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PREFACE
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Engineer, of the Applied Research Branch, Experimental Engineering
Division, U.S. Army Cold Regions Research and Engineering Laboratory and
Todd Carpenter, cooperative education student of the Mechanical Engineering
Department, Michigan Technological University. Funding was provided by DA
Project 4A762730A142, Design, Construction, and Operations Technology for

Cold Regions; Technical Area A, Combat Operations Support; Work Unit 9,
Winter Battlefield Mobility.

The authors recognize Mary Albert and Dr., Charles Daly for their
careful technical review of this report and for their helpful suggestions.

The contents of this report are not to be used for advertising or

promotional purposes. Citation of brand names does not constitute an

official endorsement or approval of the use of such commercial products.
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CONVERSION FACTORS: [.S. CUSTCOMARY TO METRIC {SI) UNITS OF MEASUREMENT

These conversion factors include all the siguificant digits givean in the

conversion tables in the ASTM Metric Practice Guide (E 380), which has been

approved for use by the Department of Defense.

Converted values should be

rounded to have the same precision as the original (see E 380).

Multiply By To obtain
inches Seb millimetres
pounds (force) 4.448222 Newtons
pounds (mass) per cubic foot 16.01846 kilograms per cubic wmetre
Btu in./hr ft? °F _0.1442229 Wmk
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A MULTIVARIABLE REGRESSION ALGORITHM

by
George L. Blaisdell and Todd Carpenter

INTRODUCTION

It is commonly the case in data analysis that a set of experimental
data 1s best represented by an equation. The equation allows for conve-
nient interpolation between measured data points and provides a simple way
of referring to the data. Additionally, some mathematical manipulation of
data requires an equation form.

Many algorithms exist for fitting a smooth curve to a given (et of
data. It is generally true, however, that these algorithms are limited to
a single type of mathematic form. For instance, curve fitting routines for
polynomial, expounential and Jogarithmic functions are abundant. These
curve types may produce an adequate fit over a portion or perhaps all of
the experimental data. If no one type of mathematical relationship ade-
quately fits the data, oune can resort to using the cubic-spline method for
interpolating data values, approximating the area integral over a specific
interval or determining the first derivative at a given point.

Since some, if not most, experimental data do not strictly fit the
standard mathematical relationships for which curve fitting routines exist,
in the past they were either roughly approximated or left as discrete
data. To overcome this difficulty, we have developed an algorithm to allow
curve fitting with a user-defined mathematical expression. This expression
may contain logarithmic, exponential, trigonometric and other mathematical
forms singly or combined. It is also able to handle up to 20 separate
independent variables. Using the least cquares method, the algorithm
determines the coefficients for each of the user-defined terms to
produce a best fit curve. Comparisons of the goodness-of-fit of various
mathematical expressions to the experimental data can be done graphically

with plots or with a fit parameter generated by the algorithm.




A discussion of the theory and concepts used to develop the algorithm
and details of the computer coding are described in this report. Several

application examples are also illustrated.

THEORY

The least squares method of curve fitting is used by the algorithm to
generate a best fit curve., This method selects a fitted curve so as to
minimize the sum of the squares of the deviations of the given data poinats
from the curve. Ia the linear case (two varlables--one indépendent, one

dependent) the form of curve to be fit is

y=ax+hb (1)
where
a and b = constants to be solved for
X = Independent variable
y = dependent variable.

~

Given a set of daca polnts, denoted by y; (where i ranges from one to n,

., A7
SR

the number of given data points), the deviation Dy between the cal :nlated

6 4]
’

.

A

and given values can he expressed

LY

Dy =¥y - ¥y (2)
where

yy = ax + b

and x_ is the value of the Independent varfable at the gisen data point

Iy

Yi-

Continuing with the least squares method tor the [inear case, and
using eq 2, we are given the squared deviations by
2 Ot . 2
Di =y (a X, F ] . (4a)

The sum of the squared deviations, S, is then defined as

2 4h
Di (4b)
1

w
]
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A goodness—of-fit parameter can be defined from this summation as an
average deviation, i.e., dividing § by n. To minimize the sum S5, the
partial derivatives with respect to each constant (a and b for the linear

case) must be set equal to zero. This results in

~

38 B

= = 2‘ -2 %, [yi - (ax + b)] =0 (5a)
i=1

38 s i

3B = 121 -2 [yi - (a Xy + b)] = 0, (5b)

By rearranging terms, eq 5a and S5b become

onee Laos §
y, X, = a x5+ b x, =0 (6a)
g=p 1 1 g=) f=1 T

n - n n

Iy,=alx +b]l=0. (6b)
1=1 i=] 1=1

Equations 6a and 6b represent a series of simultaneous equations that can
be solved for a and b. These constants can then be put into the equation

for the general form of the curve (eq 1) to yield a best fit curve for the

B

glven y; values.

To expand the least squares method to include more than just the
fit to a straight line, a general multivariable, multiform expression is
defined asg

g=81T1+82T2+o.o+8NTN (7)

where
g = dependent variable
a) «+. ay = constants to be solved for
Ty ++s Ty = relational expressions of the independent
variables
N = number of relational expressions.
Using eq 7 to determine the deviation to be summed and minimized yields

- 2
2 -
Df = [y, - (ay Ty *tazTy  + e tay TN’i)]

-~ N 2
[y, - jzl a, 7y ] (8a)

3
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5
,ij where T},i is the jth relational expression of the general equation
87 -
s (eq 7) evaluated at the ith set of known values of the independent
,,‘.3
3y variables. The sum to be minimized can then be defined as
SR B
j?j S = ). [yi - X ajT° i] * (8b)
4 i=1 j=t 1P
T
i} Taking partial derivatives with respect to constants ay gives
.‘.i 38 a * N
8 —==-2 7 T . [y,- } a/ T, .] (9)
,q 3 1
: aak 1=1 k,i Y1 =1 i "3,

where k varies between 1 and N. Minimizing eq 8b by setting eq 9 equal to
zero and simplifying gives

~ N

a
X z T Ly, = X a, T
+ B8

. R R A I K

]=0 (10)

where k = 1,2,3 .,.N. FEquation 9 represents the general form of the
partial derivative with respect to one of the constants in the regression

equation (eq 7). To obtailn the set of simultaneous equations for solving

“:'?‘_"')’_;z

the constants ay, eq 10 is written specifically for k equal to 1 to M.

-
5

,(, This gives N equations and N unknowns and can he solved using the Gaussian
el

; elimination method with backward substitution and maximal column pivoting.
*1 Before applying this method, however, some algebralc simplification is

:; advantageous, We can define a constant C by

el c = or g 11

LY P T 3 I ()
”:‘ i=l
‘;)

kﬁ Then using eq 10, we can further define Cy by

5 N n N

12 C, = a, T T g a, A 12

1 k z J z k,i "3,1 z J k’J (12)

j=1  i=1 j=i

4
LA

"
-

which produces a serles of simultaneous equations.

<

a0 2SR R
?‘! ‘el e,
p 0

Although laborious, the Gaussian elimination method with maximal

St
3 3.
K,

column pivoting 1is reliable and can be easily programmed, and it can be

i

easily evaluated by a computer. Coding ror the least squares method is

vy
& " L )

contained in program REGRES (Appendix A).
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PROGRAMMING

The multiform, multivariable algorithm was converted to programming

,%;M
) code for an HP $845B minjicomputer (user manuals referenced in Appendix B).
%jgg The algorithm is rezdlily adaptable to any computing system with an

?gi interpreter; however, graphics and matrix manipulation capabilities should
)

s be available.

oty
¢
»

P PEYC s

) For convenience, the algorithm has been broken into five parts that
fj‘ are each separately programmed (Appendix A). The first program, AUTOST,
-%%g provides for data input (either from keyboard entry or reading from a data
:%3 file already generated by this set of programs) and access to the other
‘ggﬁ programs (REGRES, PLOTS, EDIT, LIST). Program REGRES performs the actual
. ; regression on the user-defined equation. PLOTS providez a graphical output
;g% for the data points and a curve or series of curves of the calculated

,;E equation. The EDIT progrvam is a data editor that allows additionms,
1;&? deletions or changes in the input data. Program LIST provides a hard copy
,;§§ listing of the iuput data.

'i: Up to 20 subfiles can bc defined at the time of data input. It is

;?ﬁ important that the data be organized in these subfiles in g logical wmanner
:%; (1.e. holding all rariables ~onstant except one). All operations contained

5: in the five programs can be applied to the complete data set ¢t sny

2;“ combination of subfiles desired. .

2

b o

i?ﬁ Autostart program

5? AUTOST is an observation definition program that also provides access
'ﬁ; to the other programs in the set. All keyboard input of data-—~including
i%l subfiles, subfile names and all obszrvatinas--can be stored on the

qﬁ assigned mass storage device in a user—defined filename that does not

f{ already exist. This data file cen be called during future program runs to
igﬁ avoid repeated keyboard entry. Special function keys KO-K6 are defined by
o this program by accessing the previously defined and stored key file Kl

1;? (file K1 should always exist on the assigued mass storage device). Special
g;; function key definitions are as follows:

;g} KO - stops data input into the current subfile and allows datu to
i§§ be put into the subsequant subfile if desired.

*if Kl - calls tiie regression equation program (REGRES) and performs
;;; the regression.
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K2 - calls the PLOTS program which plots the most recently calcu-
lated regression with the current data.

K3 - calls the EDIT program where the curreat data may be modi-~
fied by adding, deleting or changing observations and add’.
subfiles.

R4 - stores the current data under a user-defined filename
(provided that filename does not already exist).

K5 - ¢all: the LIST program which lists all the data or certain
subfiles cn the infiernal printer.

K6 - stops the program,

Key KO is only valid during keyboard entry of data acd keys Xl - Kb ave
only active when the prompt "select KI-K6" appears on the screen. An ervor
message will result 1f the keys are pressed at any other time,

An outline of the program flow for AUTOST is as follows:

1. The user is asked Lf the special functloa key definition prompts
should be suppressed. If yes, go to step 3 ("Y" or "YES", CONT); if ro, go
to step 2.

2. The following list is output on the ilnternal printer:

KO = Stop data {aput for curreat subiile

Kl = Regression

K2 = Plots
K3 = Rdit
K& = Store
5 = List
K6 = Quit.

3. The program asks if stored data are being used. If yes, go to
step 11; if no, go to step 4.

4, Enter the aumber of variables for the data that are to be iaput
from the keyboard.

5. Enter the nama of the subfile that the data are to be stored under
(must be no more than five characters long).

6. Input the data for all variables im the current observation. IEf
this is the first observation of the subfile, all variables must be
included and separated by commas. After data entry for the first observa-
tion is complete, an echo of the data will be printed on the screen.

Fullowing entry of the first observation, the user may indicate repeated




values of any variable with a "+" sign (all variables must still be sepa-
rated by commas). It is important that all variables be satisfied for each
observation, wihether it is a repeated value or zero., Dependent and inde-
pendent variables are not differentiated at this point but will be identi-
fied later in REGRES.

7. If all data entry for the current subfile is complete, press KO
and go to step 8; if not, repeat step 6.

8. The program requests a new subfile. If more subfiles need to be
entered (answer "yes" to the prompt), go to step 5; if no, go to step 9.

9. If :he data are not to be stored, answer "no" to the “"data
gtored?” prompt and go to step 12, If the data are to be stored, answer

yes"” and go to step 10.

10. The program requests a filename (one that does not already exist)

and then stores the data. Go to step 12.

11, Enter the filename under which the data were previously stored by

.::'3

this program.

12, Select key K1-K6 to access the other programs.

.
AVE
L,

R
SRl
i) o’

ST
L
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Regregsion program

N
v

The REGRES program performs a least-squares regression on the data

defined by AUTOST with a multiform, multivariable equation of up to 20

;§? terms that is supplied by the user. Each term is input as a character
o
? o sfring (up to 70 characters long) and is defined by the matrix notation

X(A,n), where A indicates the observation number and n denotes the number
of the independent or dependent variables. For example, a regression on

the data in Table 1 may be desired using the form

y = a In(x) + bx® + ex?z + d (13)
where
SN
) y = dependent variable
e x and z = independent variables
;E% In(x) = first regression term
iy x3 = gecond regression ternm

«

*»
o
N

third regression term

A~ Ta
=
N
]

A
=

Tx gt
o« &

aad a,b,c and d are regression constants and the fourth regression term is 1.
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Under the format required by REGRES, eq 13 would appear as
x(A,2) = a * LOG (x(A,1)) + b * x(A,1) ** 3
+ ¢ * x{(A,1) ** 2 * x(A,3) + 4 (14)

where the variables x, y and z are being denoted by the numbers 1, 2 and 3,
respectively, in the matrix notation.

To ease the input of laborious equations, an option to define
intermediate constants for the regression equation was made available,
Such constants, called user—-defined terms, are input as a complete program
line so it 1is important that proper syntax is used. User-defined terms are
advantageous when the regression equation contalns repeatable sections, In
the example above, one could simplify the equation by creating a

user-defined term
Nl = x(A, 1)
and restructing the regression eq (eq 13) as

x(A,2) = a * LOG(N1) + b #* N1 ** 3
+ . % NI #% 2 % x(A,3) + d. (15)

Clearly, this example does not show much improvement, hut user-defined
terms can also be used with any prugsrammable statements.

The user 1s restricted in the variable names that can be used to avoid
*aterfering with existing variables., To be safe, N1, N2, N3, etc., are

recommended variabhle names.

The program flow for REGRES can be summarized as follows (characters
in brackets indicate correct responses for the example above):

1. 1If this 1s not the first time REGRES has been run since power was
turned on, go to step 9; otherwlse, go to step 2.

2. The program asks 1f the user waants to define any user-defined
terms., If not, go to step 5 [N]; otherwise, go to 3.

3. Enter the number of user—defined tetms.,

4, Enter each user-defined term as a complete expression within
double quotes.,

5. Enter the number of terms in this regression [4].

6. Enter the numerical index of the depeadent variable [2].

7. Enter, one term at a time, the terms of the regression equation

within double quotes:
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["LOG (X(A,1)"] (then press continue)
[" X(A,1) #% 3]

(" X(A,1) ** 2 * X(A,3)"]

(1] or ["X(A,1) ** 0"],

8. If a program or data file named BUFFER already exists on the
assigned mass storage medium, its name must be changed or it will be
deleted by the REGRES program. Go to step 16.

9. Since REGRES has been run before, the program still has the pre-
vious equation defined. It now asks if the previous equation is to be used
again. If yes, go to step 18; if no, go to step 10.

10, The program asks if any of the previous user~defined terms are to
be retained. If not go to step 13; otherwise, go to step 1ll,

11. Enter the number of user—defined terms to be retained and their
numerical indicies.

12. Enter any additional user-defined terms.

13. The program asks if any of the terms of the previous regression
equation are to be retained. If not, go to step 15; if yes, go to step l4.
14, Enter the number of terms to be retained and their numerical

indicies.

15. Enter the terms necessary to complete the regression equation, as

in step 7.

16. The program now asks if all the subfiles are to be used in the
regression. If yes, go to step 18; if not, go to step 17.

17. Enter the number of subfiles and the subfile numbers wanted for
the regression.

18, Following display of the equation and the solved constants, the
program asks if the user wants a plot of the data and the regression. If
no, the program branches to step 12 of AUTOST; if yes, the program branches
to program PLOTS.

Plots program

For aid in determining the goodness-of-fit of the regression, a plot
of the experimental and calculated data can be produced with the PLOTS
program. The program will plot the dependent variable defined in REGRES
against any of the other variables. Two plotting options are available to

attempt to clearly display the relationships of several variables on one
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3 Table 1. Example data for multivariable regression (values are

'ig% for variable y [n=2]).
‘j z(n=3)
T x (n=1) 1 2 3 4 5 6 7 8 9 10
i
4 h\'
G 1 58 62 65 69 73 76 80 83 37 91
‘@g 2 90 104 119 133 147 162 176 191 205 219
?}§ 3 157 190 222 255 287 319 352 394 417 449
ﬁﬁq 4 277 334 392 449 507 565 622 680 737 795
}" 5 463 553 643 733 823 913 1003 1093 1133 1273
o 6 731 860 990 1119 1249 1379 1508 1639 1767 1897
i@ 7 1096 1272 1448 1625 1801 1978 2154 2330 2507 2683
QE 8 1573 1803 2034 2264 2494 2725 2955 3186 3416 3646
) 9 2177 2469 2760 3052 3343 3635 3927 4218 4510 480l
g?l 10 2924 3284 3644 4004 4364 4724 5084 5444 5804 6164
L
5
Wit graph, To illustrate these, the data from Table 1 are used. ALl of the
";g X,y combinations are shown plotted in Figure 1. The first plotting option
é;y displays the dependent variable on the ovdinate with one of the independent
fﬁ variables on the abscissa and a line representing a constant value of a
i§1 second independent variable as calculated hy the regression program (Fig.
;gi 2). The second type of display plots the data points with the dependent
;“ variable on the ordinate and the chosen independent variable on the
fg; abscissa, It also plots the calculated value from the regression using all
fgg of the variables (Fig. 3).
o 6500
" 5850 |
5200
asse | . i
¥
3900 A
* «
~3250 | z . ‘
2600 | Py .
x * *
1950 [ $ o
b *
1300 } . § g
650 | ; % i
%) x ! ‘ 1 Il i I 1 i
- bad (1Y) «©y T w w ~ [2c} o 9
§

X

Figure 1, DNata from Table 1, x and y oaly.
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Figure 2, Program PLOTS output for example data
of Tablz 1 (for z = 5); the ordinate displays the
dependent variable (y), the abscissa displays an
independent variable (x) and the plotted curve
represents a constant value of a second independ-
ent variable (z = 5),

6500

0 = CALCULATED

« = DATA
sgsof - °

5290 +

4580 r

3800 +

> 3250

2600 ¥
1950 |
1300 3

650 |

%] s 7) k4

-
-

Figure 3. Program PLOTS output for example data
of Table 1 (for z = 5); the ordinate displays the
dependent variable (y), the abscissa displays an
independent variable (x); the *'s represent actual
data points and the ¢'s plot calculated points
(from the regression) using all of the independent
variables.
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The flow of program PLOTS follows:

1. Define the independent varf%ble for the abscissa with its index
number.

2. If all subfiles are to be plotted, go to step 4.

3. Enter the number of subfiles and the specific subfile numbers
that are to be used in plotting.

4, The program displays the maximum and minimum values of the vari-
able chosen for the plot axes. The user is asked to enter the limits for
the axes' scaling.

5. Enter the label for the abscissa (independent variable) and the
ordinate (depeandent variable).

6. To plot, holding all variables constant except one (the
independent variable chosen in step 1), go to step ll.

7. The program plots each data point (*) and the calculated points
from the regression program (0) for each data point using all variables.

8. The program asks if a hard copy is desired, if not it branches to
step 10.

9. A hard copy is printed with the regression equation and &
goodness-of-fit parameter (a fit parameter of 0 is a perfect fit). If a
different plot is wanted, go to step l.

10, If another regression is desired, the program branches to step 1
of program REGRES. If no additional regressions are desired, the program
branches to step 12 of AUTOST.

11. The program requests entry of a constant value for all variables
except the one identified in step 1,

12. The plot is displayed. If another curve is desired, go to step
13; if not, go to step 8.

13. The program requests the number of variables to be changed, which
ones (identified by their numerical index) and their new values. Go to

step 12,

Edit and list programs

Program EDIT allows the user to change the values of observations, add
and delete observaiions, and add complete subfiles to the existing files.
All editing features include either subfile or absolute addressing.

Absolute addressing numbers all observations sequentially from the first

12
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observation of the first subfile to the last observation of the last
subfile. Subfile addressing renumbers all observations in each subfile
such that the first observation of each subfile is referenced as the first
observation., The EDIT program offers menu-type edit feature selection.
The delete feature first lists the values of all variables of the
observation referenced and offers an escape by asking if it should be
deleted.

The LIST program provides a hard copy listing of some or all sub-
files. It prints the subfile name at the top of each subfile and refer-

ences all observation numbers using subfile addressing.

ALGORITHM APPLICATION

In the study of snow mechanics, one of the common techniques used to
classify snow compressibility is the plate-sinkage test. A circular or
rectangular plate driven by a hydraulic or manual ram compacts a volume of
snow, changing its original density to critical density (approximately
3.12x107° lb/ft3). At the critical density, the volume of snow is reduced
very little or not at all. Increased pressure from the plate results in
constant-volume flow or movement of the snow away from the plate.

Measurements taken during a plate-sinkage test include the force on
the plate and an indication of the amount of sinkage or vertical compaction
experienced between the beginning of the test (zero force) and each force
reading. From the force-sinkage data, the compaction energy can be deter-—
mined by integration between the zero-sinkage and critical sinkage (sinkage
at which critical density is reached) limits. This integration can be
performed numerically to yleld acceptable results. Integration of the
curve or comparison of the nature of the compaction relationship between
various snows, however, is accomplished best with a mathematical represen-
tation., Using the multivariable algorithm, we can determine the
mathematical relationship between force and sinkage.

Given the force versus sinkage data in Table 2, a best-fit mathemati-
cal expression is desired. Since we know that the curve is somewhat

exponential in nature, the first regression equation form used in REGRES is

F=ae (16)

which gives a; = 0,01347 and from PLOTS shows a rather poor fit (Fig. 4).

The second equation type attempted is a 4th order polynomial and it results
13
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in the coefficlents and fit shown in Figure 5.
approximation to the data, however, near the upper and lower ends of the
data the polynomial shows an increasingly poor fit.
behavior for polynomial curve fitting.) Recognizing that the exponential

example showed a horizontal curve near the low sinkage values and became

Table 2, Typical force versus sinkage data

for a plate-sinkage test in snow.

Force (1b)

0
10
15

15
20
25

35
45
50

70
90
115

150
170

200

240
275
320

355
400
460

535
610
830

Sinkage (in.)

This is a much better

(This is a common

steeper at the high sinkage values, we next attempt a combination of

exponential and polynomial forms.

trial is

F=a)+ agz + azz

2

The equation used by REGRES for this

+ ayz

14

3

z
+ aszu + age .

(17)
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Figure 5. Fourth-order polynomial curve fit on
plate-sinkage data.
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Figure 6. Fourth-order polynomial plus axponential
curve fit for plate-siukage data,

Performing the vegression with eq 17 and the data in Table 2, we ohtain an
excellent it (Fig. 6). Another form of combining the polynomial and

exponential fits is shoun in Figure 7 whare

F=e (ay + azz + a3z2 + a,zd + asz“) +ag . (18)

This also results in a good curve fit and comparison of the goodness-of-fit
parameter is necessary to determine that eq 18 more closely approximates
the data.

Typical heat transfer problems demonstrate the multivariable power of
this regression algorithm. A case 1a point involves the placement of flat
heat flux sensors on a curved surface, such as a pipe., Heat flux sensors
(HFS) are thin wafers of a material with known thermal conductivity.
Thermocouples are attached to each flat side of the wafer, The output from
the HFS is a voltage that is proportional to the heat flux through the
sensor. The flat, inflexible HFS is attached to the pipe by an epoxy. The
epoxy, in addition to securing the sensor to the pipe, fills in the void

16
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Figure 7. Fourth-order polynomial times expenential
curve fit for plate-sinkage data.

space between the flat HFS and the curved pipe. This attachment alters the
factory calibration for thermal conductivity, which is for application on a
flat surface. Using experimental data from an insulated pipe section with
a HFS attached, we can determined a new calibration for thermal conduc-
tivity by relating the heat flux out of the pipe to the sensor voltage
output. This calibration relation can easily be represented by a smooth
curve, Different insulation thicknesses generate a serles ~f curves.
Additionally, with different pipe insulation thermal conductivities, pages
of these series of curves are generated. Likewise, with different glues

for attaching the sensor, volumes of pages of series of curves are
required. It soon becomes apparent that a mathematical relation 1is
necessary to calibrate the heat flux out of the pipe with the HFS reading,
the type of glue, the type and thickness of the insulation, and the
diameter of the pipe.

The first step in ritting an equation to these data is fto break the

data into subfiles where only one variable is changing. This isolates the
17




effect each variable has oa the heat flux out of the pipe and the heat flux
through the sensor., Starting with the basic equatioa for heat flux out of

the pipe
K, ¢
i's
¢’p B r + ci (19)
ln -
r
p
where
Ki = insulation thermal conductivity
¢p = heat flux out of pipe
4, = heat flux through seasor
rp = radius of the pipe
ty = thickness of insulation,

we determine the effect of each variable on the heat flux. All the terms

250
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. « = DATA
~ 225}
$
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Figure 8. Multivariable curve fit for heat flux
through an insulated pipe with a flat heat flux
sensor.
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of these equations can then be included in a final regressiun on all the

subfiles., The final form of the best fit equation is

aKi ¢q dKel/3 e
¢p=__r_IT+bKi¢s+ CK1+ n +T
1n -2 i s $
r
P
i Ki ¢S
+f¢8Ks+grpti+thrpti+Tp—t—i_+j (20)

where Kq #s the epoxy thermal conductivity and Kg is the sensor thermal

conductivity. 7The constaants a-j and a plot of the calculated and raw data

are shown in Figure ~. This figure appears cluttered because all the
subfiles of data were piotted. This can be avoided by either expanding the
scale to look at discrete sections of the data or plotting one subfile at a

time.,

CONCLUSION

The multivariable, multiform regression algorithm presented can be
seen to be a useful alternative to single form regressions. The algorithm
allows data that do not fit one of the standard equation forms (polynomial,
exponential, etc.) to be mathematically characterized by a best~fit curve.
This allows the data to be easily integrated and differentiated and
provides an accurate interpolating equation. An equation representation of
the data also provides a method of comparing the variable relationships
between separate sets of data.

Specific application of the algorithm is shown for snow compaction
with a plate-sinkage device. The results can be used for predicting
vehicle motion resistance when the vehicle 1s operating in snow. The
algorithm is also applied to the problem of heat flow around a pipe.
Measured heat flow data can be fit with a regression equation and a

comparison of actual and analytical solutions completed.
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APPENDIX A: ALGORLTHM CODING.

19 REM --> PROGRRM AUTOST

20 ! STRRTER PROGRAM FOR MULTI-VARIABLE REGRESSION.

38 PRINT PAGE, TRB(13);CHR$C(129)>;"USER INSTRUCTIONS FOR MULTI~YRPIABLE FEGFE33
ION:";CHR$(128)

49 PRINT LIN¢2)>;"This program is the starter program tor a set of five progra
ms "

Se FPRINT "that can perform a series regression of a3 user-gefined squation wit
h 1

50 PRINT "up to 500 observations and 20 variables per observition.”

70 PRINT LINCI)>;"The data is input from the terminal and can later be storsd
for future use,"

8a PRINT "All data is broken into subfiles that can be any length 30 long a:
the S0@ "

99 PRINT "observation maximum is not exceeded. Up to 20 subfiles can beé zpsc
ified,"

199 PRINT "and any regression or plotting function can bz perforned with anu &
ombination”

119 PRINT "of these subfiles."

120 PRINT LINC1Y;"Any variable can be assigned the dependent varirablz by dazyg
nating"

i.0 PRINT "the index number of the variable desired, therefore all variable: a

re treated"”

149 PRINT "the same. Plots can be made with any variable as the independsnt o
ari1able”

153 PRINT "except the dependent variable, The dependent variable can not appe
ar in the"

160 FRIMT "rg¢gression equation."

179 DISP “"PRESS “CONT” TO CONTINUE."

180 PAUSE

190 PRINT PAGE, TAB(30)>;CHRS$(132);"PROGRAM OPTIONS"{CHRS  i28)

200 PRINT LIHC23;"The following programs and options ary avatiabigi¥

219 PRINT LINC1),TAB(S); " 1) Keyboard data input with tubfile dedimition, or re
ad data from"

220 PRINT TAB(8);"a previously stored data file.”

230 PRINT LINCE),YAB(S>;“2) Regression of user defirned serigs equatian such as
Y=axk~3+b*#In(X)+c"

2490 PRINT TRB(3)>;"uwhere 3,b,and ¢ are the ¢onstants that the program solvss,”
259 PRINT LINC1),TAB(S);"3> Plot the regression zquation with a data scartzr p
lot to show correlation®

289 PRINT LINC1)>,TAB(S)>;"43 Data editing including obsezrvation changez, 3dditi

ons, and deletions with"

270 PRINT TfiB(8);"subf1le additions and data filz mzrging.”

288 PRINT LIMC1),TRABC(S);"S) Store the current data 1n a user-defined f1larane.
290 PRINT LINC1D,TARB(S);"6) List all the data or only selecrted zubfirlesz.’

3900 DISP “PRESS “COMT” TO CONTIHUE.*®

319 PRUSE

320 PRINT PAGE,TRB(22);CHREC132);“DEFIHITIONS OF USER-DEFINED +E 13" jLHRE 123
330 PRINT LINC2)>,TAB(S?;"The user~defined kevs KO-k& are used 1o quich s avess
5 the various*

349 PRINT “"program options. KB 135 used during data trput 1o zuzpesnd ynput 1y
the current”

350 PRINT “subfile. It 12 used oniy after all data has bsen recorded ymro the
currant "

360 PRINT "subfile. The oprion of adding a subfile 12 then made zeavlable, af
ter which

370 PRINT “all davax 12 put tnto the new subfirle,”
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389 PRINT LINCL3,THB(S*{"The keys Kl1-k& access the othar program optyonz, and
should be used "

398 PRINT "only when the prompt  SELECT Ki-kKs appesars, The plot optiron zhow)
d not be"

480 PRINT "uwsea before a regression has besn performed zince 11 Jos: not hans
an "

418 PRINT "equation to perform,"”

420 PRINT LINC1)Y,TAB(S);"The option of getting a hard copy reminder of what th
ese keys do”

430 PRINT "is now available, you can suppress the prompts 1f 50 desirad.”

440 OPTION BRSE 1

458 DIM A$<28>(121,B$C(202(12]

460 COM X(S006,28),V$(20)(1560],Nsub$(20,019]1,Ab¢2B,21), INTEGER Dep,Subf 23, Hau
b,Mobs,Nu,Nt ,M$<2€>(1501, Term

470 INPUT "SUPRESS KEY PROMPTS?",S$

430 GOSUB Check

490 IF Check=1 THEN 470

509 IF UPC${(Ss$(1,13)="Y" THEN 590

519 PRINTER IS ©

520 PRIMNT LINC2),"KB = STOP DATA INPUT FOR CURRENT SUBFILE."

539 PRINT "X1 = REGRESSION.,"

540 PRINT "K2 = PLOT."
559 PRINT "K3 = EDIT."
551 PRINT "K4 = STORE."
570 PRINT “KS = LIST "
580 PRINT "Ké6 = QUIT"

590 PRINTER IS 16

508 GCLEAR

619 EXIT GRAPHICS

620 LORD KEY "K1:Ti1S*"

530 PRINT PAGE

S48 INPUT "ARE YOU USIHG STORED DATA?",S$
650 GOSUB Check

560 IF Check=1 THEN &40

670 IF UPC$(S$(1{,13>="N" THEN 7?7?79

680 ON ERROR GOTO Badfile

3590 INPUT "FILE NAME?",Filnms

700 ASSIGN #1 TO Filnms$

710 OFF ERROR

20 PRINT PAGE

730 REARD #1;Nv,Nobs,Nsub

740 REDIM X{Nobs,Nv),Subf(Nsub+1),Hsubs{Nsub)>
758 READ #1jNsub${(#),Subf(#),X(x)

760 GOTO 1360

770 INPUT "NUMBER OF VARRIABLES? (v= 20)",Mv
271 REDIM X(500,Nu>

730 IMAGE #,2X,4R,2D

790 Msum=9

809 IMAGE #,1X,7R

319 IMAGE #,1X,5D,4D

320 Nobs=Subf(1)=0

330 Nsub=b

3419 Nsub=Nsub+1t

359 DISP "NRME OF SUBFILE #"j;Hsub;" = 2v;

360 INPUT " (<= 5 CHARACTERS)»",Nsub$(Hzub.

870 PRINT CHR$<(27)>&"m" .

339 PRINT PAGE,TABC(3B) ;" SUBFILE - "jHsub$rHsub:
890 PRINT “CBS#*

900 FOR B=1 TO Nwv

910 PRINT USING 739;"VARK";B

920 NEXT B

330 PRINT

940 PRINT CHR$(27>8"1*

950 REDIM A$C(Nu),BS(Nu)

350 Bcount=0

970 Hobs=Nobs+1

98a Bcount=Bcount +1

999 DISP “INPUT ALL VARIABLES FOR OUBSERVATION #%;Bcount " 4+ = FEFE
HT Il;
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1000 MAT INPUT AS$

1a10 IF Becount<>1 THEN 1856
1020 FOR C=1 TQ HNv

1939 B$C(CH=A$(T

1840 NEXT C

1050 PRINT

1060 PRINT LINC2);Bcount

1670 FOR C=f{ TO HNv

1988 IF A$CCHY<HO"+" THEN 1149
1990 GOTO 1170

1100 X(Nobs,C>=VAL(B$(CH>
1110 A$CCH=BS$(C)

11290 PRINT USING 810;X<(Hubs,C)
1130 GOTO 11790

1140 IF A$C(CHY="+" THEHN 1170
{150 X(Nobs,C)>=VRAL(A$(CH)
11690 PRINT USING 810;X(Ncbs,C>
1170 B$(C)>=A%$(C>

1180 NEXT C

1190 GOTO 979

1200 Subfi:INPUT "ANOTHER SUBFILE?",Sf
1210 GOSUB Check

12290 IF Check=1 THEN Subf

1230 Nobs=Nobs=-1

1249 Subf(Nsub+1)=Nobs

1250 PRINT CHR$¢(27)>&"m",PRAGE

1260 IF UPCs(Ss$l1,1))="Y" THEN 349

1270 INPUT "STORE DATR?",Ss$

1280 IF UPCS$(S$l1,1))="N" THEH 1360

1290 Phyrecs(Nohs#20+412/256+Nsyb+22/256+2543/2
1309 REDIM A$(Nv),B$(Hu) , Hsub¥¢Hsub’,Subf (Haub+1), X(Hobs,Hu)
1318 IHPUT "FILE MNAHE?",Filinms$

{320 CREARTE Filnmn$,Phyrec

1330 ASSIGN #t1 TO Filnm$

1340 PRINT #1;Nv,Nobs,Nsub

1350 PRINT #1;Nsub$(x),Subf(#),X{#)

1360 Restart! Flaggg=0

1361 ON KEY #1 GOTO {458

1370 ON KEY #2 GOTO 1470

1380 ON KEY #3 COTO 1490

1399 OM KEY ¥4 GOTO 1290

1400 OHN KEY #5 GOTU 1S10

1410 ON KEY #6 GOTO (440

{420 DISP "SELECT Ki-K&"

1421 Flaggg=Flaggg+!

1430 GOTC 1439

1448 END

1450 DISP "GOING TO REGRESSION PROGRAM."

1468 LOAD "REGRES:TiS"

1470 IF Flaggg>! THEN GOTO 1479

1471 DISP "PLOTS CAN OHLY BE ACCESSED AFTER REGRES3IOH HRS BEEH RUN"
1472 WAIT €000

1473 DISP “SELECT Kki-K&"

i 1474 GOTO 1430

>
.

ot N

1479 DISP "GOING TO PLOTTING PROGRAM, "

1489 LOARD “PLOTS:TIS*"

1499 DISP "GOING TO EDIT PROGRAM,"

1568 LOAD “EDIT:TiS*

1510 DISP "GOING TO LISTING PROGRAM."

1520 LOAD “LIST:TiS"

1539 Theck: Check=0

1549 FRINT PAGE

1558 IF (UPCS(S$Li,1)s="¥") QR C(UPCH(S$(1,1]1>="N", THEH 1530
1560 Check=l

1579 BEEP

1580 PRINT PRGE; “#=%+ JMPROPER RESPONSE - TRY AGRIH #s+«"
1599 RETURN

1609 | CHECKS FILENRME

1619 Badfi1le: BEEP

A 3y

r
<
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16280 IF ERRN<>S6& THEN 1650
16398

1640 GOTO 6306

1658 DISP ERRMS$

1660 GOTO 1440

19 REM --> PROGRAM REGRES
20 OPTION BASE 1

30

b,Hobs, Nu, Nt , H$¢20) [ 158, Tern

32 REDIM X(Nobs,MNv)
46
£158)
S6 INTEGER User(29)
60 MAT Ab=ZER
70 Slcr=tl
80 Kterm=9
90 DISP
180 Last=H=Nt
110 IF V$(l)="" THEN 370
120 Last=N=Nt
140
150 GOSUB Check
169 IF Check=1 THEN 140
170
180
190 GOSUB Check
200 IF Check=1 THEN 80
21e
220 INPUT
239
240 BEEP
2590
280 GOTO 220
270 PRINT PAGE
280 FOR A=1 TO Knt
290
300
310 BEEP
320
330 GOYD 2990
340 PRINT PAGE
3590 NEXT R
360 GOTO €70
370
380
he user zuch as:!"
390 PRINT LINCiO3"
480 PRINT
t data."
410 PRINT
regression equation.
429 PRINT "Qnce you have
438 PRINT
ne “
440 PRINT
ou can ™
454 PRINT

101 equation

INPUT “USE SAME EQURTION?",S$

IF UPC$<Ss(1,11>="Y" THEN 2348
IHNPUT "DO YOU WANT TO KEEP ANY OF THE TERNS OF THE EQURTION™",S¥

IF UPC$(S$(1,1])="N" THEN 678

PRINT PAGE;"<¥* FILE NAME DOES NOT EXIST <¥+<"

"HOW MANY TERMS DO YOU WANRT TO KEEP?",Knt

LINC1);"and solves for a,b,and ¢ based on the best

LINC1), TAB(S,;"The relational

INPUT "TERM #?",Keep(R)
IF (KeeptRY>0) AND (Keep(R»><=20) AND FRACT(Kezpt(R:>=0, THEN 249

PRINT PRGE; “##%+ IMPROPER TERM NUMBER «=x="

Y=axX~3+beX£Inc 24"

input the regressilon equation,

gipressions are the

PRINT PAGE;"#+<+ IMPROPER NUMBER OF TERMS +»="

PRINT LINC2:,TABLS+;"The regreszion program tahes

IF (Knt >8> AND (Knt(=20) AND (FRACT(Knt)»=0; THEMN 270

an equatan

1 gt

PRIHT PAGE,TAB.25;CHREC129)> 1 “NOTES OH REGRESSIOH PROGRAM™;CHRE 123
definzd b

fi1v to the

tErms

COM X(508,20),¥$(20)(160),Hsub¥(28>010),RbL 20,21, INTEGER Dep,Subf 2097, Hau

DIM Dp$C1601,St$(1601,St130160),51¢20),Keepd20),HE(2050150),Tezt ¥(150),Fr¢

t

TarrEn

of

"regression on any combination of subfiles to find the rzlation

"rarticular subfile,

“repeat the :zame regression without

Later,
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460 PRINT "or the user defined terms. So you can perform the rejrsssion on on
ly 3 few"

478 PRINT "subfiles the first time, and later perforn the regreszion on th: uh

ole data set."

430 PRINT "Also, wou can pick and choose which regreszion terns and which wzsr
defined

490 PRINT "terms you wish to keep, so remember the ordsr in which you input th
2 terms to "

500 PRINT "capitalize on this feature."”

519 DISP "PRESS “CONT’ TO CONTINUE."

529 PRUSE

530 PRINT PRGE,TAB(2@);CHR$(129>;"HOWN TO IHPUT USER DEFINED TERMS";CHR¥ 123
54@ PRINT LINC2),TAB(S);"User defined terms are relational exprezsions that
complement the "

356 PRINT "regression equation by defining constants that can be » .33 n ths
quation.”

S60 PRINT “These terms are 1ndependent equations tha. must have propsr sz nrta
and any"

5790 PRINT "variable names can be used except R,B, and any varitable in commin,

User definea "

Se0 PRINT "terms are placzd, 1n order, bezfore the regression equation, and ar
evaluated"

599 PRINT "for every point in the data set. It is 1mportant that ths zvnrz o
f any user"

500 PRINT "input terms 15 correct., If, for any reason, the program gsts 1o

518 PRINT "(i.2. the screen 15 blank, and the tape drive 13 not working:' ¢

n extended"

520 PRINT "length of time, stop the program, and start over. The praoblem was

duz to

539 PRIMT "improper syntax of the input equations."

£49 PRINT LINC1),TRB(S);"User defined termns c¢an also b2 used with any programi

ble function"

50 PRIHT "such as PRINT or RAD to dizplay any intermediate results or tsmpara

rily set the"

559 PRINT “"computer into 3 desired computational mode."

570 IF Ms$(1d>="" THEN 880

530 INPUT "DO YOU WANT TO KEEP ANY OF THE USER DEFIHED TERMS®",%¥

590 GOSUB Check

700 IF Check=1 THEN 680

710 IF UPC$(S%(1,1))="H" THEN 880

720 INPUT "HOW MANY USER DEFIMED TERMS DO YOU WANT TO KEEFP™",Kterm

730 IF (Krerm>8) AND (Kterm<20) AND (FRACT Kterm>=0)> THEH 77O

7490 BEEP

750 PRINT PAGE;"+¢+ IMPROPER HUMBER OF USER DEFIHED TERMS +#="

766 GOTO 720

779 PRINT PAGE

780 FOR A=1 TO Kterm

L1

B

ERE
.o

3

790 INPUT “"KEEP USER DEFIMED #",Uzer<R:

300 IF {Usrr(A)>0)> AND (User(A1<=20> AHD «FRACTWUsercA)> =0 THEH 349
310 BEEP

320 PRINT PRAGE;"+##%+ [MPROPER USER DEFIHED TERM HUMBER <«<<"

330 GOTO 799

340 PRINT PARGE

350 N${User(AX > sNE{UsercRd)

859 HEXT A

870 GOTO 930

289 INPUT "DO YOU WAHT ANY USER DEFINED TERMS?",S$

399 GOSUB Check

209 IF Check={ THEN 280

918 Ternz=90

920 IF UPC${Ss$(1,1]>="H" THEN 1140

930 THPUT "HOW MANY USER DEFINED TERMS?",Term

949 IF (Term>@) AND (Term<=20> AND C(FRACT:Term)>=9> THEH 930
956 PRINT PAGE;"#+#% IMPROPER NUMBER OF USER DEFIHED TERMS #+<="
360 BEEP

978 GOTO 930

980 PRINT PRGE

390 FOR RA=! TOQ Term

25




1000 Flag=0

1ote FOR B=1 TO Kterm

1829 IF User(B>=A THEN Flag=\
1030 NEXT B

1049 IF Flag<>1 THEN 1870

1850 N$CAY=M$CA)

1368 GOTO 1896

1979 DISP "INPUT USER DEFINED TERM #";R;" «(IH QUATES:1%0 charactsr ma 1wt
]

1038 INPUT *",N$CA)

1098 Test$=N$(R)

1100 GOSUB Parenth

1110 IF Ptest=1 THEN 1878

1120 M$(AY=N$CA)

1130 HNEXT A

1148 PRINT PAGE, TAB(13:;CHR$(129); "PROCEDURE FOR THE INPUT OF THE REGRE33ION EQ
UATION";CHR$(128)

1150 PRINT LINC4);CHR$C132);"FOR THE EQUATION “X(A,3,=1+X(A,2) 2 + J+« A, 1 =
K’"3;CHR$(128)

1169 PRINT LINC1O;" X(AR,3> = THE DEPENDENT VAPIABLE. IH THIS CRSE THE THIFD ¥

ARIABLE."

1178 PRINT LINC1O;" 14X¢(R,2)~2 = THE FIRST TERM OF THE EQUATION FOR WHICH I
IS TO BE SOLVED."

1180 PRINT * (Input “XCA,2>+~27 as the first t2rm within doubls quotss, "

1198 PRINT LINCiO 3" J+X(A, 1> = THE SECOHD TERM FOR WHICH J IS TO BE SOLVED.®
120686 PRINT LINcLO" K = THE THIRD TERM MHICH IS AR CONSTANT WITHOUT A VARIAEBLE
1219 PRINT *® (Input 717 to represent this termn,>"

12280 PRINT LINCL1) ) "Regression terms are a maximum of 7O characters in langth.,"
1230 Start:INPUT "HOW MANY TERMS RRE THERE IN THE REGRESSIOH?",Ht

1249 IF (Ht>8)> AND (Nt<=20) AHD (FRACT(Ht»=90) THEH 1280

1250 BEEP

1260 PRINT PRGE;"##%+ IMPROPER NUMBER 0DF TERMS +x+"

1272 GOTO Start

12806 PRINT PRGE

1290 REDIN AbCHL,NL+1>

1300 PRINT

1310 Lasgt=N=Nt

1330 INPUT "INPUT THE INDEX OF THE DEPENDENT VARIABLE. «(2.4. 1 thz for 1zt uam
ble>", Dep

13480 IF (Depr9®) AND (Dep<=Hu)> AND (FRACT<(Depr=0) THEH 1380

1350 BEEP

1360 PRINT PAGE;"++4+ [MPROPER VARIARBLE HUMBER =xw="

1376 GOTO 1339

1380 PRINT PRGE

1390 VS(HL+1>="X(A, "&VALS(Depr&" )"

1400 FOR A=1 TO Nt

1410 Flag=0

1420 FOR B={ TO Knt

1430 IF A=Keep(B; THEH Flag=l

1448 HEXT B

1450 IF Flag=1 THEH 1599

1460 DISP "INPUT TERM #";A;" (2.g. X{A,1Y within quotess";
1479 INPUT """, V$CAD

1430 Test$=V$(A)

1490 GOSUB Parenth

1590 IF Prest=1 THEM 1469

1510 St=POS(VY$C(A) ,VECNL+1))

1520 IF St=@ THEN 1599

1530 PRINT USING "“+,kK";v&ifisg® 18 NOT VALID SINCE THE DEFEHDENT VARIRBLE I:
"IVSC(HL+1)

1540 BEEP

1550 DISP “PRESS CONT TO COHTYIHUE"

1568 PAUSE

1579 PRINT USING “+,Ku;®

1580 GOTO 1469

1590 HEXT A

26




o, 1698 PRINT
A%l 1619 OM ERROR GOTO 1638

9% 1620 GOTO 1688
u 1630 IF ERRN<>54 THEN 1669
1640 PURGE "BUFFER:T1S"
1650 GOTO 1688
1660 PRINT ERRMS
1670 PAUSE
1680 CREATE "“BUFFER:T15", (Nt<(Nt+Hu+Term+3)>+5)+30,256+1
1690 ASSIGN "BUFFER:TIS" TO #1
1700 PRINT #1;"S8 Builder:!"
1719 PRINT #1;"S1 FOR B=1 TO Fx"
1720 Ln=50
1736 PRINT #1;VAL$SCS1+Lnd%" FOR A=Subf(S1C¢BI)+1 TO Subf(SI1C¢EI+1)"
1742  LnsLn+t
1750 FOR A=! TO Term

1760 PRINT #1;VAL$S(S1+Lnd%"  “&N$CA)

17706 La=ln+!

1780 Po1=POSC(NSCAY, "XCA,")

1790 IF Po1=8 THEN Poend

1800 P02=Pol+POSCHSCAI [PO1],")")

1819 N$C(AX[Pol,Po2-11="S1 ("&N$C(AY[Pol+4,P02-21%")"
. 1820 GOTO 1780

1830 Poend: NEXT R
1349 FOR R=1 70 Nt

5

;ﬁa 1850 FOR B=1 TO Nt+1
Ly 1860 StE=VALS(S1+LMI%"  Ab("&VALSCRI&", "&VALFC(BI&" )= "% "Phbe "GVRLECA ", "oy
e ALSCBIA I+ "AVSCRI& " # " 4VS(B)
e 1570 Lnaln+t
D) 1890 MEXT B
3% 1900 HEXT A
e 1918  PRINT #1;VALS(SI+Lnd&" NEXT A"
5, 1920 PRINT #1;VAL$(52+Lnd&" MNEXT B"
" 1930 PRINT #1;VAL$(S3+Ln>&" GOTO 5500 *
s 1940 Lnsln+3
{ 1950 FOR D=1 TO Nv
ﬁﬁ% 1950 FOR B=1 TO Nt
o 1970 StE="  FxaFx+"&V$(BIA"+AbC &VALS(BIE" , "&VALF(HL+1)8" 4%
Ml 1930 St1sases
i 1990 Strt=POS(St1s, "X(A, "&VALSCD))
o 2000 IF Strt=0 THEN 2040
G 2010 Nd=POS(St1$(Strtl, ">">
) 2020 StisiStrt,Strt+id-1)="Var"
- 2030 GOTO 1990
oy 2040 FOR C={ TO Nv
oy 2050 Str=POSCSL 15, "XCA, "LVALS(C))
‘{gf 2060 IF Str=0 VHEN 21090
IR 2070 En=POS(St1$(Strd,">">
W 2030 SLI$[Str,StreEn=11="S1 C"&VALS (& "
e 2090 GOTO 2050
e 2180 HEXT €
wp 2119 IF B(>1 THEN 2249
Aoy 2120 PRINT #1;VALS(SI+Lnd&" A“&VALSCDI&™: Fx="
A 2130 LnsLn+t
,&4 2140 FOR Ed=l TO Term
iy 2150 Pr$=NS(Ed)
o 2160 Po1=POS(Prs,"S1 (“&VAL$(D))
! 2170 IF Pol=8 THEN 2210
4 2188 Po2=Pol1+POS(Pr$(Poll, ">")
S 2199 Pr${Pol,Po2l1="Var"
N 2200 GOTO 2160
g 2210 PRINT #1;VALSC(S14Lnd&" “&Pr$
it 2220 Ln=bln+1
5 2230 NEXT Ed
i 2249 PRINT #1;VAL$(SL+Lnd&" “&St1s
.o 2250 Ln=Ln+t
NG 2260 NEXT B
N 2270 PRINT #1;VAL$(S1+Ln)&" GOTO 5500"
» 21
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2280
2290
2300
2319
2320
2338
2340
2350
2360
2370
2389
2390
2400
2410
2420
2436
2449
24598
2460
2470
2480
2490
25900
2510
2526
2530
2540
2541
2550
2560
2570
2580
2590
2606
2510
2620
2630
2640
2650
2660

2680

2890
2900
2919
2920
2930
2949

Ln=bn+1
St1$=5t§
NEXT D
PRINT #1;"S5568 SUBEND"
RSSIGN #1 TGO #
OFF ERROR
LINK "BUFFER:T15",3450,2359
PRINT PAGE
INPUT "DO YOU WANT TO DO THE REGRESSION OM ALL SUBFILES?",S$
GOSUB Check
IF Check=1 THEN 2369
IF UPC$(S$[1,11)>="¥Y" THEN 2569
INPUT "HOW MANY SUBFILES DO YOU WANT INCLUDED IN THE REGRESSION?",Fx
IF (Fx>8> AND (Fx<=Hsub) AND (FRACT(Fx>=8> THEN 2460
DISP “"#%% WARNING - NUMBER OF SUBFILES EXCEEDED <=x"
BEEP
WRIT 2000
GOTO 2400
FOR A=1 TO Fx
DISP "INPUT SUBFILE #";A;" FOR THE REGRESSION.";
INPUT "",S1C(R)
IF (S1C¢AY>8) AND (S1<{AY<{=Nsub> AND (FRACT(SI1<AY»=8) THEHN 2539
BEEP
PRINT PAGE;"##*x IMPROPER SUBFILE NUMBER #%%"
GOTO 2470
PRINT PAGE
NEXT A
PRINT PAGE,LINC(8),TABC(25) ! HR$C(129); "REGRESSION IH PROGRESS":CHP$(128)»
GOTO 2610
FOR R=1 TO Msub
S1(RY=A
NEXT R
PRINT PAGE,LIN(8),TAB(25);CHR$(1292; "REGRESSION IN PROGRESS";(HRf 128
Fx=Nsub
CALL Build{(Slct,Var,Fx,S1(+),N$(%>)
! SIMULTANEQUS EQUATION PROGRAM OF Hth ORDER.
FOR Mat=1 TO N~1
First=Mat
Large=First
FOR Test=First+l TO Last
IF Ab(Test,First)>AblLarge,first) THEN Large=Test
NEXT Test
IF Large=First THEN GOTO 2750
FOR Suitch=sFirst TO Last+l
Save=Ab(First,Switch)
Ab(First,Suitch)=Ab(Large,Switch)
Ab(Large,Suitch)=Save
NEXT Suitch
FOR Diag=sFirst+1l TO Last
Ratio=Ab(Di1ag,First>/Ab(First,First)
FOR Zero=First T0 Last+i
Ab¢Diag,2Zeror=Ab(Diag,Zero -Rat10#Ab(First,2eros
NEXT Zero
HEXT Diag
HEXT Mat
FOR Solve=Last TO | STEP -1
Ab(Scluve,Last+1)=Ab(Solve,Last+1)/Ab{(Solve,Solve.
IF Solve=1 THEHN GOTO 2899
FOR Solv=Solve-1 TO | STEP -t
Ab(Solv,So0lver=Ab(Solue,Last+ 1> +Ab(Solv, Solue)
Ab(Solv,Last+1)=Ab(Solv,Last+1>~Ab(Solv,S0lue:
NEXT Solv
HEXT Solve
PRINT PAGE
PRINT LINC3)
PRINT USING "#,K";"Fx=a*";V$(1)
FOR RAR=2 TO Ht
PRINT USING "#,K";"“+";CHREC(I6+R);"<";¥$C(A)

28




2358 NEXT R

2969 PRINT

2970 FOR A={ TO N

2980 PRINT TABC(2);CHRE(IE+R); "="JAL{A, Nt +1)

2890 NEXT A

3088 FOR A=1 TO Term

3910 PRINT LINCLI) M$C(RA)

3020 NEXT A

3021 BEEP

3022 MWAIT leoeo

3823 BEEP

30838 INPUT "DO YOU WANT A PLOT?",S$

2040 GOSUB Check

3850 IF Check=1 THEN 3830

30686 IF UPC$(S$(1,11>="Y" THEN LOAD "PLOTS:T13"

3078 PRINT PAGE

3089 DISP "RETURNING TO MAIN PROGRAM"

3090 LOAD "AUTOSTITIS",Restart

3100 !

31186 ! PRRENTHESIS CHECKING ROUTINE

3120 Parenth! Ptest=9

3136 Left_count=Right_count=Poss3=Po=0

3148 Po=P0S(Test$,"(")

3150 IF Po=0 THEN Leftpas

3160 Test$(Po,Pol="»"

3170 Left_countsLeft_count+l

3180 GOTO 3140

3190 Leftpas! Poss=P0S(Test$,"d>")

3280 IF Poss=0 THEN Rightpas

3210 Test$(Poss,Poss)="*"

3220 Right_count=Right_count+|

3230 GOTO Leftpas

3240 Rightpast: IF Left_count=Right_count THEH RETURN
3250 Ptest=l

3260 IF Left_countiRight_count THEN DISF Left_count-Right_countj"ELLESS _EFT PR
RENTHESIS"

3270 IF Left_count<{Right_count THEN DISP Right_count-Lsft_count;"EXCESE PIGHT F
ARENTHESIS"

3280 BEEP

3290 WAIT 3000

3300 RETURN

3310 !

3320 | CHECKS YES AHND HO RESPONSES

3330 Check: Check=0

3340 PRINT PAGE

3338 IF CUPC#CS$(1,110="¥")> OR (UPC$(S${1,11)="N"> THEH RETURN
3360 Check=1

33706 BEEP

3380 PRINT PAGE;“#++ IMPPOPER RESPONSE ~ TRY AGRIN,"
3398 RETURN

3400 !

3419 SUB Burld(Slict,Var,Fx,S1(£),N${+))

3429 OPTION BASE !

3430 COM X(#),¥$(#),Nsubs(4)>,Ab(#), INTEGER Dep,Subf (%, Hzub,obs, Hu, 1
3440 ON Slct GOTO Builder,Al,A2,R3,A4,RS,A6,A7,A8,AY9,A18,A1L1,A12,AL3,A14,A15,A1
€,A17,A18,A19,A20

3450 Builder:!

o 4"{ .;\
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10 REM --> PROGRAM LIST

29 OPTION BRSE

38 COn X(580,20),Y$(20){1601,Nsub$(201(10]),Ab 20,21+, INTESGER Dep,Sucf id hsu
b,Hobs,Nu,Nt M$(28>[ 15681, Term
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280
290
300
319
340
341
3560
360
370
380
3%0
400
410
429
436
449
450
460
470
4388
4909
500
S18
528
530
540
S50
560
579
580
59@
609
610
620
539
631

REDIM X<(Nobs,Hu>
DIM Sub(28)

INPUT "DO YOU WANT ALL SUBFILES LISTED?",Ss

IF (UPCS(S$01,130="Y"> OR (UPCS$(S¥{1,11>="N"> THEH 91

BEEP

PRINT PRGE;"<xx IMPROPER RESPONSE - TRY AGAIN ~<«-"

GOTO 50

IHPUT "DO YOU WANT A HARD COPY (H) OR A CRT DISPLAY ¢CY> Ty
IF (UPCS$(T#(1,11>="H"> OR (UPCS$(T#$(1,11)="C",s THEN 98

BEEP

PRINT PRAGE;" *#+ IMPROPER RESPONCE, PLERSE TRY RGAIN «=»"

GOTO 91

IF UPC$(T#$L1,110="C" THEN 1061
PRINTER IS5 ©

PRINT PAGE

IF UPC$(S$(1,1))="Y" THEN 280

INPUT "HOW MANY SUBFILES DO YOU WANT LISTED?",Hss

IF (Nss>9) AND (Nss<=l'sub> AND (FRACT(Hss)=@>

BEEP

THEH

PRINT PRAGE;"#++ IMPROPER NUMBER OF SUBFILES -«

GOTO 128

PRINT PAGE

FOR A=1 TO Nss
DISP "INPUT SUBFILE #";A;
INPUT “",Sub(A)>

I[F (Sub(RX>B> AND (Sub(A><{=Nsub)> AHD (FRACT(Sub«A) =0,

BEEP

PRINT PRGE;"*#+ IMPROPER SUBFILE HUMBER =xex"

GOTO 196
PRINT PAGE

MEXT A

GOTO 320

FOR A=1 TO Nsub
Sub(A)>=A

NEXT R

N3z=Nsub

FOR A=1 TO Nss
PRINT LINC(3)

PRINT LINC1);"SUBFILE! “,Hsub%«A)

PRINT LINC1)
Jj=0

FOR 11=1 TO HNv

1j=dj+t

IF Jj<=5 THEN GOTO 430
Jj=1

PRINT USING 450

PRINT USING 450;"VAR#"LVALSC(IV

NEXT Ii

IMRGE #,7X,6A
IMAGE ~

PRINT USIHNG 468
PRINT " OBS #“
Obs=0

FOR B=Subf(Sub(A)>+! TO Subf(SublAX+1,

Obs=0bs+1
PRINT LINC1)
PRINT Obs
J)=0
FOR Ii=1 TO Hv
Jy=Jy+1
IF J)<=5 THEH GOTU 599
Jj=t
PRINT USING 469

PRINT USING e80;X(B,li>

HEXT I
HEXT B
NEXT A
PRINT LINC2)

30
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549 PRINTER IS 1é

653 PAUSE

650 DISP "RETURNING TO MARIN PROGRAM"
670 LOAD "RUTOST:T15",Restart

580 IMARGE #,5X,5D.4D

696 IMAGE 10X

18 REM --> PROGRAM PLOTS

29 OPTION BASE 1

30 CON X(580,20),¥3$C200(150],Haub3<(20>C(10),Ab(20,21), INTEGER Dep, Subf(20,Hau
b, Hobs,Nu,Nt, M$(20)(158],Tern

32 REDIM X(Nobs,HNuv)

40 DIM Gxmxx{20),G5xmnxt20),G6ymxx{(20>,0ymn«<20>,51¢20>,Eqs(S00),X1a¥(130),v1af
[169)

50 INTEGER Nfilec28)

70 PRINT PRGE,TAB(2S);CHR$(129>;"HOTES ON PLOTTING: ";CHRSC128)

30 PRINT LINC2),TAB(S);"This program will plot the Jdata and the regrszzion fu
nction using any"

30 PRINT "variable as the independent variable except the Jdependant variapls,

180 FRINT LINC1),TAB(S);"The function can be plotted wiing a 1ing and setting
all variables®

1190 PRINT "to a constant except the independznt and dependent varitables.  Male
iple lines® '

120 PRINT "can be drawn 1n this mannsr with the option of changing any of ths
constants, "

130 PRINT "Another option 13 to plot corresponding data points that iniérv: al
1 variables"

140 PRINT "from each data point into the equation,”

159 PRINT LINCI), TRB(S)>;"Any combination of subfils: ¢can be plotted, ™

160 LINK "BUFFER:T1S",2349,170

170 GCLERR
188  EXIT GRAPHICS
190 DEG

200 INPUT “INDEPENDENT YARIRBLE?", Ind

219 IF Ind<{>Dep THEN 249

220 PRINT PAGE,LIN(?)>;"THAT IS THE DEPENDENT VARIABLE."
221 GOTO 200

230 GOTO 200

240 PRINT PAGE

250 INPUT "PLOT THE COMPLETE DATA SET>",S#

250 GOSUB Check

279 IF Check=1 THEN 2560

286 IF UPC$¢(S${1,11)="N" THEN 380

290 Sbsts=Nsub

300 MAT SEARCH X(+#,Ind)>,MIN;Xnn

3109 MAT SERARCH X(+#, Ind),HAX; Kmx

320 MAT SERARCH X(<,Dep?,HIN;Ymn

339 MAT SERRCH X(#,Dep>’,MAX;Ymx

348 FOR A=1 TO Nsub

350 Nf1le(A>=R

368 NEXT A

370 GOTO 659

380 INPUT “HOW MANY SUB FILES?",Sbsts

399 IF (Sbsts>8> AND (Sbsts<{=Nsub? AND <FRACT(Sbsts)=0) THEH 439
4900 PRINT PAGE;"#<% IMPROPER HUMBER 0OF SUBFILES #»##"
419 BEEP

420 GOTO 380

430 PRINT PARGE

449 REDIM Gxmnx(Sbsts),Gxmxx(Sbsts),Gumnx(Sbst3),GymniiSbstz)
458 FOR A=1 TO Sbsts

31
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N
400
.ﬁ?’ 460 INPUT "NUMBER QF SUBFILE?",Hfile(R)
{%}4 478 IF (Nf112C(R)>8)> AND (Nf1le(Rs<=Hsub> AND (FRACTC(Hf11=(A r=0) THEY 51
Lo 480 BEEP
g 490 PRINT PAGE}"<+<+ INPROPER SUBFILE NUMBER ++<"
o 500 GOTO 468
{tk 519 PRINT PAGE
e 528 Cxmnx (A =Gxmxx (AY=X(Subf(Nfila(AYI+1, Ind>
::ﬁ 530 Gumnx(AI=6Ymxx (AI=X(SUbF(Nf112(RY>+1,Depd
S 549 FOR B=Subf(Nfile(AdY+1 TO Subf(Hf11e(AY+1)
F 550 IF R(B, Ind>>Gxmxx(R) THEN Gxmxx(A>=X(E, Ind)
Z?ﬂ 560 IF X(B, Ind)<Gxmnx<(AY THEM Gxmnx(A>=X(B,Ind>
) ';. 570 IF X(B,Dep)>Gyumxx(A) THEN Gymxx(R>=X(B,Dep>
oy S8a IF X(B,Depr)<Gymnx{A) THEN Gymnx{A>=X{B,Dep>
2 ) 590 HEXT B
‘kﬁ 600  MEXT A
Q% 510  MAT SEARCH Gxmxx, MAKX; Xmx
32% 520 MAT SEARCH Gxmnx,MINjXmn
) 330 MAT SEARCH Gyaxx,MAX; Ymx
e 540 MAT SEARCH Gymnx,MIN;Ymn
N 850  PRINT PRGE;“X-MIN = ";DROUND(Xmn,3>;" KMAX = " ; DROUND{Rmx, 31
. 660  PRINT LINC2);"Y=-MIN = “;DROUNDC(Ymn,3);" YMAX = "; BROUMD: Ym 3
A 6§70  INPUT "INPUT GRAPH LIMITS FOR X-MIN RHD X~MAX.",Gxmn,Gxnx
23 630  INPUT "INPUT GRAPK LIMITS FOR Y-MIN AND -MAX.",Gymn, Gumx
L 590  PRINT PAGE
. 700  LINMIT 9,184,47,0,149,8
?ﬂ} 716  LOCATE 1S,120,15,95
X 720 CSIZE 3.38
7390 SCALE Gxmn,Gxmx,Gymn, Gymx
Pl 740  FRAME
. 750 DISP “HANG ON A MINUTE"
k- ;i: 760 Ktic=(Gxmx-Gxmn)/10
:yb, 7?70 Yri1e=(Gymx=Gynnd 190
'.‘_}S 780 AKES Htic,Ytic,Gumn,Gymnn
1 790  LORG 8
i 800 LDIR 90
i . 819 FOR A=Gimn TO Gxmx STEP Xti1g
“’ 820 HOVE A, Gymn
e 830 LABEL DROUNDCA, 3}
ok 840  MNEXT A
NEN 850  INPUT “®-AXIS LABEL",#)as
S 8608  DISP “"HANG ON A MINUTE"
) 870 LDIR ©
s 8806  FOR A=Gymn TO Gymx STEP Ytig
) 890 MOVE Gxmn, A
SR 900 LABEL DROUND(A, 3,
N 310 NEXT A
i 920  LORG §
N 938 MOVE (Gxmx+Gxmn}/2,Gynn-{Gynx-Gynn -8
AON 948  LABEL Xlas
AN 950  INPUT “Y-AXIS LAREL",Yla$
gt’ 960 MOVE Gxmn={Gxmx-Gxmnd~8,1, {Gumx+Gymn) 2
A 370 LORG 4
b0 980 LDIR 90
28 990  LABEL Yla$
20 1900 LORG 5
X 1810 INPUT "DO YOU WAHT AN EQUATION LIMEC!, UR CORRESPOMDING DATA POINTE. 0. -
iy 1026 IF (S=08) OR ($=1) THEH 1060
B 1830 BEEP
8 1040 PRINT PAGE;“#x+% IMPROPER RESPOMSE ~ TRY AGAIN *<x"
R 1950 GOTO 1010
0 1960 PRINT PAGE
5; < 19786 Slct=Ind+t
EL 1930 IF S=9 THEN 1430
oo i 1930 Pasz=
Qw 1190 IF Pazs<>8 THEN 1120

e a)

AL

1119 GOTO 1370
W 1120 INPUT “DO YOU WANT THE SAME PARRMETERS?", 3§
o 1130 GOSUB Check

1A
s 1140 IF Check=1 THEN 1120

AR

:":\\ﬂ 32
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N3 1158 IF UPC$(S$[1,11)>="Y" THEN 1438

gl 1169 IHPUT "HOW MANY PARAMETERS DO YOU KANT TO CHRHGE?",S
o 1179 IF (538> AND (S5<=Mu) AND (FRACT(S)=D> THEH 1218
S 1180 PRINT PAGE;"#%% IMPROPER HUMBER OF PARRAMETERS <¢<+"
A 119@ BEEP

7 1268 GOTO 1166
Al 1218 PRINT PAGE

?33 1220 FOR R=! TO S

554 1230 INPUT "WHAT VARIABLE NUMBER?",VYnn

A 1240 IF ¢(Ynn>@) AND (VYnn<=Nv) AND (FRACT(Ynn>=D> THEN 1230
5 1250 BEEP

5 1268 PRINT PAGEj"+»+ INPROPER VARIABLE HUMBER <¢<="
Y., 1270 GOTO 1239

) 1280 PRINT PRGE

s 1290 IF (Ynn<>Depd AHD (Ynnd>Ind) THEN 1329

s 1300 PRINT PAGE,LIH(7>;"THAT 15 EITHER THE INDEPENDBENT OR THE DEPEHDENT YAPI
P ABLE."

AN 1310 GOTO 1230

e 1328 PRINT PRGE

}Zﬁ 1330 DISP "WHAT VALUE DO YOU WANT FOR YARIAELE #";¥nn;
B 1340 INPUT "",S1¢Vnn)

1358 HEXT A

b 1368 GOTO 1420

N 1370 FOR A= TO Hv

g; 1380 IF ¢A=Ind) OR (A=Dep> THEMN t41@

‘§5 1390 DISP "WHAT VALUE DO YOU WRNT FOR VARIARELE #";RA;
=% 1400 INPUT "*,S1(¢R)

A 1418 NEXT A

L 1426 Pass=|1

) 1430 GRAPHICS

tie) 1440 VariancesNbcount=0

3] 1450 FOR RA=1 TO Sbsts

AR 1460 FOR B=Subf(Nf112¢AYd+1 TO SubfCHF11eCRI+1)

18] 1470 Nb¢ount =Hbcount +1

359 1480 MOVE X(B, Ind>,X(B, Dep)

il 1490 LABEL “#"

y 1500 VarsX(B, Ind)

oy 1510 FOR C=1 TO Hv

D 1520 IF (C=Dep) OR (C=zInd> THEM 1S54y

sl 1530 $1¢CY=X(B,C)

3 1540 NEXT C

™ 1559 CALL Build(Slct,Var,Fx,51¢4))

&0 1560 YariancezVariance+(Fx~X(B,Deprirsl

o 1579 IF $¢>8 THEN 1600

_ 1530 MOVE Var,Fx

W 1596 LABEL "O"

- 1660 MEXT B

Jf¥ 1618 HNEXT A

AN 1620 IF $¢>0 THEN 1710

ooy 1630 LORG 2

~

1649 MOVE Gxmn+Xtic/3,C0ymx-Ytics3
1659 CSIZE 2.7
1660 LDIR ©

g; 1670 LABEL "0 = CRLCULATED"

ir e 1689 MOVE Gxmn+Xti1¢/3,0ymax-374%Yt1¢

2 1698 LABEL “¥ = DATA"

3; 1708 GOTO 1840

53 17190 FOR R=Gxmn TO Gxmx STEP (Gxmx-Gxmn)-/S@¢
<, 1720 VarsA

iﬁ: 1730 CALL Build(Slct,Var,Fx,St(*))
s 1749 IF A=Gxmn THEN MOVE Var,Fx

s, 1750 PLOT var,Fx

;«T 1768 NEXT A

pLoo 1776 PAUSE

LR 1780 EXIT GRAPHICS

b 1790 INPUT “ANOTHER LINE?",S$

= 1800 GOSUB Check

= 1819 IF Check=1 THEN 1790

;gj 1820 IF UPC$(S$C1,11r="Y" THEN 1120

EY 33
" 1‘.:

y

2
1A
|

|



A g [ T
'y £
151 s E

o };T

- X

~p
S
20 d X

3
A

L33
A

1838 GOTO 1858

1848 PAUSE

185@ INPUT "DO YOU WANT A HARD COPY?",S$

1868 GOSUB Check

1878 IF Check=1 THEN 1859

1888 IF UPCS$(S$(1,131)>="N" THEN 2059

1890 PRINTER IS ©

1990 PRINT PRGE

19186 DUMP GRAPHICS

1920 Eq$="Fx=a#"&Vs$(1)

1938 FOR R=2 TO Mt

1949 EqQ$=EqF&"+"4CHR$ (e “DI&"+x"&VY$ (A

19590 NEKXT A

19686 PRINT Eq$

1978 FOR A=1 TO Nt

19806 PRINT CHR$C(A+96)&"="&VALS/ =b(A,Nt+1))

1999 NEXT A

2008 FOR A=1 TO Term

2010 PRINT LINC1);HMS$CAD

2020 NEXT A

2038 PRINT LINC1);"Goodness-of fit ys “;PROUND(Variance Hbcount,-32
2040 PRINTER IS 16

20858 INPUT "ANOTHER PLOT?",S$

2060 GOSUB Check

2078 IF Check=1 THEH 2056

2080 IF UPC$(S$l1,1)r="Y" THEM 170

2099 PRINT PAGE

2100 GGLEAR

2110 EXIT GRAPHICS

2120 INPUT "ANOTHER REGRESSIOH?",S$

2130 GOSUB Check

2140 IF Check=1 THEN 2120

2150 IF UPC$(S$(1,11>="Y" THEN DISP "GJJNG TO REGRES3IIOH PROGRAM,"
2168 IF UPC$(S$[1,12>="Y" THEN LORD "RECRES:!TIS"

2170 DISP “RETURNING TO MAIN PROGRAM"

2186 LOAD "AUTOST:TIS",Restart

2190 !

22080 ! CHECKS YES AND NO RESPONSES

2210 Check: Check=0

2220 PRINT PARGE

2230 IF (UPCS(S$(1,120="Y") OR C(UPCI(SH[1,11)="H"> THEN 2279
2240 BEEP

2250 Check=1

2260 PRINT PAGE;“"*#% I[MPROPER RESPOHSE - TRY RGRIN ++<="
2270 RETURM

2280 |

22%0 1

2306 SUB Build(Slict,Yar,Fx,S51(x))

2310 OPTION BRSE 1

2320‘ COM K(#),¥E0 4>, Nsub3(<)>,Ab(+>, INTEGER Dep,Subfix: Hzub,Nobz,Hu, Ht , MFr~1, Te
™m

2330 0N Slc¢ctv GOTY Bu1lder,ﬂl,ﬂ?,ﬁ3,ﬂ4,RS,HS,R?,HB.R?,H!O,RIl,ﬁl&,ﬁl3,ﬁ!4,ﬁlf‘ﬁl
6,A17,R18,A19,A20

2340 Builder:!

1@ REM --. PRLGRPRM EDIT

29 GPTION BRSE 1§

30 COM X{586,205,¥:20:(160),Hsubfs 26,019),Rbr 20,21/, IHTEGEP Depee Subd 26
by Hobs, Hu, Ht , M$.200(1508), Term

31 REDIN X<(598,Nv)

48 Menus PRINT PAGE,LIHc3)>;"SELECT AH EDITOR FUMCTIOH:"

[RRREY

S9 PRINT LINCi;* 1) CHAHGE AH OBSERVATIOH,"
59 PRINT LINCL1O;® 2) CHAMGE R SET DF OBSERVATIOHS.®
34




X

)

2 78 PRINT LINC1);" 3> ADD A SUBFILE."

.;;1 80 PRINT LINC1)>;" 4> ADD AN OBSERVATION."

e 90 PRINT LINC1>;"  S5) DELETE AN OBSERVATION.®

e 100 PRINT LINC1>;" 6> MERGE A DATA FILE."

N 119 PRINT LINC1>;" 7> QUIT THE EDITOR."

Tee 120 INPUT "“,Ef

R 130 IF CEf>B) AND CEf<S) AND (FRACT(Ef)>=0) THEH 120
vy 140 BEEP

e 150 PRINT PAGE;"#%% IMPROPER RESPONSE «<«"

Exi 160 WRIT 3000

:‘-4 170 GOTO Menu

<3 180 PRINT PAGE

”_;’ 199 OM Ef GOTO 200,Chgset,Rdd,Addo,Delete,Merge,Quit
" 200 !

P 216  INPUT "DO YOU WANT SUBFILE ADDRESSING (0% OR ABSOLUTE ADDRESSING +1:7".%
) 220 IF ($=8) OR (S=1) THEN 260

S 230 BEEP

Y 249 PRINT PAGE;"%4+ IMPROPER RESPONSE «x+"
o 250 GOTO 219

260 PRINT PAGE

270 IF S=1 THEN Absol

280 INPUT "WHICH SUBFILE #7?",Sn

299 IF (Sn>08) RHD (Sn<sNzub) AND (FRACT.Sn>=8)» THEH
300 BEEP

310 PRINT PAGE; "#++ SUBFILE NUMBER MOT DEFINED s+<"
3290 GOTO 28¢

330 PRINT PAGE

349 DISP “"WHICH OBSERVATION IH SUBFILE " Hsubfd(3n’;
350 INPUT Subn

384 IF (Subn>B) AHD (Subni=Subf(3n+1=-SubfSn>)> AND FRACT(Subr v=0) THEN 4000
370 BEEP

384 PRINT PAGE;"+*x+~ SUBFILE OQBSERVATIOH ADDRESS QUT 1IF RAHGE e»y"

390 GOTO 349

400 PRINT PAGE

410 INPUT "WHICH VARIRBLE #",¥n

420 IF (Yn>0) AND (¥Yn<=Hu) AND (FRRCT(VYn>=0) THEMN 459

”
s
o

{ 430  BEEP

oy 440  PRINT PRGE;"##+ IMPROPER VARIRBLE HUMBER <<«"

}% 450 GOTO 410

=y 468  PRINT PAGE

B 470 DISP "OLD VALUE = “jX¢Subf(Sny+Subn,¥n>;"  HEW VALUE™";
e 480  INPUT ““,A

B 490  PRINT USING S10;“OBSH:",Subn,” IN SUBFILE:",Hsubs(Sn.," ©OLD VALUE:",.. iy
'S bf(Sns+Subn,¥nd," NEW VALUE:",A

< 500 X(Subf(Sn)+Subn,¥Yn)=A

.ﬁ% s16  IMAGE SA,4D,13A,SA,12A,5D.5D,12R,5D.5D

3% $20  IHPUT “"ANOTHER VALUE?",S$

<;§ 530  GOSUB Check

" 548  IF Check=1 THEN 520

~3 S50 IF UPCS(S$[1,11)="Y" THEN 340

? 566  INPUT “ANCTHER SUBFILE®",S$

£ 570  GOSUB Check

oy 580 IF Check=1 THEN 560

;?3 S99  IF UPC$(S$(1,11>="Y" THEN 280

e €00 GOTO Menu

e 519 Absol: INPUT "WHICH ABSOLUTE OBSERVATION NUMBER"",0b

520 IF <Ob>8> AND (Ob<{=Hobs> AND (FRACT(Ob»=0) THEN 56

-~ €30  PRINT PAGE;"“++% IMPROPER OBSERVATION NUMBER +x«"
T £40  BEEP

x 6§56  GOTO Absol

ot 660  PRINT PAGE

2, 570  INPUT "WHICH VARIARBLE NUMBER?",V¥n

X 680 IF (VYn>8) AND (¥nd=NHu) AND (FRACT«¥n»=g> THEN 729
?‘ €99  BEEP

708 PRINT PRGE;"“##+ [MPROPER YARIABLE HUMBER #+»"
710 GOTO 679

720 PRINT PAGE

730 DISP "OLD VALUE ";X0b,VYnig" HEW YRLUE = 3

it

7Fﬂi;.
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750
760
°re
720
730
800
210

830

970

980

996

1000
1010
1020
1030
1040
18509
1066
1879
1080
1081
1090
1180
1416
1120
1130
1140
1150
1160
1170
1180
1190
1200
12:0
1229
1230
1240
1250
1269
1270
1280
1290
1309
1310
1320
1330
1340
1350
1360
1370
1389
13989
1400

INPUT A

PRINT USING ¥59;"0BS #:!",0b," OLD VALUE:" . X{Jb,Vn>," HNEW VRLUE:" A
IMAGE 6R,4D,12A,5D.5D,12R,5D.5D

X(0b,VYn)=A

INPUT "CHAHGE RNOTHER OBSERVATION?",3S$

GOSUB Check

IF Check=1 THEN 788

1F UPCS(S${1,11)="Y" THEN Absol

GOTO Manu

Chgset: ! PRINT PAGE

INPUT "WHICH SUBFILE #°",3n
IF (Sn>B> AHND (Snd{=Nsub)d AND (FRACT'Sn>=8. THEH 39O
BEEP
PRINT PAGE;"<<*SUBFILE NUMBER NOY DEFIMEDx++"
GOTO 840
PRINT PRGE
PRINT "WHICH SET OF OBSERVATIONS IH SUBFILE " Hzub¥«3n,
INPUT Subn
IF (Subn>0) AND (Subn{sSubf(Sn+1)>=Subf{(Sn:+» AND FPACT Subn =0 THEh
BEEP
PRINT PAGE;"«<++SUBFILE OBSERVATIOM ADDRESS OUT OF FANGEe<s"
GOTO 900
PRIMT PRAGE
PRINT “OLD VALUES FOR OBSERVATIQH “;3ubn
PRINT LINC2)
Jj=0
FOR R=1 TO Hv
Jj=lj+i
IF JJ<=5 THEN GOTO 1950
Jj=l
PRINT USING 1060
PRINT USING 1070;X(Subf{Sn)+Subn,R)
IMRGE ~
IMAGE #,S5X,5D.4D
NEXT R

PRINT LINCS
PRINT “"ENTER NEW VRLUES FOR OBSERVRTIOH “;Subn
PRINT LINC2)
DIM Ra(20)
MAT !NPUT Ra
FOR A=! TO Nwv
K{Subf(Sn)+Subn,A>=RalR/
NEXT A
IHPUT "ANOTHER SET OF OBSERVRTIONS®",S§
GOSUB Check
IF Check=1 THEHN 1150
IF UPC$(S$I1,1]r="Y" THEHN 900
GOTO Henu
Add: ! PRINT PAGE
IF Hsub+1<=20 THEN 1270
BEEFP
DISP "+#%% MAXIMUM HUMBER OF SUBFILES EXCEEDED »+-*
WRIT 3000
GOTO Menu
INPUT “HNHUMBER OF OQBSERVATIONS IN SUBFILE™",Ho
IF Nobs+No<=588 THEN 13290
PRINT PAGE; "%+« MAXIMUM MUMBER OF OBSERVATIQHS EXCEEDED «<x"
BEEP
GOTO 1276
PRIMNT PAGE
Nobz=Nobs+No
Nsub=Nsub+1
INPUT “SUBFILE MAME” «S CHARACTERS OR LESS:",Hsub$(Hszi:hs
Subf (Nsub+1)=HNobs
FOR A=1 TO HNo
FOR B={ TO Hw
DISP “"QBERVATION # "j;A;" VYARIABLE # ";B;" IS ":
INPUT X<(Hobs-Ho+R, B>

36




1419 NEXT B

1420 HEXT R

1430 INPUT "ANOTHER SUBFILE?",S$

1446 GOSUB Check

1458 IF Check=1 THEN 1430

1468 IF UPC$(S$[1,13)="Y" THEN 19020

1479 GOTO Menu

1480 Addo:! INPUT “DO YOU WANT TO ADD AN OBSERVATION?", 3%
1498 IF Nobs+1<{=500 THEN 1548

1509 BEEP

1510 DISP "+4% MAXIMUM NUMBER OF OBSERYATIONS EXCEEDED +~+"
1520 WAIT 39800

1530 GOTO Menu

1540 INPUT "DO YQU WAHT SUBFILE ADDRESSING ¢G> OR ABSOLUTE ADDRESSING ¢+ ", %
15590 IF (S=0) OR ¢S=1)> THEN 1590

1560 BEEP

1570 PRINT PAGE;"x<+ IMPROPER RESPONSE <<=+*

1580 GOTO 1548

1598 PRINT PAGE

1580 IF $=8 THEN Suba

1619 INPUT "WHICH ABSOLUTE OBSERVATION HUMREP>", N

1620 IF (H>9) AND (M<{=Hobs)> RHD (FRACT(M»=0, THEN 1550
1630 BEEP

1640 PRINT PAGE; "4+« IMNPROFER OBSERVATION NUMBER =»+«®
1659 GOTO 1610

165€ PRINT PAGE

xﬁ‘:}ﬁ‘;‘;ﬂ"{*‘&

e
LY. %

o)

Ped b '21}:7“‘ A
3 }..Mxmm;

S

2 1670 FOR A=1 TO Nv

aa 1638 FOR B=Hobs TO M STEP -1

s 1690 X(B+1,A)=K(B,H)

= 1700 NEXT B

é 1710 HEXT #

w 1720 FOR A=1 TO Nv

?{ 1730 DISP “INPUT VARIABLE #";A}" FOR OBSERVATION #";;
i} {1740 THPUT ", KN, R

.
e’
s

L 2

1750 HEXT A

1760 FOR A=1 TO HNsub+l

{1770 IF N{=Subf(A)> THEH Subf(A)=Subf Ad+|

1780 HEXT A

1799 Hobs=Nobs+!

1800 INPUT "ANMOTHER OBSERVATIQN?",S$

1810 GOSUB Check

1820 IF Check=! THEN 1800

1830 IF UPC$(Ss$l1,11)="Y" THEN 1619

18490 GOTO Menu

1850 Suba! INPUT "WHAT SUBFILE # DO YOU WANT TO ADD AN OBSERVATIOHN TO ", Sun
1868 IF (Sun>9) AND (Sun<=Hsub) AND (FRACT(Sun>=0> THEH 1900
1870 PRINT PRGE;"“#++ IMPROPER SUBFILE HUMBER +«<"

1880 BEEP

1890 GOTO Suba

1900 PRINT PAGE

1910 INPUT "WHAT OBSERVATION HUMBER DO YOU WANT TO ADD™",Dbnum
1928 IF Nobs+1{(=500 THEN 1960

1930 BEEP

1940 FRIMT PRGE;“#x%+ MAXIMUM HUMBER OF OBSERVATIONS EXCEEDED ««<«"
1958 GOTO Menu

: 1960 PRINT PRGE

g

= S

| 1978 IF <(Obnum>@> AHD : ObnuaizSubf(Sun+1i-Subf(Sun.+1s RAHD +FEACT: dbriam =3« THE
! H 2016
1980 BEEP

1930 PRINT PAGEj"+x++ [MPROFPER OBSERYATION MUHBZER FOR THIS SUBFILE -+«
2088 GOTO 1910

2019 PRINT PAGE

2820 FOR A=Nobs TO SubfiSun)+0bnum STEP -1

2030 FOR B=1 TC Hv
2040 XCR+1,BY=X(A, B)
2050 NEXT B

2860 HEXT A
2078 FOR R={ TQ Nv
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2669
2E70

2699
2700
2718
2720
2730
2740

DISP "SUBFILE ";Nsub${Sun);" OBSERVATION "{ODbnumi" YARIABLE #"iAl"

INPUT X(Obnum+Subf{(Sunl,n>
HEXT A
Nobs=Nobs+1
FOR A=Sun+1 TO Nsub+!l
Subf(AY=Subf(RI+1
NEXT A
IHPUT "AHOTHER RDDITIOH TO THIS SUBFILE?",S¥
GOSUB Check
IF Check=1 THEN 2150
IF UPC$(S$(1,11>="N" THEN 2208
GOTO 1910
INPUT "ANOTHER ADDITIOM TO AMOTHER SUBFILE>",S%
GOSUB Check
IF Check=1 THEN 2200
IF UPC$(S$01,13)="Y" THEH Suba
GOTO Menu
Deleted! INPUT "DO YOU WANT TO DELETE AH OBSERVATION®",$¥
INPUT "DO Y¥OU WARHT ABSOLUTE ADDRESSIHG (A QR SUBFILE ARDDRESSING 1
IF ($=0) OR (S=1) THEH 2310
BEEP
PRINT PRGE;"+<+ IMPROFEP RESPONSE =«++"
GOTO Delete
PRINT PRGE
IF $=1 THEN Subd=l
INPUT "ABSOLUTE OBSERVATION MUMBER™",0n
IF (On>9) RHD (On{=Hobs) AHD (FRACT(On)=0) THEHM 2380
PRINT PAGE;"*++ [MPROPER OBSERVRTION HUMBER «++«"
BEEP
GOTO 2339
PRINT PAGE;" OBSERVATION HUMBER *;0n
FOR A=1 TO Nwv
PRINT "VARIRBLE #"j;R;" = “;X(0On,R>
NEXT R
INPUT "DELETE?",S%
GOSUB Check
IF Check=1 THEH 2420
IF UPC$(S$(1,13)>="N" THEH Rbort
FOR A=0n TO HNobs
FOR B=1 T Nv
KCA, BY=K(A+!,B)
NHEXT B
NEXT A
FOR A=1 TO HNsub+l
IF Subf(R>>0n THEN Subf{(R)=Subt (A -1
NEXT R
Nobs=Nobs~-1
Abort: IHFUT "DELETE ANOTHER OBSERVATIOH?",SS
GOSUB Check
IF Check=1 THEHN Rbort
IF UPC$(S$l!1,1)0="Y" THEN 2330
GOTQ Menu
Subdel: INPUT "SUBFILE HUMBER OF DELETED OQOBSERVATIOH?",Sn
IF ¢Sn>A> AND (Sn<sHsub) AND (FRACT(Sn)=0) THEH 255G
BEEP
PRINT PAGE;“"#x#% IMPPOPER SUBFILE HUMBER #<<"
GOTO Subdel
PRINT PAGE
INPUT “OBSERVRTION HUMBER IH SUBFILE™",Ddn
IF «On>8)> AND (On<=Subi(Sn+l,~-Subf<Snss HHD (FRACT«On+=0B, THEH 2719
BEEP
PRINT PAGE;"##+« IMPROPER OBSERVATION HUMBER FOR THIS SUBFILE <<+
GOTO 2660
PRINT PRAGE;"SUBFILE: ";Nsub$(Sn);" OBSERVMATION # “:10n
FOR A=1 TO Nv
PRINT "VARIABLE # “j;R;" IS “;ROn+3ubfaSn A2

fHelT @
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2730 INPUT "DELETE?",S§

2760 GOSUB Check

2774 IF Check=1 THEN 2754

2789 IF UPC$(S#$(1,11)>="N" THEN Obor
2798 FOR A=Subf{(Sn>+0n TO Nobs

2809 FOR B=1 TO HNw
2810 XCR,B>=X(A+1,B)
2820 NEXT B

2838 NEXT A

2840 FOR A=1 TO Nsub+1l

2858 IF Subf(A)>Subf(Sn>+0n THEHN Subf(A)=5ubf(RX-1
2860 HEXT A

2870 MNobs=Nobs-1

28388 Obor: INPUT "ANQTHER DELETIOH FROM THIS SUBFILE®",3¥f
2890 GOSUB Check

2990 IF Check=1 THEHN Obor

2910 IF UPCS$(S$(1,1)0="Y" THEN 2668

2920 INPUT "ANOTHER DELETIOH FROM ANOTHER SUBFILE?",3¥
2930 GOSUB Check

2940 IF Check=1 THEH 2920

2958 IF UPCS$(S${1,11)="Y" THEN Subdel

2960 GOTO Menu

2970 Merge: INPUT "FILE HRME?",Filins$

2980 ON ERROR GOTO Undefined

2998 ASSIGHN #1 TO Filns

3000 READ #1;Nv2,Hobs2,Nsub2

3010 IF Nobs2+Nobs<=500 THEN 3868

3020 BEEP

3030 DISP "#=x% MAXIMUM NUMBER OF OBSERVATIOHS EXCEEDED ~+«*
3049 WAIT 2000

3050 GOTO MHenwu

3060 [F Nsub2+Nsub<{=28 THEN 3110

3070 BEEP

3080 DISP "#+% MAXIMUM NUMBER O SUBFILES EXCEEDED «+«"
3098 HWAIT 2800

3186 GOTO Menu

3119 IF Nu2=Nv THEN 3160

3120 BEEP

31390 DISP "#+%% VARIABLE MUMBER MISMATCH BETWEEN MERGED FILES +-+"
3140 MWAIT 2000

3150 GOTO Menu

3160 FOR A={ TO Nsub2

3170 READ #1;Nsubs$(A+Hsub>

3180 NEXT R

3190 READ #1{;A

3200 FOR R=2 TO Haub2+1l

3210 READ #1;Subf(A+Nsub)

3229 Subf (A+Hasubl=Subf (A+Nsub)>+Subf (Hsub+1)

3230 HEXT A

3240 F9R A=l TO Nobs2

3250 FOR B=1 TO 29

3260 READ #1;X(A+Nobs,B)

3270 NEXT B

3280 HEXT A

3299 HNsub=Nsub+Nsub2

3300 Hobs=Hobs+Nobs2

3310 QOFF ERROR

3320 GOTO Menu

3338 Undefined: IF ERRN=56 THEN 3388

3349 BEEP

3350 DISP ERRNMS$

3360 PRUSE

3370 GOTO Menu

3380 BcEP

3390 PRIHT PAGE;"+#4+ FILENAME IS UNDEFINED +x+"

3409 GOTO Merge

3410 Quit: !

3420 PRINT PAGE

39




»f‘;

l“‘l

jé,:.{ 3438 DISP "RETURNING TO MRIN PROGRAM"

e 3440 LOAD "AUTOST",Restart

s 3458

£ 3460 ! CHECKS YES AND NO RESFONSES

L 3470 Check: Check=9

m 343¢ PRINT PAGE

R 3490 IF (UPCH(S501,11)="Y"> QR (UPCS$(S$L1,13y="N"" THEH 3539
Ly 3509 BEEP

e 3510 PRIHT PAGE;"*%+« IMPROPER RESPONSE - TRY RGRIN <=<+"
SR 3520 Check=1

Yi 3530 RETURN
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APPENDIX B: HEWLETT-PACKARD USERS MANUALS

Advanced Programming ROM Manual., Hewlett Packard Co., Part No.
09845~92065, Feb. 1980, 108 p.

BASIC Language Interfacing Concepts. Hewlett Packard Co., Part No.
09835-90600, Sept, 1979, 189 p.

Graphlcs ROM Manual. Hewlett Packard Co., Part No. 09845-91050, May 1979,
203 p.

I/0 ROM Manual. Hewlett Packard Co., Part No. 09845-92060, Aug. 1980,
192 p.

Mass Storage ROM Manual. Hewlett Packard Co., Part No. 09845-92070, Feb,
1980, 132 p.

System 45 Operating and Programming Manual. Hewlett Packard Co., Part No.
09845-92000, Feb., 1980, 302 p.
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