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We introduce Catalyst.jl, a flexible and feature-filled Julia library for mod-
eling and high-performance simulation of chemical reaction networks (CRNs).
Catalyst supports simulating stochastic chemical kinetics (jump process), chem-
ical Langevin equation (stochastic differential equation), and reaction rate equa-
tion (ordinary differential equation) representations for CRNs. Through com-
prehensive benchmarks, we demonstrate that Catalyst simulation runtimes are
often one to two orders of magnitude faster than other popular tools. More
broadly, Catalyst acts as both a domain-specific language and an intermedi-
ate representation for symbolically encoding CRN models as Julia-native ob-
jects. This enables a pipeline of symbolically specifying, analyzing, and modify-
ing CRNs; converting Catalyst models to symbolic representations of concrete
mathematical models; and generating compiled code for numerical solvers.

Leveraging ModelingToolkit.jl and Symbolics.jl, Catalyst models can be an-
alyzed, simplified, and compiled into optimized representations for use in nu-
merical solvers. Finally, we demonstrate Catalyst’s broad extensibility and com-
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posability by highlighting how it can compose with a variety of Julia libraries,
and how existing open-source biological modeling projects have extended its
intermediate representation.


