
Title: Boolean techniques in Knowledge representation
Author: Miloš Chromý
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Abstract: In this thesis we will investigate switch-list representations of Boolean
function and we will explore the biclique satisfiable formulas.
Given a truth table representation of a Boolean function f the switch-list rep-
resentation of f is a list of Boolean vectors from the truth table which have a
different function value than the preceding Boolean vector in the truth table.
We include this type of representation in the Knowledge Compilation Map [Dar-
wiche and Marquis, 2002] and argue that switch-lists may in certain situations
constitute a reasonable choice for a target language in knowledge compilation.
First, we compare switch-list representations with a number of standard repre-
sentations (such as CNF, DNF, and OBDD) with respect to their relative suc-
cinctness. As a by-product of this analysis we also give a short proof of a long
standing open question from [Darwiche and Marquis, 2002], namely the incom-
parability of MODS (models) and PI (prime implicates) representations. Next,
using the succinctness result between switch-lists and OBDDs, we develop a poly-
nomial time compilation algorithm from switch-lists to OBDDs. To finalize the
switch-list representation analysis, we describe which standard transformations
and queries (those considered in [Darwiche and Marquis, 2002]) can be performed
in polynomial time with respect to the size of the input if the input knowledge
is represented by a switch-list. We show that this collection is very broad and
the combination of polynomial time transformations and queries is quite unique.
Some of the queries can be answered directly using the switch-list input, others
require a compilation of the input to OBDD representations which are then used
to answer the queries.
A biclique satisfiable formula is a CNF formula whose incidence graph admits
a cover by distinct bounded bicliques. The class of biclique satisfiable formulas
was introduced in [Szeider, 2005] where it was also shown that it is NP-complete
to check if a formula is biclique satisfiable. In [Chromý, 2015], a heuristic for
checking biclique satisfiability was introduced and it was experimentally checked
that property of being biclique satisfiable exhibits a phase transition behaviour.
The heuristic algorithm presented in [Chromý, 2015] runs in polynomial time,
but it is incomplete. In this thesis, we propose a SAT based approach to checking
biclique satisfiability which is complete, but not polynomial time. We compare
both approaches experimentally.
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