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Outline

Motivations

Spectral Methods for Logic Design

- Why compact representations?

Fourier transforms on groups

Complexity of Fourier representations



Switching Theory and Digital Signal Processing

Switching theory mathematic foundations for Logic design 
Transmission
Storage
Processing
of information encoded in digital (binary) signals

Methods in signal processing to solve problems in

Design
Optimization
Verification and testing 
of switching circuits and systems

Switching Theory
Logic Design

DSP



Goal of the Paper

Applications of group-theoretic methods in DSP to

Derivation of compact representations for switching  functions

Design of logic circuits with regular structure

Logic circuit design from spectral representations
Fourier series expression with varyed domain groups
Estimation of complexity



Transmission of Information

Discrete Signals and Digital Systems

Digital System

Logic 
Network

C.E. Shannon



Boolean Algebra

J. Boole

Design of digital systems 
from skills and art to 
science and engineering

Boole

Mathematical Analysis of Logic
1847
1854



Why Compact Representations?

System-on-Chip
Network-on-Chip

Design objective

Use fewer chips  

Requirements in practice

Do more on a chip
Eliminating redundant gates

Reduces power dissipation
Fries up the chip area

Simplifies testing, etc.



Spectral Representations

Compact encoding of information 
Natural phenomena modelled by spectral methods

Implications

Different algebraic structures
Many, for instance

Group theory 
Spectral techniques

Hurst, S.L., Logical Processing of Digital Signals, 
Crane Russak and Edward Arnold, London and Basel, 1978.

Komamiya, Y., Information Theory,
Application of Logical Mathematics to Information Theory,
Application of Theory of Group to Logical Mathematics, 1953.



Aiken and his Comments



As regards the mathematical approach to the subject matter of this volume,
it should b enoted that several alternatives exist.

The methods of the propositional calculus have been frequently 
suggested for use in this connection. Again, Boolean algebra 
was employed by Calude E. Shannon in his discussions of relay circuits. 

It is believed, however, that the algebraic approach adapted in 
the present volume provides a particualrly convenient wehicle of thought 
and has the considerable advantage of lying within the province of 
the average reader’s previous mathematical experience.

Howard H. Aiken, 1951

Algebraic Approach 



Shestakov and Translation into Russian



Switching Theory and DSP

Different interpretation of existing methods for
better understanding and improved exploiting in practice

A unified approach to various results, 
their extensions, and generalizations 

Derivation of completely new resutls for switching functions



Spectral Methods

Classical approaches

Change of basis functions 
Preserving some but not all useful properties

Mostly FFT-like algorithms 
Reduced number of non-zero coefficients

Fixed domain group, selected transforms

Disadvantage - missing of some properties

Group-theoretic approach
Fixed transform (Fourier), selected domain groups 



Basic Characteristics of Future
Computing Technologies 
Regularity

Programmability and re-programmability 

Delay constrains 

Deep sub-micron effects

Logic span

Reusability

Brayton, R.K., "The future of logic synthesis and verfication", in
Hassoun, S., Sasao, T., (eds.), Logic Synthesis and Verication, 
Kluwer Academic Publishers, Boston, MA, USA, 2002, 403-434.



Some Available FPGA
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Routing Channels - pats to interconnect the inputs
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and the level of certain internal nodes

START-UP - start-up bytes of data to provide  four clocks
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Stratix by Altera

FPGA with DSP Block

22 DSP blocks 
with up to 172 9-bit × 9-bit 
embedded multipliers
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M512 RAM blocks for dual-port memory,
shift registers and FIFO buffers

DSP block for multiplication and
full implementation of FIR and IIR filters

M4K RAM blocks for true duall-port memory
and other embedded memory functions Support to various

input-otput standards

LAB- Logic array block

IOE - Input/Output element
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Design from Fourier Representations

Decomposition of f in terms of Fourier coefficients
Design principle

Realization of coefficients

Network of subnetworks for the coefficients

Genetrator of 
unitary ireducible 
representations

Fourier coefficients

Multipliers Adders

f
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Circuit from Haar Series
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Fourier Transform

J. B. Fourier

Fourier G = R
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Spectral Transforms

Walsh = Fourier on C2
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Quaternion Group
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Fourier Representations on Finite Groups
Groups of the same order, subgroups of different orders
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# of non-zero coefficients
Calculation time
Memory 
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Coefficients and Bits
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Bits and 1-Bits
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Coefficients, Time, Memory 
add5
mul5
sao2 
ex1010 
fun10 
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Design Recommendations

usually (not always) requires smallest number of 
non-zero coefficients

C2
iq2

r               requires smallest number of bits  and 1 bits 

5xp1, rd84, sao2 C2q2
2, C4

4, C2
7

C2
iC8

r, C4
i fastes computations

C2
n smallest memory

C2
n



Closing Remarks

Relating of DSP and Switching theory assumes cahange of 
the underlying algebraic structures usually used in study of 
switching functions
Due to that

Different intepretations of existing methods and techniques

A unified way for extensions and genralizations of theory 

Derivation of new results in Switching Thory by borrowing ideas 
from DSP
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