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Model Reduction for ‘Large-scale’ Compartmental Models
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Synopsis:

In efforts to improve 1) the representation of biological processes and 2) the fit of
models to experimental data, mathematical models of physiological systems
have undergone steady refinement over the past forty years. Along with this
refinement has come an increase in the complexity of the model structures and in
the number of parameters required to specify the models.

This situation is typical of domains (from biology to power systems) in
which the component processes of a system are fairly well understood and
mapped out mathematically. In such cases, the natural models for computation
and simulation of the global behavior of the system comprise complex
interactions of models for the component processes. However, the dynamics
produced by such complex (possibly non-linear) models (containing perhaps
hundreds or thousands of state variables and parameters) may look annoyingly
similar to transients produced by a second-order model specified by just a few
parameters! It is then natural to wonder whether the full complexity of the original
model was needed.

Challenges:
Increasing the complexity of a model can significantly work against its usefulness
in many respects:

1. It becomes harder to pick (identify) parameter values reliably because
many different parameter values can lead to responses (dynamics) that
are essentially indistinguishable.

2. Simulation times are increased.

3. It becomes difficult to understand in a fundamental way what parts of a
model are being exercised and how.

Toward Structured Model Reduction:

The mathematical representation of component processes tends to be a hard-
won insight that often only emerges after lots of (usually very expensive and
time-consuming) experimentation. In such cases, taking a black-box approach to
modeling and identification ignores the mechanistic knowledge one has at one’s
disposal. Ideally, one would like a model reduction scheme that preserves the
(mechanistic) model structure of component processes that contribute
significantly to a particular phenomenon of interest, and collapses the
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representation of the minimally- to non-contributing processes into some lower-
order dynamics.

Example:
The ‘Guyton Model’ of cardiovascular dynamics (Guyton & Coleman 1967).
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A somewhat refined version of the initial cardiovascular model:
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Figure 17-4 See opposite page for legend.



