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Construction

To reproduce this pattern, we start with Taylor expansion 
of order 2 around     evaluated atpi pj

Then we multiply by        and sum over the neighboursaij

In order to obtain the Laplacian we assemble a linear 
system of constraints
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If        satisfy the constraints then the expansion becomesaij

By rearranging the terms we obtain the Laplacian

The two best known methods (Finite Elements and Finite 
Di�erences) have the same Laplace discretization pattern
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Franke Test Function

Introduction
Our new method solves numerically the Poisson Equation, 
with the advantage of easily permitting the choice of the 
convergence order.  Although the method is independent 
of the dimensionality,  we develop it for bivariate func-
tions. Moreover, the method does not require any as-
sumption on the shape of the domain. The construction of 
the method is based on local Taylor expansions.

Finite di�erences with high orders 
of approximation for irregularly 
discretized domains
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Convergence orders of the new method with di�erent 
Taylor expansion orders for the Franke test function

• Simple to extend to higher order of convergence
• Easy to implement
• No need of triangulation
• Exact with functions with finite Taylor series

Advantages
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The same derivation can be done with higher Taylor 
expansion order, which leads to higher convergence order 
and more linear constraints

Higher convergence order


