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[ Abstract] Manycore has become the mainstream processor architecture for building HPC supercomputer systems,
providing powerful computing power for High Performance Computing(HPC) exascale supercomputers. With the
increasing number of cores integrated on manycore processor chips, the competition for large-scale cores for memory
resources has become more intense. Manycore on-chip memory hierarchy is an important structure that alleviates the
"memory wall" problem, aids HPC applications better play the computing advantages of manycore processors, and
improves the performance of practical applications. The design has a significant impact on the performance, power

consumption, and area of an on-chip system. The design of a many-call on-chip memory hierarchy has a significant
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impact on the performance, power consumption, and area of manycore systems. It is an important part of the structural
design of manycore systems and is a research interest in the industry. Owing to the differences in the development
history of manycore chips, the design technology of on-chip microarchitecture, and the different requirements of the
application fields, the current HPC mainstream manycore on-chip storage hierarchy is different; however, from the
perspective of horizontal comparison and the vertical development trend of each processor, as well as from the changes
in application requirements brought by the continuous integration and development of HPC, data science, and machine
learning, the hybrid structure of the SPM+Cache would most likely become the mainstream choice for the on-chip
storage hierarchy designs of manycore processors in HPC exascale supercomputer systems in the future. For exascale
computing software and algorithms, the designs and optimization based on the characteristics of the manycore memory
hierarchy can aid HPC applications benefit from the computing advantages of manycore processors, thus effectively
improving the performance of practical applications. Therefore, software, algorithm design, and optimization technology
for the characteristics of the manycore on-chip storage hierarchy. is“also a research interest in the industry. This study
first partitioned the on-chip memory hierarchy into multilevel Cache;SPM ,and SPM+Cache hybrid structures according
to different organizations, and then summarized and analyzed the advantages and disadvantages of these structures. This
study analyzed the current status and development trend of the memory hierarchy designs of the chips of mainstream
exascale supercomputer systems, such as the international mainstream GPU, homogeneous manycore, and. domestic
manycore. In summary, the research status of software and hardware technologies is related to the design. and
optimization of the memory hierarchy from the manycore of the manycore LLC management and cache consistency
protocol, SPM management and data movement optimization, and the global perspective optimization of the'SPM+cache
hybrid architecture. Thus, this study looks forwatd to the future research direction of on-chip memory hierarchy based on
different perspectives, such as-hardware, software, and algorithm designs.

[Key words] Exascale supefcomputer; manycore processor; storage hierarchy; High Performance Computing (HPC) ;
Scratchpad Memory(SPM ) ; LastLevel Cache(LLC)
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Fig.9 The storage hierarchy of the new generation of Shenwei manycore processors
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Table 2 On-chip storage hierarchy on mainstream manycore processor
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