
Efficient matrix computation for isogeometric

discretizations with truncated hierarchical B-splines

Bert Jüttler
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Truncated hierarchical B-splines (THB-splines) are a powerful basis for isogeometric analysis because they
support local mesh refinement while preserving key properties such as partition of unity and good sparsity of
the system matrices [1]. A major bottleneck, however, is the cost of matrix assembly–forming mass, stiffness,
and other bilinear-form matrices–which grows quickly with the spline degree. In tensor-product and hierarchical
tensor-product settings, this cost can be reduced using techniques such as sum factorization (which exploits
separability of basis functions to lower the number of quadrature evaluations), spline projection (to reuse
precomputed quantities across elements or levels), and look-up tables (to avoid repeated evaluation of identical
basis patterns) [2, 3].

Applying these ideas to THB-splines is challenging because they do not exhibit a simple local tensor-product
structure: truncation changes the active basis locally across refinement levels, breaking the straightforward
separability exploited by standard algorithms. To address this, we introduce an efficient assembly method
tailored to THB-splines that combines element-wise assembly with sum factorization. The approach organizes
computations to recover as much separable structure as possible at the element level and to reuse localized
operator evaluations across elements with similar active bases.

Our analysis shows that the proposed method achieves improved asymptotic complexity under the condition
that the spline degree p and the inter-element smoothness s satisfy p > 2s. Numerical experiments corroborate
the theoretical findings, demonstrating significant reductions in assembly time and memory traffic without
compromising accuracy.
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