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The fundamental unit on which all computers are built is the bit. Therefore, it is
unsurprising that, in a world where safety of critical systems is paramount, a considerable
effort [1, 2, 1, 3] has been deployed to deal with the theory of bit-vectors (BV) [4]. The
components of this theory are fixed-size arrays (or vectors) of bits along with their basic
operations, logical (such as conjunction and disjunction), arithmetic (such as addition,
multiplication) and structural (such as concatenation and extraction). It is used with
increasing popularity both in software and hardware safety.

The most applied technique for solving BV problems is bit-blasting [5], in which every
bit in the BV is encoded as a propositional variable and BV operations are encoded as
circuits. The original problem then becomes a regular satisfiability problem This allows
to benefit from the expertise of the mature and yet ever evolving SAT community.

On the other hand, one can attribute to the bit-blasting technique two main inconve-
niences. First, it has difficulty scaling to larger problems (in terms of BV size). Second,
it looses the inherent structure of the BV, thus disallowing detection of instances that
can be simplified as well as the use of fast and low-level operations readily available that
can improve efficiency.

This present submission aims at presenting a work in progress that pushes further an
emerging exploration effort started by Bardin [6] through the use of a new domain for
BV along with relying on reduced products with integer domains to cut the search space.
That effort was also undertaken by Michel and Van Hentenryck [7] who introduced a
finer implementation of the BV domain and bitwise propagations. While Bardin et al
supplied their paper with preliminary experimentations showing the potential of their
approach, Michel and Van Hentenryck only introduced theoretical results, which were
applied to a certain extent[8] (with no reduced products, to a limited set of BV operations
and on BV not larger than 64 bits) as an extension of MiniSat [9].

In this presentation, a more complete implementation in the COLIBRI solver [10] of
the theory of QF BV (quantifier free bit-vector) is presented. It handles all operations
of SMT-LIB 2.5, is not restricted size-wise. It shows the full impact of relying on a
much finer reduced product with unions of intervals (an extension of the usual notion
of intervals) in addition to congruence domains and global difference constraints [11,
12]. Bardin already argued that keeping the bit-vector structure can reduce the gap
of efficiency between CLP and SMT, the present results will show that on many hard
examples, COLIBRI actually surpasses traditional solvers participating in the SMT
competition.
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