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1 Introduction

Finite field arithmetic is widely studied in cryptographic applications, coding the-
ory and computer algebra [6]. In recent years, there has been an interest on the
implementation of cryptographic systems based on odd characteristic finite fields
Fpn, where p is a prime, as a result of the applications in areas such as elliptic curve
cryptography and pairing based cryptography. The progress in the pairing based
cryptography increase the importance of arithmetic of finite fields in characteristic
three [4], [5].

In this paper, we focus on the multiplication of elements in certain extension
fields of F3. In [2], Hermite polynomials are used to represent finite fields Fgn.
In this study, we use Charlier polynomials as basis elements of finite fields Fgn.
In [1], multiplication of elements of the binary fields in Charlier polynomial rep-
resentation is presented and the total arithmetic complexity is given. We modify
this idea for the finite fields of characteristic three. We obtain binomial irreducible
polynomials in Charlier polynomial representation to get faster modular reduction.
We give the general method to multiply two elements of F3» in Charlier polyno-
mial representation and give the total arithmetic complexity. All computations are
done by using Maple [7].

2 Preliminaries

In this section, we give preliminaries about Charlier polynomial representation
of finite fields of characteristic three. The Charlier polynomials are Cy(z) = 1,
Cy(z) =z and forn > 2

Cp(z)=(x—n+1) Cph_i(x)

The multiplication of Charlier polynomials in F3|[x] is given in Theorem 1.



Theorem 1. Let C,,(x) = [, be the n-th Charlier polynomial in F3[z|, where
n > 0. Then for all i, j > 0 the Charlier polynomials { By, 1, ..., Bn—1, .-} satisfies
the following equation

Bi-Bj = Bivj +1- (k- Birj1+2-m-Biyj2) )
where [, k,m € F3 is defined as

0 ifiorj=0mod3
l= .
1 otherwise.

b — 1 ifi=jmod3
1 2 otherwise.

m— 1 ifi,7 =2mod3
"1 0 otherwise.

3 Multiplication of Polynomials in Charlier Representa-
tion

In this section, we describe the multiplication of field elements represented by
Charlier polynomials and explore the complexity of the multiplication. It is well-
known that multiplication of finite field elements can be performed in two steps:
first multiplication of polynomials and then modular reduction with respect to the
irreducible polynomial that is chosen before [6]. We give the multiplication and the
reduction operations, respectively. Theorem 2 gives the required number of multi-
plications and additions to multiply polynomials in Charlier basis where M (n) and
A(n) denote the minimum number of multiplications and the minimum number of
additions for corresponding algorithm for two n-term polynomials multiplication.

Theorem 2. Let a = ay—18p—1 + ... + apfp and b = by,_15,-1 + ... + boBy be
n-term polynomials over Fs and a - b = cop_2fon—2 + ... + coBo. By using any
multiplication method, the coefficients of the polynomial c are computed with
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Then, we perform the reduction operations with respect to the irreducible Char-

lier binomials, 3, + 5y where n > 0. In this paper, we give the multiplication and
reduction complexities and we compare these results with the arithmetic complex-
ity results in [2].
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