Parallel proof checking with short and long term memory

Michael Farber

2026-07-18

Michael Farber Parallel proof checking with short and long te 2026-07-18



My Background

@ 2019-2020: member of DEDUCTEAM
@ Original objective: export proofs from Isabelle and verify with Dedukti
o Adapted objective: learn more about Dedukti by reimplementing it
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https://github.com/Deducteam/Dedukti

Reimplementation of Dedukti (DK) in Rust

Originally, single-threaded like DK

People persuaded me to exploit Rust's support for safe concurrency
and make Kontroli parallel

@ | wrote three papers about it, two of which were published at CPP
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Parallel proof checking

Dedukti-style

Check multiple Dedukti files in parallel, by running multiple Dedukti
instances simultaneously

Kontroli-style

Check multiple Dedukti proofs in parallel, by running multiple proof
checking threads simultaneously
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2022: Safe, Fast, Concurrent Proof Checking for the Al

Calculus Modulo Rewriting
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Performance of Kontroli was better than Dedukti, but far from scaling
linearly with number of threads

Terms must be shared, because computations such as
double x -—> add x x would explode otherwise.

Two different proof checking kernels

@ Single-threaded: terms with thread-unsafe, fast reference counting
@ Multi-threaded: terms with thread-safe, slow reference counting
@ Going from single- to multi-threaded incurs significant overhead.

Michael Farber Parallel proof checking with short and long te 2026-07-18



At a seminar, sometime in Saclay ...

o | presented my results to DEDUCTEAM.

o After the presentation, Gilles Dowek made a remark along the lines of:
“Why not have different kinds of terms for proof checking, just like
long-term and short-term memory of the brain?”

@ This was the breakthrough.

Homogeneous vs. heterogeneous terms

@ Before: Two different kernels, each with a single type of terms
(homogeneous)
o After: Single kernel, with two different types of terms (heterogeneous)

Michael Farber Parallel proof checking with short and long te 2026-07-18



Heterogeneous terms

Long and short terms

@ Long terms are used for long-living terms, such as statements to prove.
@ Short terms are used for short-living terms, such as proofs and
intermediate calculations done during proof checking.
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Heterogeneous terms

Long and short terms

@ Long terms are used for long-living terms, such as statements to prove.
@ Short terms are used for short-living terms, such as proofs and
intermediate calculations done during proof checking.

@ Long terms do not require sharing, whereas short terms do.

@ Because short terms never leave their proof checking thread, their
reference counting does not need to be thread-safe.

@ Short terms can refer to long terms without any reference counting,
because we keep long terms around longer than any short terms.
(We forget proofs, but we never forget proven statements.)
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Note from my research notebook (2021-07-30):

This Monday, upon waking up, | suddenly had an idea how to

improve the term data structure in Kontroli. |

@ Do not share leaf terms (such as constants and variables)
@ Share non-leaf terms (such as application/abstraction)
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https://github.com/01mf02/adam-notes?tab=readme-ov-file#2021-07-30

@ | originally vastly underestimated the impact of parsing on proof
checking time.

@ The Dedukti parser takes nearly as long as Kontroli takes for parsing +
proof checking!

@ Total proof checking time can be reduced by a faster parser and by
parsing at the same time as checking.
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2023: Terms for Efficient Proof Checking and Parsing
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Conclusion

@ Reducing and restricting sharing is extremely beneficial to performance.
@ Parsing also plays a major role for performance.

Thanks again to Gilles Dowek for having suggested his analogy of
short-term and long-term memory to apply to proof checking!
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