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Arithmetic circuits provide a natural model for computing polynomials.
They are made of arithmetic (+, ×) gates instead of Boolean gates like
the probably more familiar Boolean circuits. The method of partial deriva-
tives [3] is one of the main lower bound methods for arithmetic circuits. This
method and its generalizations (to “shifted partial derivatives”) have led to
many new results in recent years (consult for instance the online survey [4]).
It is natural to ask whether these new results shed any light on old questions
from Boolean circuit complexity. With this motivation in mind, a recent
paper studies the power of arithmetic circuits with inputs restricted to the
Boolean hypercube {0, 1}n [2].

The goal of this internship is to find out whether we can obtain with
this approach new proofs of old results from Boolean complexity, or perhaps
even new results. Special attention will be given to Boolean circuits with
modular gates, which have a natural connection to arithmetic circuits over
finite fields.

If we only allow modular gates for a single prime modulus p, good lower
bounds for constant depth circuits have been known for 30 years thanks to
Razborov and Smolensky (see e.g. [1]). If several prime moduli can be used in
the same circuit, the situation is much poorly understood: we only have the
celebrated NEXP lower bound obtained a few years ago by Ryan Williams
with very different methods [5].
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