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Context of the topic
The internship topic concerns the parameterized verification of fault-tolerant distributed
algorithms such as distributed consensus, agreement, and fault-tolerant clock
synchronization. In such algorithms, the participants communicate by exchanging messages,
in order to arrive at a common decision. The problem is aggravated by the presence of
faults: some participants may crash and some may exhibit Byzantine behaviors such as lie
about their state. As fault-tolerant algorithms are notoriously difficult to design right, one
needs verification tools that check whether a fault-tolerant distributed algorithm is indeed
robust to faults.

Objectives of the internship
The authors of [1, 2] modelled fault-tolerant distributed algorithms with threshold
automata. They have shown that one can verify safety of parameterized systems of
threshold automata by constructing queries to an SMT solver. This result was achieved
under the assumption of asynchronous reliable communication, that is, every message is
guaranteed to be delivered, although there is no upper bound on the delivery time. This
model is known to be too permissive: It is impossible to solve consensus under the
assumptions of pure asynchrony [3]. To circumvent this problem, many fault-tolerant
distributed algorithms work under timing assumptions: every message is delivered in a time
interval [min_delta, max_delta], where min_delta and max_delta are predefined constants.
One can model such algorithms by using threshold automata with delays.
Recently, it was found that accelerated systems of threshold automata with time constraints
have bounded diameters [4], similar to the accelerated systems of ordinary (non-timed)
threshold automata. Hence, in this internship work, we propose to extend the verification
approach of [2] to threshold automata with delays. This work requires: (1) fundamental
contributions on how to extend the SMT schemas to schemas with delays, (2) an extension
of the existing Byzantine model checker to support verification of threshold automata with
delays.
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Prerequisites
Candidates should be interested in formal techniques for modeling and verifying
(distributed) algorithms. Knowledge of timed automata and SMT solving is a plus, but is not
required. The Byzantine model checker [2] is written in OCaml, and basic knowledge of
OCaml is necessary.

