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In this thesis, we study a numerical method for nonlinear partial differential equations and
their systems with variational structure such as energy conservation or dissipation property.
The discrete variational derivative method has been widely used to obtain some special nu-
merical schemes that have the same conservation/dissipation properties in a discrete sense.
Such schemes give qualitatively better numerical solutions, however, a lengthy and compli-
cated discrete calculus is generally required in deriving the schemes. Using a suitable discrete
L? inner product and fractional powers of a discrete approximation of the Laplace operator,
we give a new mathematical formulation of the discrete variational derivative method and
simplify not only the derivation of conservative/dissipative numerical schemes but also anal-
ysis and error estimates of the schemes. We apply this new approach to a Cahn-Hilliard type
equation with long-range interaction and obtain a finite difference scheme that has the same
characteristic properties, mass conservation and energy dissipation, as the original equation
does. We also discuss the stability and convergence of the proposed scheme. Our new ap-
proach can be applied to various types of nonlinear partial differential equations including a
FitzHugh-Nagumo type equation and the Korteweg-de Vries equation.
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