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Abstract

Residue Number System (RNS) is the important resear ch area from last five decades. Forward & backward conversion process is
the bottle neck which limits the use of RNS for computing needs.. In this paper, we proposed an efficient VLS ar chitecture for
Matrix based RNS backward converter. We analysed the performance of proposed ar chitecture for different modulo sets of size
up to ten . Implemented using TSMC standard cell 180 nm CMOS technology libraries and result analysis indicated that, the
per for mance of proposed converter achieved about 59% area reduction and 30% efficient with respectiveto Time-Delay Product
when compar ed to the state of art Backward converters.
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1. Introduction

In weighted number system, the main disadvantage is carry chain propagation because of this, there is
performance degradation in computing hardware. So carry chain propagation is the main challenging problem. For
reduction and elimination of carry chain there are many conventional number system approaches like carry look
ahead, parallel prefix Adders, ELM adder. With all these approaches we can propagate the carry but not eliminating
the carry totally. Whenever integer arithmetic for large numbers is needed this conventional number systemwill not
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be a better choice. So, there is few unconventional approach like Residue number system [1] which restrict the carry
chain propagation within the residue digits by which parallel execution can be achieved .This property makes it
suitable for fast computer arithmetic’s. It has many advantages like parallelism, fault tolerance, modularity, carry
free nature etc.., with all these features it is well suited for digital signal processors (DSP) applications [5] such as
digital filtering, convolutions, correlation, fast Fourier transforms, computer security (cryptography) [6], fault
tolerance, fault detection, error correction, communication engineering[7] and image processing [8].

RNS processors have three components [2] forward Convertor, Modulo Arithmetic Unit and Backward
Convertor. Among all these steps backward conversion is cost overhead. To overcome this problem there are
different backward conversion algorithms like CRT [1], Mixed Radix Conversion (MRC) [1], Matrix Method
(MATR) [3], CRT-l and CRT-11 [4]. CRT is desirable because of its parallelism but the drawback is large modulo-
M addition operation during the last stage. In MRC algorithm only Mixed Radix Digits are added in the last stage
but is sequential in nature. The main disadvantage with CRT -l and CRT-II is they restricted to specific class of
module sets. MATR is the backward conversion algorithm proposed is [3] sequential in nature but needs less
computations steps when compared with MRC. There are no VLSI architectures are existing. In this paper, we
proposed VLSI architecture for MATR

The paper we briefly present the necessary background in Section 2. Section 3 describes the proposed VLSI
architecture for Matrix Method for efficient residue to decimal conversion. We evaluate the performance of our
proposalin Section 4. Finally section5 gives conclusion.

2.Background

RNS is an unconventional number system that is defined in terms of relatively prime moduli set
{m;,my, m; .....,m, } that is gcd(m;,m)) for i# . A weighted number can be represented as X = (x;,X5,....., Xy)
where

x; = Xmodm; = X|x;,0 < x; <m; ®

RNS has unique representation for any integer in the range[0 to M — 1], where M is the dynamic range of the
moduli set {m,,m, _,m,}, which is equal to the product of m; terms.

In this paper we are evaluating the performance of CRT (Chinese Remainder Theorem), MRC (Mixed Radix

Conversion) and MATR (Matrix Method). CRT defined for a set of pair-wise relatively-prime

moduli, {mlimz,.....'mn} and a residue representation (x;,x,,....,x,) in that system of some number X, i.e.

xX;= |X|ml. ,that number and its residues are related by the equation
N
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The ROM based reverse converter architecture for Chinese remainder theorem is given below. The main drawback
of CRT s large modulo-M operation.
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Fig 1: ROM based CRT Architecture
MRC approach is inherently a sequential approach. It is defined as assume that there is set of residues
(xy,%5, .., x, ) With the moduli set {m,,m, _,m,}and the corresponding mixed radix digits are Z,,Z, ..., Zy

then the equation for converting residue to decimal conversion X is as follow.
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