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I. INTRODUCTION

SAT benchmark instances are used to compare and evaluate
the performance of state-of-the-art SAT solvers, e.g., in inter-
national competitive events [1]. Most experiments in research
on SAT solving are based on benchmark instances submitted
to and compiled for the annual SAT competitions [8].

Attributes of benchmark instances are used for instance clas-
sification in order to solve the per-instance algorithm selection
problem [19], [2], [6], [3] and have also been employed to
reduce redundancy in experimentation [16].

II. GLOBAL BENCHMARK DATABASE

In our project “Global Benchmark Database” (GBD), we
collect attributes of SAT instances and develop tools to orga-
nize, distribute and query that data [9]. GBD Tools include
the GBD command-line tool gbd and the GBD web services
gbd-server [10]. For contributions, we maintain a public
repository on Github [11]. Both applications are available in
the Python Package Index (PyPI) [12].

We use the hash-based instance identifier GBD Hash to
identify SAT benchmark instances which are given in DI-
MACS CNF [7]. Associating benchmark instance attributes
with GBD Hash has the advantage that it becomes easy to
exchange and aggregate meta-information about benchmark
instances, such as their problem family, structural measures or
algorithm runtimes.

III. SCRAMBLED FORMULAS

The performance of CDCL SAT solvers largely depends
on heuristics [17], [14], e.g., branching and forgetting heuris-
tics [13], and the most successful heuristics implicitly exploit
the structure of many instances which are generated in indus-
trial practice [20].

The diversity of algorithms, heuristics and configuration
parameters used in practical SAT solving is subject to manual
or automatic configuration based on experimental data, and
some approaches are adaptive based on automatic instance
classification [6].

In order to avoid overfitting to a known set of benchmark
instances, these are often scrambled in past SAT Competitions,
e.g., by shuffling the ordering of variables or clauses. The
effect of scrambling on the runtime of a specific SAT solver
can be tremendous [5]. But permutations of SAT instances
can also be used to analyze the stability of an algorithm’s
performance on specific types of formulas.

IV. THE TASK

In order to capture these equivalence classes, dedicated
identifiers which are invariant to the shuffling can be associated
with benchmark instances. For example, in order to generate
an identifier which is invariant with respect to shuffling,
one could sort the literals and clauses before hashing them.
Solutions are less obvious if we allow flipping of literal
polarities.

When it comes to variable renaming, structural properties
become important. The problem to see if formulas are isomor-
phic with respect to renaming reduces to a graph isomorphism
problem for hypergraphs, such that we are entering the realm
of GI completeness [4].

The goal in this research project is the specification of a
hash-based identifier for CNF formulas which is invariant to
methods of formula scrambling, i.e., clause and literal reorder-
ing, flipping of literal polarities and renaming of variables [18],
[15].

We expect a thorough evaluation of several possible hash-
based identifiers of equivalence classes of CNF formulas for
a well-founded specification of an identifier that could be
integrated in GBD.

A. Theory Part

Find and analyze existing approaches for hypergraph and
graph isomporphism. Find ways to adapt them for the task at
hand, e.g., by using the bipartite representation of a hyper-
graph. Which of the approaches are most suitable and why?

B. Practice Part

Implement your approaches very efficiently such that they
could be integrated in GBD. Write a formula perturbator and
evaluate your approaches on real SAT instances.
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