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Abstract

Population protocols were introduced by Angluin et al. in 2004 to study the theoretical properties of
networks of mobile sensors with very limited computational resources. They have also been proposed
as a natural computing model, with molecules, cells, or microorganisms playing the role of sensors.
In a population protocol an arbitrary number of indistinguishable, finite-state agents interact
randomly in pairs to collectively decide if their initial global configuration satisfies a given property.
The property is formalized as a predicate that maps each initial configuration to an output, 0 or 1.
Starting from an initial configuration, the agents eventually agree to the correct output almost
surely, and continue producing it forever. The protocol is said to stabilize to the correct output.
It is well known that population protocols can decide exactly the semilinear predicates, or,
equivalently, the predicates expressible in Presburger arithmetic. Current research concentrates on
investigating the amount of resources needed to decide a given predicate. The standard resources,
time and memory, translate for population protocols into expected time to stabilization, usually
called parallel runtime, and number of states of each agent. In this talk we concentrate on the latter.
A variant of population protocols allows for a leader, a distinguished finite-state agent that is
added to the initial configuration and, intuitively, helps the other agents to organize the computation.
In the last years my collaborators and I have obtained upper and lower bounds for the state
complexity of population protocols with and without a leader. Define the state complexity of a
predicate as the minimal number of states of a protocol that decides the predicate, and STATE(η) as
the maximum state complexity of the predicates of size at most η, where predicates are encoded as
quantifier-free formulas of Presburger arithmetic with coefficients written in binary. Using techniques
from the theory of Petri nets and Vector Addition Systems, we have shown that STATE(η) is
polynomially bounded, even for leaderless protocols; this improves on the exponential bound given
in 2004 by Angluin and collaborators. We have also proved that STATE(η) ∈ Ω(log log η) for
leaderless protocols, even for those deciding very simple predicates of the form x ≥ c for some
constant c. In the talk I report on these results, and on two very recent, still unpublished results.
Modulo the pending peer-review confirmation, the first result shows the existence of leaderless
protocols with a polynomial number of states and linear parallel runtime, and the second, due to
Leroux, gives a Ω((log log η)1/3 ) lower bound for protocols with a leader.
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