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We aim to analyze a flapping-wing motion of a free-flight insect and have developed a new framework of
s-version of finite element method (SFEM) called B-spline SFEM (BSFEM), which achieves both localized
high accuracy and low computational cost. To analyze a large-scale problem such as a flapping free flight,

distributed memory parallel computers are often used. In this study, we achieve parallel computing using
BSFEM based on the graph structure representing the interactions between computational nodes. To evaluate
its parallel performance, strong scaling tests are performed on a 3D incompressible viscous fluid solver.
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Fig.1 Global and local meshes defined in SFEM.
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Fig.2 Linear, quadratic, and cubic Lagrange basis functions.
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element element element element
Fig.3 Quadratic and cubic B-spline basis functions for uni-

form knot vectors.
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(a) A nodal graph between Lagrange nodes

(b) A nodal graph between B-spline nodes

(c) A nodal graph between Lagrange and B-spline nodes

Fig.4 Schematic view of nodal graphs.
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Fig.5 Domain decomposition for a nodal graph.
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Fig.6 Schematic view of element connectivity graphs.
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