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Abstract Sparse Matrix-Vector Multiplication (SpMV) is a key operation in the fields of high-
performance computing and artificial intelligence large models, and its performance usually has a
significant impact on the improvement of the overall performance of the application. As the scale
of the problem continues to increase and the hardware structure continues to evolve, the
optimization of SpMV faces challenges such as bandwidth limitation and load imbalance, which
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has become the difficulty and focus of improving the performance of many applications. In order to
effectively improve the performance of SpMV, it is necessary to fully tap the potential of the
underlying system architecture and improve the utilization of data transmission bandwidth. At the
same time, efficient sparse matrix storage format is also one of the key factors affecting SpMV
performance. However, the existing storage formats mainly compress zero elements to reduce
memory access, but does not fully utilize the numerical regularity of non-zero elements, leaving
room for further compression and optimization. This paper further compresses the repeated
elements in the non-zero element array in the Compressed Sparse Row (CSR) storage format,
proposes a new sparse matrix storage format (Further Compressed Sparse Row, FCSR), and
designs a heterogeneous parallel algorithm for converting from CSR to FCSR format to minimize
the overhead caused by format conversion. At the same time, this paper designs a heterogeneous
parallel SpMV algorithm based on the FCSR storage format for the SW26010-Pro many-core
processor. The algorithm involves fine-grained task partitioning and parallel optimization,
explores five indirect memory access methods for vector x, and optimizes the algorithm using
double buffering techniques. Finally, we select sparse matrices from the SuiteSparse matrix set for
testing. Experimental results demonstrate that the proposed heterogeneous many-core SpMV
algorithm based on the FCSR storage format outperforms the controller corevision, achieving a
maximum speedup of 43. 11 and an average speedup of 7. 56. The highest bandwidth utilization of
the test matrix reached 91. 13%, and the average bandwidth utilization was 26. 27%. In addition,
this paper compares the performance of SpMV algorithms based on FCSR storage format and
CSR storage format. On the premise that both are fully optimized, the average speedup ratio of
the SpMV algorithm based on the FCSR storage format to the SpMV algorithm based on the CSR
storage format reaches 1.19. The FCSR storage format and its format conversion algorithm
proposed in this paper are not limited to a specific platform and can be applied to a variety of
mainstream multi-core/many-core processors. At the same time, the SpMV heterogeneous
parallel algorithm based on the FCSR storage format proposed in this paper can be implemented
on similar heterogeneous processors such as SW26010. Among them, the applicability of indirect
memory access methods of various vectors on different platforms is different, and it needs to be
selected according to the actual situation when applied. SpMV calculations are widely used in
natural language processing, deep learning, image processing and other fields. For matrix-vector
multiplication calculations with high matrix compression rate, FCSR format can be considered for
storage and calculation. On the other hand, as more and more artificial intelligence problems
migrate to heterogeneous platforms such as SW26010-Pro, the SpMV optimization solution
proposed in this paper has important reference significance for solving such problems.

Keywords sparse matrix-vector multiplication; SW26010-Pro multicore processor; new sparse
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Background

Sparse matrix-vector multiplication (SpMV) plays a vital
role in science and engineering, and is widely used in different
fields such as meteorological simulation, signal processing, fluid
mechanics, and machine learning. With the continuous increase
in the scale of problems and the continuous evolution of hardware
structures, the optimization of SpMV faces challenges such as
bandwidth limitation and load imbalance.

Efficient sparse matrix storage format is an important factor
affecting the performance of SpMV. However, the existing
storage format mainly compresses zero elements to reduce
memory access, and does not fully utilize the numerical regularity
of non-zero elements. Therefore, there is still room for further
compression and optimization. On the other hand, SW26010-Pro
is a new generation of Shenwei heterogeneous multi-core
processor independently developed by my country. Compared
with the SW26010 processor, its hardware characteristics have
been greatly improved. The existing optimization scheme on
SW26010 1s not enough to give full play to the hardware
characteristics of SW26010-Pro.

First, based on the CSR storage format, this paper further
compresses the non-zero element part and proposes a new sparse
matrix storage format FCSR. At the same time, we designed a

heterogeneous parallel algorithm for converting from CSR to

generation and optimization.
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heterogeneous parallelism, and FFT-related algorithm
research.
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FCSR format to reduce the overhead in the conversion process.
The format conversion algorithm has good portability and can be
applied on various multi-core/many-core platforms.

At the
characteristics of the domestic SW26010-Pro platform, proposes

same time, this paper deeply analyzes the
a SpMV parallel algorithm based on the FCSR storage format,
performs fine-grained task division and parallel optimization
design on SpMV, explores various indirect memory access
methods of vector x, and further optimizes the algorithm using
double buffering technology. The heterogeneous many-core
SpMV algorithm based on FCSR storage format proposed in this
paper has significantly improved performance compared with the
controller corevision; it also has obvious performance compared
with the heterogeneous many-core SpMV algorithm based on
CSR storage format with the same optimization technology. The
SpMV heterogeneous parallel algorithm based on FCSR storage
format proposed in this paper can be implemented on similar
heterogeneous hardware platforms such as SW26010.
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