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required at the expense of what both data handling time and
resource intensity of the used algorithms is reduced.
However, it makes the comparison of numbers more
difficult than in the traditional weighted number systems.
Efficient methods for number comparison in RNS is an
important topic of research in the last few years. We address
number comparing of a special type (2n-1. 2n. 2n+1).
Such operations require executions of addition
operations [2], computation of the positional characteristic
on the basis of the Chinese Remainder Theorem [3,4],
diagonal functions [5], recursive doubling methods [6],
approximate methods [7, 8], and others.

Abstract— In paper the parallel algorithm of number
comparing in residue number system of the special form (2n-1,
2n, 2n+1) based on use of diagonal functions from work [5] and
a method of the recursive doubling from work [9] is offered.
The offered algorithm allows scoring 31% in area of the
occupied device and 18% in time delay in comparing with
algorithm from work [9].
Keywords- residue number system; diagonal functions;
Chinese Remainder Theorem

I.

INTRODUCTION

Residue Number System (RNS) is non-positional
number system that allows to implement a big class of tasks
[1]. Each digit in RNS is the remainder of division on some
number, called the base. All the bases for each digit make a
system of the RNS bases. The uniqueness of RNS number
representation is guaranteed only in case of that all system
bases are pairwise co-primes. Let (m1, m2,...,mn) – given
system of bases, uniquely defines some RNS. In this RNS

II.

It is known that there is a simple algorithm of number
comparing in a weighted number system on some base .
Execution of this algorithm comes down to sequential
comparing of digits of the appropriate bits of representation.
In not positional number systems, for example in residue
number system, there is no such a simple algorithm. All
number comparing algorithms in such systems come down,
in essence, to preliminary conversion of not positional
representation to some positional, and then – to usual
number comparing in weighted number system [4]. Thus,
these algorithms, if it is possible to tell so, are external in
relation to the number representation system.
In paper [5] the method, allowing to compare two
numbers, based on use of diagonal functions. The diagonal
function is set by a formula:

X ⎯RNS
⎯
⎯→( x1 , x 2 ,..., x n ) , where xi =| X | mi for i = 1, n . At

the same time X should be in an interval [0, M), where
M =

∏

n

i =1

mi is called the range of given RNS. The main

RNS advantages are in the opportunities of parallel
representation and data handling in case of use the linear
systems algorithms - the algorithmic structures requiring
execution generally of addition and multiplication
operations by analogy with the linear algebraic operators as a basis. In such cases for RNS inter bit transfers aren't
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(3)
For convenience of computation of diagonal function
value they use the following formula:

As

(1)
two values 0 or
,

where

and

the

expression
may have only
, then the formula (3) will be:

for all
(4)

i=1,2, …, n.

Algorithm 1. Number Comparison in the Residue
Number System

A diagram of the device realizing the formula (4) of
computing the value D(f(x)) is shown on figure 1.

,
.
Input:
Output: “10” if X>Y; ”00” if X=Y ; “01” if X<Y.
1. Computing D(X) and D(Y) by Eq.(1);
2. If D(X)> D(Y) then return”10”;
3. If D(X)< D(Y) then return “01”;
4. If D(X)>= D(Y) then
4.1. If x1>y1 then return”10”;
4.2. If x1<y1 then return”01”;
4.3. If x1=y1 then return”00”;

Subtractor

As the diagonal function is not strictly monotonic, then
for number comparing in general it requires additional
comparing. However, for RNS modules of a special form
(2n-1, 2n+1) the diagonal function allows to avoid operation
of taking a remainder of division on the module 22n-1 and
to replace it with the one of finding a remainder of division
on the module 2n+1, that is equivalent to operation of taking
of low n+1 bits of number, that allows to increase the speed
of execution of arithmetical operations of number
comparing in RNS with modules (2n-1, 2n+1).
III.

Adder

COMPARING OF NUMBERS IN RNS OF SPECIAL FORM

Figure 1. The hardware realization of computing the value D(f(X))

Let an integer positive number X be a set in RNS
,
.
(x1,x2,x3), where
Using the approach from work [6], we can represent in
the following way:

Simultaneous use of the diagonal function and recursive
doubling technique avoid costly arithmetic operations. By
applying the diagonal function to the set (2n-1, 2n+1), we get
new effective method of comparing the numbers.
To show practical applicability of the proposed method,
we perform a comprehensive study of the practical
performance of the proposed algorithm. To this end, we use
FPGA Xilinx Virtex xc6vlx760-21760. For the simulation,
we take n={4, 8, 12, 16, 20, 24, 28, 32}x`. Results of
modeling are shown in Figure 2. We can see that the offered
algorithm allows scoring 31% in area of the occupied device
and 18% in time delay in comparing with algorithm from
work [9].

(2)
where
number

, X1 binary representation of
(x1,

x3 )

in

RNS

(2n-1,
,

2n+1).

Let
then
and

.
For RNS (2n-1, 2n+1), the parameters of diagonal
function are: SQ=2n+1,
and
.
Diagonal function is the following:
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the big module equal to RNS range and to pass to
computation of transaction on module 2n+1 (taking of low
bits of number). From results of simulation it is possible to
make a conclusion that the offered algorithm allows scoring
31% in area of the occupied device and 18% in time delay
in comparing with algorithm from work [9].
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