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My research has focused on developing methods for performing tractable qualitative simu-
lations of complex dynamical systems. Current simulation techniques distinguish behaviors
based upon a fixed set of qualitative distinctions. Frequently, many of these distinctions are
irrelevant to the modeler leading to intractable models and complex behavioral descriptions.
Qualitative simulation needs to become more flexible in its ability to simulate models at
various levels of abstraction. A lattice of behavioral descriptions can be defined describing
the device behavior at various levels of detail. The modeler can move through this ab-
straction space to select a description that highlights the relevant distinctions. Initially, the
model is simulated at the highest level of abstraction. More detailed information can be
derived as it is needed.

Two techniques have been developed for eliminating intractable branching within a QSIM
behavior tree simulation. Behavior aggregation eliminates occurrence branching by combin-
ing similar behaviors into an aggregate state. It provides a hybrid between a behavior tree
representation and a history based description. Behavior aggregation is being extended to
eliminate other types of branching including chatter. In addition, static evaluation methods
are being investigated which identify loosely connected components within the qualitative
differential equation (QDE). The simulation of these components can be performed indepen-
dently and combined only when the components interact. Envisionment guided simulation
allows the modeler to perform a limited behavior tree simulation focusing attention on be-
haviors selected from an attainable envisionment of the model. Standard QSIM techniques
are used to derive a more detailed description of the relevant behaviors.

Developing tractable methods of simulation is particularly important when integrating
qualitative simulation techniques with knowledge representation systems. Various model
building techniques are being developed to construct models from information within a
knowledge base. Responding to a query requires a tractable simulation of the model. The
simulation should be performed only to the extend required to answer the query highlighting
relevant distinctions. This may entail deriving only a portion of the behavioral description
or performing the simulation at a higher level of detail.
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