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Abstract

In this paper it is shown that Winograd’s algorithm for computing convolutions and
a fast, prime factor, discrete Fourier transform (DFT) algorithm can be modified to
compute Fourier-like transforms of long sequences of 2 — 1 points over GF(2™), for
8 <m < 10. These new transform techniques can be used to decode Reed-Solomon
(RS) codes of block length 2" — 1. The complexity of this new transform algorithm is
reduced substantially from more conventional methods. A computer simulation verifies
these new results.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The discrete Fourier transform (DFT) [1] has the form
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where 4; and g; are elements in the complex number field for 0 < i< d — 1 and
o is the dth root of unity.

In 1968, Rader [1] proposed a method which can be used to compute the
DFT by the use of a cyclic convolution when the transform length, namely,
d is a prime integer. Also, Winograd [2] showed how to compute this cyclic con-
volution with a minimum number of multiplications. By the use of Winograd’s
idea, Agarwal and Cooley [3] developed convolution algorithms that achieved
this minimum number of multiplications. A prime factor DFT algorithm for
computing Fourier transforms over the complex number field was developed
by Kolba and Park [4]. It is based on Winograd’s algorithm [2] together with
the Chinese remainder theorem for polynomials [5]. More generally, in 1979,
the first and fourth authors [6,7] showed in detail that the modified prime fac-
tor DFT algorithm could be used to compute d-point transforms over GF(2"),
where d =2" — 1 for 4 < m < 8, which is defined by
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where f is the dth root of unity in GF(2™) and a; € GF2") for 0 <i<d— 1.
This latter method required only a small fraction of the number of multiplica-
tions and additions required for the previous DFT.

More recently, based on the general ideas of [8,9], Trifonov and Fedorenko
(TF) [10] developed a fast computation of the Fourier transform of length d
over GF(2"). Such a new type of fast Fourier transform (FFT) algorithm re-
quires less multiplications and additions than those of Horner’s method [11],
the modification of Goertzel’s algorithm for finite fields [12,13], Zakharova’s
method [14], and all of other algorithms described in [15,16]. However, the
TF algorithm was shown to be efficient only for computing short transforms
over finite fields. For the large values of transform length, it requires a lot of
computer memory. As a result, the TF algorithm is not practical for hardware
or firmware implementations.
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