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Abstract
This talk addresses the synthesis problem of distributed monitors for concurrency properties.
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Multithreading programming as an essential aspect of modern software and infrastructure
demanding scalability and speed. Such programs involve multiple threads of execution
running simultaneously, which communicate and coordinate with each other. This introduces
complexities in ensuring that the program behaves as expected, since the interactions between
threads can be difficult to predict. As a result, identifying potential errors in these programs
is very challenging, especially because bugs depend on interaction order and are hard to
reproduce.

Runtime monitoring is a lightweight method that offers several advantages over the
traditional verification of concurrent programs. It is a dynamic process that occurs during
the program’s execution, allowing it to catch errors in real-time. This is particularly useful
in a concurrent setting, because common errors like races or serializability violations may
only manifest under specific timing conditions that can be hard to predict or replicate in a
controlled testing or verification environment.

This talk addresses the synthesis problem of distributed monitors for concurrency proper-
ties. One of the few, relevant theoretical frameworks for this problem is rooted in the theory
of Mazurkiewicz traces [16]. This is one of several prominent models of concurrency such
as Petri nets, Hoare’s CSP, Milner’s CCS, and Winskel’s event structures. The simplicity
of this theory made it highly popular in a number of areas in computer science, including
programming languages and distributed computing [9, 8, 10, 3, 14, 12, 2, 5]. The most
fundamental, and deepest, result of this theory, is due to Zielonka [19]. Zielonka’s theorem
shows how to translate a sequential program, into a distributed one. The sequential program
can describe the concurrency error that we want to track. For example, a race condition can
be described as the occurrence of two subsequent operations of two different threads that try
to modify the same piece of data.

Zielonka’s theorem is a highly non-trivial result and all known constructions are com-
binatorially very complex [19, 4, 17, 7, 18, 11, 1]. The talk’s general aim is to provide an
insight into the general construction, discuss relevant simpler cases [6, 15, 13] and remaining
open research venues.
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