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Abstract

The Thousands of Problems for Theorem Provers (TPTP) World is a rich infrastruc-
ture that supports the development, deployment, and application of Automated Theorem
Proving (ATP) for classical logics. This paper describes proposed expansion and moderni-
sation of some parts of the TPTP World: the TPTP problem library, the TSTP solution
library, a new TDTP data library, new logics and languages, and improved user services.
Hopefully this will attract suggestions, feedback, and offers of support to help achieve these
goals.

1 Introduction

The Thousands of Problems for Theorem Provers (TPTP) World [48] is a rich infrastructure
that supports the development, deployment, and application of Automated Theorem Proving
(ATP) for classical logics. The TPTP World has some core components: the TPTP problem
library of test problems for ATP systems [48]; the TSTP solution library of solutions to those
problems [46]; the TPTP languages and SZS ontology of standards for writing ATP problems
and solutions [45]; the SystemB4TPTP, SystemOnTPTP, and SystemOnTSTP online services
for preparing problems, running ATP systems, and examining solutions [46]; and linked projects
such as the CADE ATP System Competition (CASC) [47]. Since its first release in 1993 the
ATP community has used the TPTP World (prima facie the TPTP problem library, but more
deeply other components) as an appropriate and convenient infrastructure for ATP system
development, evaluation, and application. Over the years the TPTP problem library has been
used as a conduit for ATP users to provide samples of their problems to ATP system developers
- this exposes the problems to the developers, who then improve their systems’ performances
on the problems, which completes a cycle to provide the users with more effective tools.

Recently I submitted a grant proposal to the National Science Foundation for “Expansion
and Modernisation of the TPTP World”, summarized as follows:

The TPTP World will be expanded to add new features, logics, and services. The
TPTP World will be modernised to take advantage of new technologies, to improve
access to and use of the TPTP World. There will be three aspects to the enhance-
ment of the infrastructure:
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e Libraries. The existing TPTP and TSTP libraries will be expanded and mod-
ernised [this includes moving the TPTP World onto GitHub], and a new TDTP
data library will be added to support research and development of machine
learning in ATP.

e New Logics. Three new logics/logic families will be added to the TPTP World.
These are the extended typed first-order logic, modal logics, and multi-valued
logics.

e User Services. The various TPTP World tools that are used to manipulate and
query the TPTP World data, and services that provide (online) access to the
TPTP World, will be expanded and modernised.

The TPTP World has evolved over the years to a sophisticated state, and it would
be an unreasonable undertaking to build it again from scratch. The proposed ex-
pansion and modernisation will provide new richness to the TPTP World, which
will not be equally available elsewhere. The enhancements are well justified, based
on community input and demand. The enhancements respond well to emerging and
important topics in the development and application of ATP, in areas that might not
otherwise be addressed by automated reasoning, particularly areas that are emerg-
ing in the burgeoning AI industry (e.g., healthcare, privacy, natural sciences, etc.).
The enhancements will be integrated into the established framework of the TPTP
world, respecting the structures that already exist and have been adopted by the
ATP community, while adding features that will attract new users.

Sadly the grant proposal was declined', the reasons for which are a topic for another presenta-
tion.

This paper provides some details of what was proposed, in order to inform the ATP and
TPTP World user communities of my plans, and hopefully attract suggestions, feedback, and
offers of support to help achieve these goals.

2 The TPTP Problem Library

The following expansions and modernisations are planned for the TPTP problem library.

e Problem Collection

The ongoing success and utility of the TPTP problem library depends on contributions of
problems from the ATP community, who are regularly encouraged to make contributions of all
types of problems, e.g., [49]. This will continue as part of the expansion of the TPTP World.

o Problem Statistics

Fach problem in the TPTP problem library has a header section containing metadata for
users, formatted as comments in four parts. The third part provides syntactic statistics of the
problem, such as the numbers of formulae, quantified variables, type declarations, arithmetic
terms, etc. The statistics are useful for selecting problems with certain characteristics. The
statistics are mined from the problems’ formulae, and this is not always straightforward. There
are situations in which it is not clear what exactly should be counted (e.g., should the symbols
on the left hand side of a definition be counted as primitives?). As such the statistics are

11 am very very grateful for the help and support I received writing that proposal, and for the feedback I
received when it was declined — the future of the TPTP World is bright!
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currently not completely precise, and will be overhauled. The choice of statistical measures will
be reviewed and made consistent across the TPTP logics (as far as logically possible). Each
statistical measure will be precisely defined, and the program that extracts the statistics from
the formulae (based on the TPTP4X parser - see Section 4.1) will be updated.

e (Co)Datatypes and Recursive Functions

Freely generated algebraic data types and codatatypes are useful for representing finite and
infinite data structures in computer science applications [31, 27]. They can be implemented
efficiently and enjoy properties that can be exploited by ATP systems [8]. The main use of
(co)datatypes in ATP is software verification, where describing properties of functional pro-
grams naturally uses (co)datatypes. Discussions with Simon Robillard, Martin Suda, Jasmin
Blanchette, and Dmitriy Traytel, at the 9th International Conference on Automated Reasoning
in Oxford, 2018 led to a preliminary proposal for adding (co)datatypes to the TPTP World.
Most recently, Laura Kovacs has reemphasized the importance of adding (co)datatypes and
recursive functions to the TPTP, to support research in software verification. (Co)datatypes
are already present in the SMT language used in the SMT-LIB [4]; adding (co)datatypes to the
TPTP World will allow SMT-LIB users to use the TPTP World in more ways, and conversely
developers of ATP systems in the TPTP world will be motivated to add features for reasoning
over (co)datatypes thus enabling them to attempt more SMT-LIB problems.

o Real-time Axioms

Almost all efforts in ATP assume a static set of axioms and a conjecture. In many real-world
situations data is dynamic, e.g., stock prices, weather conditions, etc. In order to support de-
velopment of ATP with dynamic real-time data, the TPTP problem library will be expanded to
include a framework that provides streams of “real-time axioms” whose formulae change over
time, so that an ATP system can resample the axioms periodically to get updated versions. For
example, the axiom price(’APPL’ ,date(16,03,2020),°USD’,57.31) would later be updated
in real-time to price(’APPL’ ,date(28,12,2020),’USD’,132.69), and an ATP system might
then (which it could not before) be able to prove sell(’APPL’ ,date(28,12,2020)). In addi-
tion to actual real-time retrieval of data, static files of time-stamped axioms will be captured,
and the TPTP4X tool (see Section 4.1) will be modified to simulate real-time axioms according
to the time stamps (this will be useful for repeatability of experiments). Initial work on this
concept was done with Martin Suda in 2009-2010 [44, 52] in the SPASS ATP system [58].

o Linking with StarExec

StarExec [43] is a cross community logic solving service developed jointly at the University
of Iowa and the University of Miami (funded by NSF CNS-CI grants, 1058925 and 1730419).
StarExec facilitates the experimental evaluation of automated tools that are based on formal
reasoning. There are instances of StarExec at the University of Iowa and the University of
Miami, with the Miami instance being focussed on the TPTP World. StarExec has become a
widely used infrastructure, hosting individual researcher’s experiments through to community-
wide competitions (e.g., CADE ATP System Competition (CASC) [47], which uses problems
from the TPTP problem library). Facilities will be created to package subsets of the TPTP
problem library (see Section 4.1) in a form suitable for upload to StarExec, and a tool will be
written to automate the upload. This facility will be the first step in the automated update of
the TSTP solution library.
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o Repository and Archiving

Currently the TPTP problem library is stored on a server at the University of Miami. The
TPTP problem library will be added to a Github organization called “TPTP World” (see
Section 4.2).

2.1 The TDTP Data Library

Machine Learning (ML) is emerging as a game changer in ATP, and an increasing number of
ATP systems that take advantage of ML are being developed [56, 17, 40, 35]. External tools that
can use ML to help with the tuning of ATP systems have also been developed [25, 55]. Concrete
examples of the ways ML can be used in ATP include: axiom selection, to select a small but
adequate subset of the very many axioms available for proving a conjecture [24, 57, 35, 30];
search guidance, to guide the choice of what (inference) action the ATP system should take
next, e.g., “given clause” selection in saturation-based ATP systems [18, 11, 17], and branch
selection in tableau based systems [40]; direct logical reasoning [13, 42, 41]; and learning assisted
reasoning [20, 2]. In order to provide support for the development, evaluation, and deployment
of ATP systems that include ML components, the TPTP World will be extended to provide the
large corpora of (ATP) data required for ML, and infrastructure to support access to and use
of the data. This will be embodied in the new “Tons of Data for Theorem Provers” (TDTP)
data library. There have already been successful efforts building corpora suitable for developing
ML support for ATP, including [39, 54, 33, 10, 26, 19, 9]. The corpora resulting from some of
these efforts are publicly available, and some use the TPTP languages and standards. However,
to the best of my knowledge there have been only limited prior efforts aiming to combine the
collection of ML data with infrastructure for accessing that data [3, 16]. Neither of those cited
were built in the context of an established research infrastructure like the TPTP World, nor
aimed at supporting the ATP research community.

An initial effort to build something like the TDTP data library was started in 2016 when
Cezary Kaliszyk (Computational Logic Group, University of Innsbruck, Austria) visited Miami.
The effort took into account the two somewhat orthogonal views of the data, viz., the TPTP
view in which the problems and solutions would be structured in the same way as the TPTP
problem library and the TSTP solution library, and the ML view in which the problems,
solutions, and supporting metadata would be structured in ways that are useful for ML. The
research notes from that visit provide a strong starting point for this work; a summary is
provided in Appendix A. The TDTP data library will be seamlessly integrated with the existing
TPTP problem library, TSTP solution library, and TPTP World infrastructure. An exciting
possibility is to build a tool framework that allows a “plug-and-play” approach to combining
ML techniques with ATP systems. This will require a decoupling of the two aspects, with a
standard set of programmatic APIs that will allow each side to invoke capabilities of the other.
Thus the existing structures of the TPTP World will be respected, while at the same time the
needs of the ML approaches will be added. The TPTP World’s online services will be expanded
to include facilities for experimenting with such combinations. The TDTP data library and
associated infrastructure will be a major expansion of the TPTP World, requiring fundamental
research and development.

3 New Logics and Languages

The TPTP problem library and TSTP solution library will be expanded to include problems
and solutions in three new logics. These expansions are described in the following subsections.

4
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3.1 The Extended Typed First-order Form

The TPTP World’s Typed First-order Form (TFF) is a simple many-sorted logic, in which sorts
are interpreted by non-empty, pairwise disjoint, domains. For ATP users, typing leads to much
simpler encodings than using type predicates, and the requirement of well-typedness helps to
correctly encode problems. A typed language is also necessary for correct encoding of problems
with arithmetic. The existing TFF language includes features that require modernising: tuples,
conditional expressions, and let expressions. In an independent development, Kotelnikov et al.
introduced FOOL logic [22], which extends classical first-order logic with an interpreted boolean
type, conditional expressions, and let expressions. FOOL can be straightforwardly extended
with the polymorphic theory of tuples [23]. These features of TFF and FOOL can be used to
concisely express problems coming from program analysis or translated from more expressive
logics. The TPTP World will be expanded to include the eXtended Typed First-order form
(TFX), modernising the TFF language features, and incorporating the features of FOOL [50].
This will include:

Upgrading the TPTP4X parser to process TFX formulae (see Section 4.1).

Collecting TFX problems for the TPTP problem library.

Running ATP systems on the problems to collect solutions for the TSTP solution library.
Defining additional syntactic statistics for the problems’ and solutions’ headers.

3.2 Non-classical Logics

Automated reasoning in non-classical logics is of increasing interest in artificial intelligence,
computer science, mathematics, and philosophy. They are used for reasoning in fields such
as law [37], privacy [28], and ethics [12]. The TPTP World will be expanded to include non-
classical logics in Typed First-order Form (TFF) and Typed Higher-order Form (THF). A
language for specifying the chosen logic and its semantics has already been developed [59],
and ATP systems for these logics exist, e.g., [32, 15]. A tool for translating formulae from
non-classical logics to the TPTP World’s classical THF is available [14], which will make the
problems accessible to classical ATP systems, and also provide a source of new THF problems
for the TPTP problem library. This work will include:

e Upgrading the TPTP4X parser to process the non-classical logic semantic specifications

and formulae (see Section 4.1).

e (Collecting non-classical problems for the TPTP problem library.

e Running ATP systems on the problems to collect solutions for the TSTP solution library.

e Defining additional syntactic statistics for the problems’ and solutions’ headers.

3.3 Multi-valued Logics

Multi-valued logics are of interest when reasoning about scenarios in which the truth of a
statement may be something less definite than the classical true or false. It is expected that
these logics will, like modal and other non-classical logics, be useful for reasoning in non-STEM
fields, e.g., the liveness of characters in the TV series “The Walking Dead” can be alive, not alive,
but also both alive and not alive! In 1977 Nuel Belnap published two articles that addressed the
needs for reasoning about such situations, summarised in [6], leading to the specification of the
FDE logic [5]. FDE has four truth values true, false, both, and neither. Related logics include

2That proposal is being superceded by a more generic proposal that will support a large range of non-classical
logics. Attend the 10th TPTP Tea Party to hear all about these exciting developments.
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K3 [21], LP [38], L3 [29, 30], A3 [1, 53], and RM3 [34]. A tool for translating formulae from
these multi-valued logics to the TPTP World’s classical First-order Form (FOF) is available
[51], which will make the problems accessible to classical ATP systems, and also provide a source
of new FOF problems for the TPTP problem library. The TPTP World will be expanded to
include multi-valued logics. This will include:

e Developing a language for specifying the chosen logic and its semantics (akin to the one
developed for modal logics (see Section 3.2).

e Upgrading the TPTP4X parser to process the multi-valued logic semantic specifications,
and multi-valued logic formulae (see Section 4.1).

e Extending the translation tool to read the logic and semantics specification, and recon-
figure itself accordingly (currently this is somewhat manual).

e Collecting multi-valued logic problems for the TPTP problem library.

e Running ATP systems on the problems to collect solutions for the TSTP solution library.

e Defining additional syntactic statistics for the problems’ and solutions’ headers.

4 User Services

4.1 TPTP World Tools

The TPTP World includes a suite of service tools that are used to access, manipulate, examine,
and document TPTP problems, solutions, and metadata. The tools have been written over the
years in C and Perl. Two particular pieces of software that will be modernised are described
here.

e The TPTP4X Parser

Many of the TPTP World tools are built around a parser library, written in C, called TPTP4X
[46]. TPTP4X was originally written (in 2002!) to parse TPTP formulae in untyped first-
order logic. With the addition of typed logics into the TPTP, TPTP4X has been “hacked” to
accommodate these richer logics, but its data structures were not extended to explicitly track
type information. TPTP4X will be upgraded to separately capture type information. This
upgrade is already necessary, and will be important for its use with the new logics that will be
added to the TPTP World (see Section 3).

e The TPTP2T Problem and Solution Selector

A little known tool in the TPTP World is the TPTP2T problem and solution selector?.
TPTP2T allows the user to extract problems from the TPTP problem library, and their so-
lutions from the TSTP solution library, according to specified problem and solution charac-
teristics. TPTP2T offers a complex set of parameters for fine grained selection of problems
and solutions. An option to export the selected problems in an archive format will be added,
in order to support the linkage of the TPTP problem library with StarExec (see Section 2).
TPTP2T will also be upgraded to select data from the TDTP data library.

4.2 Repository and Archiving

Currently the TPTP World is stored on a server (funded by NSF CCRI-CISE grant 1405674).
A small fraction is also maintained in repositories in a Github organization called “TPTP

Shttp://www.tptp.org/cgi-bin/TPTP2T
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World”#. This small fraction is used by a few specific research students and colleagues. The
entirety of the TPTP World will be added to the Github organization, in a suite of repositories
corresponding to the various data and software components. From a user perspective, this
transition to repository-based archiving will provide comprehensive access to the TPTP World,
including modernised web browsing of the TPTP, TSTP, and TDTP libraries.

e Web Access to the TPTP World

The TPTP World provides web browsing of the TPTP problem library® and the TSTP solution
library®. These interfaces will be extended to the TDTP data library (subject to the following).
With the migration of the hosting of the TPTP World to Github, modernised interfaces will be
built using a tool such as Hugo or Jekyll. The TPTP2T tool (see Section 4.1) will be integrated
to allow users to browse selected problems, solutions, and data.

5 Conclusion

This paper has described a proposed expansion and modernisation of some parts of the TPTP
World: the TPTP problem library, the TSTP solution library, a new TDTP data library,
new logics and languages, and improved user services. Hopefully this will attract suggestions,
feedback, and offers of support to help achieve these goals. In particular, the long term future of
the TPTP World needs to be discussed (this is the topic of another paper). More immediately,
I will be asking the ARCADE audience questions such as:

e Can you donate problems for the TPTP problem library? What are appropriate sources
for new problems?
What statistics are useful as metadata in TPTP problems and TSTP solutions?
What data should be in the TDTP data library, and how should it be structured?
What non-classical logics would be of interest to you? Will multi-valued logics be useful?
Who can help with advanced Github access, e.g., selecting problems with given charac-
teristics?
e When are you going to donate money to the TPTP World project?
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A Possible Details of the TDTP Data library

The TDTP will be based around problem and solution corpora, e.g., the Mizar 2078 corpus
[54], the cakeML corpus [26], the HOL4 corpus [9], the Archive of Formal Proofs [7]. Data
suitable for theorem proving, machine learning (ML), and the application of each to the other
(but mainly of ML to ATP), will be collected and curated, as follows.

In the TPTP view the problems and solutions in the TDTP will be structured as in the
TPTP problem library and the TSTP solution library, and will be accessed in the same way.
The top level of the TDTP directory hierarchy will include Axioms, Problems, and Solutions
directories. Within each of the Problems and Solutions directories there will be a three letter
acronym (TLA) directory for each corpus. Within each of the corpus directories there will
be the problems to be solved (as in the TPTP problem library). The Axioms directory will
contain axiom files that are included in problems (as in the TPTP problem library). Within
each of the Solutions corpus directories there will be subdirectories named after the corpus’
problems, each of which will contain contain solutions to the corresponding problem (as in the
TSTP solution library). The directories in the Problems and Solutions directories, and the
files in the Axioms directory, will be symlinked into the existing TPTP Problems, Solutions,
and Axioms directories, i.e., they will be accessible using the existing TPTP infrastructure
by non-ML based ATP. An important interplay between problems and solutions arises in the
context of axiom selection, in that a problem might have very many axioms, and a solution to
the problem provides a subset adequate for finding a solution. This provides the data needed
for machine learning of axiom selection.

In the ML view the problems, solutions, and supporting AI data will be structured in ways
that are useful for ML. The top level of the TDTP directory hierarchy will include AIData and
Corpus directories. Within the AIData directory there will be domain directories. The domain
directories will contain files useful for ML:

e .features files that contain features of the problems that can be used in the ML processes,
e.g., the symbols used in each formula of a corpus.

e .names files that list all the formula names in a corpus. The lines in these files will provide
links from formula names to (their occurrences in) problems in the corpus.

e .order files that contain orderings of the formulae, e.g., the order in which the conjecture
formulae were naturally exported from their original form to a logical form.

e .dependencies files that list the names of axioms that can be used to prove each conjec-
ture (in the problems) in the corpus. The dependencies files capture the subsets adequate
for finding a solution, and include minimally the subsets corresponding to solutions in the
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TDTP.

The Corpus directory will provide a corpus-centric view of the data. There will be a corpus
directory for each corpus in the TDTP. Within each corpus directory there will be symlinks
to its Axioms directory, Problems/TLA directory, Solutions/TLA directory, and AIData/TLA
directory.
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