119 CLS -
PRINTYYOU MUST ENTER THE EQUATION BY FIRST TYPING LINE#122¢
SPRINT"THEN ENTER THE EQUATION -— E.G. 122 Y=XL2 <ENTER.;: THEN RUN 120"
«STQP ‘
120 Yu=}
- ¢GOSUEL3t
16O0SUBL24
121 CL.5. v ,
IPRINTR448y"ENTER BEGINNING WALUE OF X -~ "j
FL=-12 - :
{6asuR2
‘BEGIN=YALC IN$)
PRINT ‘ »
(PRINTVENTER THE ENDING VALUE OF X --3» "j
LGASUR2
tED=VAL{INS )
L CPRINT
IFPRINTYENTER THE INCREMENT OF X --> "%
+6AaSUB2
SINC=VAL(INS )
tI=i
- +GOSUEL136
¢I=1
(FORX=EE TO ELSTEPIN
122 ¥Y1=0,2524XL2.239
V Y2=0.178KA02.333
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! Y3=0.165%%XL2.362
123 A¢ T2l =X
tACEe2 2=Y1
tAlIr3)=Y2
A Ird )=YE
I=I+1
INEXTX
tk=1-1
i€=4
LGOT038
124 BIMZOC 20 ¥»Z1$( 52 )2 Z0${ 32 2o WOSC 32 211 $(352)
. 1DM=300
tZ\V=1
$ZH=1
1ZO="FIGURE 1."
CoosuO%="Y-AXIS"
HRITINREES
SWF3{2)="0"
HILS TRDEAD &
tRESL4 ="
IWFES ="
SWF 35 )="&"
CtRE LURN
125 FORI=1TOS50Q
’ INEXTL
tKRE {URN
26 LL=INi{ 30-CCA2 )
*RETURN
127 18=Q
- LLs
- sFORI=1TOC
tGOSUEL23
S PRINT“VaR $#"ili" = YiNg(I )
. SNEXT
LNPHT " <ENIERS 10 RETURN™$#89
© (RETURN
128 18=18+1
$1F 187 =1071 HENLI 2YELSTINFUT" “ENTER® FOR CONT."iA%
L aid=1
149 RELURN -
150 BAMAR>C Iy TCC)
. SRE 1URN
181 LANMALLOO0»7 ) T(7 )
© RETURN
154 Kund
135 1F1U<1 tHEN1I3S
154 LS
© ANFUT"<ENTER> NAME FOR DaTa SET"iF$
155 Kb URN :
156 PRINT
SPRINT"COMPUTING VALUES"
T IRE TURN
40UC ABD=INKETS
tIFAs=""60TA4000
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Rauscher, Harald M.

' The microcomputer scientific software series 2: general linear model—
regression. Gen. Tech. Rep. NC-85. St. Paul, MN: U.S. Department
of Agriculture, Forest Service, North Central Forest Experiment
Station; 1983. 52 p.

The general linear model regression (GLMR) program provides
the micro-computer user with a sophisticated regression analysis
capability. The output provides a regression ANOVA table, esti-
mators of the regression model coefficients, their confidence inter-
vals, confidence intervals around the predicted Y-values, residuals
for plotting, a check for multicollinearity, a check for autocorrela-
tion, and the scaled regression coefficients. A plotting routine is part
of the regression program to facilitate quick plotting of residuals.

KEY WORDS: Regression, microcomputer, BASIC, statistics.






