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METHOD OF BIT-BY-BIT TABULAR REALIZATION OF ARITHMETIC 

OPERATIONS IN THE SYSTEM OF RESIDUAL CLASSES 
 

In this article the method of increase of productivity and reliability of functioning of the data processing system 
is suggested based on the use of position-independent computing system in the residual classes (SRC). The de-
veloped method takes into account properties of symmetry of tables of realization of basic arithmetic opera-
tions and is based on the use ¼ part of the numerical data of the aggregate tables, realizing module operations 
multiplication, summation and deduction in SRC. Method of bit-by-bit tabular realization is recommended 
in the digital information processing systems for the productivity improvement of decision of computing tasks. 

 
Keywords: productivity, reliability, system of residual classes, data processing system, special code of tabular 
presentation of operands. 

 
Introduction 

 
Stormy development of the computing engineering 

presently allows to provide the control of operating pa-
rameters of the real-time systems in the set limits, that 
in the turn allows to warn emergency situations. Treat-
ment of large volumes of information for the compara-
tively short interval of time with the set level of reliabil-
ity of functioning is the distinctive feature of such sys-
tems. The existent data processing system (DPS) func-
tioning in the binary base notation system (BNS) 
not always are able to decide the set problems in accor-
dance with the produced requirements. One of basic 
lacks of such DPS is the sequential processing of infor-
mation, because information submitted in BNS that 
is stipulating the presence of bit-to-bit communications. 
This circumstance does not allow parallelizing the decided 
algorithms at the level of elementary microoperation. 

The objective of the paper is to develop method 
of digit-by-digit tabular realization of arithmetic opera-
tions in the system of residual classes. 

 
1. Analysis of the last researches 

 
Application of untraditional architectures which 

are built by with the use of the notation systems (NS) 
of possessing the maximal level of internal parallelism 
is grounded in literature [1]. One of such NS is the sys-
tem of residual classes (SRC). Short form of the resi-
dues is one of the SRC properties that allows to use 
the tabular method of realization of arithmetic opera-
tions, which, as is generally known, provides the ultra-
high computing speed, i.e. the result of arithmetic op-
eration can be got in the moment of receipt of entrance 

operands (for one cycle), what is unattainable for BNS. 
Simultaneously with this circumstance wide intro-

duction of technologies of the Programmable Logic De-
vice allows successfully realizing the methods of tabular 
information processing in SRC at creation of fast-acting 
and high-fail-safe structures of DPS [2]. 

 
2. Basic materials of researches 

 
The search of ways of increase of productivity and 

reliability of information processing resulted in the ne-
cessity of development of tabular method of realization 
of module operations. 

Known tabular method of realization of operation 
of module multiplication in SRC, will be realized 
by means of the use of code of tabular multiplication 
(СTM) [3]. In this case the table i i ia b (mod m )  of mod-
ule multiplication for arbitrary base mi SRC is symmet-
ric in relation to left (main) and right diagonals, and also 
vertical and horizontal lines. Symmetry in relation to a 
left diagonal is determined to commutability operation 

i ia b  of multiplication, and symmetry in relation to a 
right diagonal is determined to, that 

i i i i i i i(m a )(m b ) a b (mod m )− − ≡ . 

Symmetry in relative to a vertical and horizontal 
line is determined from the condition of multiple of val-
ue of the module to the sum of symmetric numbers 
of table of multiplication 

i i i i i ia b a (m b ) 0(mod m )+ − ≡ , 

i i i i i ia b b (m a ) 0(mod m )+ − ≡ . 

Coming foregoing from is obvious, that for tabular 
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realization of operation of module multiplication 
i i ia b (mod m )  it is enough to have numerical informa-

tion only about its eighth part. Hereof is possibility 
to simplify the table of module multiplication, due 
to the exception from the operating device (OD) of DPS 
of part of surplus equipment (elements And 
in the blocks of matrix circuit). 

For the most effective realization of operation 
i i ia b (mod m )  methods allowing in four times to de-

crease the table of module multiplication are used. 
The decision the set problem is possible as a result 
of development and application of the special codes. 

The method of determination of result of operation 
of module multiplication ( )i i ia b mod m′ ′  in SRC 
by means of the use of CTM is following: if two oper-
ands are set in CTM ( )i a ia ,a′= γ  and ( )i b ib , b′= γ , 
in order to get product of these numbers with respect to 
base mi, it is enough to find product of ( )i i ia b mod  m′ ′  

and invert its generalized index iγ  in case if aγ  it is 
differs from bγ , i.e. 

( ) ( )( )i i i i i i ia b mod  m ,a b mod  m′ ′= γ , 

where  i а b

i а b

,  if ,
,  if ;

γ γ ≠ γ⎧
γ = ⎨γ γ = γ⎩

,  

i а
i

i i а

a ,  if 0,
a

m - a ,  if 1.
γ =⎧

′ = ⎨ γ =⎩
 

Foregoing conclusions behave only to realization 
of operation of module multiplication [1]. 

During realization of arithmetic operations 
of summation and deduction basic difficulty consists 
that it is enough difficultly to synthesize the tabular al-
gorithms of implementation of these module operations, 
because the tables of realization of operations of sum-
mation and deduction are different on the digital struc-
ture, hereupon, its do not possess those properties 
of symmetry, which the tables of module multiplication 
are possess. However got it is accomplished other re-
sults can be, exploring marketability one module opera-
tion by tables realizing operation reverse to her, and the 
opposite. 

At research of digital properties of tables of mod-
ule operations of summation and deduction [3] a next 
analytical correlation is proved 

( ) ( )
( ) ( ){ } ( )

a i b i

i a i b i i

, a , b

m ,a ,b 0 mod m ,

′ ′⎡ ⎤γ + γ +⎣ ⎦

′ ′⎡ ⎤+ − γ − γ =⎣ ⎦
 (1) 

where ( )i a ia ,a′= γ , ( )i b ib ,b′= γ  – input operands rep-
resented in the special code of tabular presentation of 
operands offered in this article (SСTPO). We will write 
down expression (1) in a this form 

( ) ( ) ( ) ( ){ }a i b i i i a i b i, a , b m m ,a , b′ ′ ′ ′⎡ ⎤γ + γ = − − γ − γ⎣ ⎦  (2)

It ensues from expression (2), that for the receipt 
of result of operation of module summation in SСTPO 
it is enough to know the result of operation of module 
deduction, i.e. there is possibility effectively (from point 
of diminishment of amount of equipment of ROM) 
to use CTM simultaneously for three module opera-
tions: multiplication, summation and deduction. 

On the basis of expression (2) we will consider 
a method by means of which it will be possible to carry 
out implementations of any of three arithmetic opera-
tions in SRC: multiplication, summation and deduction. 
Operation of module summation is carried out by means 
of the algorithm described by expression (2). We will 
make the algorithm of implementation of operation 
of module summation by a table, for implementation 
of operation of module deduction ( )i i ia b mod m′ ′− . 

In compliance with expression (2) we will consider 
the method of realization of operation of module sum-
mation. 

1. The minuend ( )i a ia ,a′= γ  is inverted 
on the module of mi, i.e. we will get the following ex-
pression: ( )( )i a ia 1 mod 2,a′= γ + . We abandon a sub-

trahend ( )b i, b′γ  without the changes. 
2. By means of ROM realizing operation of mod-

ule deduction, on input operands ia′  and ib′  the result 

of operation is determined as ( )i i ia b mod m′ ′− . As well 
as for the algorithm of module multiplication the index 
of γi result of operation of module deduction is formed 
in compliance with the values of indexes of the corre-
sponding operands, i.e. in concordance with the values 

a( 1) mod 2γ +  and bγ , where: 

( )
( )

a b
i

a b

,  if  1 mod 2 ,

,  if  1 mod 2 .

⎧γ γ + ≠ γ⎪γ = ⎨
γ γ + = γ⎪⎩

 

Consequently, the result of operation of module 
deduction will have the following form: 

( )( )i i i i, a b mod m′ ′γ − . 

3. We invert the got result of module deduction 
on the module of mi, i.e. 

( ) ( )( )i i i i1 mod 2, a b mod m′ ′γ + − . 

For construction of tables of basic arithmetic op-
erations there is most showy application of method 
of the special encoding, which is described higher, and 
is allowed simultaneously to decrease the size of tables 
of summation, deduction and multiplication in four 
times. During realization of operations by tabular meth-
ods additional diminishment of equipment due to that a 
not single table is built which will realize a result in 
a binary code is possible in a number of cases, but 
k to more shallow tables realizing solutions on each 
of to digits of result, where k – is register capacity, nec-
essary for storage of number on the examined base 

[ ]2 ik log (m 1) 1= − + . 
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Table 3 
Information of the second quadrant of table 1 represented in a binary code 

1a  2a  … m 1
2

a −  
а 

 
b 

0a  
m 1a −  m 2a −  … m 1

2

a +  

0b  k 000 00c ,..., c  
k 010 10c ,..., c  

k 020 20c ,..., c  … k 0
m 1 m 1( )0 ( )0

2 2

c ,..., c− −  

1b  m 1b −
 k 001 01c ,..., c  

k 011 11c ,..., c  
k 021 21c ,..., c  … k 0

m 1 m 1( )1 ( )1
2 2

c ,..., c− −  

… … … … … … … 
m 1

2

b −

 

m 1
2

b +

 
k 0

m 1 m 10( ) 0( )
2 2

c ,..., c− −

 
k 0

m 1 m 11( ) 1( )
2 2

c ,..., c− −

 
k 0

m 1 m 12( ) 2( )
2 2

c ,..., c− −

 
… k 0

m 1 m 1 m 1 m 1( )( ) ( )( )
2 2 2 2

c ,..., c− − − −

 
 

The chart of realization of the generalized 
⊗  arithmetic operation (⊗  – it is multiplication, sum-
mation and deduction) on the arbitrary module of mi 
is represented in the table 1, and symmetry in relation 
to a vertical line, horizontal line and diagonals is simi-
larly indicated. 

Subject to symmetry of tables of realization of ba-
sic arithmetic operations (multiplication, summation and 
deduction), and also on the basis of the methods 
of reduction of tables considered above, is information 

  

taken in the table 2 ¼ part of table 1, and in particular, 
its second quadrant. In a table 3 numeric data 
of the second quadrant of the table 1 are represented 
in a binary code. 

On the basis of the table 3 we will take in a table 4 
values respective to the first (low-order position) digit 
of result. Thus for realization of DPS we will use only 
those table elements (blocks) 4, which correspond 
to the single values of low-order position digit of result. 

 
Table 4 

Values of the first digit of result of the table 3 

1a  2a  … m 1
2

a −  
a 

 
b 

0a  
m 1a −  m 2a −  … m 1

2

a +  

0b  000c  
010c  

020c  … 0
m 1( )0

2

c −  

1b  m 1b −  001c  
011c  

021c  … 0
m 1( )1

2

c −  

… … … … … … … 
m 1

2

b −  m 1
2

b +  
0

m 10( )
2

c −  
0

m 11( )
2

c −  
0

m 12( )
2

c −  … 0
m 1 m 1( )( )

2 2

c − −  

 
Table 5 

Values of the k digit of result of the table 3 

1a  2a  … m 1
2

a −  
a 

 
b 

0a  
m 1a −  m 2a −  … m 1

2

a +  

0b  k00c  
k10c  

k20c  … k
m 1( )0

2

c −  

1b  m 1b −  k01c  
k11c  

k21c  … k
m 1( )1

2

c −  

… … … … … … … 
m 1

2

b −  m 1
2

b +  
k

m 10( )
2

c −  
k

m 11( )
2

c −  
k

m 12( )
2

c −  … k
m 1 m 1( )( )

2 2

c − −  
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By a similar appearance, based on a table 3, we will 
take in the table of 5 values the proper to the k (high-order 
position) the digits of result of the generalized arithmetic 
operation. In spite of the fact that the size of every table 
is diminished and was multiplied the amount of tables, 
on the whole gaining in an amount the equipment takes 
place, as to the limit surplus of tables is brief and, as we 
see, the blocks of table, which correspond to the significant 
digits of result, will be realized only. Because the result 
of operation appears by an absolute code, there is no neces-
sity in logical elements forming of the SCTPO index. 

 
Conclusion 

 
Thus, the method of increase of productivity 

and reliability of the real-time DPS which functions in the 
SRC is offered in the article. Productivity of calculations of 
the DPS in the SRC rises due to the use of tabular principle 
of realization of arithmetic operations by introduction 

and use of SCTPO. Reliability of functioning of the DPS in 
the SRC rises due to diminution of intensity of refusals 
of tabular circuits of realization of arithmetic operations 
by diminution on 40-60% (depending on a computer word 
length) of amount of equipment of the DPS OP. 
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МЕТОД ПОРАЗРЯДНОЙ ТАБЛИЧНОЙ РЕАЛИЗАЦИИ АРИФМЕТИЧЕСКИХ ОПЕРАЦИЙ 
В СИСТЕМЕ ОСТАТОЧНЫХ КЛАССОВ 

С.А. Кошман, В. И. Барсов, В.А. Краснобаев, Е.В. Яськова, Н.С. Деренько 
Предложен метод повышения производительности и надежности функционирования системы обработки 

информации основанный на использовании непозиционной системы счисления в остаточных классах (СОК). 
Разработанный метод учитывает свойства симметрии таблиц реализации основных арифметических операций 
и основан на использовании ¼ части числовых данных совокупности таблиц, реализующих модульные операции 
умножение, сложение и вычитание в СОК.  

Ключевые слова: производительность, надежность, система счисления в остаточных классах, система об-
работки информации, специальный код табличного представления операндов. 
 

МЕТОД ПОРОЗРЯДНОЇ ТАБЛИЧНОЇ РЕАЛІЗАЦІЇ АРИФМЕТИЧНИХ ОПЕРАЦІЙ 
У СИСТЕМІ ЗАЛИШКОВИХ КЛАСІВ 

С.О. Кошман, В. І. Барсов, В.А. Краснобаєв, К.В. Яськова, М.С. Деренько 
Запропонований метод підвищення продуктивності та надійності функціонування системи обробки інфор-

мації заснований на використовуванні непозиційної системи числення у залишкових класах (СЗК). Розроблений 
метод враховує властивості симетрії таблиць реалізації основних арифметичних операцій і заснований на вико-
ристовуванні ¼ частини числових даних сукупності таблиць, що реалізовують модульні операції множення, 
складання та віднімання у СЗК.  

Ключові слова: продуктивність, надійність, система числення у залишкових класах, система обробки інфо-
рмації, спеціальний код табличного представлення операндів. 
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