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The first step in the minimization process of an automaton (A, i, y) taking it’s multiplicities in
a (commutative or not) field, due to Schiitzenberger, is the construction of a prefix set P such
that the orbit Au(P) of the initial vector be a basis of Au(k(X)) (this amounts to construct
a covering tree)f], f]. Surprisingly, this permits to study Hom (M) where A is a finitely
generated algebra and M has a single generator[ff]. In particular one can obtain a certificate
cert(M) checking whether the module is or not indecomposable. Exploiting the degrees of
freedom in the intermediate computations, one can study in complete detail the moduli of
decompositions of M. Applications can be designed in every characteristic (c¢). Here are given
two of them:

e decomposition of boolean functions (¢ = 2). This provides a criterion of complexity
usable in cryptography.

e decomposition of combinatorial modules (¢ = 0).

This new method is intended to take place in MuPAD-Combinat.

Example:

We consider the boolean function f : {0,1}3 — {0, 1} defined by f(z1, 22, 23) = z172+ 21 + 23,
the action being given by the algebra of the symmetric group permuting the variables (A =
Z/27Z[S3]). We apply our algorithm on this function and obtain figure [] which represent a
complete maximal decompostion of the module. When we apply the algorithm, we deduce that
the module M can be decomposed into My @ My with My = Z/27]Ss](x1x2 + 123 + z2w3) and
Moy = 7./27[S3](x1 + 23 + 2129 + T273) (see figure f).
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Figure 1: Action of 0; on g = Z/27Z[Ss|(x1 + x2 + x3 + T123 + T2T3 + T1T2x3)
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Figure 2: Complete maximal decomposition of M = g - F



