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Abstract
Ninety-Nine Prolog Problems (P-99) is a famous set of Prolog exercises. We solved the first thirty three just by
prompting an LLM (Large Language Model). We used Claude from Anthropic. By “solved” we mean: generate the
Prolog code and a test file, run the tests and check whether they pass, then formally prove types, groundness,
termination, uniqueness, existence and also sometimes functional correctness with LPTP (Logic Program Theorem
prover). Hence our approach is an experiment in vibe-coding/vericoding of P-99. It is a vibe-coding experiment
because we started from informal specifications written in English and let Claude generate the Prolog code. It
also fits within vericoding because the LLM proved reliability guarantees on the generated Prolog code. Claude
wrote 58 logic procedures, 508 tests, 257 lemmas for a total of 11800 proof lines. We manually checked each file
generated by the LLM. We checked the Prolog code, ran the tests, examined the logical statements generated by
Claude and proof-checked Claude’s proofs with LPTP.

This paper describes this experiment and provides the main details so that it can be reproduced by the
interested reader. It also includes some pedagogical considerations for teaching certified logic programming with
the help of an LLM.
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1. Introduction

The recent arrival and rapid adoption of LLMs (Large Language Models) and their growing aptitude
at writing and/or dealing with code has triggered different AI assisted programming practices or
methodologies. In this paper, we start by presenting such a methodology, applied to P-99. Ninety-Nine
Prolog Problems (P-99) is a famous set of Prolog exercises that have been translated to many other
programming languages, including Erlang, Haskell, Lisp, Picat and Rust. There is also an Active Logic
Document [1] for P-99 running Ciao-Prolog in any modern web browser1. The oldest copy of P-99 we
have dates back to more than 25 years. These exercises were written by Werner Hett from the Bern
University of Applied Sciences, Switzerland. The original site has been offline for many years but there
are a few copies floating on the Internet (e.g., here2). Some exercises are missing (P29, P30, P42-P45,
P51-P53, P74-P79) and a few of them have extensions (P61A, P62B, P70B, P70C). All in all, there are 88
exercises.

In this work, we start by presenting a case study using the combination of an LLM and LPTP
(Logic Program Theorem Prover) [2] to solve some of the exercises of P-99. We choose Claude from
Anthropic and do the experiment in code mode with the Opus 4.6 model released in February 2026.
We solve the first thirty three exercises (P01-P28 + P31-P35 = 33/88 = 37.5%) just by prompting Claude.
By “solving an exercise” we mean: generate the Prolog code and a test file, run the tests and check
whether they pass, then formally prove types, groundness, termination, uniqueness, existence and also
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sometimes functional correctness with LPTP. In other words, our case study relates an experiment
in vibe-coding/vericoding of P-99. It is a vibe-coding [3] experiment because we start from informal
specifications written in English for students and let Claude generate the Prolog code. It also fits within
a vericoding approach [4] because the LLM proved reliability guarantees on the generated Prolog code
in a formal language that can be proof-checked. We manually checked each of Claude’s outputs. For
functional correctness properties (informally: properties stating that the code computes what it is
supposed to), we almost always provided hints to Claude to express the logical statements we were
interested in.

This paper describes this experiment and provides the main details so that it can be reproduced by
the interested reader. It also includes some pedagogical considerations for teaching such an approach
to LP code generation and verification. It is organized as follows. Section 2 defines the experimental
framework. Sections 3 and 4 describe how to instruct Claude about what it needs to know. Section 5
gives an overview of the experiment. Section 6 presents three examples with an emphasis on functional
correctness properties. Section 7 discusses pedagogical considerations. Finally, Section 8 reviews some
related work and Section 9 concludes.

2. Goal

The first problem of P-99 is given as follows:

P01 (*) Find the last element of a list.
Example:
?- my_last(X,[a,b,c,d]).
X = d

This is an informal specification written in English. In general, specifications include a few example
queries that indicate the predicate name, arity and expected usage. The (*) indicates the difficulty of
the exercise, ranging from one to three stars.

We want the LLM to propose the corresponding Prolog code together with some tests. We want
proven lemmas insuring types, groundness, termination and functional properties such as links with
library predicates or previously solved exercises. We want to repeat this exercise for the next 32
problems.

More precisely, the programming language we instruct Claude to use is pure Prolog with equality
=/2 on finite trees, negation as failure, the if/then/else construct and no builtins. Natural numbers
are represented using Peano notation (e.g., 2 is noted as s(s(0))). The Prolog engine is assumed
to run unification with occurs-check. SWI-Prolog has a special flag for this mode. Claude adds the
corresponding directive3 at the beginning of each test file. The specification language and proof-checker
is LPTP [5, 6, 2], see also the appendix and the companion paper [7].

3. Claude setup

Let us download the GitHub repository4 accompanying this paper. We get the LPTP-LLM-P99-main
directory, which contains the files CLAUDE.md (see the next section), P-99.html, the P-99 Prolog
problems in HTML format and the file lptp-reference.md. In this last file, Claude itself maintains
tips and lessons learnt about the project, such as how to run LPTP and Prolog locally, common pitfalls
and proof patterns.

For each Pxx from P99, we want Claude to create a directory P99/Pxx, with its own CLAUDE.md
file describing the problem, its solution pxx.pl, its tests pxx_test.pl, the properties and their proofs
pxx.pr, and a report pxx-experiment-report.md describing the work done. The file pxx.gr is a

3:- set_prolog_flag(occurs_check,true).
4https://github.com/FredMesnard/LPTP-LLM-P99
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representation created by Claude of the Prolog file pxx.pl, to be used by LPTP. Table 1 displays the
structure of the initial directory.

Table 1
Layout of the GitHub repository accompanying the paper

Directory Content
P99/ CLAUDE.md, P-99.html, lptp-reference.md
P99/P01/ CLAUDE.md, p01-experiment-report.md, p01.gr, p01.pl,

p01.pr, p01_test.pl

The next section is an exact copy of the contents of the file P99/CLAUDE.md. It contains all the
instructions for Claude to solve a P-99 exercise. It has to be adapted to the local configuration. Once
all the infrastructure is ready, the following prompt can be used for solving P02: Read CLAUDE.md,
lptp-reference.md, and solve the P02 exercise.

4. CLAUDE.md

4.1. Project

Formal verification of the 99 Prolog Problems using LPTP (Logic Program Theorem Prover) v1.06. The
goal is to provide Prolog code, a test file, and LPTP proofs of properties for some of the 99 Prolog
Problems.

4.2. Reference

Read /Users/fred/Desktop/P99/lptp-reference.md before writing or debugging any .pr file.
Update this reference if a new proof tip has been found.

4.3. Structure

The problems are listed in P-99.html. Each problem lives in a Pxx/ directory containing:

• pXX.pl — Prolog program
• pXX.gr — ground representation (variable-free clause encoding for LPTP)
• pXX.pr — proof file (lemmas, theorems)
• pXX_test.pl — SWI-Prolog test file (see Testing below)
• pXX-experiment-report.md — experiment report
• CLAUDE.md — problem specification

4.4. Conventions

• Prolog strictly ISO-compatible, = (equality, i.e., finite-tree unification), \+ (negation as failure),
and ( ... -> ... ; ...) (the if-then-else construct) are allowed, but no cut, no other
built-in.

• Use predicates from the LPTP lib when available, as it will help for the proofs.
• Peano naturals: 0, s(0), s(s(0)), . . . using the LPTP nat library.
• Hierarchical lemma names: predicate:property or predicate:property:variant.
• The predicates defined in pXX.pl and pXX.gr must correspond exactly.
• Copy .gr and .pr to /Users/fred/lptp/tmp/ before verification.
• Command: cd /Users/fred/lptp && printf "io__exec_file(’tmp/pXX.pr’).\nhalt.\n"
| bin/lptp 2>&1

• If pXX.pr uses lemmas from another problem (e.g., P35 imports P31), declare the dependency via
:- needs_gr / :- needs_thm and document it in the local CLAUDE.md.



4.5. Testing

For each problem Pxx, create a test file pXX_test.pl that:

• Starts with :- set_prolog_flag(occurs_check,true). as the very first line.
• Loads the program via :- [pXX].
• Includes helpers for Peano conversion (to_peano/2, from_peano/2, etc.) when needed.
• Tests each predicate defined in pXX.pl with representative cases: typical inputs, edge cases

(empty list, 0, single element), and expected failures.
• Tests each semantic property proved in pXX.pr (types, uniqueness, ordered, product, etc.) as a

runtime check.
• Prints OK or FAIL for each test case.
• Ends with :- halt.
• Runs with: /Applications/SWI-Prolog.app/Contents/MacOS/swipl pXX_test.pl

4.6. Properties to verify systematically

1. Types (pred:types) — type preservation (list, nat, etc.)
2. Groundness (pred:ground) — ground inputs ⇒ ground outputs
3. Termination (pred:termination) — termination under preconditions
4. Uniqueness (pred:uniqueness) — determinism of the result
5. Existence (pred:existence) — existence of the result
6. Functional Correctness — any link with library predicates or previously solved exercises

4.7. Experiment Report

Each pXX-experiment-report.md should contain:

• Problem statement — what the predicate does
• Prolog code — summary of the predicates defined
• Properties proved — list of lemmas with their statement and proof technique (completion,

structural induction, strengthened induction, algebraic, etc.)
• Statistics — line counts (.pl, .gr, .pr), number of lemmas, proof-to-code ratio
• Difficulties and lessons learned — LPTP pitfalls encountered, proof strategies that worked

4.8. Language

• Code, lemma names, and LPTP proofs: English.
• Experiment reports and documentation: English.
• Conversation with the user: French (the user’s preferred language).

5. Overview of the experiment

Together with Claude, we solved the first 33 Prolog exercises. Understanding the specification, writing
the Prolog code and the test file takes a few minutes. We noticed that from time to time, a context
compaction is followed by this session is being continued from a previous conversation that ran out of
context. It can be useful to tell Claude to reread the CLAUDE.md files as Claude may have forgotten some
guidelines. Switching to the verification part, the process is much slower. For functional properties,
we had to give hints to Claude. For instance, for P01 and P02, we asked: what is the connection with
append/3? Sometimes we had to fully formulate the properties in natural language (see Section 6.3).
Solving one exercise takes Claude between 15 minutes (e.g., P01) to several hours (e.g., P35).

During this experiment, Claude created 58 logic procedures, with a total of 112 Prolog clauses,
150 lines of code and about 500 runtime tests. It did make use of negation by failure but made no use of
the if/then/else construct. As we explicitly asked for pure Prolog code, the code generated by Claude is
often quite different from the Prolog solutions one may find on the Internet (see e.g., Section 6.2 and
Section 6.3). Claude proved 257 lemmas and wrote about 11800 lines of proof. It had no problem in
using what is already available in the LPTP library, code and lemmas. While proving its lemmas, it



found various proof techniques which are documented in the lptp-experiment.md file. An example
of such a proof technique is the following: sometimes we have to strengthen the property to be proved
so that we can do the inductive proof, and then weaken the property to get the original one. The human
readable lptp-experiment.md file is maintained by Claude and is included in the GitHub repository
accompanying this paper to speed up another run of this experiment.

A word on reproducibility. Since LLMs are stochastic, replaying our prompts will not, in general,
regenerate the same code, tests and proofs: a given informal specification may admit several correct
solutions, and the LLM may produce a different one, or even an incorrect one. So by reproducible we
mean two things: the methodology of Section 3 can be replayed on each exercise, and the generated
artefacts are independently re-checkable — anyone can rerun the tests and replay the LPTP proofs. This
is where the combination LLM+LPTP pays off: trustworthiness does not rest on the LLM regenerating
the same code, but on the fact that whatever code is produced comes with machine-checked guarantees.

6. Selected examples

6.1. P01: the last element of a list

The problem statement of exercise P01 was given in Section 2. Claude produces the following Prolog
code (naive solution):

my_last(X, [X]).
my_last(X, [_|L]) :- my_last(X, L).

It also infers and proves 10 properties, see Table 2. We simplify the LPTP syntax for readability. The
full statements and their LPTP-checked proofs are listed in the p01.pr file. The p01_test.pl file
contains 21 tests, both for the source code and for the first 7 properties. The last three properties are
Claude’s answer to our question: what is the connection with append/3? Actually, properties 8 and 10
constitute a characterization of my_last/2 w.r.t. append/3.

Table 2
Properties proved for my_last/2

# Property Statement
1 Termination ∀𝑥, 𝑙. list(𝑙) ⇒ terminates my_last(𝑥, 𝑙)
2 Type preservation ∀𝑥, 𝑙. my_last(𝑥, 𝑙) ⇒ list(𝑙)
3 Groundness ∀𝑥, 𝑙. my_last(𝑥, 𝑙) ∧ gr(𝑙) ⇒ gr(𝑥)
4 Membership ∀𝑥, 𝑙. my_last(𝑥, 𝑙) ⇒ member(𝑥, 𝑙)
5 Uniqueness ∀𝑥, 𝑙. my_last(𝑥, 𝑙) ⇒ (∀𝑦. my_last(𝑦, 𝑙) ⇒ 𝑥 =

𝑦)
6 Existence (aux.) ∀𝑧, 𝑙. list(𝑙) ⇒ ∃𝑥. my_last(𝑥, [𝑧|𝑙])
7 Existence ∀𝑙. list(𝑙) ∧ 𝑙 ̸= [] ⇒ ∃𝑥. my_last(𝑥, 𝑙)
8 Forward append ∀𝑥, 𝑙. my_last(𝑥, 𝑙) ⇒ ∃𝑙1. append(𝑙1, [𝑥], 𝑙)
9 Converse append (aux.) ∀𝑥, 𝑙1, 𝑙. list(𝑙1) ∧ append(𝑙1, [𝑥], 𝑙) ⇒

my_last(𝑥, 𝑙)
10 Converse append ∀𝑥, 𝑙1, 𝑙. append(𝑙1, [𝑥], 𝑙) ⇒ my_last(𝑥, 𝑙)

6.2. P31: a primality test

P31 asks for a primality test.

P31 (**) Determine whether a given integer number is prime.
Example:
?- is_prime(7).
Yes



Claude generates the following Prolog code:

% divides(D, N) - D divides N (by repeated subtraction, D > 0).
divides(D, D).
divides(D, N) :- plus(D, M, N), divides(D, M).

% no_factor(K, D, N) - none of D, D+1, ..., D+K-1 divides N.
% K is a countdown: the number of candidates left to check.
no_factor(0, _, _).
no_factor(s(K), D, N) :- \+ divides(D, N), no_factor(K, s(D), N).

% is_prime(N) - N is prime (N >= 2 and no factor from 2 to N-1).
% For N = s(s(X)), check X candidates starting from 2.
is_prime(s(s(X))) :- no_factor(X, s(s(0)), s(s(X))).

In Table 3 we present two properties stating soundness and completeness of the implementation. We
asked for such properties and gave the idea of their formalization in natural language. Then Claude
was able to formalize and prove them.

Table 3
Two properties proved for is_prime/1

# Property Statement
7 Soundness of is_prime ∀𝑛. nat(𝑛) ∧ is_prime(𝑛) ⇒

∃𝑥. 𝑛 = 𝑠(𝑠(𝑥)) ∧ (∀𝑑1. 𝑠(0) ≤ 𝑑1 ∧ 𝑑1 < 𝑠(𝑥) ⇒
fails divides(𝑠(𝑑1), 𝑛))

9 Completeness of is_prime ∀𝑛, 𝑥. nat(𝑛) ∧ 𝑛 = 𝑠(𝑠(𝑥)) ∧
(∀𝑑1. 𝑠(0) ≤ 𝑑1 ∧ 𝑑1 < 𝑠(𝑥) ⇒
fails divides(𝑠(𝑑1), 𝑛))
⇒ is_prime(𝑛)

6.3. P35: decomposition in prime numbers

P35 asks for a decomposition of a natural number in prime factors.

P35 (**) Determine the prime factors of a given positive integer.
Construct a flat list containing the prime factors in ascending order.
Example:
?- prime_factors(315, L).
L = [3,3,5,7]

Here is the Prolog code generated by Claude:

% quot(D, N, Q) - quotient Q = N/D (assumes D divides N, D > 0).
quot(D, D, s(0)).
quot(D, N, s(Q)) :- plus(D, M, N), quot(D, M, Q).

% smallest_factor(N, D, K, F) - smallest factor F of N starting from
% candidate D, with countdown K for termination.
% K counts how many candidates remain to try after D.
smallest_factor(N, D, K, D) :- divides(D, N).
smallest_factor(N, D, s(K), F) :- \+ divides(D, N),

smallest_factor(N, s(D), K, F).



% prime_factors(N, L) - L is the list of prime factors of N (>= 1)
% in ascending order, with repetitions.
% N = 0 fails (not a positive integer).
prime_factors(s(0), []).
prime_factors(s(s(X)), [F|L]) :-

smallest_factor(s(s(X)), s(s(0)), X, F),
quot(F, s(s(X)), Q),
prime_factors(Q, L).

Table 4 lists the properties of this program. Claude started with termination and type properties. For
stating and proving properties 23 to 30 that we explicitly asked in natural language, Claude reused code
and lemmas from the nat library (e.g., nat/1, plus/3, times/3, @=< /2), derived and proved new
lemmas for P31 (divides/3), P35 (quot/3, smallest_factor/4, prime_factors/2) and added
Prolog code (ordered/1, product/2):

% ordered(L) - L is sorted in ascending order (using @=<).
ordered([]).
ordered([_]).
ordered([X,Y|L]) :- X @=< Y, ordered([Y|L]).

% product(L, P) - P is the product of elements of L.
product([], s(0)).
product([X|L], P) :- product(L, P1), times(X, P1, P).

We note that the product of the natural numbers contained in the empty list is 1. Let us focus on the
last properties. Assuming 𝑛 is a Peano integer and 𝑝𝑟𝑖𝑚𝑒_𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑛, 𝑙) succeeds, here is what Claude
proved:

• property 23 (or 24): the resulting list 𝑙 is a list of Peano integers;
• property 26: the product of the elements of 𝑙 is 𝑛;
• property 27: 𝑙 is in ascending order;
• property 28: each element of 𝑙 is a prime number;
• property 30: 𝑙 is unique.

We also get a sufficient condition for the existence of a solution:

• property 29: if 𝑛 is strictly greater than 0, there exists 𝑙 such that 𝑝𝑟𝑖𝑚𝑒_𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑛, 𝑙) succeeds.

All together, these results constitute a logic-programming-based proof of the prime factorization theorem:
“every integer greater than 1 is either prime or can be represented uniquely as a product of prime numbers,
up to the order of the factors”5. On the one hand, the Prolog code effectively constructs the ordered list
𝑙 of prime factors of a strictly positive natural number 𝑛. On the other hand, the proofs certify that if 𝑛
is strictly greater than 0 then 𝑙 always exists, is unique and correct.

7. Pedagogical considerations

We present some initial debatable ideas for educating students to this way of constructing certified logic
programs, without claiming for originality. We believe that for software engineers, FOL (first order
logic) is a must-know language at least for understanding and expressing specifications. We distinguish
two entry points for teaching certified LP at the LLM age.

5https://en.wikipedia.org/wiki/Fundamental_theorem_of_arithmetic
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At the bachelor level. The main goal is to teach young students to have a good grasp, both intuitive
and formal, of logic, semantics, proofs, modelling, software tools like SAT-solvers, first-order ATPs
(Automated Theorem Provers), and LP. One can start with propositional logic, introducing natural
deduction (ND) as the proof formalism. From our experience, students are rather interested in the
step-by-step proof construction process of ND. It demystifies and desacralizes the notion of proof.
Moreover, students can see that proofs are computational objects that can be checked or pretty-
printed (e.g., in HTML and TEX format as is done with LPTP), i.e., they can be algorithmically
processed.
Then one moves to FOL to conclude with LP and LPTP. In our opinion, it would be beneficial to first
focus on declarative LP, possibly using CLP, before Prolog programming. From our experience,
declarative LP is much easier to understand by both students and semantic software analyzers.
Through various termination criteria (e.g., bounded non-determinism [8]), the operational aspects
could be delegated to the LP system. The art of Prolog (as, for example, advocated in [9]) remains
of course in writing declarative LP code running efficiently on a standard Prolog engine.
At this point, one might consider introducing a basic methodology for LLM usage, aiming at
automatically writing simple code, tests and first LPTP proofs for elementary properties. In our
opinion, it is crucial to closely monitor the process. A Prolog engine runs tests. LPTP checks the
generated proofs. Students review generated code, tests, and properties thereby exercising their
critical thinking. Can we simplify the code? Do the tests cover the intended usage? Do the LPTP
properties make sense?

At the master level. For graduate students, after reviewing the notions studied at the bachelor level,
the curriculum could aim at introducing more advanced tools like abstract interpretation for
invariant generation, using an LLM for help in formulating more complex LPTP statements and
proofs, and ATPs for cheaper resolution proofs of LPTP statements. As demonstrated in [10, 7],
these tools6 speed up the certification process of logic programs. Students could work in small
groups on certified LP projects to be evaluated by an oral assessment.
In this way, the emphasis is mainly on the semantic level, while the syntactic effort, which can be
overwhelming for beginners (e.g., writing long formal proofs), is largely computer-assisted.

Some remarks:

• LPTP is also an IDE (Integrated Development Environment) where one can write and proof-check
ND proofs not only about properties of logic programs but also in propositional logic and FOL
using the same syntax.

• Originally integrated into Emacs, LPTP is now available as an autonomous web page thanks
to the efforts of the Ciao-Prolog team. Using a recent web browser like Chrome, pointing the
navigator to the right URL7 loads an autonomous browser-based LP IDE, including Ciao-Prolog,
its associated abstract interpreter Ciao-PP, and LPTP. Source code can freely mix Prolog code,
Ciao-PP assertions and LPTP properties and proofs.

• Once an LLM has been introduced, it will be difficult to go back. Hence we think that it is important
to be able to solve elementary exercises manually in order to improve the understanding of the
involved concepts. We need to find attractive ways implementing this requirement.

• Beyond their technical capabilities, LLMs raise economic, social, and ecological issues that students
should be made aware of during their studies.

• In parallel, a similar methodology could be taught for programming languages from different
programming paradigms, e.g., Dafny [11].

6SMT-solvers are also very useful provers, yet to be integrated in the LP/LPTP/LLM ecosystem.
7https://ciao-lang.org/playground/lptp.html
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8. Related work

The recent arrival and rapid adoption of LLMs and their growing aptitude at writing and/or dealing with
code has triggered different AI assisted programming practices or methodologies. We can distinguish
the following, even though in practice they tend to overlap and hybrid approaches exist [12, 13, 14].

Among these methodologies, vibe-coding [15, 3] is presumably the most widespread and most easily
accessible technique, for novices as well as experienced professionals. Vibe-coding is mostly understood
as the process in which the user provides the LLM with a prompt representing an informal specification
of a problem written in natural language, the LLM produces a solution in code, and the user tests
and ideally accepts (possibly after multiple iterations) the given solution [16, 3]. While the burden of
validation lies with the user, preliminary reviews in the literature argue that testing is often skipped or
even delegated to the AI [16]. Consequently, benchmarks show that code generated by vibe-coding
often exhibits functional correctness issues and sometimes raises serious security concerns [16, 17].

A natural approach to alleviate some of the issues presented by vibe-coding is to augment the process
with formal specification and verification (see, a.o., [12, 14]). In what is sometimes called vericoding [4],
the user provides a formal specification of the problem upfront, thereby limiting accessibility of the
technique to a more expert audience. The LLM then generates a verifiable implementation of the
specification, i.e. it accompanies the generated code with a machine-checkable proof of its correctness.
While the use of formal verification can in principle eliminate the functional correctness issues sometimes
encountered in vibe-coding [4, 12], correctness (and other) guarantees are obviously highly dependent on
the quality and completeness of the specification. Available benchmarks [4, 18] show results depending
on the formal language used. In these benchmarks, using Dafny seems to perform better than Verus
and Lean [4, 18], but the effective success rates vary widely and, as the authors note, are subject to
the rapid progress of the LLM models themselves. While these results are encouraging, other results
are less optimistic. For example, in [19], the authors report very low success rates when evaluating a
more demanding benchmark in which both the specification and the implementation are required to be
generated and verified via Lean.

While in vibe-coding and vericoding a human user orchestrates the code (and, in the case of vericoding,
the proof) generation, agentic coding [20, 21] goes further in the sense that the human user formulates
a higher-level goal, and delegates to an autonomous AI agent a large part of the software production
process (coding, developing and running tests, fixing bugs, and up to submitting pull requests) without
human intervention. Verification is mostly empirical. While some speedups are reported, these appear
highly context and task dependent [22, 23]. Moreover, the use of agents also appears to induce persistent
quality risks. A recent analysis [24] reports that roughly half of agentic pull requests (for code passing
automated tests) was rejected by the maintainers of a repository.

9. Conclusion

In this paper, we report on an experiment in which the first third of the well-known P-99 set of Prolog
exercises is solved using LPTP in combination with an LLM. We used Claude (Anthropic) in Code mode
with the Opus 4.6 model. By solving an exercise, we mean reading the natural language specification,
providing the Prolog code, constructing and running a test file, and stating and proving the usual
properties of the Prolog code (types, groundness, termination, existence, unicity). For functional
properties, we interacted with the LLM and checked each output. The time needed to solve an exercise
varies from 15 minutes (P01) to several hours (P35). An interesting observation is that the generated
code and proofs of P35 define an LP (logic programming) view of the prime factorization theorem of
arithmetic.

The vibe-coding part of the experiment—reading the specification, and writing the Prolog code and
tests—was handled easily by the LLM. We first checked these outputs to ensure that we were working
with the correct code, free from impure constructs such as the cut and from the use of Prolog’s native
numbers.



The vericoding part of the experiment—stating and proving reliability guarantees of the generated
code—was clearly more challenging for the LLM; however, it was generally able to handle it, except
for functional properties. One should keep in mind that the properties proved by the LLM have been
the subject of decades of research work in program verification and abstract interpretation [25], in
particular in the LP setting [26]. We have now many theoretical results and some implementations (e.g.,
[27, 28]) which compute more precise results than those inferred by the LLM. We have already begun
investigating the use of automated theorem provers to verify properties of Prolog programs expressed
in LPTP [29], as well as the automatic generation of LPTP proofs for groundness properties [10].

Nonetheless, the ease and rapidity with which the LLM was able to grasp the (largely unknown) LPTP
formalism are impressive. We even observed that, when faced with a difficult proof, Claude examined the
Prolog source code of the proof checker to gain a deeper “understanding” of the proof-checking process
and fix the problematic proof. Also combining an LLM with a proof-checker avoids the “hallucinations”
that the LLM may produce and allows it to fix its errors. Thus, the LPTP/LLM combination appears to be
a valuable tool for the LP developer. This applies both to constructing LPTP proofs of invariants inferred
by abstract interpretation—when no purely algorithmic method is available—and to proving functional
properties of Prolog code, where the corresponding abstract domain is typically not implemented as it
depends on the specific problem (see Section 6).

Interesting problems to investigate are the scalability of this approach to certified logic programming
and how to teach it to students, starting for instance from initial ideas sketched in this paper.

Declaration on Generative AI

During the preparation of this work, the author(s) used Claude (Anthropic) in order to: generate the
Prolog code, the test files and the LPTP proofs for the P-99 exercises, as described throughout this paper.
After using this tool, the author(s) reviewed and edited the content, ran the tests, proof-checked every
proof with LPTP, and take(s) full responsibility for the publication’s content.
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A. A quick summary of LPTP

Let 𝑃 be a pure logic program where negative literals may appear in the body of clauses (also called
normal program in [30]). For sake of conciseness, we do not consider built-in predicates (see [2] for a
full treatment) other than the equality =/2. We start with ℒ, the first-order language associated to 𝑃 .
The goals of ℒ are:

𝐺,𝐻 ::= true |fail | 𝑠 = 𝑡 | 𝐴 | \+ 𝐺 | (𝐺,𝐻) | (𝐺;𝐻) | some 𝑥 𝐺

where 𝑠 and 𝑡 are two terms, 𝑥 is a variable and𝐴 is an atomic goal. The goals of ℒ have the operational
semantics specified by ISO-Prolog [31] assuming the occurs check.
ℒ̂ is the specification language of LPTP. For each user-defined predicate symbol𝑅, ℒ̂ does not include

𝑅, but instead it contains three predicate symbols 𝑅𝑠, 𝑅𝑓 , 𝑅𝑡 of the same arity as 𝑅, which respectively
express success, failure and termination of 𝑅. ℒ̂ also contains a unary constraint for groundness 𝑔𝑟,
expressing that its argument is ground. The formulas of ℒ̂ are:

𝜑, 𝜓 ::= ⊤ | ⊥ | 𝑠 = 𝑡 | 𝑅( #»
𝑡 ) | ¬𝜑 | 𝜑 ∧ 𝜓 | 𝜑 ∨ 𝜓 | 𝜑→ 𝜓 | ∀𝑥𝜑 | ∃𝑥𝜑

where #»
𝑡 is a sequence of 𝑛 terms and 𝑅 denotes a 𝑛-ary predicate symbol of ℒ̂. The semantics of ℒ̂ is

the first-order predicate calculus of classical logic.
For any of the user-defined logic procedures 𝑅 in a logic program 𝑃 , 𝐷𝑃

𝑅(
#»𝑥 ) denotes its Clark’s

if-and-only-if completed definition, c.f. [32, 30].
For defining the declarative semantics of logic programs, Stärk uses three syntactic operators S, F

and T which map goals of ℒ into ℒ̂-formulas. Intuitively, S𝐺 means 𝐺 succeeds (any breadth-first
evaluation of 𝐺 succeeds), F𝐺 means 𝐺 fails and T𝐺 means 𝐺 terminates (the ISO-Prolog evaluation
produces a finite number of answers then stops). Moreover, termination implies a safe use of negation
(ground at runtime). The definition of the operators follows:

S𝑅( #»
𝑡 ) := 𝑅𝑠(

#»
𝑡 ) S true := ⊤ S fail := ⊥ S(𝑠 = 𝑡) := (𝑠 = 𝑡)

S\+𝐺 := F𝐺 S(𝐺,𝐻) := S𝐺 ∧ S𝐻 S(𝐺;𝐻) := S𝐺 ∨ S𝐻 S(some 𝑥 𝐺) := ∃𝑥S𝐺

F𝑅( #»
𝑡 ) := 𝑅𝑓 (

#»
𝑡 ) F true := ⊥ F fail := ⊤ F(𝑠 = 𝑡) := ¬(𝑠 = 𝑡)

F\+𝐺 := S𝐺 F(𝐺,𝐻) := F𝐺 ∨ F𝐻 F(𝐺;𝐻) := F𝐺 ∧ F𝐻 F(some 𝑥 𝐺) := ∀𝑥F𝐺
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T𝑅( #»
𝑡 ) := 𝑅𝑡(

#»
𝑡 ) T true := ⊤

T fail := ⊤ T(𝑠 = 𝑡) := ⊤
T\+𝐺 := T𝐺 ∧ 𝑔𝑟(𝐺) T(𝐺,𝐻) := T𝐺 ∧ (F𝐺 ∨ T𝐻)
T(𝐺;𝐻) := T𝐺 ∧ T𝐻 T(some 𝑥 𝐺) := ∀𝑥T𝐺

With LPTP, we prove properties of a logic program 𝑃 w.r.t. its inductive extension IND(𝑃 ) which
includes Clark’s completion [32] and induction along the definition of the predicates. Stärk shows that
the inductive extension is always consistent and proves various correctness and completeness results
w.r.t. the operational semantics of Prolog [2]. The first-order theory IND(𝑃 ) (cf. [2], pp. 253–254) is
defined by nine axiom schemas which we describe now. We omit the fixed point axioms for builtins.

The first two axioms specify some properties of the trees built from the function symbols extracted
from the program under consideration. The third axiom forbids infinite trees.

1. 𝑓(𝑥1, . . . , 𝑥𝑛) = 𝑓(𝑦1, . . . , 𝑦𝑛) → 𝑥𝑖 = 𝑦𝑖 [if 𝑓 is 𝑛-ary and 1 ≤ 𝑖 ≤ 𝑛]
2. 𝑓(𝑥1, . . . , 𝑥𝑛) ̸= 𝑔(𝑦1, . . . , 𝑦𝑚) [if 𝑛 ̸= 𝑚 or 𝑓 ̸≡ 𝑔]
3. 𝑡 ̸= 𝑥 [if 𝑥 occurs in 𝑡 and 𝑡 ̸≡ 𝑥]

LPTP deals with non-ground terms, as any ISO-Prolog processor does. LPTP offers a predefined
predicate 𝑔𝑟/1 that we can consider as a constraint. This relation is useful for instance for dealing with
negation as failure as LPTP only allows negation by failure for ground goals (see the definition T\+𝐺).

4. gr(𝑐) [if 𝑐 is a constant]
5. gr(𝑥1) ∧ . . . ∧ gr(𝑥𝑚) ↔ gr(𝑓(𝑥1, . . . , 𝑥𝑚)) [𝑓 is 𝑚-ary]

LPTP considers each user-defined predicate through three points of view: failure, success and
termination. These three viewpoints are linked with the following axioms.

6. ¬(𝑅𝑠( #»𝑥 ) ∧𝑅𝑓 ( #»𝑥 )) [if 𝑅 is a user-defined predicate]
7. 𝑅𝑡( #»𝑥 ) → (𝑅𝑠( #»𝑥 ) ∨𝑅𝑓 ( #»𝑥 )) [if 𝑅 is a user-defined predicate]

Axiom 6 says that for any tuple of (possibly non-ground) terms, we cannot have at the same time
success and failure of 𝑅. Axiom 7 states that given termination, we have success or failure. Altogether,
it means that for any tuple of terms #»𝑥 , assuming termination, either 𝑅( #»𝑥 ) succeeds or (exclusively)
𝑅( #»𝑥 ) fails.

8. 𝑅𝑠( #»𝑥 ) ↔ S𝐷𝑃
𝑅(

#»𝑥 ), 𝑅𝑓 ( #»𝑥 ) ↔ F𝐷𝑃
𝑅(

#»𝑥 ), 𝑅𝑡( #»𝑥 ) ↔ T𝐷𝑃
𝑅(

#»𝑥 )

We recall that 𝐷𝑃
𝑅(

#»𝑥 ) denotes the definition of the completion [32] of the user-defined procedure 𝑅( #»𝑥 )
in the logic program 𝑃 . For instance, the first equivalence 𝑅𝑠( #»𝑥 ) ↔ S𝐷𝑃

𝑅(
#»𝑥 ) defines 𝑅𝑠( #»𝑥 ).

Finally, for any property of the form ∀ #»𝑥 [𝑅𝑠( #»𝑥 ) → 𝜑( #»𝑥 )], where 𝑅( #»𝑥 ) is a user-defined procedure
and 𝜑( #»𝑥 ) an ℒ̂ -formula, we have an induction schema. The interactive prover LPTP is able to
dynamically generate an induction axiom on demand while the user interacts with it. Let us examine a
simple case. It is exactly what happens using LPTP, which slightly generalizes [2]. By directly recursive
user-defined predicate in the box below, we forbid mutual recursive definitions. Of course, LPTP is
able to handle mutually recursive properties, see [5] for some examples. Let 𝑅 be a directly recursive
user-defined predicate and let 𝜑( #»𝑥 ) be an ℒ̂-formula such that the length of #»𝑥 is equal to the arity of
𝑅. Let 𝑠𝑢𝑏(𝜑( #»𝑥 )/𝑅) be the formula to be proven ∀ #»𝑥 (𝑅𝑠( #»𝑥 ) → 𝜑( #»𝑥 )). Let 𝑐𝑙𝑜𝑠𝑒𝑑(𝜑( #»𝑥 )/𝑅) be the
formula obtained from ∀ #»𝑥 (S𝐷𝑃

𝑅(
#»𝑥 ) → 𝑅𝑠( #»𝑥 )) by replacing

• 𝑅𝑠( #»𝑥 ) by 𝜑( #»𝑥 ) on the right of →,
• all occurrences of 𝑅( #»

𝑡 ) appearing on the left of → by 𝜑( #»
𝑡 ) ∧𝑅( #»

𝑡 ).

Then the induction axiom is the following formula:

9. 𝑐𝑙𝑜𝑠𝑒𝑑(𝜑( #»𝑥 )/𝑅) → 𝑠𝑢𝑏(𝜑( #»𝑥 )/𝑅)

Together, these nine axiom schemas define the inductive extension IND(𝑃 ) on which every LPTP
proof relies. This concludes our brief overview of the formalism. We refer the reader to the papers of
Stärk [5, 6, 2] for a complete presentation of LPTP, including the treatment of some built-in predicates.
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