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ABSTRACT 
Context. Implementation of modular arithmetic operations of addition, subtraction and multiplication by a tabular method based 

on the use of the tabular multiplication code. The object of the study is the process of tabular implementation of basic arithmetic 
operations on the residues of numbers represented in the system of residual classes. 

Objective. The goal of the work is to develop methods for the tabular implementation of the arithmetic operations of multiplica-
tion, addition and subtraction of the residues of two numbers based on the use of the tabular multiplication code. 

Method. Tabular methods for implementing integer arithmetic modular operations of addition, subtraction and multiplication are 
proposed for consideration. In order to reduce the amount of equipment for a tabular operating unit of computer systems that imple-
ments modular operations of addition, subtraction and multiplication by reducing the coincidence circuits AND in the nodes of the 
tables for implementing arithmetic operations based on the code of table multiplication, two methods for performing arithmetic mod-
ular operations of addition and subtraction have been developed. These methods are based on the code of tabular multiplication, the 
use of which will reduce the amount of equipment of the tabular operating unit. Thus, despite the difference in the digital structure of 
the tables of modular operations of addition, subtraction and multiplication based on the use of the tabular multiplication code, two 
new tabular methods for implementing arithmetic modular operations of addition and subtraction have been created. Based on them, 
algorithms for tabular execution of modular arithmetic operations of addition and subtraction have been developed. Using these algo-
rithms, it is possible to synthesize a structurally simple, highly reliable and fast table operating unit that operates in a system of resid-
ual classes, which is based on three separate permanent storage devices (read-only memory), each of which implements only one 
fourth of the corresponding complete table of values of the modular operation, what is earlier in the theory tabular arithmetic was 
supposed to be impossible. 

Results. The developed methods are justified theoretically and studied when performing arithmetic modular operations of addi-
tion, subtraction and multiplication using tabular procedures. 

Conclusions. The conducted examples of the implementation of integer arithmetic modular operations of addition and subtrac-
tion can be considered as presented experiments. The results obtained make it possible to recommend them for use in practice in the 
design of computer systems operating in a non-positional number system in residual classes. Prospects for further research may be to 
create a tabular method for implementing integer arithmetic modular division operations based on the use of the tabular multiplica-
tion code. 

KEYWORDS: modular arithmetic operation, system of residual classes, tabular arithmetic, tabular multiplication code. 
 

ABBREVIATIONS 
CS is a computer system; 
MCA is machine-computer arithmetic; 
BPNS is a binary positional number system; 
SRC is a system in residual classes; 
TMC is a tabular multiplication code; 

TOU is a tabular operating unit. 
 

NOMENCLATURE 

ia  is a residue an arbitrary modulo im  of the number 

A represented in the SRC; 
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ib  is a residue an arbitrary modulo im  of the number 

B represented in the SRC; 

im  is a SRC module; 

M is a value of the informational numerical range; 
γ (γ )

i ia b  is a sign of the TMC values of residues ia  

and ib  accordingly; 

γ i  is a generalized sign of the TMC; 

γr  is a sign of the TMC of the result of an arithmetic 

modular operation (addition or subtraction);  
 ia  is a residue an arbitrary modulo im  of the number 

A presented in the TMC; 
 b  is a residue an arbitrary modulo im  of the number 

B presented in the TMC; 
Φ ( ,  )i ia b   is a selection function by the values of the 

residues ia  and ib  the result of the operation of addition 

or subtraction in the corresponding nodes of the tables; 

1Φ ()  is a dependence function of the implementation 

of the operation of modular addition, depending on the 
result of the operation of the operation of modular sub-
traction of two numbers in the SRC; 

2Φ ()  is a dependence function of the implementation 

of the operation of modular subtraction, depending on the 
result of the operation of the operation of modular addi-
tion of two numbers in the SRC. 

 
INTRODUCTION 

It is known that one of the effective ways to increase 
the speed of a CS operating in the BPNS has led to the 
need to develop new MCA. MCA is based on the theory 
of residues of natural numbers and on the results of the 
proof of the Chinese remainder theorem. In the literature, 
such an MCA is called a non-positional number system in 
SRC [1–4]. Based on the properties of the SRC, its use 
allows to significantly increasing the speed of performing 
integer modular arithmetic operations of addition, sub-
traction and multiplication of the residues of numbers 
modulo SRC. In addition, such a property of the SRC as 
the low-bit capacity of the residues, the totality of which 
determines the non-positional code structure, makes it 
possible to effectively apply the tabular implementation 
of arithmetic operations [1, 2]. In the general case, the 
TOU of the CS for the implementation of arithmetic op-
erations that are performed in a unitary code is a two-
input ROM. For each of the ROM inputs, the number of 
input buses for the l-byte (8l bits) CS is 28l. In this case, 
the total number of logic circuits AND in the ROM nodes 
(which basically determines the amount of equipment of 
the TOU of CS in the BPNS) is equal to the value Nl BPNS 
= 28l × 28l= 216l. It is obvious that the table implementa-
tion of integer arithmetic operations in the usual BPNS is 
appropriate only for the value l=1 [5]. 

The search for ways to increase the efficiency of using 
tabular arithmetic necessitated the development and im-
provement of methods for tabular implementation of the 
main integer modular arithmetic operations: addition, 

subtraction and multiplication of the residues of numbers, 
aimed at reducing the number of ROM elements. 

The object of study is the process of implementing 
arithmetic modular operations of addition, subtraction and 
multiplication in SRC.  

The process of implementing arithmetic operations 
based on the BPNS involves the sequential processing of 
digits of numbers according to the rules determined by the 
content of this operation, and cannot be completed until 
the values of all intermediate results are sequentially de-
termined, taking into account all connections between the 
digits. This drawback significantly affects the methods for 
implementing arithmetic operations and limits the speed 
of data processing. The number system in SRC has the 
valuable property of independence of the residues of the 
processed numbers in the accepted base system, which 
opens up wide opportunities in building not only new 
machine arithmetic, but also a fundamentally new circuit 
implementation of the data processing CS with the effec-
tive use of tabular methods. 

The subject of study is the tabular methods for im-
plementing arithmetic modular operations of addition, 
subtraction and multiplication.  

The known tabular methods are distinguished by the 
complexity of implementation, low speed of implementa-
tion of basic arithmetic operations, as well as an increase 
in the amount of TOU equipment with an increase in the 
length of the bit grid, which is typical for the modern 
trend in the development of powerful computing systems. 

The purpose of the work is to increase the efficiency 
of using tabular methods for performing basic arithmetic 
operations (addition, subtraction and multiplication) based 
on the representation of numbers in SRC and the use of a 
tabular multiplication code.  

 
1 PROBLEM STATEMENT 

In a formalized form, the statement of the problem of 
the article can be represented as a realization of two ana-
lytical relations. For the first method of performing a 
modular addition operation through the result of a modu-
lar subtraction operation, the first analytical relation is 
represented as: 1( ) mod Φ (γ || Φ ( ,  ))r i iA B М a b     

  1Φ [ (γ || )] (γ || ) .
i ii i a i b im m a b     For the second 

method of performing a modular subtraction operation 
through the result of a modular addition operation, the 
second analytical relation is represented as: 

2 2 ( ) mod   Φ (γ || Φ ( ,  )) Φ  (γ || ) +
ir i i a iA B М a b a      

(γ || ) .
ii b im b     These methods implement the opera-

tions of modular addition and subtraction for the original 
two numbers А and В represented in the SRC as a set of 
residues 1 2 1 1( , ,..., , , ,..., )i i i na a a a a a   and 

1 2 1 1( , ,..., , , ,..., )i i i nb b b b b b   an arbitrary modulo im  SRC, 

i.e. residues
 

,i i
i

Aa A mm
     

 ( 1,i n ) the residues 
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are obtained from the successive division of the initial 
number by a set of mutually pairwise prime numbers im  

called bases or SRC modules. Such a representation of 
numbers (coding) makes it possible to construct data 
processing CSs in which the processing of all digits (resi-
dues) is performed in parallel in time. 

Denote the generalized arithmetic operation as  , 
which will be used as a sign (feature) of the arithmetic 
operation of modular multiplication, addition or subtrac-
tion. For numbers А and В represented by the SRC code 
The result of the operation can be represented as follows: 

    1 1 1( ) mod mod , , mod .n n nA B М a b m a b m    

 In this case, it is necessary that the following inequalities 
hold: 0 ,  0 ,A M B M      0 ,A B M    where 

1

.
n

i
i

M m


  These requirements are due to the need to 

stay of the informational numerical range  0, M  like 

numbers 1 2( , ,..., )nA a a a  and 1 2( , ,..., ),nB b b b  as well 

as the result of the operation ( ) mod .A B М  

 
2 REVIEW OF THE LITERATURE 

The results of the search for ways to improve the per-
formance of CS, effective methods for implementing the 
basic operations of the computational process and as a 
result of building high-speed and high-reliable systems, 
carried out over the past decades by various groups of 
researchers have confirmed in the opinion that within the 
BPNS one cannot expect significant satisfactory progress 
in these areas without a significant increasing the operat-
ing frequencies of the processor elements and the compli-
cation of the hardware part of the CS [1–12]. 

The results of research in the field of the creation of 
high-speed CS of well-known authors (Aksushskyi I.Ya. 
and Yuditskyi D.I. [1], Gregory R.T. and Krishna-
murthy E.V. [6], Mohan P.V.A. [9] and others) showed 
that the use of SRC as a system of calculations of CS, 
intended for the implementation of integer arithmetic op-
erations of addition, subtraction and multiplication num-
bers in the positive numerical range, significantly in-
creases the speed of the solution of problems of a certain 
class [13]. 

In order to be able to build CS in SRC, it was neces-
sary to develop fundamental methods for constructing 
MCA [1, 7, 14]. The implementation of the obtained theo-
retical and practical results will contribute to the creation, 
development and operation of real CS operating in a non-
positional number system in the residual classes [15–20]. 
Prospects for further research may be to create a tabular 
method for implementing integer arithmetic modular divi-
sion operations based on the use of the tabular multiplica-
tion code [16].  

 
3 MATERIALS AND METHODS 

Let’s first consider the procedure for implementing the 
arithmetic operation of modular multiplication 

( ) modi i ia b m  two residues ia  and ib  by an arbitrary 

modulo im  respectively of the numbers А and В repre-

sented in the SRC. It is known that the table of values 
( ) modi i ia b m  the result of the operation of modular mul-

tiplication is symmetrical with respect to the diagonals, 
verticals and horizontals passing (for im  – an odd num-

ber) between the numbers 
( 1)

2
im 

 and 
( 1)

2
im 

.  

Symmetry with respect to the left diagonal of the two-
input table of the result of the operation is determined by 
the commutativity of the multiplication operation 

.i i i ia b b a    Symmetry with respect to the right diago-

nal of the table is determined by the fact that the condition 
[( ) ( )]mod .i i i i i i ia b m b m a m      Symmetry with re-

spect to the vertical and horizontal of the table is deter-
mined from the condition of multiplicity modulo im  of 

the sum of symmetric numbers 
[ ( )]modi i i i i i ia b m a m b m     as well as 

[ ( )]mod .i i i i i i ia b m b m a m      

Using the symmetry properties of the modular multi-
plication table of the residues of numbers, you can com-
pletely restore the complete table of values 

(mod )i i ia b m  of the multiplication operation of residues 

using only 0.25 of its part. Hence, it becomes possible to 
simplify the table (reduce the number of two-input ele-
ments AND of the TOU corresponding to the nodes of the 
complete modular multiplication table. To solve the prob-
lem, it is necessary to introduce a sign (feature) that de-
termines the location of the input residues of numbers in 
each of the four quadrants of the complete modular multi-
plication table. In [1] this sign is called tabular multiplica-
tion code.  

Consider one of the possible options for encoding the 
input residues ia  and ib  tables of operation of modular 

multiplication modulo im  by means of a specially intro-

duced data compression code of the TMC. Values of the 
residues ( )i ia b  which is in the numerical range 

1
0,

2
im  


 

 can be encoded arbitrarily. Then the values 

of ( )i ia b  which is in the numerical range 
1

,
2

i
i

m
m

 


 
 

encoded as the inverse of a number modulo i im a  or 

.i im b  To distinguish the ranges of finding the values of 

the residues ia  and ib  the sign γ (γ )
i ia b  of the TMC is 

introduced defined as follows: 
 

1
0, if 0 ( ) ,

2γ (γ )
1

1, if ( ) 1.
2

i i

i
i i

a b
i

i i i

m
a b

m
a b m

       


 (1)
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The procedure for determining the result of a modular 
multiplication operation by means of TMC is as follows. 
If two residues are given modulo im  of the form 

(γ || ),
ii a ia a  (γ || ),

ii b ib b  where || – the mathematical 

sign of the concatenation operation (the operation of glu-
ing, the operation of joining) and 

0 ( ) ( 1) / 2.i i ia b m     To get the product of these 

numbers modulo im , it is enough to get the product 

(mod )i i ia b m   and invert its generalized sign γ ,i  in the 

event that γ
ia  is different from γ ,

ib  i.e. the result of mul-

tiplying two residues modulo can be represented as 
(mod ) (γ || ( ) mod )i i i i i i ia b m a b m     on condition: 

 

0, if γ γ ,
γ

1, if γ γ .
i i

i i

a b

i
a b

  
 (2)

 

Until now, there are no methods for performing by 
means of TMC, arithmetic modular operations of adding 
and subtracting the residues of two numbers, which make 
it possible to reduce the number of two-input elements 
AND in the TOU CS. This hinders the further develop-
ment of SRC in terms of the practical use of tabular 
arithmetic. The main difficulty lies in the fact that it is 
quite difficult to synthesize algorithms for performing 
modular operations due to the fact that tables 
 modi i ia b m  performing modular operations of mul-

tiplication, addition and subtraction are different in their 
digital structure. When studying the digital properties of 
tables of modular addition and subtraction operations, the 
validity of expression (3) is shown: 

 

   
      

              γ || γ ||

γ || γ || 0 mod ,

i i

i i

a i b i

i a i b i i

a b

m a b m

    

      

 (3)

 

where  γ || ,
ii a ia a   γ ||

ii b ib b  – are given residues 

modulo im  presented in the TMC of the form 

(γ || )
ii a ia a , (γ || )

ii b ib b  with the condition 

0 ( ) ( 1) / 2i i ia b m     for im  odd number or 

0 ( ) / 2i i ia b m    for im  even number.  

Expression (3) can be interpreted as an analytical de-
pendence of the modular operations of addition and sub-
traction of the residues modulo numbers presented in the 
TMC.  

It follows from expression (3) that in order to obtain 
the result of the modular addition operation by means of 
the TMC, it is sufficient to know the result of the modular 
subtraction and to obtain the result of the modular sub-
traction operation by means of the TMC, it is sufficient to 
know the result of the modular addition. That is, it be-
comes possible to effectively (from the point of view of 
reducing the ROM hardware) use the TMC not only to 
perform the modular multiplication operation, but also to 
implement the modular addition and subtraction opera-
tions. 

Let’s write expression (3) in the form (4). Expression 
(4) is the mathematical basis of the tabular method for 
performing the operation of modular addition using tables 
that implement the operation of modular subtraction: 

 

        γ || γ || γ || γ || . 
i i i ia i b i i i a i b ia b m m a b          (4)

 

The method of performing the operation of modular 
addition using tables that implement the operation of 
modular subtraction can be represented as follows 
(Fig. 1).  

 

Inversion reduced ((γ 1)mod2 || )
ii a ia a   

 

Minuend  γ ||
ii a ia a  is inverted modulo im , where 

, if γ 0,
.

, if γ 1
i

i

i a

i
i i a

a
a

m a

    
Subtrahend  γ ||

ii b ib b  leave unchanged. 

 
Determining the result of an operation 

(γ ||( )mod )i i i ia b m   

 

Via ROM for modular subtraction by input operands ia  and ib  the result 

of the operation is determined ( )modi i ia b m  . The index of the result of 

the operation is formed in accordance with the values of the indices of the 
corresponding operands, i.e. according to the values (γ 1) mod 2

ia   and 

γ ,
ib  get

γ, if (γ 1)mod 2 γ ,
γ

γ, if (γ 1)mod 2 γ .
i i

i i

a b

i

a b

   
 

 

 

Inversion of the result   i i i im m a b       

 

The result obtained is inverted modulo im , i.e. 

 (γ 1) mod 2 || ( ) mod .i i i ia b m    

 
The searched result of the modular addition operation 

 

Figure 1 – The method of performing the operation of modular addition using tables that implement the operation of modular  
subtraction 
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The resulting method can be schematically repre-
sented in the form of 4 stages: 

 

      i i i i i i i i ia b m a b m m a b                

 .i ia b   
 

Let’s write expression (3) in the form (5). Expression 
(5) is the mathematical basis of the tabular method for 
performing the operation of modular subtraction using 
tables that implement the operation of modular addition: 
 

        γ || γ || γ || γ || ,
i i i ia i b i a i i b ia b a m b         (5)

 

i.e. it is possible to determine the result of the modular 
subtraction operation by means of a ROM that imple-
ments the modular addition operation. 

Consider the result of a modular arithmetic operation 
in the TMC, which is represented as: 
 

(γ || Φ( ,  ))r i ia b   (6)
 

where γr – sign of the TMC of the result of a modular 

arithmetic operation. 
Expression Φ ( ,  )i ia b   – a numeric value assigned to 

the table node of the corresponding arithmetic modular 
operation with coordinates ia  and ib . If the residues are 

given 2ia   and 4ib   numbers modulo mi =5, the ex-

pression Φ ( ,  )i ia b   is a numeric value assigned to the 

table node of the corresponding arithmetic modular opera-
tion with coordinates 2ia   and 4.ib   

The method of performing the operation of modular 
subtraction using tables that implement the operation of 
modular addition can be represented as follows (Fig. 2). 

Simplified schematically, the second method can be 
represented in the form of 3 stages: 

 

     .i i i i i i ia b a m b a b         

 

When jointly implementing the arithmetic operations 
of addition and subtraction, the second method allows, in 
comparison with the first method, to implement the 
arithmetic modular subtraction operation in less time and 
with less hardware costs. Despite the difference in the 
digital structure of the tables of modular operations 
 modi i ia b m  of addition, subtraction and multiplica-

tion (for example, for 5,im  these are Tables 2–9), the 

developed first and second methods of addition-
subtraction, which implement arithmetic modular opera-
tions, can reduce the number of elements of the TOU CS. 
This is achieved by simultaneously using only fourth part 
of each of the three complete addition, subtraction and 
multiplication tables by using TMC, which was previ-
ously thought to be impossible. 

 
4 EXPERIMENTS 

The experimental base of research is based on the the-
ory of residues of natural numbers and on the results of 

the proof of the Chinese remainder theorem. The initial 
data in the form of bases (modules) im  SRC are repre-

sented by a set of mutually pairwise prime numbers.  
In the developing of the methods, the influence of the 

main properties of the SRC on the structure and principles 
of the functioning of the CS was used. Due to the low-bit 
capacity of the computational paths of the data processing 
CS presented in the SRC, there are possibilities for using 
(unlike the BPNS) tabular arithmetic, where the arithme-
tic operations of addition, subtraction and multiplication 
are performed almost in one clock cycle. The low-bit ca-
pacity of residuals in the representation of numbers in the 
SRC makes it possible to choose a wide range of options 
for system engineering solutions in the implementation of 
modular arithmetic operations tabular principle basis 
(based on the use of small ROM). 

Tabular methods for the implementation of arithmetic 
modular operations of addition, subtraction and multipli-
cation based on the use of the TMC are proposed for con-
sideration. In the performing, using the tabular methods of 
modular arithmetic operations developed in the article, it 
was possible to reduce the amount of equipment of the 
TOU through which these operations are implemented. 
Note that with an increase in the length of the bit grid, 
which is typical for the modern trend in the development 
of powerful computing systems, the efficiency of using 
the proposed tabular methods for performing modular 
arithmetic operations increases significantly. 

As experiments carried out in this article, we can con-
sider a brief description of the structures and content of 
two methods (Fig. 1, 2) and two algorithms for the tabular 
implementation of modular arithmetic operations of addi-
tion-subtraction (Tables 10, 11).  

The proposed methods are brought to algorithms, on 
the basis of which classes of patentable devices that im-
plement these algorithms have been developed and for 
which Ukrainian patent have been received (state patent 
of Ukraine for the invention № 106343 from 11.08.2014. 
“A device for tabular implementation of arithmetic opera-
tions of multiplication and addition of numbers modulo 

im  of the residual class.”). 

Some of the results obtained in the article are a defi-
nite contribution to the theory and practice of tabular 
arithmetic, which can be used to create CS in the SRC. 

 
5 RESULTS 

As a demonstration of the effectiveness of the devel-
oped methods, consider examples of a specific implemen-
tation of arithmetic modular operations of multiplication, 
addition and subtraction  for  a  module equal to the  value 

5.im   In this case, for the tabular method of the table 

for the implementation of modular operations of using 
TMC the initial data are presented in Tables 1–9. The first 
and second algorithms for performing modular addition 
and subtraction operations, respectively, by the first and 
second methods, are presented in Table 10 and Table 11, 
respectively. 
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Inversion of the second term 

((γ 1) mod 2 || )
ii b ib b   

 

Second term  γ ||
ii b ib b  is inverted modulo im . First term  γ ||

ii a ia a  

leave unchanged. 

 
Determining the result of an operation 

(γ ||( )mod )i i i ia b m   

 

Via ROM for modular addition by input operands ia  and ib  the result of 

the operation is determined ( )modi i ia b m  . The final result of the opera-

tion will be presented in the form  (γ 1) mod 2 || ( ) mod .i i i ia b m    

 
The searched result of the modular subtraction operation 

 
Figure 2 – The method of performing the operation of modular subtraction using tables that implement the operation of modular  

addition 
 

 

Table 1 – Table multiplication code 

TMC TMC 

аі 

γ
ia

 аі 

аі 

γ
ia  аі 

1 0 1 3 1 2 

2 0 2 4 1 1 

 
 

Table 2 – Full table of modular multiplication 
    аі 
bі 

0 1 2 3 4 

0 0 0 0 0 0 

1 0 1 2 3 4 

2 0 2 4 1 3 

3 0 3 1 4 2 

4 0 4 3 2 1 

 
 

Table 3 – Full table of modular addition 
    аі 
bі 

0 1 2 3 4 

0 0 1 2 3 4 

1 1 2 3 4 0 

2 2 3 4 0 1 

3 3 4 0 1 2 

4 4 0 1 2 3 

 

 
 
 
 
 
 
 

Table 4 – Full table of modular subtraction 
 

    аі 
bі 

0 1 2 3 4 

0 0 1 2 3 4 

1 4 0 1 2 3 

2 3 4 0 1 2 

3 2 3 4 0 1 

4 1 2 3 4 0 

 
Table 5 – First table of modular multiplication 

1 2              аі 

    bі 4 3 

1 4 1 2 

2 3 2 1 

 
Table 6 – First table of modular subtraction 

1 2              аі 

    bі 4 3 

1 4 0 1 

2 3 1 0 

 
Table 7 – Second table of modular subtraction 

 
2 1              аі 

    bі 3 4 

1 4 2 2 

2 3 1 2 

 
Table 8 – First table of modular addition 

1 2              аі 

    bі 4 3 

1 4 2 2 

2 3 2 1 
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Table 9 – Second table of modular addition 
2 1              аі 

    bі 3 4 

1 4 1 0 

2 3 0 1 

 
In the implementing modular operations using the first 

algorithm, the TOU CS is based on three ROMs. The first 
ROM implements the II-quadrant of the complete multi-
plication table (Table 5); the second and third ROMs im-
plement, respectively, I (Table 7) and II (Table 6) quad-
rants of the complete subtraction table). 

In the implementing modular operations using the 
second algorithm, the TOU CS is also based on three 

ROMs, each of which implements 0.25 parts of the corre-
sponding complete table of modular multiplication opera-
tions (Table 2) and addition (Table 3). The first ROM 
implements the II-quadrant of the complete multiplication 
table (Table 5); the second and third ROMs implement, 
respectively, I (Table 9) and II (Table 8) quadrants of the 
complete addition table. In this regard, the TMC acquired 
a new quality and became a universal tabular code for 
performing three arithmetic modular operations: addition, 
subtraction and multiplication. 

In the implementing the arithmetic operations of addi-
tion and subtraction, the second proposed universal me-
thod makes it possible to implement a modular operation 
in less time and with less hardware costs (compared to the 
first method). 

 
Table 10 – Algorithm for executing the first method 

1 2 3 4 5 

γ γ 0
i ia b   The result is determined directly by the values of the 

nodes in Table 6 (r = i) γ γ
i ia b  

(i = 0) 

Quadrant II is used (Ta-
ble 6) of the complete table 
of modular subtraction γ γ 1

i ia b   The result is determined by inverting modulo im  the 

node values of Table 6 (r = (і +1)mod2) 

γ 1
ia  , γ 0

ib   The result is determined directly by the values of the 
nodes in Table 7 (r = i) 

( ia – ib )modmi 

γ γ
i ia b  

(i = 1) 

Quadrant I is used (Table 7) 
of the complete table of 
modular subtraction γ 0

ia  , γ 1
ib   The result is determined directly by the values of the 

nodes in Table 7 (r = i) 

γ γ 0
i ia b   The result is determined directly by the values of the 

nodes in Table 7 (r = i) γ γ
i ia b  

(i = 0) 

Quadrant I is used (Table 7) 
of the complete table of 
modular subtraction γ γ 1

i ia b   The result is determined by inverting modulo im  the 

node values of Table 7 (r = (і +1)mod2) 

γ 1
ia  , γ 0

ib   The result is determined directly by the values of the 
nodes in Table 6 (r = i) 

( ia + ib )modmi 

γ γ
i ia b  

(i = 1) 

Quadrant II is used (Ta-
ble 6) of the complete table 
of modular subtraction γ 0

ia  , γ 1
ib   The result is determined by inverting modulo im  the 

node values of Table 6 (r = (і +1)mod2) 

 

Table 11 – Algorithm for executing the second method 
1 2 3 4 5 

γ γ 0
i ia b   The result is determined by inverting modulo im  the 

node values of Table 9 (r = (і +1)mod2) γ γ
i ia b  

(i = 0) 

Quadrant I is used (Table 9) 
of the complete table of 
modular addition 

γ γ 1
i ia b   The result is determined directly by the values of the 

nodes in Table 9 (r = i) 

γ 1
ia  , γ 0

ib   The result is determined by inverting modulo im  the 

node values of Table 8 (r = (і +1)mod2) 

( ia – ib )modmi 

γ γ
i ia b  

(i = 1) 

Quadrant II is used (Ta-
ble 8) of the complete table 
of modular addition γ 0

ia  , γ 1
ib   The result is determined directly by the values of the 

nodes in Table 8 (r = i) 

γ γ 0
i ia b   The result is determined directly by the values of the 

nodes in Table 8 (r = i) γ γ
i ia b  

(i = 0) 

Quadrant II is used (Ta-
ble 8) of the complete table 
of modular addition γ γ 1

i ia b   The result is determined by inverting modulo im  the 

node values of Table 8 (r = (і +1)mod2) 

γ 1
ia  , γ 0

ib   The result is determined directly by the values of the 
nodes in Table 9 (r = i) 

( ia + ib )modmi 

γ γ
i ia b  

(i = 1) 

Quadrant I is used (Table 9) 
of the complete table of 
modular addition γ 0

ia  , γ 1
ib   The result is determined by inverting modulo im  the 

node values of Table 9 (r = (і +1)mod2) 
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To confirm the efficiency of the developed methods 
and algorithms, consider some examples for the residues 
are given 2ia   and 4ib   numbers modulo mi =5, which 

in the TMC are presented in the form 
(γ || ) (0 || 2)

ii a ia a   and (γ || ) (1||1),
ii b ib b   look at 

expression (1) and Table 1. In accordance with expression 
(2), get that γ (γ γ ) mod 2.

i ii a b   

Consider performing the operations of multiplying the 
residues 2ia   and 4ib   numbers modulo mi =5 using 

TMC. Using expression (6), the result of the operation 
will be represented as ( ) mod (γ || Φ( ,  )).i i i r i ia b m a b    In 

accordance with expression (2) get, γ 1i  , γ γ 1r i  , 

and Φ( ,  ) 2i ia b    (Table 5). Thus, the result of modular 

arithmetic multiplication ( ) mod (2 4) mod5i i ia b m     

(γ || Φ ( ,  )) (1 || 2) 3.r i ia b     Check: (2 4) 3(mod5),   

see Table 1, 2 and 5. 
Consider the execution of the modular addition opera-

tion ( ) modi i ia b m  for the first and second algorithms 

(the first and second methods):  
The first algorithm (Table 10). The result of the modu-

lar addition is presented in the form (γ || Φ( ,  )),r i ia b   

where γ (γ 1) mod 2 (1 1) 0(mod 2)r i      and 

Φ ( ,  ) 1i ia b    (Table 6). Check: (2 4) 1(mod5),   see 

Table 1, 3, 6 and 10.  
The second algorithm (Table 11). The result of the 

modular addition operation is represented in the form 
(γ || Φ( ,  )),r i ia b   where γ (γ 1) mod 2r i    

(1 1) mod 2 0.    By values of 2ia   and 1,ib   in 

Table 9, the value is 1. The result of the operation will be 
as follows (γ || Φ ( ,  )) (0 ||1).r i ia b    Check: 

(2 4) 1(mod5),   see Table 1, 3, 9 and 11. 

Consider the operation of modular subtraction for the 
first and second algorithms (the first and second meth-
ods): 

The first algorithm (Table 10). The result of the modu-
lar subtraction operation is represented as 
(γ || Φ( ,  )),r i ia b   where Φ ( ,  )i ia b   – the value assigned to 

the node in the second modular subtraction table (Table 7) 
with coordinates 2ia   and 1.ib   In accordance with 

the first algorithm (Table 10), given that γ 1,i   sign val-

ue of γr  the result of the modular subtraction operation is 

γ γ 1r i  . The value of Φ ( ,  )i ia b   assigned to the node 

of Table 7 with coordinates 2ia   and 1,ib   equals 

Φ( 2,  1) 2.i ia b     The result of the operation of 

modular subtraction ( )i ia b  in the TMC, in accordance 

with the first algorithm, will be equal to 
(γ || Φ ( ,  )) (1 || 2).r i ia b    Check: (2 4) mod5   

3(mod5),  see Table 1, 4, 7 and 10.  

The second algorithm (Table 11). Consider the im-
plementation of the modular subtraction operation 

( )i ia b  in the TMC, the result of the operation will be 

presented in the form (γ || Φ( ,  )),r i ia b   where γ γ 1r i   

Φ( 2,  1) 2i ia b     (Table 8). The result of the opera-

tion of modular subtraction in the TMC, in accordance 
with the second algorithm, will be equal to 
(γ || Φ ( ,  )) (1 || 2).r i ia b    Check: (2 4) mod5   

3(mod5),  see Table 1, 4, 8 and 11. 

The results of the experimental or theoretical data ob-
tained in the article consist in the development of two 
methods and two algorithms for the implementation of 
modular arithmetic operations of addition-subtraction in 
the SRC, by means of the TMC. The obtained scientific 
and theoretical results of the article represent a significant 
step forward compared to previous studies in the field of 
the theory of the implementation of modular operations 
using the tabular principle. So, Fig. 1 shows a method for 
performing a modular addition operation using table data 
that implements a modular subtraction operation, and 
Fig. 2 shows a method for performing a modular subtrac-
tion operation using table data that implements a modular 
addition operation. For this, digital data of tables for the 
implementation of integer modular addition-subtraction 
operations were developed (Tables 1–9). When develop-
ing the theoretical part, the methods for performing 
arithmetic modular operations presented in the article, 
various methods of cognition were used. For example, 
when synthesizing a non-positional code structure in the 
SRC, the induction method was used, and when imple-
menting modular operations in the SRC, the deduction 
method and others were used. Based on the developed 
methods, algorithms for performing modular arithmetic 
operations of addition-subtraction in the SRC are pre-
sented (Tables 10, 11). 

 

6 DISCUSSION 
The analysis and assessment of the reliability of the 

results is based, firstly, on the correct use of the rules of 
tabular arithmetic. Secondly, on a clear and complete use 
of the properties of the SRC. And, finally, thirdly, the 
reliability of the results is confirmed by examples of tabu-
lar implementation of arithmetic modular addition-
subtraction operations in the SRC, by means of the TMC, 
for specific values of the residues of numbers in the SRC. 
The scientific results obtained in this article refute similar 
results of prominent scientists in the field of implementa-
tion of tabular modular operations. So, for example, in 
chapter 6 “Computer components in the system of resid-
ual classes”, 6.3 “Fundamentals of tabular arithmetic”, on 
page 337 in the monograph of Aksushskyi I.Ya. and 
Yuditskyi D.I. “Machine arithmetic in residual classes”, 
who are the founders of scientific and technical develop-
ments in the field of the SRC in the USSR, the following 
is noted “... the tabular multiplication code is fundamen-
tally unsuitable for use in the addition operation ...”[1]. 
This conclusion contradicts the conclusion of this article 
about the effective use of the TMC not only for the opera-
tion of modular multiplication, but also for the implemen-
tation of modular addition-subtraction operations. The 
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practical application of the results of the article is possible 
when creating a tabular operating device of a computer 
system operating in the SRC. The expediency of further 
research in the field of application of tabular arithmetic is 
due to the fact that this approach makes it possible to cre-
ate high-speed and reliable computer systems.  

 

CONCLUSIONS 
A scientific and technical problem has been solved, 

which consists in developing methods and algorithms for 
the tabular implementation of the arithmetic operations of 
multiplication, addition and subtraction of the residues of 
two numbers based on the use of the tabular multiplica-
tion code.  

The scientific novelty of obtained results is that two 
new tabular methods for the implementation of arithmetic 
modular operations of addition and subtraction have been 
created based on the use of the TMC, despite the differ-
ence in the digital structure of the tables of these modular 
operations. The use of the developed methods makes it 
possible to reduce the number of TOU CS equipment that 
implements the modular operations of addition, subtrac-
tion and multiplication by reducing the matching circuits 
AND in the nodes of the tables for implementing arithme-
tic operations based on the TMC. Based on these meth-
ods, algorithms for the tabular implementation of modular 
arithmetic operations of addition and subtraction have 
been developed. With the help of these algorithms, it is 
possible to synthesize a structurally simple, high-reliable 
and high-speed TOU CS operating in the SRC, which is 
based on three separate ROMs, each of which implements 
only 0.25 of the corresponding complete table of values of 
the modular operation, which was previously assumed 
impossible in the theory of tabular arithmetic. 

The practical significance of obtained results is that 
in the performing, using the tabular methods developed in 
the article, modular arithmetic operations, it was possible 
to reduce 75% of the equipment of the TOU CS, through 
which these operations are implemented. This, in turn, as 
shown by the calculations, depending on the length of the 
bit grid of the CS, made it possible to reduce to   (50–
60)% of the equipment of the TOU CS in the SRC. Note 
that with an increase in the bit grid length CS, which is 
typical for the modern trend in the development of power-
ful computing systems, the efficiency of using the pro-
posed tabular methods for performing modular arithmetic 
operations increases significantly. Some of the results 
obtained in the article are a definite contribution to the 
theory and practice of tabular arithmetic and it can be 
used when creating a CS in the SRC.  

Prospects for further research are to create a tabular 
method for implementing integer arithmetic modular divi-
sion operations based on the use of the TMC. 
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AНОТАЦІЯ 
Актуальність. Розглянуто задачу реалізації модульних арифметичних операцій додавання, віднімання та множення 

табличним методом на основі використання коду табличного множення. Об’єктом дослідження є процес реалізації арифме-
тичних модульних операцій додавання, віднімання та множення. Мета роботи – розробити методи табличної реалізації ари-
фметичних операцій додавання, віднімання та множення залишків двох чисел на основі використання коду табличного 
множення. 

Метод. Запропоновано до розгляду табличні методи реалізації цілочисельних арифметичних модульних операцій дода-
вання, віднімання та множення. З метою скорочення кількості обладнання табличного операційного пристрою комп’ютер-
них систем, що реалізує модульні операції додавання, віднімання та множення, за рахунок скорочення схем збігу І у вузлах 
таблиць реалізації арифметичних операцій, на основі коду табличного множення, розроблено два методи виконання ариф-
метичних модульних операцій додавання та віднімання. В основу даних методів покладено код табличного множення, ви-
користання якого дозволить зменшити кількість обладнання табличного операційного пристрою. Таким чином, незважаючи 
на відмінність цифрової структури таблиць модульних операцій додавання, віднімання та множення, на основі використан-
ня коду табличного множення, створено два нові табличні методи реалізації арифметичних модульних операцій додавання 
та віднімання. На їх основі розроблено алгоритми табличного виконання модульних арифметичних операцій додавання та 
віднімання. За допомогою цих алгоритмів можна синтезувати конструктивно простий, високонадійний та швидкодіючий 
табличний операційний пристрій, що функціонує в системі залишкових класів, основу якого складають три окремих постій-
них запам’ятовуючих пристрої, кожен з яких реалізує лише одну четверту частину відповідної повної таблиці значень мо-
дульної операції, що раніше в теорії табличної арифметики передбачалося неможливим.  

Результати. Розроблені методи обґрунтовані теоретично та досліджені при виконанні арифметичних модульних опера-
цій додавання, віднімання та множення за допомогою табличних процедур.  

Висновки. Проведені приклади реалізації цілочисельних арифметичних модульних операцій додавання та віднімання 
можна розглядати як представлені експерименти. Отримані результати дозволяють рекомендувати їх використання на прак-
тиці проектування комп’ютерних систем, що функціонують у непозиційній системі числення в залишкових класах. Перспе-
ктиви подальших досліджень можуть полягати у створенні табличного методу реалізації цілочисельної арифметичної моду-
льної операцій ділення на основі використання коду табличного множення.  

КЛЮЧОВІ СЛОВА: модульна арифметична операція, система залишкових класів, таблична арифметика, код таблич-
ного множення. 
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AННОТАЦИЯ 
Актуальность. Рассмотрена задача реализация модульных арифметических операций сложения, вычитания и умноже-

ния табличным методом на основе использования кода табличного умножения. Объектом исследования являлась процесс 
реализации арифметических модульных операций сложения, вычитания и умножения. Цель работы – разработать методы 
табличной реализации арифметических сложения, вычитания и умножения остатков двух чисел на основе использования 
кода табличного умножения.  

Метод. Предложены к рассмотрению табличные методы реализации целочисленных арифметических модульных опера-
ций сложения, вычитания и умножения. С целью сокращения количества оборудования табличного операционного устрой-
ства компьютерных систем, реализующего модульные операции сложения, вычитания и умножения, за счет сокращения 
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схем совпадения И в узлах таблиц реализации арифметических операций, на основе кода табличного умножения, разрабо-
таны два метода выполнения арифметических модульных операций сложения и вычитания. В основу данных методов по-
ложен код табличного умножения, использования которого позволит уменьшить количество оборудования табличного опе-
рационного устройства. Таким образом, несмотря на различие цифровой структуры таблиц модульных операций сложения, 
вычитания и умножения, на основе использования кода табличного умножения, созданы два новых табличных методов реа-
лизации арифметических модульных операций сложения и вычитания. На их основе разработаны алгоритмы табличного 
выполнения модульных арифметических операций сложения и вычитания. С помощью этих алгоритмов можно синтезиро-
вать конструктивно простое, высоконадежное и быстродействующее табличное операционное устройство, функционирую-
щая в системе остаточных классов, основу которого составляют три отдельных постоянных запоминающих устройства, 
каждый из которых реализует только одну четвертую часть соответствующей полной таблицы значений модульной опера-
ции, что ранее в теории табличной арифметики предполагалось невозможным.  

Результаты. Разработанные методы обоснованы теоретически и исследованы при выполнении арифметических мо-
дульных операций сложения, вычитания и умножения с помощью табличных процедур.  

Выводы. Проведенные примеры реализации целочисленных арифметических модульных операций сложения и вычитания 
можно рассматривать в качестве представленных экспериментов. Полученные результаты позволяют рекомендовать их для 
использования на практике проектирования компьютерных систем, функционирующих в непозиционной системе счисления в 
остаточных классах. Перспективы дальнейших исследований могут заключаться в создании табличного метода реализации 
целочисленной арифметической модульной операций деления на основе использования кода табличного умножения.  

КЛЮЧЕВЫЕ СЛОВА: модульная арифметическая операция, система остаточных классов, табличная арифметика, 
табличный код умножения.   
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