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ABSTRACT

This paper presents some results concerning explicit
construction of irreducible polynomials of higher degree over

finite field F, from the given sequence of primitive
polynomials. The explicit construction of irreducible
polynomials is based on Theorem 4 by Kyuregyan [1] and on
Varshamov's operator. A software package (IPG) has been

designed which alows us to constract polynomials described
above.
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1. INTRODUCTION
Let L f (X) bethe operator of Varshamov:

n

v=0
where

=3 ,ax o
a'u’gv € F2'

0(x)=>" ax".

Let X = {f,(X), f,(X),..., f(X)} beaset of & primitive
polynomials with parwise relatively prime degrees
n,n,,..n_ (n >1), respectively, over F,;
_ o no_ . . . .
T= Hi=1(2 1); @(X) be an irreducible polynomial of
degree n over F,; gcd(n,T) =1; G, be the selection of
all possible sequences ¢ = (&;,¢&,,...,&,) of length &,
where ¢g; =0 or 1. Furthermore, let for any sequences

eeG,
f(xe3,) =TT f,(0"
xf(x,6,2,)= R(;) (X)(modg(X)) ,

and @ (x) =zn oy/f) X", where y¥) is a nontrivia
u=
solution of the congruence

Zn: v, (R¥(x)" = 0(modg(x))

u=0
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Then we have the following theorem.
Theorem 4. The polynomials

ceG, l//(g)(Xf(X,&‘,ZU))
(o)

H ceG, l//(g)(Xf(X,g,ZJ))
2T(a—‘5‘)

F(X)=(p(x)"

and ¥ (x) of degree NT and N, respectively (where
‘g‘ = Zi":lgi and ve G_), areirreducible over F, .

In this paper we present an overview of the method to
construct explicitly irreducible polynomials of higher degrees
over finite field F, from the given sequence of primitive

polynomials. Further, in section 2 we give the description of
a software package IPG (Irreducible Polynomia Generator)
provided to construct such polynomials, and gives the details
of itsimplementation under Armenian Grid infrastructure.

2. IMPLEMENTATION

IPG is a software package which runs on a network cluster
using MPI as a scheduler. The Scheme 1.1 overviews the
main operational blocks of 1PG.

Thefield operations are performed in the most optimal way as
possible. For the optimal computation of residue polynomials
mod ¢(x)we compute and keep the set F[x]/(¢(X))

(equivalence class) of polynomialsin F[X] with degreesless
thandeg(e(x)). That is as @(X)
polynomial of degree N over F,, or, equivalently, the field

x=(0..010) is the generator of an ,
F[x]/(p(x)) is the set of powers of x modulo @(X) . For
irreducible

polynomial the computations are summarized in Table 1.1.
To compute p(x) mod ¢(X), where p(x) = zm:0 p,x" we

is an irreducible

element

example, for F,, with o(x)=x*+x+1

replace the polynomial members x'<u<m) Wwith the
appropriate elements xi(o<j<2" -1 from the equivalence
class F[x] /(p(x)):

x! — X', where i =umod(2" —1)
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I PG processing
f(x¢e2,))

find R (X) residues
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Scheme 1.1 Operational blocks of the software package | PG

i

rmod zt + 1+ 1 | vector notation

11
12
13
14

|
N,
T+ z°
i+ x4+ 1
% 41
e,
441
% 4z + x
4+t e+l
xd b z? 41

4]

(0001)
(0010)
(0100)
{1000)
(0011)
(0110)
(1100)
{1011)
(0101)
(1010)
(0111)
(1110)
(1111)
(1101)
(1001)

Tablel.1 The powersof x = (0010) modulo p(x) = x* + x+1

2.1 TASK PARALLELIZATION

The object is to construct irreducible polynomias with even
and higher degrees from initialy given
2, ={f,(), f,(x),... f_(x)} set of o primitive polynomials
over F2 with pairwise relatively prime degrees
n,N,....n (n>1). Let ¥ be the set of al possible pairs,

triples,..., (o —1)-tuples of the set z, and z, itself:

{109, RO, 193 - £,409, T, (9},
_JURO B0, O, 509, T 093 12001 Foa(X), T, (03

%, ={£,00,5,(,..5, (%)}

)y

a

Task paralleling in the program is realized as follows: one of
the processes is considered as the main (Scheme 2.1
overviews the pardlelization in IPG). It distributes the
elements of ¥ among the other processors and registers the

outcome. Upon receiving these elements of ¥ as IPG input,

the other processors run IPG and inform the main process on
the obtained results, namely send the found irreducible
polynomial to the main process. In the end we obtain the full
list of irreducible polynomials of higher degrees in explicit
forms.

1

1 Proc_0 (Main)
1

1 Input: z a

Processors (1..n)

1

1

| Thelist of
1 Irreducible
I Polynomials
: of higher

| degrees

@2

Scheme 2.1 Pardldizationin IPG

REFERENCES
[1] Mels K. Kyuregyan, “Recurrent Methods for Constructing

Irreducible Polynomials over GF (2°) ", Finite Fields and
Their Applications 8, pp. 52-68, 2002.



