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Mathematical models of disease are important and widely used, but building
and working with these models at scale is challenging. Many epidemiologists use
“stock and flow diagrams” to describe ordinary differential equation (ODE) models
of disease dynamics. In this talk we describe and demonstrate two software tools
for working with such models [4]. The first, called StockFlow.jl [10], is based on
category theory and written in AlgebraicJulia [1]. The second, called ModelCollab
[8], runs on a web browser and serves as a graphical user interface for StockFlow.jl.
Using ModelCollab requires no knowledge of Julia or category theory. This feature
should be useful in “participatory modeling”, an approach where models are built
with the help of diverse stakeholders [6]. However, as we continue to introduce
new features in StockFlow.jl, it takes some time for them to be implemented in
ModelCollab.

A stock and flow diagram uniquely specifies a system of first-order ODEs. Once
a model of this sort has been built, modeling typically alternates between assessing
scenario outcomes resulting from numerically integrating these ODEs, performing
other analyses, and elaborating the stock and flow diagram. Two common ways to
elaborate a stock and flow diagram are to attach it to other such diagrams (“com-
position”) and to subdivide population groups into smaller groups with distinct
characteristics (“stratification”).

Modelers often regard diagrams as an informal step toward a mathematically
rigorous formulation of a model in terms of ODEs. However, stock and flow dia-
grams have a precise mathematical syntax [3, 4]. They are objects in a category
StockFlow, while open stock and flow diagrams are horizontal 1-cells in a double
category Open(StockFlow) built from StockFlow using a decorated cospan construc-
tion [2, 5]. Formalizing the syntax using category theory has many advantages. In
this talk we focus on three:

(1) Functorial Semantics. Our software lets modelers separate the syntax of
stock and flow diagrams from their semantics: that is, the various uses to
which these diagrams are put. Different choices of semantics are described
via different functors. In addition to the ODE semantics, we have imple-
mented functors that turn stock and flow diagrams into other diagrams
that are widely used in the modeling methodology called System Dynamics
[6, 9]. These other forms of semantics capture purely qualitative features
of stock and flow models.

(2) Composition. ModelCollab provides a structured way to build complex
stock and flow diagrams by composing small reusable pieces. Our software
allows for operadic composition of these smaller diagrams [7]. It also lets
users save these diagrams and retrieve them for reuse as parts of various



larger models. Since ModelCollab can run on multiple web browsers, it lets
members of a modeling team compose models collaboratively.

(3) Stratification. Our software also allows users to stratify models: that is,
refine them by subdividing a single population (stock) into several smaller
populations with distinct features. In contrast to the global changes com-
monly required to stratify stock and flow diagrams, our software lets users
crisply characterize a stratified diagram as a pullback of simpler diagrams,
which again can be saved for reuse. This feature uses pullbacks in a presheaf
category whose objects are “system structure diagrams”. These are like
stock and flow diagrams, but lacking the quantitative information describ-
ing the rates of flows. After a system structure diagram has been con-
structed, this information can be added to obtain a stock and flow diagram.

Example of composing stock and flow diagrams by identifying stocks in ModelCollab.
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