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TABJIMYHUA METO/I PEAJIBAIIIL APUOGMETUYHUX ONEPAIIN Y
CUCTEMI 3AJIMIIKOBUX KJIACIB

Anomauia. OcHoHOWO Memol yici cmammi €, no-nepuie, O3HAUOMIEHHs ayoumopii ma
cneyianicmis, AKi He 3Hauomi 3 ocHosamu cucmemu 3aruwikosux xunacie (C3K). Ilo-opyze, oamu
yaeienHs npo cyuachuil cmau pozeumky C3K y ceimi, i, Hapewmi, no-mpeme, NOKA3amu MOMCIUBI
NnepCcneKmueHi Memoou NiO8UWEHHS KOPUCYBATbHUYbKOI NPOOYKMUBHOCHE KOMN TOMEPHUX CUCTeM
ma KOMNOHeHmMi8 weuoxkoi 0opoodxu yinoyucenvrux oanux (KCKIIOL/]) 6 pescumi peanvroco uacy,
3a60sKu eukopucmanuio enacmueocmei C3K i na yiti ocnogi npunyunie 30ilUcCHeHHs apudmemuyHux
onepayiii ¢ C3K. Mafzopos’pﬂ()mcmb 3anUWKI8 3a0e3neuye MOoNCaUGicmsb peanizayii mabauyHoi
apugmemuxu, npu AKii pe3yiemam onepayii He 00UUCTIOEMbCA KOXCEH pas, a NICs 0O0YUCTeHHS
NOMIWAEMBCSL 8 3anam'amogyroyull npucmpiu (nam'ams) i npu HeoOXIOHOCMI 3UUMYEMbCIL 3 HbO2O,
moomo 30IlUCHIOEMbCS 3 00UH Nepiod CUHXpOHizayii yacmomu (mMawunnui maxkm). Tabauunui
memoo 6 C3K mooice suxonysamu ne minoku Haunpocmiwi onepayii, ane i CKIaoHi QyHKYii 3a 00uH
mawunnut maxkm. ILle eusznauae 00ny 3 napadoxcanrvuux enacmusocmeu C3K: egpexmusna
NPOOYKMUBHICNb MOOYTIbHOI KOMN TOMepHOi cucmemu Modice 6ymu 3HAYHO UUOI0 ) KIIbKA pasis, )
OdecsimKu i COMHI pa3is, HIdC NO3UYIUHA OBIUKOBA KOMN IOMEPHA CUCMeMa 3 MI€0 JHC MAKmMoBOH
yacmomoro. [liticno, onepayiro, saxky 3euyaini KCKIIOL]/] eéuxonytoms 3a 100 maxmie, mMoOyabHi
KCKUIOL/] suxonytomsv 3a 00ur maxkm, 36UdatiHo, ix eghekmuena npooyKmusHiCmb SUKOHAHHI YUX
onepayiu y 100 pa3is euwa.

Keywords: npunyun cymamopa, pecicmpu Kinbyegoz2o 3cy8y, KOMN'romepHi cucmemu ma
KOMNOHEHMU WeUOKOi 0OpOOKU YINIOUUCEbHUX OAHUX, ONEPAYItiIHULL NPUCMPIU, NPUHYUN KLTbYeB020
3Cy8y, cucmema 3anIUKO8UX KIAcie, mabaudHuL NPUHYUN.
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TABULAR METHOD OF THE IMPLEMENTATION OF ARITHMETIC
OPERATIONS IN THE SYSTEM OF RESIDUAL CLASSES

Abstract. The main goal of this article is, firstly, to familiarize the audience and specialists who
are not familiar with the fundamentals of the system of residual classes (SRC). Secondly, to give an
idea of the current state of the development of SRC in the world, and, finally, thirdly, to show possible
promising methods to improve user productivity of computer systems and components of fast
processing of integer data (CSCPID) real time, through the use of the properties of the SRC and on
this basis the principles of implementation of arithmetic operations in SRC. The small bitness of the
residuals provides the possibility of implementing tabular arithmetic, in which the result of the
operation is not calculated every time, but once calculated it is placed in a storage device (memory)
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and, if necessary, read from it, i.e. one period of synchronizing frequency (machine clock). The tabular
method in the SRC can perform not only the simplest operations, but also complex functions, and also
in one machine cycle. This determines one of the paradoxical properties of the SRC: the effective
performance of a modular computer system can be significantly, several times, tens and hundreds of
times higher than that of a positional one with the same clock frequency. Indeed, the operation that
a regular CSCPID performs in 100 cycles, the modular CSCPID performs in one cycle, of course, its
effective performance on these operations is 100 times higher.

Keywords: adder principle, circular shift registers, computer systems and components of fast
processing of integer data, operational device, principle of circular shift, system of residual classes,
tabular principle.

The use of the property of small digits of residues in the representation of numbers in the SRC
provides a wide choice of system-engineering solutions when implementing modular operations. It is
known that there are four principles for the implementation of arithmetic operations in the SRC: adder
principle (AP) (based on low-bit binary adders); tabular principle (TP) (based on the use of ROM;
direct logical principle of implementation of arithmetic operations based on the description of
modular operations at the level of switching functions systems, by means of which the binary digits
values of the resulting deductions are formed (it is advisable to use systolic values for the technical
implementation of this principle) and programmable logic arrays, as well as FPGAs); the principle of
circular shift (PCS), based on the use of circular shift registers (CSR).

The absence of inter-bit connections between binary digits of an operational device (OD) of an
information processing system in the process of implementing modular operations based on TP or
PCS is one of the main and most attractive features of the SRC.

In the positional number system, the execution of an arithmetic operation involves sequential
processing of the bits of the operands according to the rules determined by the content of this
operation and cannot be completed until the values of all intermediate results are consistently
determined taking into account all connections between the bits [1, p. 12]. Thus, PNS, in which
information is presented and processed in modern CSCPIDs, have a significant drawback - the
presence of inter-bit connections, which leave their mark on the methods of implementing arithmetic
operations, complicate the equipment, reduce reliability and limit speed. Therefore, it is natural to
search for possibilities of constructing such arithmetic, in which the bit connections would be absent.
In this regard, the number system in the residual classes attracts attention. The system of residual
classes has the valuable property of independence of residuals from each other according to the
adopted system of bases. This independence opens up broad possibilities in building not only new
machine arithmetic, but also a fundamentally new implementation of CSCPIDs, which in turn
significantly expands the use of machine arithmetic. The number system to a greater extent affects
the structure of the operating device of CSCPID.

Fundamentally, the CSCPID operational device in the SRC can be executed either in the adder
variant (based on low-bit binary adders) or in the tabular (matrix) variant. When constructing an OD
on the basis of low-bit adders, each of the digits of the number is processed independently, but the
execution time of the entire operation is determined by the time required to obtain the result on the
largest base of the SRC [2, p. 77].

Note the main disadvantages of the adder version of the implementation of arithmetic
operations:

- the complexity of the synthesis of binary adders;

- large information conversion time for significant CSCPID bit grids, determined by the
maximum base of the SRC;

- the complexity of the multiplication operation;

inefficient use of binary elements of OD of'the CSCPID, due to the redundancy of the maximum
numbers that can be represented by adders, compared with the values of the bases of the SRC;

- low reliability of calculations due to errors arising in the process of calculations and at the
expense or in the process of transfers of intermediate values of bitwise summation.

The schematic implementation of the SRC, as in general, the schematic implementation of any

~236 ~



r BUPOBHULITBO, TEXHOAOTTI, IHDKEHEPLI ]

{ J

number system is determined not only by the logical specifics, but also by the equipment used and
the organization of this equipment. A big reserve of increasing the reliability of CSCPID is the use
of matrix schemes of ROM, PLM and FPGA in the OD. Low power consumption, increased
reliability characteristics of matrix machines open up wide prospects for their use as the main
elements of OD of CSCPIDs. From the conducted research it is obvious that the issues related to the
performance of arithmetic operations using tabular methods (by means of ROM) are advisable to be
considered only in application to CSCPIDs in the SRC. The question of which method allows us to
get the least amount of equipment is not straightforward. When using methods of special coding
information in the SRC, the purpose of which is to reduce the OD tables that implement arithmetic
operations, the quantity of OD equipment in a tabular construction can be no more than the amount
of equipment in the summation method of constructing the OD of CSCPID in the SRC. The
advantages of the tabular version of the construction of the OD of CSCPID in the SRC:

- matrix circuits have a fairly high reliability, since they are implemented in the form of compact
ROMs; in this case, the entire path of the OD of CSCPID is built according to the block principle,

which improves the maintainability of the CSCPID (reduction of the recovery time 7, );

- the simplicity of the matrix circuits and decoders having a number of outputs corresponding
to the base of the SRC;

- high speed; the result of the operation can be obtained at the moment of receipt of input
operands, 1.e. in one clock cycle; the execution time of arithmetic operations in the SRC is comparable
to the clock frequency of the calculator, which is fundamentally impossible for positional computers
with the existing element base [2, p. 78].

The search for ways to simplify the structure of CSCPIDs necessitated the construction of
algorithms for implementing modular operations, which make it possible to increase the efficiency
of using tabular arithmetic.

Let a pair of operands 4 =(a,,...,a,) and B=(b,,....,b,) in the SRC be given with pairwise
mutually simple bases. It is necessary to implement in a tabular version a generic modular operation
(A® B)mod M . In accordance with the rules for performing arithmetic operations, for each pair of

residuals a, and f, is assigned a value (a, ®b,)modm,. Thus, the entire machine path of a
computational operation (4A® B)mod M can be represented as independent, single-type ROMs [3,
p. 147].

In the general case, if it is necessary to process information in the complex area with an increase
in the rate N = p° +¢* of the module of the modular operations table (for a module (m = p +ig)) it

becomes cumbersome, which naturally leads to an increase in the equipment of the computing device
and affects the time for the implementation of arithmetic operations. On the basis of this great
theoretical and practical interest represents the task of informational compression of the contents of
the matrices of the main modular operations in the SRC. This task is closely connected with the
development of how special design and synthesis of special algorithms that improve the structure of
modular tables, and with the formulation, development and application of new principles, methods
and algorithms for the implementation of arithmetic operations.

A relatively significant amount of CSCPID equipment during its implementation on the basis
of the TP, as well as its significant mass-dimensional characteristics, limits the scope of its use in
some specialized automated control systems. In this aspect, it is necessary and important to study the
ways of using other information processing principles in the real-time CSCPIDs operating in SRC.

If the TP and methods of its implementation are well known and rather deeply studied, then the
PCS was proposed relatively recently, so for its wide use it is necessary to solve a number of problems
related to the choice of a rational structure of CSCPID, which in turn is directly related to the
development and the use of methods and algorithms for processing information in the SRC based on
PCS.

In the positional number system, the execution of arithmetic operations involves the sequential
processing of the bits of the operands according to the rules of this operation and it cannot be
completed until the results of the inter-bit operations are determined consistently with all the links
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between the bits. Thus, the PNS used in modern computers, in which information is presented and
processed, has a significant drawback - the presence of inter-bit connections, which leave their mark
on the principles of implementation of arithmetic operations.

The system of residual classes, as noted above, has the valuable property of independence of
residues from each other according to the adopted system of bases. This opens up broad possibilities
in building not only new machine arithmetic, but also in a fundamentally new circuit implementation
of CSCPID, which, in turn, significantly expands the use of machine arithmetic.

The CSCPID operating device in the SRC can be implemented either in a adder version (based
on low-bit binary adders), or in a tabular (matrix) version. When constructing an OD on the basis of
small-bit adders, each of the number digits is processed independently, but the execution time of the
entire operation is determined by the time required to obtain the result on the largest base of the SRC.

Note the main disadvantages of the adder version:

- some complexity of the synthesis of binary adders;

- long time of information transformation, determined by the value of the maximal base of the
SRC;

- the complexity of the multiplication operation; inefficient use of binary elements of the
CSCPID digit grid due to redundancy in the representation of maximum numbers.

The reserve for improving the reliability and performance of CSCPID is the use of matrix
circuits based on permanent memory devices (ROM) in the OD. The low power consumption and the
increased reliability characteristics of matrix circuits open up broad prospects for their use as the main
elements of the OD.

It is obvious from the conducted studies that issues related to the performance of arithmetic
operations using tabular methods (via ROM) are advisable to be considered only when applied to
CSCPID in the SRC.

The advantages of the matrix version of the construction of CSCPID in the SRC:

- matrix circuits have high reliability, since they are implemented in the form of compact
ROMs; in this case CSCPID is built on the block principle, which improves its maintainability (in
particular, the average recovery time is reduced);

- simplicity of matrix circuits and decoders having a number of outputs, which corresponds to
the size of the base of the SRC;

- high speed: the result of the operation can be obtained at the moment of receipt of input
operands, i.e. in one measure; thus, the time of performing arithmetic operations in the SRC is
comparable to the clock frequency of the calculator [2, p. 80].

When applying methods of special coding of information in the SRC, (the purpose of which is
to reduce the elements of the tables of elements of the ROM), which implement arithmetic operations,
it can be achieved that the quantity of OD equipment in a tabular construction can be no more than
the quantity of equipment with the summation principle the construction of CSCPID OD in the SRC.

Consider the methods and algorithms that allow you to effectively perform modular operations
of multiplication, addition and subtraction, using the tabular principle of implementing arithmetic
operations [4, p. 24].
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