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In this study, we enhanced the HACApK, which is a library for H-matrices:
the dynamic load balancing technique is introduced for H-matrix generation, and algorithms of
H-matrix-vector multiplication for GPU computing and mixed-precision computing are developed and
implemented. These new implementations are several to ten times faster than existing HACApK. We
proposed a novel variant of low-rank structured matrices, called “ lattice H-matrices” , which allow

the construction of efficient operation and communication patterns compared to the conventional
H-matrices. In numerical experiments for performing H-matrix-vector multiplications, the lattice
H-matrices is several tens of times faster than the normal H-matrices when several thousand
processes are used. Moreover, we developed an LU decomposition method based on the lattice
H-matrices, and a QR decomposition method for the BLR matrices which is a simple version of lattice
H-matrices. We also proposed their parallelization algorithms.
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