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Abstract  Numerical simulation is an important trigger for the development of modern science
and technology. Meanwhile, solving large-scale linear systems with the iterative methods is widely
used in nowadays numerical simulations and is regarded as one of the most time-consuming com-
ponents. During the solving process, the sparse matrix-vector multiplication (Ax=5b, where A is
a sparse matrix and both x and b are vectors; abbreviated as SpMV) is one of the most critical
computing kernels. The inherent issues of SpMV, such as the poor data-locality, write-conflict, and
load-imbalance, hinder the high performance achieved. Moreover, the design features of recent
Chinese home-grown many-core processor Shenwei 26010, including cache-less and inefficient
fine-grained memory access, make the implementation optimization of SpMV even more difficult.
This work focuses on developing high-performance sparse matrix-vector multiplication algorithm,
well exploiting the parallelism of thread-level and effectively resolving the issues mentioned on
Shenwei 26010.
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In order to achieve high performance of SpMV on Shenwei 26010, this paper designed a many-core
SpMYV algorithm based on hierarchical blocking. First, the matrix is divided into several matrix
bands by rows. Every matrix band is assigned to at most one row of CPE cluster of SW26010 for
calculation according to greedy strategy. This task allocation scheme can ensure load-balance
across different rows of CPE cluster as much as possible. Second, the CPEs in the same row
share the value of the vector b through register-level communication, and only the selected lead-
ing CPE writes the result back to memory. This method solves the problem of write-conflict.
Third, each matrix band is equally divided into several sub-matrices according to the number of
non-zero elements. And the sub-matrices are assigned to CPEs in the same row of CPE cluster for
calculation. In this way, the load-balance across CPEs is also guaranteed. Finally, the sub-
matrices are further divided into several small matrix blocks due to the limited size of the SPM.
The small matrix blocks are reordered in memory according to the calculation order of each CPE.
And the CPE loads both the non-zero elements in the matrix block and the associated elements in
vector x together so that the cache checking before calculation can be avoided and also the data
locality is well improved. Since the storage format of the matrix blocks in the memory is all
reordered according to the calculation order, for each CPE, both the access to the non-zero
elements of matrix blocks and the access to the vector x can be continuous and coarse-grained.
With the above algorithm, both the inherent issues of SpMV and the difficulties of implementa-
tion optimization over Shenwei 26010 are all effectively resolved.

By evaluation with all the 2710 benchmarks from Suite Sparse Collection, the proposed algorithm
can achieve an average speedup of 11. 7 and the best speedup of 55. 0, compared with the sequen-
tial method on the MPE of Shenwei 26010. Given that the total memory bandwidth of CPEs is
only five times that of management processing element, it is quite good to achieve such speedups.

This work is supported by Science and Technology Fund of State Grid of China (Research
and Development of High-Performance Computing Technology for Power System Applications).
Keywords Sunway many-core architecture; sparse-matrix computation; Sparse Matrix-Vector

Multiplication; Matrix format; parallel computing
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the sparse matrix, x is the known vector, and b on the right
side represents the result vector obtained after calculation.
The top left part of Fig. 2 shows a simple example of SpMV.

Because the number of non-zero elements in the sparse matrix
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is very rare, specific storage formats need to be designed for
skipping out zero elements. Selecting and using an appropriate
storage structure to store the non-zero elements in sparse
matrix will directly affect the performance of SpMV as well
as other computing kernels of sparse matrix.

Currently, there are four basic matrix storage formats,
named Coordinate list (COO), Compressed Sparse Column
(CSC), Compressed Sparse Row (CSR) and ELLPACK'/,
respectively shown in Figs. 2 and 3. The COO format uses
triples to store each non-zero element; Both CSR and CSC
compress the row or column coordinates on the basis of
COO. The ELLPACK format is similar to the way that dense
matrices are stored, except that the number of columns of the
matrix is compressed.

Algorithm 1 is a sequential SpMV algorithm using CSR
format, which is also the core calculation process in many
related works. In Algorithml, only line 4 involves computa-
tion, which introduces three inherent issues for implementing
high performance SpMV .

Poor data-locality; No matter which format is used to
store the sparse matrix, at least one of the access to vector b
or vector x is random and discontinuous, so the data locality
is poor.

Write-conflict; In parallel implementation, if the
calculations of an element in vector b are assigned to different
threads, it will introduce write conflicts when multiple

threads write the same element.

Load-imbalance: The number of non-zero elements con-
tained in each row may be quite different. When the
sequential algorithm is refactored to the parallel one, the task
is not easy to be divided into balanced workloads. And this
problem will become more and more serious with the increase
of the number of cores and threads.

In recent years, there have been many research works
trying to resolve the issues mentioned above over different
kinds of architectures. Especially, for Chinese home-grown
many-core processor Shenwei 26010, Refs. [19-20] presented
the specific tiling or blocking schemes to improve the reuse of
vector x as well as improve performance of SpMV. However,
these blocking strategies are more aimed at exploring concurren-
cy, improving locality and increasing the granularity of data
access, but lack of comprehensive consideration for the issue
of load-imbalance.

Our contribution is to implement an efficient SpMV
algorithm on Shenwei26010. By hierarchically dividing the
original sparse matrix into matrix blocks and well reorgani-
zing the blocks in memory with calculation order, the proposed
algorithm can well resolve the inherent issues of SpMV at the
same time and also can easily present high performance im-
plementation on Shenwei26010. By evaluation with all the
2710 benchmarks from SuiteSparse Collection, the proposed
method can achieve an average speedup of 11.7 and the best
speedup of 55.0, compared with the sequential method on

the management processing element of Shenwei 26010.





