A Curve-Fitting Program Using

a Focal Interpreter on the KIM-1

BY THEODORE E. BRIDGE
54 Williamsburg Dr.
Springfield, MA 01108

I have three reasons for writing this article. First I want to
report on my experience with the FCL65E interpreter that 1
purchased from the 6502 Program Exchange, 2920 Moana,
Reno, NV 89509:

Program (HYPERTAPE on cassette) $19.00

Mini Manual 6.00
User’s Manual 12.00
Listing 35.00
Total $72.00

Not being able to locate a suitable BASIC interpreter for
my KIM-1, I decided to give this a try, My first project was
this curve fitting program. I believe the FCL65E interpreter is
more compact than BASIC, possibly a little slower, but quite
adequate. It has excellent diagnostics. It even has string func-
tions.

My second reason was that I would like to see a BASIC
version of this program published in DDJ, hopefully with a
timing comparison. With my program, it took 40 seconds to
calculate the regression coefficients in example 1 with six
degrees of freedom, and 16 seconds in example 2 with four
degrees of freedom. I think there may be many readers who
would like to have a BASIC version of this program.

My third reason is that I want to donate this program to the
public domain. It is very handy if you want to read data from
tables or curves, or even if you want to make sense out of a
large mass of test data.

I once used a FORTRAN version of this program to analyze
a large block of test data on the performance of a very big
centrifugal pump. None of us could make any sense out of the
data, but the computer could. It showed that the efficiency
peaked at the end of the first month, and then started to fall.
We were then able to optimize the maintenance schedule on
the pump. You could use a similar program to optimize the
spark and throttle setting on a gas engine as a function of
speed, load, and temperature.

In the listing, I present a FOCAL program for finding a
formula that will relate a dependent variable, W, to two inde-
pendent variables, X and Y. When we say W = f(X, Y) we
simply mean that the variable W depends in a definite way on
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variables X and Y. For any value of X and Y there is one and
only one possible value to W. To make this analysis, we assume
that a polynomial equation can be found to express the
relationship.

We will now consider an example having 3 degrees of free-
dom (a parabolic fit) with respect to X, and 2 degrees of free-
dom (a linear fit) with respect to Y.

The polynomial equation will look like this: W will be the
given value, and V the calculated value of the dependent vari-
able:

V = C(0)+C(1)X +C(2)X?
+(C(3) + CAX +C(5)X2) Y

So you can see, if we knew the coefficients in the array, C,
we could calculate a value of V for any combination of values
for Xand Y.

Our first task is to find values for these coefficients that
will give a minimum error. Since there are 6 unknowns in the
array, C, we will need 6 equations. These regression equations
have been developed in the science of statistics and are not
hard to program. We will express these equations in matrix
form. For each data point (one value of X, Y, and W) we will
develop a correction to be added to the matrix and will collect
the total in array, T.

We will build the first row of the correction matrix in array,
U, and each of the following terms will represent consecutive
elements in this array. There are 7 terms representing this first
equation. The last term is the given value of the dependent
varaible, W. Thus:

U=1, X X* Y, ¥YX, YX*, W

Using the following algorithm, we will build the regression
matrix in array, T. It will have 6 rows and 7 columns. We
initialized array T =0. For each data point, we will update
every element of array T as follows:

T(1,3) = T(1,7)+U(I) * U(J)

1 varies from zero to M1, and J varies from zero to M. Let
X1 = the degrees of freedom for X, and Y1 = the degrees of
freedom for Y. Then M=X1 *Y1,and M1 =M — 1.

We must have at least M unique data points—as many as we
have total degrees of freedom. That is, at least one data point
for every row in the matrix T. The more, the better. After all
data points have been processed, we will perform a Gaussian
elimination to solve the simultaneous equations for the regres-
sion coefficients.
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