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Abstract

In our work we suggest a new approach for construction of APN functions
over the fields of even characteristic which are of interest for many areas of
mathematics and information theory and, in particular, for cryptography. This
approach is based on the notion of isotopic equivalence introduced in [1] and
defined only for quadratic planar functions. Recall that two quadratic planar
functions are called isotopic equivalent if they define isotopic commutative pre-
semifields [1, 3]. In [2] it is proven that CCZ-equivalence (the most general
equivalence relation of functions which preserves APN property) is a particu-
lar case of this isotopic equivalence in case of quadratic planar functions. It
is an open problem whether isotopic equivalence of quadratic planar functions
can induce an equivalence relation for APN functions more general than CCZ-
equivalence [2]. The present work is dedicated to that problem.

We first prove that quadratic planar functions F' and F’ are isotopic equiv-
alent if and only if F’ is affine equivalent to F(z + L(x)) — F(L(z)) — F(x)
for some linear permutation L. Then we study the analogue of isotopic equiv-
alence applied to APN functions. That is, starting from known APN functions
I defined over Fon we analyse the possible functions of the form

F'(x) = F(x + L(z)) + F(L(z)) + F(x)

for L a linear function. We analyse the properties of the linear functions L
that generate APN maps F’. Moreover, we construct a new family of quadratic
APN functions and give some computational results in low dimensions using
for F' a Gold power function. An interesting fact is that in Fes all quadratic
APN functions can be generated, up to CCZ-equivalence, with the mentioned
construction both with F(z) = 2® and F(z) = 2% + o~ Tr(a®2?) (with a € F,
primitive) and both with the restriction for L as a linear permutation and with
the restriction as a 2-to-1 linear map.
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