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Spectral analysis and synthesis of logical
functions for special-purpose VLSI
implementation

O.L. Bandman and V.P. Markova

Some results of investigation into the spectral properties of k-valued (k > 2) logical func-
tions are presented. The main goal of the investigation is to show the power of spectral
methods in implicant extraction and recognition of some useful logical function properties.
The relation between the sum-of-products form of a logical function and its spectrum is
established by means of a group representation of implicants. It allowed to attract some
results of abstract harmonic analysis of discrete-valued functions. A number of theorems
which states the necessary and sufficient conditions for the existence or absence of an -
implicant and for recognition of monotonicity and symmetry are formulated. The ap-
plication of the results is shown by presenting an algorithm for deriving an irreduntant -
sum-of-product form of a logical function.

1. Introduction

The spectral theory of logical functions studies the properties of logical
functions in the domain of their Fourier transforms (spectra). Investiga-
tion techniques of this theory are based on the powerful tools of harmonic
analysis and have the following properties.

1. The algorithms they generate have natural concurrency at both fine-
grained (calculation of a spectrum) and coarse-grained (analysis of spectral
properties) levels.

2. They are applicable to k-valued logical functions with any k >
2, the Boolean functions being a particular case. Despite the fact that
fundamental works on the spectral theory of logical functions were written
long ago [5-7], it has not become widespread. This is attributed to the
following facts. First, a great complexity of computation of a spectrum
constitutes a large portion of the total complexity of function analysis.
Second, because of the poorly developed multi-valued hardware there is
no urgent need in the techniques for the synthesis and analysis of multi-
valued functions to which spectral methods are more suitable than the
conventional ones. ' ‘
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Due to these reasons the architecture and hardware of nowadays com-
puters will go as computers of new generations emerge. Even now there
exist very fast special purpose processors which perform the Fourier trans-
forms [12]. Multivalued programmable logic arrays are also anticipated to
appear in the near future [14]. In view of the development of optical meth-
ods of computation, spectral methods are to become most useful. The
reason for that is that computing a spectrum is a single-step operation
in optical processor [3,4]. Besides, light invariance to magnetic and elec-
trical fields makes light switching reliable and attracts multi-valued data
representation. —

Hence tlie assurance that progress in the spectral theory of logical func-
tions' will contribute not only to theoretical computer science by enriching
our knowledge, but also to Practical efforts of creating computers of new
generation. This paper presents the results of investigation into the spectral
properties of k-valued logical functions. The first section gives the neces-
sary definitions. A number of theorems on spectral properties of logical
functions are stated and proved in the second section, The third section is .
dedicated to a particular case of the Boolean functions. The fourth section
reports on practical applications of the Tesults by considering an algorithm
for. deriving an irredundant sum-of-products form of function representa-
tion. This contribution is an evolution of the classical work by Lechner
[7] in terms of extending the class of the functions under investigation and.
elaborating the methods for their analysis and synthesis [2,10,11].

Because of the lack of space, complete proofs of theorems are left out.
The underlying postulates are pointed out instead.

2. Group representation of a-implicants of
logical functions

2.1. Sum-of-products representation of logical functions

A logical function (function of k-valued logic, k > 2) of n variables f(X)=
f(z1,2,,.. .y Ty) is assumed to be a mapping of the form

f(X): X" > EX,

where EF = {L,2,..,k-1},x" = {Xi:i=0,1,... k" = 1} is a set of
ordered n-dimensional vectors, The vector X; = (%1, z2,. +yZTn), T € B,
m=1,2,...,n,is a decimal i in a k-valued code. The set of vectors such
that f(X;) = a, a € E*, is specified as f~'(a). There exists a number

of ways of specifying logical functions in- the form of a sum of products






