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Abstract

We propose the TPTP World as a benchmark for evaluating LLMs’ reasoning in which
success is a TPTP derivation verified by independent verifiers. We describe the design
of Proof Assistant for Agents (PAFA), an interface in which an Al agent states claims
and premises, justified by a primitive rule or by automation of configurable strength. A
finished proof is serialized directly as the TPTP derivation. We give the operation set for
PAFA, a pipeline, and an evaluation protocol, and leave the underlying proof system, the
automation boundary, and the proof state’s retrieval mechanism open.

Motivation There is a huge effort in integrating machine learning models and, recently, Large
Language Models (LLMs) in automated theorem proving. There are at least 147 articles since
2024 on the latter [6]. Many fall into the category of using LLMs within proof assistants. One
successful result is LEANCOPILOT [9], which runs LLM inference inside LEAN to suggest the
following proof step, select relevant premises, and even complete proofs. Recently, a significant
result was achieved when Erdgs Problem #707 was resolved through the construction of a
counterexample, whose correctness was machine-verified by more than 6,000 lines of vibe coded
LEAN formalization [1].

LLMs are evaluated and compared on different types of benchmarks, including mathemat-
ical benchmarks. At the moment, three of the most popular assessments are the MATH-500
dataset [7, 8], the MATHARENA platform [5], and the PUTNAMBENCH benchmark [16]. MATH-
500 evaluates correctness by matching the model’s output to the final numerical answer. How-
ever, a major flaw with this static approach is that newer LLMs may have already been ex-
posed to solutions during training, which can lead to data contamination. MATHARENA takes
a different approach, dynamically evaluating LLMs on the latest sets of problems. One of its
benchmarks tests LLMs in a formal setting in LEAN, where they currently achieve significantly
lower scores compared to standard natural language math evaluations. PUTNAMBENCH is a
benchmark that evaluates LLMs on the Putnam competition problems in the proof assistants
LEAN, ISABELLE, and RocCQ.

The Thousands of Problems for Theorem Provers (TPTP) World [13] is an ecosystem for
ATP research. The TPTP problems [11] have several properties that make them attractive as
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an LLM benchmark: (1) a difficulty rating between 0.0 and 1.0 calibrated against ATPs; (2)
TPTP language supporting a hierarchy of logics for problems and solutions [12]; (3) solution
verification [14]; (4) problems from diverse domains; and (5) a partial resistance to memorization
and contamination. Moreover, the paper “A Chat with Bard” [15] illustrates that the LLM was
capable of producing the right answer but made unsound arguments. This marks motivation
for a benchmark that evaluates LLMs on the correctness of their reasoning rather than just the
final answer.

Proposed Architecture We envision a pipeline in which LLMs interact with the TPTP
World through an AI agent interacting with the Proof Assistant for Agents (PAFA), which
serves as a layer between natural-language reasoning and formal reasoning: (1) PAFA parses
a raw TPTP problem into a structured, agent-readable proof state; (2) an Al agent interacts
with PAFA, extracts proof states, applies explicit logical steps, and receives updates or error
messages; (3) once the proof is completed, PAFA outputs the TPTP derivation graph; and
finally (4) one or more independent TPTP verifiers check the derivation graph.

We propose research directions in developing PAFA as an agent-focused proof environment
that natively supports TPTP logic languages. Constructing a bidirectional translation layer
between TPTP languages and the language of the chosen proof assistant will be significantly
more challenging.

PAFA’s proof state is a partial directed acyclic graph (DAG), where each node is an anno-
tated formula, as in TPTP derivation graphs. Once a node is justified, it carries an inference
record. Nodes that have not yet been justified are open. This design enables backward reason-
ing from the conjecture, forward reasoning from the axioms, and the introduction of lemmas in
any order, which can be wired in later. The proof state presented to the agent is a partial view
over the open nodes and the proven facts, since both sets can grow as the derivation proceeds,
eventually overflowing LLMs’ context window. A proof is complete when the conjecture and
all of its ancestors are justified.

Operation Set The agent drives PAFA through the six operations listed below.

Operation Signature Effect

get_state () — (open, facts) A view over open nodes and proven facts.

introduce  (p) — Nodeld Adds a new, unjustified open node.

fresh (kind, symbol, ¢) — NodeId Adds an open node and checks freshness for definition,

eigenvariable, or Skolem symbol.

justify (NodeId, premises, rule, Checks a primitive rule or performs automation up to the
level) — inference given level.

retract (NodeId) — () Reopens a justified node.

complete () — derivation or open Outputs the derivation if the conjecture’s ancestors are
nodes justified, else the open nodes.

Operations fresh, justify, and retract can fail on a declared symbol, an inapplicable rule,
unsuccessful automation, a detected cycle, and on an unjustified or unknown node. Each failure
is feedback for the agent. The retract operation reopens a justified node without deleting its
old inference record, keeping the interaction log a single append-only ledger that doubles as a
cost-accounting and failure-localization trail.

Open Questions PAFA fixes this interaction model and leaves three design choices open:

1. Underlying proof system. Resolution and superposition are closest to what existing TPTP
verifiers already expect, but for the same reason, they are closest to published TSTP solu-
tions, leading to a contamination tradeoff. Natural deduction is plausibly closer to LLM
priors since pen-and-paper proofs, and hence most training data, are typically stepwise
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deductive arguments. Sequent calculus allows more formulas to be justified at once, so it
requires extending nodes (exactly what SC-TPTP [2]| does) at the cost of a more complex
interface. Proof-term systems check strongest against a small independent kernel, but
that same machinery has the highest implementation cost for PAFA to output TPTP
derivations.

2. Automation boundary. We envision discrete automation levels, fixed for the run: primi-
tive rules only; plus propositional closure; plus ground equality; plus bounded matching;
plus an external ATP call, each under a deterministic resource bound. Since rating 0.0
already means every state-of-the-art ATP solves the problem, the top level trivializes such
problems and is informative only on harder ones. Left open is how an automation-closed
gap is itself serialized into the TPTP derivation.

3. The proof state’s relevance retrieval. The agent sees only a relevance-scoped view over the
open nodes and previously proven facts, so context growth is bounded by design rather
than left to chance. Left open is the retrieval mechanism itself, symbol-based, DAG-
proximity-based, or agent-queried, along with the soundness edge: if justify accepts any
premise regardless of whether get_state ever surfaced it, retrieval quality is performance
concern; if it does not, retrieval quality becomes part of what the verifier must trust.

On Soundness PAFA is not part of the trusted base, which comprises of: (1) the leaf/root
check that pins the derivation’s leaves to the original problem file’s axioms and the root to the
file’s conjecture; (2) the verifiers, and the ATPs they call for step verification are different from
ATPs for level-5 automation; (3) the pipeline’s aggregation of verifier outputs. The operation
set is correct by construction in the sense that no call adds an axiom or an unchecked fresh
symbol, edits the root conjecture, closes an open node without a justification, or creates a cycle.
PAFA bugs remain possible, which is why it relies on TPTP verifiers.

Each TPTP verifier outputs VerifiedGood/VerifiedBad/Unknown/Timeout in ProoVer’s
vocabulary [3]. PAFA aggregates over TPTP verifiers’ outputs and labels each derivation as
verified (> 1 VerifiedGood, no VerifiedBad), rejected (> 1 VerifiedBad, no VerifiedGood),
disputed (both), or unverified (only Unknown/Timeout). The label exploited is a post-hoc audit
on a disputed or verified case found to have gamed a verifier. Gaming a verifier is exactly
ProoVer’s material, which charges —10 for accepting a bad proof. Hence, cheating is an output
of the benchmark that can be useful for the ProoVer competition.

Status We draw on THEODORE [17], our own text-based natural-deduction assistant. In a
preliminary experiment with The Natural Deduction Pack [4], both codex and claude-code
produced THEODORE formalization and exported I#TEX proof tree arguments that we judged
plausible upon reading.

As a null hypothesis, we prompted claude-sonnet-5 with five (0.0 rated) FOF problems
(due to limited resources) to produce TPTP derivations. Each derivation was verified success-
fully by GDV [10]. This shows that the pipeline works end to end on easy problems, but we
argue that scaling requires PAFA.

Discussion An important long-term objective is to evaluate whether LLM agents can transfer
reasoning strategies across different formal systems. If an agent can learn to reason through
an abstract proof-state interface and successfully operate across multiple logics, which TPTP
offers, this would provide stronger evidence for general formal reasoning capabilities. As LLMs
continue to improve, they may eventually challenge even TPTP’s hardest, currently unsolved
problems — which raises the question: will TPTP’s continual updates be able to deal with
contamination successfully? And of course, the following question still remains: When will
LLMs conquer the whole TPTP World?
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