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The understanding of dynamical systems — even ones that do not at first
seem complicated — requires mathematical analysis, numerical analysis
and visual analysis. The latter two have made significant progress
because of the advancement in computing and visualization, however,
as will be demonstrated these need the mathematical analysis to have
meaning. The advancement of science depends strongly on this
interaction which includes scientific computing and scientific
visualization based on mathematical models that accurately describe the
dynamics.

The importance of computing and visualization for the advancement of
the understanding of dynamical systems will be presented through six
important phenomena. These will be population models (growth and
explosion), the mass-spring system, the pendulum system, planar
particle dynamics, the single neuron dynamics and the N-body problem
of Newtonian dynamics. It will be demonstrated that these systems

have extremely fine characteristics that can only be appreciated through scientific visualization that includes
animation. The numerics needed for the animations will be derived using scientific computing which includes
parallelization and powerful numerical methods. The numerical methods are based on using polynomial
transformations, power series and Cauchy products. Using these, it is possible to address and resolve issues
dealing with error analysis, stiffness and robustness across many types of dynamical systems that are modeled
by differential equations.
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