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During this seminar, we will study some of the main results of the theory of chemical reaction
networks. We will mostly follow the book [1]. A reaction network consists of a set of molecules of
certain species (reactant and products) and a set of chemical reactions. The evolution in time of
the species concentrations is described by the solutions of a system of ordinary differential equations.
These systems of ODEs are usually large non-linear systems, whose long-time behaviour could be
difficult to study. The goal of this seminar is to study under which conditions it is possible to infer
qualitative aspects of the behaviour of a chemical reaction network (for instance the existence of a
unique stable steady state for the system of ODEs) analysing the topological structure of the network.

We will start by introducing the mathematical formalism necessary to model chemical reaction
networks and we will introduce some basic concepts, as for instance the stoichiometric compatibil-
ity classes. Later, we will study the main features of chemical reaction networks that are quasi-
thermodynamics systems, that satisfy the detailed balance property and that satisfy the complex bal-
ance property.

We will then study the Deficiency Zero theorem ([1]), that states that if a particular topological
property of the network (the 'Deficiency Zero’) is satisfied, if the kinetics is of mass action (the
rates of the reactions are proportional to the concentrations of the reactants) and all the reactions
are reversible, then there exists an asymptotically stable steady state. Depending on the number of
students we will also study a generalization of the Deficiency Zero theorem, i.e. the Deficiency One
theorem and we will study under which conditions it is possible to determine, via some specific type of
measurements, if a linear biochemical network satisfies the detailed balance condition via some specific
type of measurements, i.e. we will study [4].

Prerequisites: linear algebra, basic knowledge of ODEs.
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