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Introduction. While many of the state-of-art Automated Theorem Provers (ATP) like E
and Vampire, were subject to extensive tuning of strategy schedules in the last decade, the
classical ATP prover Prover9 has never been optimized in this direction. Both E and Vampire
provide the user with an automatic mode to select good proof search strategies based on the
properties of the input problem, while Prover9 provides by default only a relatively weak auto
mode. Interestingly, Prover9 provides more varied means for proof control than its competitors.
These means, however, must be manually investigated and that is possible only by experienced
Prover9 users with a good understanding of how Prover9 works.

In this paper, we investigate the possibilities of automatic configuration of Prover9 for user-
specified benchmark problems. We employ the automated strategy invention system Grackle
to generate Prover9 strategies with both basic and advanced proof search options which require
sophisticated strategy space features for Grackle. We test the strategy invention on AIM
train/test problem collection and we show that Prover9 can outperform both E and Vampire
on these problems. To test the generality of our approach we train and evaluate strategies also
on TPTP problems, showing that Prover9 can achieve reasonable complementarity with other
ATPs.

For many automated reasoning problems a combination of complementary strategies is sig-
nificantly better than a single strategy. For this reason, many provers support configurable
options that can be user specified or automatically tuned. This has been done for many provers
[12, 4] and led to their good performance on various benchmarks [10]. Prover9, despite its
popularity among mathematicians [5] is mostly configured manually.

We discuss the specification of the Prover9 options using the strategy invention system
Grackle [4]. Apart from all the basic option [1] we include the various Prover9 specific advanced
options that require adaptations to the system. We also specify multi-staged domains. Starting
with a preliminary set of of basic strategies, the system derives a large number of new strategies
for the AIM dataset and for subparts of TPTP and show that Prover9 can perform significantly
better than the other provers on some of these datasets.

A considerable amount of effort has been dedicated to parameter tuning in state-of-the-
art theorem provers (mainly unpublished, unfortunately), aiming to discover a universal proof
search strategy or a portfolio of strategies. However, Grackle’s primary objective differs slightly.
Instead of seeking a generic strategy or portfolio that excels across all benchmarks or compe-
tition problems, Grackle endeavors to develop a set of strategies capable of solving as many
problems as possible from a benchmark provided by the user. This approach proves beneficial
in scenarios where users encounter problems distinct from the competition problems typically
optimized for by state-of-the-art provers.
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Grackle Portfolio Invention. Grackle1 [4] is designed to automate the creation of a portfolio
of solver strategies tailored to user-provided benchmark problems, aiming to maximize the
problem-solving effectiveness. By inputting a set of benchmark problems, Grackle autonomously
invents a diverse set of solver strategies to tackle as many of these problems as possible. It
currently integrates various solvers, such as ATP solvers E [9], Vampire [6], Lash [3], and SMT
solvers Bitwuzla [8] and cvc5 [2]. Adding support for additional solvers is straightforward:
users just need to specify solver strategy parameters and implement a basic wrapper for solver
execution. This paper introduces an extension of Grackle to accommodate the ATP solver
Prover9 [7], and assesses its performance on various first-order benchmarks.

The strategy space is described by a set of available parameters, their potential values,
and the default value for each parameter. Thus, a single strategy is represented by a set of
parameter/value pairs. The responsibility of the solver wrapper lies in translating the strategy
representation into the actual solver input. Typically, the parameters directly correspond with
solver command line options, though advanced transformations are feasible. We describe several
embeddings of advanced Prover9 options within a Grackle strategy space. Furthermore, we
extend Grackle with staged strategy invention, where a vast strategy space is subdivided into
multiple smaller spaces and tuned separately. This approach resembles hierarchical tuning in
BliStrTune and EmpireTune.

Experiments. We evaluate Grackle strategy invention for Prover9 on the AIM benchmark
used in the CASC 2016 ATP competition [11], consisting of 1020 training and 200 evaluation
problems from a large theorem proving project in loop theory [5]. We use the training problem
set for Grackle strategy invention, and we evaluate the invented strategies on the 200 evaluation
problems, comparing Prover9 strategies with state-of-the-art portfolios E and Vampire, which
are supposed to be universally well-performing. While Vampire solves 50, and E solves 36 of the
evaluation problems, our Grackle-invented portfolio solves 91 problems within the same time
limit. Notably, Prover9 solved all problems solved by the other solvers.

Next, we evaluate Grackle strategy invention on TPTP problems [10]. As an initial as-
sessment, we launch selected Grackle strategies, as well as Vampire and E, to discover that
while the overall performance of Prover9 cannot compare to that of the state-of-the-art solvers,
Prover9 still provides valuable contributions. TPTP problems are divided into categories, and
we discover that the most significant contribution is in the category NUM, which contains prob-
lems from Number Theory. Following the main idea behind Grackle, which aims to enhance
performance in areas where one performs best, we conduct several Grackle runs on 1,094 NUM
problems, using the same settings as for AIM problems. The Grackle-invented Prover9 port-
folio even slightly outperforms Vampire, solving 618, while Vampire solves 611 and E solves
541 within the same time limit. Moreover, our strategies solve significantly different problems,
yielding 153 problems unsolved by E or Vampire.

Conclusions. We have integrated support for Prover9 into the automated strategy invention
system Grackle and assessed its capabilities across two distinct benchmark problem sets. The
findings reveal that Prover9’s performance can be significantly enhanced through our fully
automated strategy invention process. By comparison, Prover9 in its default auto mode can
tackle 41 AIM problems and 512 on TPTP/NUM, whereas our strategies solve 91 and 619
within the same timeframe. Surprisingly, Prover9 can even outperform state-of-the-art provers,
at least on the problem domains explored in this work.

1https://github.com/ai4reason/grackle
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