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Abstract:  The paper considers an approach to comparing the number modules represented in the number systems in residual 

classes (RNS), one of the bases of which is pn = 2
k
, where k = 2, 3, 4, .... The approach involves the following sequence of 

actions. 

The decrease in number modules А and В by n and n, respectively, where n = restА mod pn and n = restB mod pn. Next, 

access to the computer memory at the addresses (1, 2, . . ., n-1) and (1, 2, . . . ., n-1) and selection from the memory the high 

digits (without k low digits) of the modules А and В represented in the positional binary system by comparing the selected 

high digits of the modules. In this case, a larger module will correspond to larger high digits. If the high digits of the modules are 

equal then the lower digits are compared which coincide with the residues n and n. In this case, the largest of the lower digits 

will correspond to the larger module. With this approach, the memory required to store the compared modules when they are 

written in the positional binary number system is reduced by 2
k
 times, and the word length of the stored words decreases by k 

binary digits. In addition, the low bit depth of the RNS bases allows the using of tabular calculation methods which increases the 

speed of calculations. 

Thus the proposed approach has a practical orientation and may be of interest to computer developers. 

 

Keywords: number systems in residual classes; number modules; comparison of modules; positional number systems; choice of 

base values; tabular calculations. 

I. INTRODUCTION 

The use of number systems in residual classes (RNS) allows 
parallelizing the calculation process at the level of 
arithmetic operations which significantly increases the 
speed of computers. In view of this, a considerable attention 
is paid to the organization of computing processes using 
RNS  [1-8]. One of the difficulties in applying RNS is a 
comparison of the number values and in particular of the 
number modules. Accordingly the purpose of this article is 
to consider the proposed approach to comparing the number 
modules which are presented in the RNS. Due to the fact 
that the choice of values of the bases of the RNC has a 
noticeable effect on the organization of the computational 
process [9-11], we will assume that one of the bases of the 
RNC is p = 2

k
, where k = 2, 3, 4, ... . For example the 

presence of a base with such a value simplifies in particular 

the implementation of number conversions from the 
positional number systems to RNS and vice versa [10-11]. 
 The construction of an effective method for comparing of 
number modules will create the foundation for the formation 
of signs of results when performing the operations of 
algebraic addition in RNS. 

II. PROBLEM RESOLUTION 

Let the values of the bases of the RNS are equal to p1, p2,. . 

. , pn and the value of one of the bases is pn = 2
k
 where k = 

2, 3, 4, ... . Suppose that there are two integers A and B 

whose modules when represented in the RNS are 

respectively equal to A = (1, 2, . . . , n) and B= (1, 2, 

. . ., n) where i = rest A mod pi and i = rest B mod pi, i 

= 1, 2, ..., n. 
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 It is required to carry out a comparison of A and B 

presented in the RNS. 

To perform the comparison the following approach is 

possible which involves the following actions: 

 

1. Decreasing the modules А and В by the quantities n = 

rest A mod pn and n = rest B mod pn. This achieves an 

integer division of A- n and B - n by pn = 2
k
 and the 

appearance of k zeros in the lower of k digits when A- n 

and B - n are represented in the positional binary system . 

The decreasing of modules is performed in the RNS by 

doing the following operations: 

A- n =  

= {(1 - n) mod p1, (2 - n) mod p2, . . . , (n -1 - n) mod 

pn - 1, (n - n) mod pn}= 

= {(1 - n) mod p1, (2 - n) mod p2, . . . , (n -1 - n) mod 

pn - 1, 0}; 

B - n =  

= {(1 - n) mod p1, (2 - n) mod p2, . . . , (n -1 - n) mod pn 

- 1, (n - n) mod pn}= 

= {(1 - n) mod p1, (2 - n) mod p2, . . . , (n -1 - n) mod pn 

- 1, 0}. 

 When performing these operations it is advisable to 

represent residues in a binary number system. 

 

2. By the residues {(1 - n) mod p1, (2 - n) mod p2, . . . , 

(n -1 - n) mod pn – 1} and {(1 - n) mod p1, (2 - n) mod 

p2, . . . , (n -1 - n) mod pn – 1} like binary addresses the 

computer memory is being accessed and the highest binary 

digits (without k lower digits) of the numbers A - 1 and 

B - 1 are selected from the memory. The selection from 

the computer memory of the lower digits is not required 

since they are known and are equal to zeros. 

 

 3. A comparison of the higher binary digits of the numbers 

A - 1aledB - 1 is made. This digits are selected from the 

computer memory without taking into account the k lower 

digits which are equal to zeros. Based on the comparison 

results the ratio of the quantities A and B is determined. 

Here the largest module will correspond to the higher value 

of the higher binary digits. This is due to the fact that the 

binary representations of the numbers A and A - 1 as 

well as the binary representations of the numbers BaledB 

- 1 have differences only in the records of k low binary 

digits. 

 

4. If the higher digits of the numbers A - 1 and B - 1 

are equal then an additional comparison of the k low binary 

digits is performed which are equal to the residues n = rest 

A mod pn and n = rest B mod pn. In this case a larger 

moduleA or B will correspond to a larger residue n or 

n. 

 

The implementation of the approach is illustrated by the 

following example. 

 Let the modules of numbers A and B in decimal and 

binary number systems have the following representations:  

A = 32810 = 1010010002, B = 41510 = 1100111112. 

 It is required to carry out a comparison of the modules of 

these numbers using the considered approach when the 

modules are initially represented in an RNS with three 

bases p1 = 13, p2 = 15, p3 = 2 
k = 4 

= 16. 

We apply the considered approach. 

 

When writing in RNS with the indicated bases the number 

modules will have the following form:: 

 

A = (1, 2, 3) = (3, 13, 8) where 1 = rest 32810 mod 13, 

2 = rest 32810 mod15, 3 = rest 32810 mod 16. 

B = (1, 2, 3) = (12, 10, 15) where 1 = rest 41510 mod 

13,  

2 = rest 41510 mod 15,3 = rest 41510 mod 16. 

  

Then in accordance with the considered approach the 

following sequence of actions is performed:  

 

1. Subtractions in RNS from A and B the residues 3 = 8 

and 3 = 15 respectively: 

A - 3 = (3, 13, 8) 13, 15, 16 – (8, 8, 8) 13, 15, 16 = (8, 5, 0) 13, 15, 

16 = (10002, 01012, 00002) 13, 15, 16; 

B - 3 = (12, 10, 15) 13, 15, 16 – (15, 15, 15) 13, 15, 16 = (10, 10, 

0) 13, 15, 16 = (10102, 10102, 00002) 13, 15, 16 . 

 Subtraction is accompanied by zeroing of the k = 4 low 

digits in the modules A and B when they are written in 

the positional binary system.  

 

2. Access to the computer memory at the addresses 1000 

01012 and 101010102 respectively and the selection from 

the computer memory high binary digits of the numbers A 

- 3 and B - 3 without k low binary digits which are equal 

to zeros. 

The selection of the high digits of the numbers A - 

3aledB - 3 is sufficient since this digits are equal to the 

high digits of the modules A and B.  

 Indeed A = 32810 = 1010010002 and accordingly A - 3 

= 32010 = 1010000002. Also B = 1100111112 and 

accordingly B - 3 = 40010 = 11001000002.  

 

3. The high binary digits of the numbers A - 3 and B - 

3 are compared, i.e. the digits 101002 from A - 3 are 

compared with the digits 110012 from B - 3. Since 

110012 101002, then BA.  

 

4. If the high binary digits of the numbers A - 3aledB - 

3 were equal then in this case we would additionally 

compare the residues 3 = 810 = 10002 and 3 = 1510 = 

11112. And in this case a larger residue would correspond a 

larger module. 

 

The high efficiency of the considered approach to the 

comparing of number modules is due to the fact that all 

operations when comparing the modules presented in the 

RNS are conveniently to do with a table calculations for 
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example by accessing to the LSI memory. This is due to the 

low bit depth of the residues. 

III. RESULTS AND DISCUSSION 

The result of the work in the proposed approach to 

comparing the number modules represented in the RNS. 

One of the main features of the approach is that one of the 

bases of the RNS is chosen equal to pn = 2
k
, where k = 2, 3, 

4,. . . .  

If the bases of the RNS are respectively equal to p1, p2,. . . , 

pn then in this system there are N = p1 p2, . . . ,pn number 

modules. For direct comparison of the mentioned modules 

it is necessary to store N = N = p1 p2, . . . ,pn of records of 

modules in a positional binary number system in the 

computer memory where the length of records m will be m 

 log2 N. 

 

The considered approach assumes that one of the bases of 

the RNS is chosen equal to pn = 2
k
, where k = 2, 3, 4,. . . . 

This allows to reduce the quantity of modules stored in 

memory by pn = 2
k
 times and to reduce the bit depth of 

words stored in memory by k binary digits. 

 

In addition the low bit depth of the bases of the RNC 

creates convenience for the using of tabular calculations in 

which the results are stored in the computer memory and 

the addresses are operands. This improves the performance 

of devices created with the help of the above approach. 

 Because of this the considered approach to the comparing 

of the number modules has a practical orientation and is of 

interest to developers of computer technology.  

IV. CONCLUSION 

The paper considers an approach to comparing number 

modules in RNS one of the bases of which is pn = 2
k
, where 

k = 2, 3, 4,. . . . 

This approach provides the decreasing of the number 

modules AaledB by the values naledn respectively 

which is performed in the RNS, the selection of the high 

order digits of the compared modules from the computer 

memory in a binary and their subsequent comparison. If it 

turns out that the high order digits of the modules are equal 

then the additionally comparing of the lower k binary digits 

is done which coincide with n = rest A mod pn and n = 

rest B mod pn respectively.  

With this approach the memory required to store the 

compared number modules when they are written in a 

binary is reduced. The number of stored words is reduced 

by 2
k
 times and bit depth of words is reduced by k binary 

digits. 

In addition the low bit depth of the bases of the RNS allows 

the using of tabular calculations which increases the speed 

of devices.  

Thus the proposed approach has a practical orientation and 

may be of interest to computer developers. 
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