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Quantum computing appears to be very promising due to its applications to
different paradigms among several domains of computer science such as number
theory, encryption, search, information theory and more [1] [2] [3], proposing
exponential speedup on some specific search tasks. Among these breakthroughs
in terms of complexity, the design of efficient quantum circuits for more low level
tasks, such as basic integer operations (e.g. addition [4], multiplication [5] and
division [6]) is a current active domain of research. Based on these base circuits,
more complex designs have been made such as quantum circuit for GCD [7]. Our
goal is to design an effective quantum circuit for reducing quadratic forms. If
reducing quadratic forms is important in itself, its application to cryptanalysis
is also of the utmost important since it gives the first step to the design of a
quantum version of the celebrated lattice reduction algorithm LLL. This latter
algorithm is crucially used in cryptanalysis and in particular in the security
assessment of lattice-based cryptography.

Contributions. In this work, the first description of quantum circuits tack-
ling the following problems are proposed:

Computing logarithm’s floor of integer in base 2 We give here an opti-
mized shallow circuit to perform this computation, using labeling of a binary
tree. Roughly speaking, the leaves will correspond to the values of the bit
representation of the input integer and each level of the tree will transmit
the information of the size of its children, using a quantum subcircuit for
node computation. All in all this gives a log n-deep, n-wide circuit, where
the naive approach (seeking for the left-most 0 in the representation) would
give a n-deep circuit.

Computing scalar multiplication by a power 2 We propose an optimized
shallow circuit for bit rotation (multiplication by a variable power of 2) of
depth log n and width n log n and size n log n. Our technique relies on the
shallow circuit of a rotation by one bit (á la Moore and Nilsson [7]) and
combining them with parallel control and fine-grained management of the
ancilae.

Reducing definite quadratic forms Our main circuit is built on a novel gen-
eralization of Gauss’s reduction, loosely using the binary design of Stein’s
Binary Algorithm [8]. In the same way this algorithm is practically faster
than the Euclidean algorithm by saving bit operations, our quadratic form
reduction will outperform Gauss algorithms. Using this new (classical) de-
sign with the subcircuits introduced above, we give a n log n-deep, n2-wide,
n2 log n-size circuit.
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