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Concurrent Calculi

Concurrency: simultaneous execution of multiple operations in the sameenvironment
Toy example: two clients and two servers

Concurrent Calculi: abstract models for concurrent systemsProcesses, channels, transition or reduction rules
Client1

def
= req.resp.Client1

Server1
def
= req.resp.Server1

Client1 | Client2 | Server1 | Server2
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Reversible Concurrent Calculi

Reversible Concurrent Calculi:abstract models for concurrent systems in which any action can be undone

Example: a | b[k] a[m]−−→ a[m] | b[k] b[k] a[m] | b
What does this mean?
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Formal methods

Formal methods: mathematics to verify that a program meets its specifications
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Proof assistants and formalization

Application: specify (programming) languages and study their properties

Formalization of a language
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Putting the pieces together...

Formal Methods for Reversible Concurrent Calculi:
Studying and improving reversible concurrent calculi, e.g. byformalizing their properties with proof assistants
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Why studying reversible concurrent calculi?

• Theoretical foundations for the development of reversible computers

• Faithful and efficient representation of concrete systems
• Reversibility is the “right” environment to treat properties like causality
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Why formalizing them?

• Deeper understanding of reversible concurrent calculi

• Verification of the correctness of definitions and proofs
• (It is fun)
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What are the applications of my research?

• Concurrent calculi: uncover privacy flaws in e-passports

• Reversible concurrent calculi: eventually, reversible computers
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Concurrent calculi, today

Concurrent calculi: well-established, plenty of features
• CCS: A Calculus of Communicating Systems, Milner, 1980.
• π-calculus: A Calculus of Mobile Processes, Milner et al., 1992.

For an overview of their features, check π-calculus in Coinductive Type Theory,Honsell et al., 2001 or An Introduction to the π-Calculus, Parrow, 2001
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Reversible concurrent calculi, today

Reversible concurrent calculi: more recent, less features
• CCSK: Reversing algebraic process calculi, Phillips & Ulidowski, 2007.
• CCSKP: The Correctness of Concurrencies in (Reversible) Concurrent Calculi,Aubert, 2024.
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Example of open research problem

How to define replication or recursion in reversible concurrent calculi?
Well-foundedness has to be respected: there is no infinite reverse computation
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Concurrent Calculi Formalizations, today

Concurrent Calculi Formalization Benchmark, Carbone et al., 2024:set of problems to clarify, compare and advance the state-of-the-art
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Reversible Concurrent Calculi Formalizations, today

A Formalization of the Reversible Concurrent Calculus CCSKP in Beluga, 2025
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Reversible Concurrent Calculi Formalizations, today

Open problem: formalization of reversible concurrent calculi
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Current work

A Formalization of the Reversible Concurrent Calculus CCSKP in Beluga:sections 3-4 of Independence and Causality in the Reversible Concurrent Setting,Aubert et al., 2025.
Mechanized definitions and proofs: syntax, semantics, complementarity ofdependence and independence, characterization of connectivity

→ Journal paper, extending both theoretical and formalized results
Mechanized definitions and proofs: bijection between CCSKP and CCSK, squareproperty, well-foundedness, . . .
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Future work

• An Axiomatic Theory for Reversible Computation, Lanese et al., 2024:
List of axioms characterizing well-behaved reversible concurrent calculi
→ Formalization of such results

• Improve reversible concurrent calculi, e.g. by adding replication/recursion
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Thank you for listening!
Any questions?

Slides available at:
https://gabrielececilia.github.io/

22/22


	Background notions
	Motivation and applications
	State of the art and open problems
	Current and future work

