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A, GENERALIZED POLYNOMIAL ROOT-FINDING PROGRAM FOR A
TIME-SHARED COMPUTER

The availability of the Project MAC time-gharing system1 has enabled us to write a
computer program, called Quixot Dulcin (see below), which in turn automatically writes,
compiles and executes a MAD2 program to find roots of polynomials whose coefficients
may be expressed symbolically as functions of variables called parameters. There may
be any number of parameters and the user has the option of declaring one of these to be
varying. At execution time the program loops around the value of this parameter thus
enabling the user to compute the functional dependence of the roots.

To use this program all one needs to know is how to write his coefficients as MAD
arithmetic expressions3 and how to operate his remote console. Quixot Dulcin leads the
user through a series of questions and from his responses creates the necessary MAD
code. Only in a time-sharing environment is such an approach feasible. In their studies
of dispersion relations, members of the Plasma Electronics Group have made such
extensive use of Quixot Dulcin that we no longer have any requests to program such a
problem.

The user is first queried for the degree of his polynomial (it must be <19) and the
name he wishes his program to have so that he may refer to it in the future. He then is
asked to state the symbols (6 or less alphanumeric characters) he wishes to use for his
parameters. Next he is asked for the MAD algebraic expression for the real and
imaginary part of each coefficient. These expressions are functions of the symbols he
has just typed in and may contain the following: sine, cosine, square root, arctangent,
arcosine, absolute value. With this information Quixot Dulcin writes a program in the
MAD language and tries to translate it into the equivalent binary code. If, however, the
user has typed in an incorrect MAD expression (i.e.,an incomplete set of parentheses
or a missing operation), Quixot Dulcin enters a correction mode whereby the user may
make the necessary changes and a second try to compile the binary code is attempted.
The correction mode is entered and re-entered automatically until the binary code is
created. Quixot Dulcin then loads this program and transfers control to it. Immediately
the user is asked for the numerical values for each of the parameters whose symbols he
had just previously typed in. The program then computes the coefficients and roots, and
types them both on the user's console. The user is then asked for the next value of the

parameter he had declared to be varying. One push on the break button enables him to
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change the values of all the parameters; two pushes ends the program.

The subroutine which actually computes the roots is Share Distribution No. 692
modified for use on the time-sharing system. It uses Muller's Method.4 The main con-
trol program written in MAD works as follows. MAD statements are created from the
MAD expressions that the user has typed in. These statements are inserted between
already existing MAD statements which query the user for his numerical values and MAD
statements to compute and print out the answers.

Currently work is being done to improve both the accuracy and the speed of the sub-
routine to compute the roots. In addition a second program is being checked out which
will enable the user to type in a complex algebraic expression for his coefficients, i.e.,
he will not have to perform the algebra to separate his coefficients into their real and

imaginary parts.
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