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1. ANNOTATION TO BOOK

The book describes the author's proposed little-
known methods of coding mathematical objects - Tfeal
and complex numbers, multidimensional veetors;, flat
and spatial geometric shapes, functions ofyone and
many arguments. The properties of received”codes,
algorithms of various operations with them, hardware
implementation of these algorithms with the purpose of
construction of specialized processors are considered.
The theory is illustrated by numerous examples.

2. INTRODUCTION IN BOOK

Universality and high efficiency of modern
computers frequently creates representation about
completeness of the principles their constructions and
functioning. The life, however, denies such
representation, showing the problems taking place on a
limit of computer opportunities at productivity and
demanding excessive efforts at programming. In reply
to it is offered to create multiprocessing systems, the
matrix processors, homogeneous structures and, in
general, that or a diverse way to carry out computing
operations with array of numbers. Addition and
frequently alternative to these ways is development of
the computer arithmetic unit processing complex
mathematical objects which in usual computers are
represented by set of real numbers. Quick-action of
such arithmetic units essentially grows, if complex
mathematical objects manage to be presented a

uniform binary code, with which computing operations
specific to these objects are feasible. The arithmetic
unit for operations with codes of complex numbers
below is described.

The following describes such arithmetic devices.

Letusybriefly discuss the history of the issue.
Computerarithmetic of complex mathematical objects
originates in the article by Shannon on the positional
coding of real numbers on a negative basis [1]. This
idea, apparently, was first implemented in Poland [2]
and prompted (apparently) several authors to develop
methods for coding complex numbers. Almost
simultaneously, Knut [3] proposed a coding system for
the base jV2. Khmelnik [4] proposed several systems,
including on the bases of jV2 and (-1+j). The base (-
1+j) was later reviewed by Penney [5]. Khmelnik in
his dissertation [6] considered a set of issues for
constructing an arithmetic unit for operations with
complex numbers. These results were further
developed in [7, 8, 9, 11, 12, 13, 14, 33, 34, 35, 44].

In several papers [16, 17, 18], methods for
constructing multipliers of complex numbers are
considered. The focus is on how to implement these
devices on a chip. For this, redundant coding systems
are proposed, which, according to the authors, allow us
to construct more regular schemes. However, this does
not consider other operations with the proposed codes
(for example, division).

For codes of real numbers, the method ‘digit by
digit* [19, 20] for hardware calculation of elementary
functions is known. It can be generalized to positional
codes of complex numbers, which was first done by
Khmelnik in [6, 11]. Moreover, it is often sufficient to
have a hardware implementation of only potentiations
and logarithms, since through these functions in the
complex domain all elementary functions can be
expressed. In addition, this method is applicable to the
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construction of algorithms for the hardware solution of
transcendental equations and systems of such
equations. When using codes of complex (and not real)
numbers, the class of such equations is expanded, and
the algorithms for solving them are greatly simplified.
In [6, 11] one of such algorithms is described.

Further development of the idea of positional
coding followed the path of constructing positional
codes of vectors [21, 22], matrices [36, 37], functions
[23, 24, 25, 33, 47], geometric figures [22, 26, 27, 28,
32, 38, 39, 46]. It should be noted that codes of
geometric figures can be considered as codes of
numerical arrays and effective search algorithms can
be constructed for them [29, 30, 31]. Many of these
results are summarized in the book [32].

The preference given to positional codes is
explained mainly by the fact that arithmetic operations
are very simple with them. So, regardless of the object
of coding, the addition of positional codes is associated
with hyphenation from lower-order digits to higher-
order ones, and multiplication consists of shifts (that is,
the renumbering of digits) and additions. The above-
mentioned method ‘digit by digit is generally
applicable only in combination with the positional
coding system.

It is important to note that for the programminghof
the computers uses the existing mathematieal
apparatus, which naturally does not take inte,aceount
the specific capabilities of computers. It is‘hoped that
the distribution of proposed computers will not only
find other methods for solving problems but also other
unexpected applications, as it continuously happens
with existing computers. For example, there is a theory
of functions of a spatial complex variable [40]. The
algebra of four-dimensional vectors [21, 32], proposed
for their coding, coincides with the algebra of spatial
complex numbers used in [40]. In this regard, it
becomes possible to develop computer arithmetic of
spatial complex numbers with hardware calculating the
functions of this variable, as a further generalization of
the method ‘digit by a digit (just as it was done for
complex numbers [6, 11]). This has a practical
meaning since the theory of functions of a spatial
complex variable can be used in very complex
problems of theoretical physics [40].

In this book, you can find a lot of analogies with
traditional computer arithmetic. We can specify the
number of books where this arithmetic is described in
detail [41, 42, 43].

This book includes books [32, 45-48, 51, 52] and
is their continuation. In [53, 58] the project of an

arithmetic unit is described, in which many results of
the proposed theory are embodied. This project is a
detailed description of the VHDL model of an
arithmetic unit that performs about 400 different
operations with binary codes of real numbers on a
negative basis and with binary codes of complex
numbers.

The book is focused on the user who intends to

apply the described computer arithmetic in their own
developments of specialized processors. To this end,
the book includes all the information necessary to
+ understanding of the functioning of the
processor in detail;
» use of the technical solutions given in the
book for own development.
In other words, the book includes
* Coding Theory,
* Algorithms of operations,
» Examples of encoding, decoding, and
computing,
* Description of several processor options,
“‘Command systems for them,
sOperational block diagrams,
» Comparative analysis.
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