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Consider a discrete valuation ring A - we have in mind A = Q, or A = K((z)).
Factorisation in Afy] is a well studied topic [2, 3, 6, 7, 10]. Denoting F' € Aly]
monic and separable, and ¢ the valuation of its discriminant, the complexity
given in [2] is O (d?+d §?), and O (d?+6?) if we only want to test irreducibility.

In this talk, we will provide an algorithm that provides an irreducibility test
in O (6), and a factorisation in O (d pJ), where p is the number of factors. In
particular, following [11], we can get half of the factors (counted with degrees)
in O (pd), improving the O (dd) bound of [11].

We have been interested in this topic to avoid the costly blowing up while, in the
case A = K][[z]], computing Puiseux series via any Newton-Puiseux like algo-
rithm (which make an irreduciblity test in Q(d §) via [11]). This made us study
the approzimate roots of Abhyankhar-Moh [1]| (irreducibility test in C[[z,y]]
without any blow-up) and generalise it to K][[x]][y]. Our contributions are :

e we establish a bridge between the Newton-Puiseux algorithm, the Montes
algorithm (i.e. extended valuations and key polynomials & la MacLane [8, 9,
]) and Abhyankar’s irreducibility criterion :

.-+ ,1)g) are key

— we prove that well chosen approximate roots ¥ = (¢,
]), and that they

polynomials (this is well known for A = K[[z]] [,
can be computed via Newton iteration,

— we compute essential terms of Puiseux series via W-expansions (i.e.
successive generalised Taylor expansions) of the input.

Following this strategy, and using dynamic evaluation, we get an irreducibily
test for F' € Afy] in an expected O (§) arithmetic operations.

e Inspired by [3], we show that, given an extended valuation v, the quadratic
Hensel lifting |5, section 14.4] works fine (i.e. we get v(F—G; H;) > v(F)+2)
as long as we start with well chosen initialisation (Go, Hp), that can be
read on the W-adic expansion of F. We get a quasi-linear time algorithm to
factorise F' = G H in Aly] without any initial change of variables, as in [3].

A main interest of these algorithms is that the “complicated” computations (dea-
ling with field extensions, gcd computations...) are made only with univariate
polynomials (with coefficients in a finite extension of the residue field of A),
while computations above Afy] are only Newton iterations and generalised Tay-
lor expansions (i.e. successive euclidean division with monic polynomials). This
should make the implementation far easier than the algorithm presented in [11].

This is a work in progress with Martin Weimann. Some partial implementations
have been made in Sage. Several assumptions are not discussed in this abstract.
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