
Takustraße 7
D-14195 Berlin-Dahlem

Germany
Konrad-Zuse-Zentrum
für Informationstechnik Berlin

TIMO BERTHOLD? STEFAN HEINZ? MARC E. PFETSCH??

Nonlinear pseudo-Boolean optimization:
relaxation or propagation?

? Supported by the DFG Research Center MATHEON Mathematics for key technologies in Berlin.
?? Technische Universität Braunschweig, Institut für Mathematische Optimierung, Pockelsstraße 14, 38106 Braunschweig, Germany

ZIB-Report 09-11 (June 2009)



Nonlinear pseudo-Boolean optimization:
relaxation or propagation?

Timo Berthold1,?, Stefan Heinz1,?, and Marc E. Pfetsch2

1 Zuse Institute Berlin, Takustr. 7, 14195 Berlin, Germany
{berthold,heinz}@zib.de

2 Technische Universität Braunschweig, Institut für Mathematische Optimierung,
Pockelsstraße 14, 38106 Braunschweig, Germany

m.pfetsch@tu-bs.de

Abstract. Pseudo-Boolean problems lie on the border between satis-
fiability problems, constraint programming, and integer programming.
In particular, nonlinear constraints in pseudo-Boolean optimization can
be handled by methods arising in these different fields: One can either
linearize them and work on a linear programming relaxation or one can
treat them directly by propagation. In this paper, we investigate the
individual strengths of these approaches and compare their computa-
tional performance. Furthermore, we integrate these techniques into a
branch-and-cut-and-propagate framework, resulting in an efficient non-
linear pseudo-Boolean solver.

1 Introduction

Pseudo-Boolean (PB) optimization extends the satisfiability (SAT) problem by
allowing integer coefficients in the constraints, multiplication of variables, and
an objective function. As in SAT, variables take 0/1 (false/true) values.

There are several, fundamentally different, ways to attack the solution of PB-
problems. One way is to apply a transformation to a SAT problem. This approach
is used, for instance, in the solver MiniSat+ [10]. Another way is to handle
PB-constraints directly in the solver, see, e.g., SAT4JPseudo [8], PBS [6],
and pueblo [18]. Other solvers use a constraint programming approach, e.g.,
absconPseudo [13]. Pseudo-Boolean problems can also be formulated as an
0/1 integer program (IP), in which the nonlinear constraints are linearized. For
instance glpPB uses this idea and applies the IP-solver glpk [12]. The solver
bsolo [14] combines SAT-solving techniques with IP-methodologies to solve
linear pseudo-Boolean problems, if the bounds from the linear programming (LP)
relaxation are promising. The performance of the IP-solver Cplex for linear
pseudo-Boolean problems was investigated in [5]. A variety of PB-solvers have
been compared during the Pseudo-Boolean Evaluations [15, 16].
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