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1 Abstract

Today’s pathway models are small compared to the amount of information known about a particular cellular pathway, in
part because current modeling languages and tools are unable to handle significantly larger models. Thus, most pathway
modeling work today focuses on building small models of individual pathways since they are easy to construct and manage.
The hope is someday to put these pieces together to create a more complete picture of the underlying molecular machinery.
While efforts to make large models benefit from reusing existing components, unfortunately, there currently exists little tool
or representational support for combining or composing models. We have identified four distinct modeling processes related
to model composition.

Fusion is the process of combining two of more models into a single “flat” model. Fusion enables modelers to incorporate
information from another model into an existing one, to create larger models. We are prototyping a tool that assists modelers
to easily fuse multiple models together. However, the resulting monolithic model is inherently as complex as the sum of the
complexities of the submodels, and there is a limit to how large such a model can become and still be comprehensible.

Composition allows modelers combine a collection of submodels. Submodels are themselves complete models, not el-
ements within a model such as species, parameters, etc. We have defined a small set of features to be added to the SBML
language [2] to support hierarchical composition.

Aggregation is a variation on composition that allows users to provide interfaces to components so as to restrict access
to the information of a submodel by exposing only certain variables. An aggregated model contains a list of input and output
ports (interfaces) that link to internal species and parameters. Submodels can then be connected via their interfaces to create
larger models, also with restricted interfaces. Like composition, we implement aggregation through added SBML language
constructs.

Flattening converts a composed or aggregated model with its hierarchy of connections to one without any hierarchy or
connections. In SBML terms, flattening a composed or aggregated model will result in a valid SBML Level 2 [1] model.
Flattening converts composed or aggregated models to fused models, so they can use existing simulators that lack support for
composition or aggregation.
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