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Chemical reactions and other transitions involving rearrangements of atoms can be
studied theoretically by analyzing a potential energy surface defined in a high-dimen-
sional space of atom coordinates. Local minimum points of the energy surface corre-
spond to stable states of the system, and minimum energy paths connecting these
states characterize mechanisms of possible transitions. Of particular interest is often
the maximum point of the minimum energy path, which is located at a first-order sad-
dle point of the energy surface and can be used to estimate the activation energy and
rate of the particular transition.

Minimum energy paths and saddle points have been traditionally searched with iter-
ative methods guided by imaginary forces based on gradient vectors of the potential
energy surface. Since accurate evaluation of the gradient vector is often computa-
tionally expensive, the information obtained from previous iterations should be utilized
as efficiently as possible to decrease the number of iterations. Using statistical mod-
els, an approximation to the energy surface can be constructed, and a minimum en-
ergy path or a saddle point can be searched on the approximate surface. The accu-
racy of the solution can be checked with further evaluations, which can be then used
to update the model for following iterations.

In this dissertation, machine learning algorithms based on Gaussian process regres-
sion are developed to enhance searches of minimum energy paths and saddle points.
Based on simple test examples, the methods utilizing Gaussian processes may re-
duce the number of evaluations to a fraction of what is required by conventional meth-
ods.
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