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My principal research interest is the use of artificial
intelligence for automated modeling and simulation of
physical system behavior. I have worked on automat-
ing several aspects of this problem: creation of behav-
ioral models of a physical situation, intelligent control
of computational simulations based on these models,
and analysis of simulation output both to determine
whether the output makes physical sense and to pre-
dict a system’s long-term behavior by using carefully
controlled short-term simulations.

My dissertation research had two principal goals:
the automated creation of behavioral models of my,-
chines directly from models of their raw physical struc-
ture, and the automated inductive prediction of a ma-
chine’s long-term behavior. I found and implemented
algorithms which generate behavioral models for me-
chemical devices by first using kinematic analysis to
find state variables and then using dynamics to find
differential equations relating the state variables. The
input for these algorithms is a CAD/CAM solid model
of the geometric structure of a machine, supplemented
with information about masses, spring constants, and
coefficients of friction. I also found and implemented
algorithms for predicting a machine’s long-term be-
havior. These algorithms form hypotheses about a
machine’s future behavior by examining the results of
short, carefully controlled behavioral simulations. The
algorithms test these hypotheses both by using simu-
lated experiments and by checking for certain known
types of hypothesis failures. A successful hypothesis
is a compact symbolic representation of a machine’s
long-term behavior which is generated numerically.

More recently, I’ve been focusing on the particular
problems that arise in trying to embed a computational
simulation within a system whose goal is the auto-
mated design of complex artifacts. In order to evaluate
candidate designs, an automated design system must
be capable of predicting their behavior, typically by
computational simulation. Many powerful simulation
programs exist today. However, using these programs
to reliably analyze a physical situation requires consid-
erable human effort and expertise to set up a simula-
tion, determine whether the output makes sense, and
repeatedly run the simulation with different inputs un-
til a satisfactory result is achieved. I’ve considered the
automation of this process for two fairly different sort
of physical systems: clockwork mechanisms and ocean

racing yachts. Automating this process is not only of
considerable practical importance but also raises signif-
icant AI research issues in the areas of spatial reasoning
and modeling of physics and numerical methods.
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