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—— 3"~ I, Introduction
ﬁ The overall objective of this research is the exploitation of the

capabilities of walsh functions and Walsh transforms with special refer-
ence to the development of efficient computational algorithms and the
solution of nonliﬁear.dlffercntial cquations. Tﬁe binary character of
Walsh functions and Walsh transformation matrices is advantageous forv
applications with digital computers and will, in many cases, reduce the
time required for processing signals. Work in the period covered by this
report proceeded in several directions: solution of difference equations;
developnent of an algorithm for sequency ordering of Hadamard functions;
development of a generalized orthogonal transformatfon matrix; and analysis

of nonlinecar systems,

" II. Rescarch Progress

1. Solution of Difference Lquations: Several time-shift theorems
fcr Walsh transforms of functions subject to nondyadic as well as dyadic
time displacements hove been formulated. Spectrum-conversion matrices
have been defined and a relation between a function with an ordinary shift

~ an1i that with a dyadic shift has been established. It has beea demonstrated
"that the use of Walsh transformation facilitates the determination of the

recursive formulas of systems governed by difference equations.

2. Scquency Ordering of Hadamzrd Functions: The order of a Hadamard

function, unlike that of a Walsh function, is, in general, not equal to its
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scquency. A simple algorithm has been developed for obtaining the scquency
vector of hipgh-order Hadamard transform matrices withaut the need for convert-

ing the order eof individual Hadamard functions to sequency.

5{ Gereralized Orthogonal Transformation Matrix: A procedure has
been developed forgeneratinga.two;parameter orthogonal tran5forma;ion
matrix which reduces to the Fourier and Hadamard transformation matrices
under special conditions. The generalized trans{ormation matrix is par-
ticularly useful for multidimensional signal processing on a real-time

basis because it preserves a proper relationship in the transform domain.

!
4, Analysis of Nonlinear Systems: An alternative method for ob-

tainiﬁg the steady-staté solution of a nonlinear differential equation has

been found by starting %ith a finite polynomial representation of a time-

continuous function and?defining a Walsh polynomial—convcréion matrix. The

relatfons between the cscfficient vectors of the derivatives and the integrals
{

of the polynomial can bé derived and used to solve nonlinear differential

equations.
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IV. Future Plans

In the next period attention will be &irccted, but not limited,
to the following tasks:

1. To solve typical nonlinear differential equations by the
proposed alternative method and to investigate the convergence and
error-propagation nroperties of the iterative Walsn-function procedure.

2. To study methods for solving homoéoneous difference equations
with nonquiescent initial conditions.

3. To examine the use of Walsh functioﬁs and Walsh trénsforms
for solving nonlinear difference equations..

4. To develop a fast algorithm for computing dyadic convolution.

5. To investigate the application of Qalsh-transférm methods for

the analysis of the channel noise in a pulsce~-code-modulation system,
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