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Abstract

Cyclotomic polynomials are the minimal polynomials of primitive roots of unity. They are a
fundamental topic in number theory and they have applications in other fields of mathematics. For
instance, they appear in some geometrical problems such as straightedge and compass construction.
Recently, they have been used in cryptography and some homomorphic encryption libraries.

Over Q, the primitive n-th roots of unity are the elements exp (%) for ged(k,n) = 1. The
n-th cyclotomic polynomial is defined as

e, (X)= [ exp(%jw>.

1<k<n
ged(k,n)=1

In fact, all cyclotomic polynomials have integer coefficients and these coefficients belong to the
set {—1,0,1} for every n < 105. For a prime number n, the n-th cyclotomic polynomial is very
simple:

D X)=X""14+ 4+ X+1

When n is the product of two odd primes (binary case), it is possible to compute ®,, by hand through
straightforward formulas. Much remains unknown about the ternary case, where n is the product
of three odd primes. The main questions concern the height (maximum value of the coefficients),
the gaps (sequences of consecutive coefficients equal to 0), or the density of non-zero coefficients:
ternary cyclotomic polynomials are still an active field of research. The goal of the project is
to investigate some open questions about ternary cyclotomic polynomials experimentally, using
a programming language such as Python or a mathematical software system such as SageMath.
Experiments might be assisted by Al
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