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RESUME

Le décodage des codes de réseau & n dimensions se fait en
trouvant le vecteur le plus proche a un vecteur z donné dans
’espace euclidien R™. Le algorithmes de décodage trouvent
des applications dans la quantification vectorielle et dans
la démodulation de constellations de signaux multidimen-
sionnels. Iei on montre un algorithme pour la solution du
probleme du décodage pour un code de réseau quelconque.

1 Introduction

A lattice code is a finite subset of points of a lattice (or
of a lattice translate) within a bounded region containing
the origin, so that the energy of each signal is bounded.
Lattice codes are used in vector quantization, where they
provide highly structured codebooks with efficient encoding
algorithms [10, p. 470 fI.], and in digital communications,
where they generate signal constellations for high-rate trans-
mission (see, e.g., [6] and the references therein). For suffi-
ciently large signal-to-noise ratios, good constellations are
usually carved from dense lattices, a selection prompted by
De Buda’s result that lattice codes asymptotically achieve
Shannon’s capacity bound [3].

A crucial procedure for both applications of lattice codes is

their decoding. Given a d dimensional lattice A and a point-

z in the d-dimensional Euclidean space R® in which A is em-
bedded, decoding the lattice amounts to finding the point of
A closest to z. The problem here is to find this point without
incurring the complexity of an exhaustive search. Practical
algorithms which efficiently decode some well-known lattices
that are attractive for applications (An(n > 1), Dy(n > 2),
E¢, E7, Es, and their duals) are listed in [1]-[2, pp. 443 ff.].
Several Leech lattice decoders have been proposed with ever
improving efficiency; a recent review of the subject can be
found in [4].

The above algorithms are strictly dependent on the special
structure of the lattice being decoded (e.g., its being a binary
lattice [5]). Other algorithms [10, pp. 479-481] for general
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nearest neighbor encoding in vector quantization are valid for
any unstructured codebook. They do not take full advantage
of the lattice structure which is useful for large bit rates. The
algorithm described in section 3 was first created as building
block of a general Minkowski’s basis reduction [9, 13]. We
have adapted it to allow the decoding of any general lattice.
We may also observe here that, since any linear block code
C over Z, (the ring of integers modulo ¢) is in a sense equiva-
lent to a sublattice of Z" (see ‘Construction A’ in [2, Chapter
5]) any general decoding algorithm will also provide a quasi-
Maximum Likelihood soft-decoding algorithm for C.

2 Lattices

Definition 1 Let vi,vs,...,v,, be m linearly independent
vectors of the d-dimensional Euclidean space R® (m < d).
A lattice is the set A of vectors

Aivi+Aava 4+ o+ A v, A, ., An €T
(Z the relative integers). The set of vectors {vi, v, .. S Vm}
is called a basis of A.
If vi = (vi1,via, ..., vi4), = 1,...,m, we define the genera-

tor matriz of A as













