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A new numerical approach called the optimal local truncation error method (OLTEM) is
suggested for the solution of partial differential equations (e.g., see [1,2,3]). Similar to the finite
difference method, the structure and the width of stencil equations are assumed in advance.
Discrete equations include regular uniform stencils for internal points and non-uniform stencils
for the points close to boundary. The unknown coefficients of the discrete system are calculated
by the minimization of the order of the local truncation error. The main advantages of OLTEM
are an optimal high accuracy of discrete equations and the simplicity of the formation of a
discrete (semi-discrete) system for irregular domains and interfaces (composite materials). For
the regular uniform stencils without interfaces, the stencil coefficients can be found analytically.
For non-uniform cut stencils, the stencil coefficients are numerically calculated by the solution
of'a small system of linear algebraic equations (20-100 algebraic equations). In contrast to finite
elements, trivial unfitted Cartesian meshes (no need in complicated mesh generators) are used
with OLTEM. Changing the width of the stencil equations, different high-order numerical
techniques can be developed. OLTEM does not include unknowns on irregular boundaries and
interfaces. The known interface and boundary conditions at small number of selected points are
added to the stencils as the right-hand side. Therefore, the width of ‘boundary’ and ‘interface’
stencils is smaller and equal to that for regular stencils. Currently OLTEM is applied to the
solution of the wave, heat, Helmholtz, Poisson and elasticity equations. The theoretical and
numerical results show that for the width of the stencil equations similar to that for linear finite
elements, OLTEM yields the 4™ order of accuracy for the considered scalar PDEs on irregular
domains (it is much more accurate compared with linear and high-order finite elements at the
same number of degrees of freedom). E.g., 3-D numerical examples on irregular domains show
that at accuracy of 5%, OLTEM reduces the number of degrees of freedom by a factor of greater
than 1000 compared to that for linear finite elements with similar stencils. At the
computational costs of quadratic finite elements, OLTEM yields the 10" order of
accuracy for the time-independent elasticity equations and the 11*" order of accuracy for
the Poisson equation with complex irregular interfaces; see [2]. This leads to a huge
reduction in computation time for OLTEM at a given accuracy.
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