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Abstract

Wikifunctions is a collaborative Wikimedia project that provides an open library of functions to which anyone
can contribute code. This raises a natural question, that is asking if those functions — or their respective, user-
provided implementations — are guaranteed to terminate or not. In this short paper we report on a preliminary
study applying five established tools from the Termination Competition (AProVE, MuVal, T2, VeryMax, KoAT)
to functions extracted from Wikifunctions. From Wikifunctions’ official dump we extracted 1,968 Python
implementations, categorized them by structure and translated 43 integer loop functions into the tools” input
formats, validating every translation through differential testing. The tools decided on 33 out of 43 functions
and never contradicted each other. They proved to be strongly complementary with 20 functions being proven
by a single tool. The analysis also uncovered a genuine non-terminating implementation on the platform.
Based on these results, we propose such termination verdicts to be stored as a dedicated metadata property on
Wikifunctions, as guidance for both editors and automated agents calling functions from the catalog.
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1. Introduction

Besides Wikidata [1], as a community collection for structured knowledge, Wikifunctions [2] aims
at establishing itself as another pillar for Wikimedia’s Abstract Wikipedia [3, 4] project that should
eventually leverage automated translation, but also — generally — has the potential to power further
agentic applications in a structured and collaboratively curated manner.

Within this overall bigger picture, Wikifunctions serves as a repository for functions and code, for
everyone to call, write, maintain, and use.!

In the wider context of provisioning such a repository, one of the major research problems in
programming is termination analysis [5, 6], i.e. answering the question whether or not - or, resp., under
which (parameter) constraints — functions terminate. While it is well known that this question cannot
be answered in general [7], over the years a wide variety of termination analysis approaches and tools
have been developed, cf. for instance [8].

In this paper we argue and motivate how these two worlds could be fruitfully combined by means of
a preliminary study and analysis: we have studied and deployed different state-of-the-art termination
tools from the Termination Portal [8] in order to investigate the feasibility of automated termination
analysis for Wikifunctions; the present short paper summarizes the results of this analysis, and proposes
to add termination analysis results to Wikifunctions in the form of a dedicated metadata property.
We see use of this beyond a sheer experiment: (1) While (potentially) non-terminating functions are
probably not at the core focus of Wikifunctions, it is a totally perceivable and valid use case to also
document such functions in a generic function catalog, for instance for illustration purposes; to this
end we also propose adding new, more or less trivially non-terminating functions to Wikifunctions as
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examples. (2) Automated agents using and calling the functions from such a catalog may benefit from
documented automation guarantees and constraints as delivered by the tools we have analysed.
Overall we address the following research questions:

RQ1 Which existing termination analysis tools are suitable for analyzing implementations extracted
from Wikifunctions?

RQ2 To what extent can these tools automatically prove termination or detect non-termination for
Wikifunctions implementations?

RQ3 How do the results of different termination analysis tools compare on the same set of Wikifunc-
tions implementations?

The remainder of our paper is structured as follows: in Section 2 we provide a short overview on the
overall mechanics of termination analysis, including methods such as ranking functions, and briefly
introducing relevant tools. We also provide a justification of (a) which available tools and (b) which
particular classes of functions we considered in and out of scope for our present analysis.

Section 3 gives an overview of our analysis pipeline for Wikifunctions, particularly motivating why
and how we extracted, and where necessary translated, available function definitions from Wikifunc-
tions.

Finally, Section 4 presents the results of our analysis, comparing different tools on the chosen corpus
of in-scope Wikifunctions.

We conclude in section 5 with a discussion of limitations, but also a proposal to add respective termi-
nation analysis results to Wikifunctions’ metadata, both for reference and guidance of Wikifunctions’
editors and for downstream applications that make use of Wikifunctions.

2. Background and Related Work

Wikifunctions complements Wikidata [1] within the Abstract Wikipedia effort [3]. Every entity on
the platform, whether it is a function, a type or an implementation, is represented as a ZObject. It is a
typed JSON object identified by a ZID of the form Zn [9]. Two ZObject types are important for us. A
function, which has the ZID Z8, defines the signature of a computation while an implementation, which
has the ZID Z14, provides a way to compute it. Keys inside a ZObject follow the convention of ZnKm,
so for example Z13667K1 denotes the first argument of the function Z13667. The entire content of the
platform is published as periodic XML Dumps [10], which we used in this study.

Termination analysis asks whether a program halts on every input. The question is undecidable
in general [7], however decades of research have produced methods that succeed on large classes of
practical programs [6, 11]. The central technique is the synthesis of a ranking function, which is a
numeric expression over program variables that monotonically decreases in every loop iteration and is
bounded from below [5, 12]. Extensions of this ranking function cover lexicographic and polynomial
ranking functions [13, 14] as well as dedicated methods for proving non-termination [15].

We herein evaluate five termination tools that compete in the annual International Termination
Competition [16]: AProVE [17], MuVal [18] for the C Programs and T2 [19], VeryMax [20], as well
as KoAT [21] for the Integer Transition Systems (ITS). All five were run in their official competition
Docker Images [22].

We note that the selected tools were restricted to C Integer [23] and ITS [24], whose only parameter
data types are mathematical integers. None of the tools accepts Python and the Termination Competition
[16] has no Python category, so any Wikifunctions implementation has to be translated before it can be
analyzed. Functions over strings, lists or floating point values as well as other recursive functions fall
outside these input formats. We therefore restrict this study to Wikifunctions implementations that
loop over integer variables, which is an input all five tools should in principle process. We leave full
recursive and non-numeric functions to future work; e.g., we could extend the current study to simple
(for instance, tail-recursive) recursive functions rewritable to loops.



3. Methodology

Our data source is the official Wikifunctions XML Dump of May 1, 2026 [10], comprising 79,340
pages. Every entity on Wikifunctions is stored as a typed JSON object, a so called ZObject [9]. The
implementations are objects of type Z14 that carry executable code in a specific language. Streaming
through the dump we extracted all implementations whose code block is Python, yielding 1,968 Python
implementations.

Not every implementation on Wikifunctions is source code, as more than half of them are compositions
built from calls to other functions. The currently supported languages for actual implementations (which
also compositions can be compiled into),? are Python and JavaScript. Here, Python is the most common
with 1,968 implementations, followed by JavaScript with 1,299 implementations, and many functions
are implemented in both. Since none of the tools accepts a language that is used on Wikifunctions,
a translation step is required for every implementation; our current pipeline is restricted to Python.
Categorization parses the Python source and the differential test executes it, so both stages are tied to
that language. A JavaScript front end would add 374 functions that have no Python implementation,
which we leave for future work.

We further sub-categorized these implementations, cf. Table 1. We first note that out of these 1,968
implementations, 1,435 (i.e., 72.9%) do not contain loops nor recursion, i.e. trivially terminate. Each
of the remaining implementations is parsed into an abstract syntax tree using Python’s built in ast
module [25]; the result is used for static analysis and assigned to a structural category based on the
kinds of loops it contains and the data types it operates on: only functions consisting of loops over
integer variables can be used as the tools’ input formats (cf. Section 2). Of the 69 integer loop candidates,
43 Python implementations could be translated faithfully into the required C and ITS formats and form
our analysis set. The other 26 use constructs the translation cannot express, such as a loop over a list, a
call inside an expression or a variable exponent.

Table 1

Category distribution of the 1,968 extracted Python implementations. Percentages are rounded.
Category Count %
No loop, no recursion (trivially terminating) 1,435 729
Loops over non-integer data (strings, lists, floats) 288 14.6
Recursion 156 7.9
Integer loops, faithfully translated (analysis set) 43 2.2
Integer loops not faithfully translatable 26 1.3
Parse errors (Python 2 syntax) 20 1.0

Each of the 43 functions is converted into a single control flow graph representation from which
all tool specific input formats are generated, i.e., C integer programs [23] for MuVal and AProVE, and
ITS [24] in the supported .t2 and .koat syntaxes for T2, VeryMax and KoAT. All five tools therefore
analyze the same underlying functions. Since no off-the-shelf translator from Python to these formats
exists, a custom translator was implemented and Anthropic’s LLM Claude [26] assisted in writing
that code. Each generated graph is checked by a differential test against the original Python function.
Every function is tested on up to 21 inputs, ten of them random with values between 0 and 9 drawn
from a fixed seed and eleven that give every parameter the same value from 0 to 8 and also -1 and
-2. Both sides run under a budget of 40,000 steps and one single disagreement rejects the translation,
which never occurred. If both sides run past the budget on the same input, then we count this as an
agreement, which is why the one implementation that does not terminate on a particular input stayed
in the analysis set. While this approach assures a "best effort” approach to achieve faithful translation,
which we consider sufficient for the small, tested functions in our setting, we note that — as a current
limitation of our work — this LLM translation does provide correctness guarantees as such.

All tools were run in their official Termination Competition Docker images [22] with a 60 second
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timeout per function and every output is stored. The outputs are mapped to five verdict categories:
terminating, non-terminating, unknown, timeout and tool error. All results, translations and the analysis
pipeline are publicly available.

4. Results

All five tools could be configured and executed on all 43 functions, but how far each tool got with its
input varied widely. The two C tools never rejected a .c input with a parse error, however AProVE
produced no output on 20 runs and ran out of memory on one, so successful processing can only be
confirmed for the remaining 22 runs which it returned as a result. T2 accepted 41 out of 43, rejecting
two with a parse error. VeryMax processed only 14 and rejected most of them with a semantic error.
KoAT parsed only 6 of its 43 inputs.

Table 2 shows the per tool verdicts. Combined, 32 of the 43 functions were proven terminating by
at least one tool and one was proven non-terminating, which means that 33 out of 43 functions were
proven to terminate or non-terminate and 10 remain undecided. MuVal is the strongest single tool with
30 conclusive verdicts, followed by AProVE with 15, T2 and VeryMax with 11 each, and finally KoAT
with 6.

Table 2

Verdicts per tool over the 43 translated functions. The last row aggregates over the tools, counting each function
once. A function counts as decided if at least one tool proved it terminating or non-terminating. The three failure
columns are not aggregated, since the tools fail in different ways on the same function.

Tool Input Term. Non-term. Unknown Timeout Error
MuVal .C 29 1 0 0 13
AProVE .C 15 0 7 0 21
T2 .t2 11 0 30 0 2
VeryMax .t2 11 0 2 1 29
KoAT .koat 6 0 0 0 37
Combined 32 1 10 undecided

The inconclusive outcomes align with one feature of the source code. Of the 43 functions, 37 use
integer division or modulo and every inconclusive outcome falls inside that group, while the six functions
that use neither are proven to be terminating by all five tools.

Whenever two tools decided the same function they agreed. Across all tool pairs not a single
contradiction occurred. At the same time the tools are strongly complementary, as 20 of the 33 proven
functions were covered by exactly one tool. The single non-terminating verdict concerns Z14962, which
is a Wikifunctions implementation of whether an argument is a factorial number by repeatedly dividing
itbyi=1,2,3,... while divisible. On input 0 however the loop never exits, as zero is divisible by every i.
MuVal produced a non-terminating proof and manual inspection of the Python source confirms the
verdict. The remaining tools did not produce any verdict on this function so they neither confirmed its
non-termination nor did they deny it. This case is precisely the kind of finding a termination metadata
flag in Wikifunctions would surface to users and agents.

5. Discussion and Future Work

Our study gives a qualified positive answer to our paper’s underlying question. Where the tools
apply, they are trustworthy since no contradiction has occurred and they are best used as a portfolio.
The bottleneck is not proving power but reach, as only 43 out of 1,968 implementations survived the
translation and even on those coverage is limited by the tools’ front ends rather than the analyses
behind them. The applicability of the tools differed far more than we expected. KoAT rejects 37 of its
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43 inputs already in its parser because its syntax has no division or modulo and VeryMax aborts on 27
of them because the denominator is not a constant. T2 reads the same operators without a problem and
only gives up later during its proof search. Most of the functions we analyze compute primes, divisors
or greatest common divisors, and that is where the division and modulo come from. We note that the
complementary results also place Wikifunctions as a potentially interesting benchmark for the research
community working on Termination tools.

Several limitations should be kept in mind when reading these results. Our differential test on
automated function translations gives good practical confidence but it is not a proof of equivalence as
the verdict applies to the translated program rather than to the original function itself. The two sets of
translations also differ in their input domain, because we restricted the C translations to non-negative
integers, whereas the ITS contain no such restriction. All arguments of these functions are declared
as natural numbers on Wikifunctions, so negative inputs are outside what they accept. Python and C
agree on division and modulo only for non-negative values, since Python rounds a division down while
C rounds it towards zero, so on negative inputs the two would compute different results. The restriction
is therefore what keeps the translation faithful. Finally, the tools proved non-termination only once, for
714962. Despite the in our opinion interesting finding, we shy away from drawing general conclusions
from that.

We manually inspected the ten implementations on which no tool reached a verdict. Seven of them
clearly terminate, as every iteration either grows the divisor or shrinks the number. Two of them,
714065 and 714069, compute Collatz stopping times, where termination is a long standing problem [27].
The last one, Z26991, does not always terminate, as it loops forever when its first argument is 0 or its
second is 1.

We (rather) see these results as support for the proposal made in the introduction. A dedicated
metadata property on Wikifunctions could record tools’ verdicts for user-contributed implementations.
As such, editors would see defects like the aforementioned Z14962 before users run into them and
automated agents calling functions from the catalog could retrieve machine-readable hints about
termination before use. Making this happen would require Wikifunctions to integrate the analysis and
record its results. Our pipeline could serve as a starting point here.

For future work, the most direct extension is towards the function classes we had to exclude. Full
recursive functions cannot be expressed by our loop based translation, because recursion repeats
through a call rather than through a loop, and would instead have to be analyzed by other methods
such as term rewriting systems [28]. Loops over non-integer data such as strings and lists would for
example have to rank structural measures such as the length of a string or a list instead of the loop
variables themselves. Recursion is also not confined to a single implementation, since a function can
be defined as a composition of calls to other functions. In the dump 393 functions take part in such
a call cycle, either by calling themselves or through a cycle running over several functions, so their
termination cannot be decided from one definition on its own. A further extension would be to also
consider JavaScript implementations, which would need an adaptation of the translation pipeline, but
no fundamental change to the analysis behind it. At the moment, we only considered Python functions
faithfully translatable to both C and ITS; another option would be to translate functions to C only. The
C format is far more expressive than ITS, so a C only pipeline could cover more functions, though at the
price of giving up the cross format comparison that this study was built on. Finally, only one function in
our analysis set was proven non-terminating. Adding documented non-terminating function examples
deliberately to Wikifunctions would therefore allow future evaluations to test the non-termination
detection more systematically.

Finally, we note that the Termination Portal itself is a MediaWiki powered wiki, apparently without
any Semantic Wiki capabilities [29] or extensions of its own. We would be delighted if this small
pre-study could spark discussions with the termination analysis community on linking the portal and
its documented tools with Wikifunctions in a more integrated manner.
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