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The general approach to constructing FFTs involves the decomposition
of the Fourier matrix into a product of sparse matrices. Various versions
of this decomposition depend on the arithmetic properties of the order
of the Fourier matrix and on representations of its indices. In this talk
we present the parametric coding of indices and obtain the “perfect”
parametric decomposition of the Fourier matrix.

Let N = n1n2 · · ·ns, Δν = n1n2 · · ·nν−1 (for ν ∈ 2 : s+1, Δ1 := 1)
and Nν = nν+1nν+2 · · ·ns (for ν ∈ 0 : s − 1, Ns := 1).
Theorem. For any parameter vector p = (p1, p2, . . . , ps), the Fourier
matrix FN admits the representation

FN =
(
Rev(q1,...,qs)

n1,...,ns

)T
( s∏

ν=1

(
INν

⊗ Twid(p1,...,pν−1,qν)
n1,...,nν−1,nν

) ×

× (
INν

⊗ Fnν
⊗ IΔν

))
Mix(p1,...,ps)

n1,...,ns
,

where ⊗ denotes Kronecker multiplication of matrices, IN is the iden-
tity matrix of order N and q = (q1, q2, . . . , qs) is the adjoint parameter
vector with elements are defined by the condition 〈qν pν〉nν

= 1 for
ν ∈ 1 : s.

Also this decomposition involves special matrices: permutation ma-
trices Rev , Mix and diagonal matrix Twid. The parameter vector can
be chosen so that the number of nontrivial elements (different from ±1
and ±i) in the parametric twiddle matrix decreases in comparison with
the usual (nonparametric) twiddle matrix. Incidentally, permutation
matrices have its decompositions.

Basing on this factorization, we construct sequences of orthogonal
bases in a signal space which generate a parametric wavelet packet.
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