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Abstract:

CONSTRAINT SATISFACTION PROBLEMS (CSPs) play a central role in almost all branches of
theoretical computer science. Starting from CNFSAT, the prototypical NP-complete problem, the
computational complexity of CSPs has been widely studied from various points of view. In this
paper we focus on two aspects of CSP complexity which have mostly been considered separately
so far in the literature: parameterized complexity and approximability. We study four standard
predicates and contribute some of the first results in this joint area.

Parameterized CSPs. The vast majority of interesting CSPs are NP-hard [3]. This has mo-
tivated the study of such problems from a parameterized complexity point of view, and indeed
this topic has attracted considerable attention in the literature [1]. In this paper we focus on
structurally parameterized CSPs, that is, we consider CSPs where the parameter is some measure
of the structure of the input instance. The central idea behind this approach is to represent the
structure of the CSP using a (hyper-)graph and leverage the powerful tools commonly applied to
parameterized graph problems (such as tree decompositions) to solve the CSP.

Approximation. CSPs also play a central role in the theory of (polynomial-time) approximation.
In this context we typically consider a CSP as an optimization problem (MAXCSP) where the goal
is to find an assignment to the variables that satisfies as many of the constraints as possible.
Unfortunately, essentially all non-trivial CSPs are hard to approximate (APX-hard) [2]. This
motivates the question of whether we can find cases where efficient approximations are possible.

Results. We consider four different types of CSPs with or, and, parity and majority constraints
respectively. The new ingredient in our approach is that, in addition to trying to determine which
parameters make a CSP FPT or W-hard, we also ask if the optimization versions of W-hard cases
can be well-approximated. We show that these basic predicates display a diverse set of behaviors,
ranging from being FPT to optimize exactly (parity), to being W-hard but well-approximable (or,
majority), to being W-hard and inapproximable (and). Our results indicate that the point of view
of approximability considerably enriches the parameterized complexity landscape of CSPs.
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