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A PRIMITIVE TRINOMIAL OF DEGREE 6972593

RICHARD P. BRENT, SAMULI LARVALA, AND PAUL ZIMMERMANN

Abstract. The only primitive trinomials of degree 6972593 over GF(2) are
x6972593 + x3037958 + 1 and its reciprocal.

1. Introduction

This note extends the computation [2], to which we refer for motivations, defini-
tions, historical comments and additional references. All polynomials are assumed
to be in Z2[x]. When considering trinomials T (x) = xr + xs + 1, we assume that
1 ≤ s ≤ �r/2�, so we disregard the reciprocal trinomial xrT (1/x) = xr + xr−s + 1.

We restrict our attention to Mersenne exponents r, for which 2r − 1 is prime.
Trinomials xr + xs + 1 whose degree is a Mersenne exponent r ≤ 3021377 are
considered in [2, 3, 4]. Here we consider the next Mersenne exponent r = 6972593.
According to the GIMPS project [7], 6972593 is the only Mersenne exponent in the
interval (3021377, 107).

2. Computational results

Using the algorithm of [2, §4], a search for irreducible trinomials of degree
r = 6972593 was started in February 2001 and completed in July 2003. Siev-
ing eliminated all but 236244 (6.78%) of the �r/2� = 3486296 candidate trinomials
and took about 5% of the total time. In most cases we sieved up to degree 26.

For the 236244 candidate trinomials T (x) not eliminated by sieving, we computed
x2r

mod T (x): since r is prime, T (x) is irreducible iff x2r

= x mod T (x). In some
cases we tested the reciprocal of T (x) instead of T (x); see [2, Thm. 2 and §4].

One primitive trinomial,

T (x) = x6972593 + x3037958 + 1,

was found on August 31, 2002. Our computations show that this is the only prim-
itive trinomial of degree 6972593, apart from its reciprocal.

The computation was performed on an average of about 300 processors and took
approximately 230000 Mips-years (17.8 times as long as for r = 3021377).

3. Checking the results

It is important to check the results of such a long computation to detect hu-
man, software and/or hardware errors [4, 5, 7]. Most software that can be used
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to compute irreducible/primitive trinomials is impractical for degrees as large as
6972593 because of inefficient use of memory or nonoptimized algorithms. NTL [6]
is the only general-purpose package that we have found capable of checking the
irreducibility of a trinomial of degree 6972593 over Z2, and NTL takes three times
longer than our program irred (13 hours versus 4.33 hours on an 833 Mhz Alpha
EV68 to verify our primitive trinomial).

The log files for r = 6972593 and other Mersenne exponents less than 107 are
available on our website [1], along with details of the checks performed. Any dis-
crepancies found during checking will be reported there.
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