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Abstract  With the continuous growth of high-performance computing demands, many-core pro-
cessors have become a crucial technological direction for solving large-scale parallel computing
problems. However, the widening performance gap between processor computational capabilities
and memory access speeds has created the “memory wall” problem, which severely constrains
overall system performance. As a representative of domestic heterogeneous many-core proces-
sors, MT-3000 adopts a software-managed on-chip memory architecture, and its complex memo-
ry hierarchy presents significant challenges for memory access optimization. To address three
critical challenges in memory access optimization research for MT-3000 many-core processors—
coarse-grained memory access characterization, insufficient generality of optimization strategies,
and lack of automated optimization frameworks—this paper proposes a feature-driven SM (Scalar

Memory) cache acceleration framework for memory access optimization.
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The proposed framework comprises three core modules. First, MACE-C, a memory access
characteristic extraction module based on Clang AST, combines static code analysis, dynamic
runtime monitoring, and statistical feature analysis. Through source-code-level instrumentation
techniques, it captures the memory access address sequence of each variable, computes key met-
rics including access stride distribution, access density, and spatial locality, thereby achieving
precise characterization of variable-level memory access behaviors throughout their entire lifecy-
cle. Second, MT-cache, an adaptive cache management strategy library, designs three comple-
mentary software cache management strategies tailored to MT-3000 architecture characteristics:
bulk caching for high-density small data blocks, single-buffer for sequential access patterns with
good locality, and direct mapping for irregular access patterns. Through unified macro interfaces
that encapsulate underlying DMA communication and cache replacement logic, MT-cache effec-
tively reduces programming complexity for developers. Third, LADWIM (Locality-Aware and
Density-Weighted Allocation Strategy and Parameter Inference Model) , a strategy inference mod-
el based on locality awareness and density-weighted allocation, constructs memory access feature
vectors, calculates spatial partition factors, and executes multi-variable joint optimization algo-
rithms to enable fully automated derivation from memory access characteristics to cache strategy
selection and parameter configuration, eliminating dependence on manual expertise.

Comprehensive experimental evaluations were conducted on both benchmark suites and real-
world applications. Experimental results on the PolyBench benchmark suite demonstrate that the
framework achieves up to 73 X speedup for linear algebra algorithms, with significant perform-
ance improvements also observed for data mining and convolution algorithms. On the X-Blue aer-
o-engine internal flow numerical simulation application, the framework realizes 87 % overall per-
formance improvement on a single node and achieves 97% performance enhancement at the ten-
thousand-core scale in distributed computing environments, validating the framework’s excellent
scalability. Compared with similar traditional manual optimization methods, the proposed frame-
work achieves a maximum speedup improvement of approximately 72.9% while significantly
lowering the optimization barrier. The strategy selection validation experiments confirm that
LADWIM correctly identifies the optimal caching strategy for variables with different access pat-
terns, and parameter inference validation shows that the model-recommended configurations a-
chieve performance within 0. 5% of exhaustive search results. Furthermore, the framework dem-
onstrates good architectural adaptability and can be extended to other many-core processor plat-
forms with software-managed on-chip memory, such as the Sunway SW26010 series processors.

The experimental results indicate that this framework effectively addresses the high thresh-
old and low generality problems of memory access optimization on the MT-3000 platform, provi-
ding a systematic optimization solution for high-performance computing applications on domestic

many-core processors.
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Background

Memory access optimization for many-core processors
represents a critical challenge in the field of high-performance
computing (HPC). As the performance gap between proces-
sor computational capabilities and memory access speeds con-
tinues to widen, the “memory wall” problem has become in-
creasingly prominent, particularly in many-core environ-
ments where multiple computing cores compete for limited
memory bandwidth simultaneously.

Internationally, memory access optimization research
has primarily focused on GPU architectures and traditional
multi-core processors, with optimization methods including
specialized memory optimization, register blocking, memory
coalescing, spatial blocking, and data prefetching tech-
niques. However, these approaches are typically designed for
specific hardware architectures and require deep understand-
ing of computer architecture, making them difficult to direct-
ly apply to domestic many-core processors like MT-3000.

This paper addresses the high threshold and lack of uni-
versal methods for memory access optimization on MT-3000
many-core processors by proposing a feature-driven cache ac-
celeration framework. The framework achieves up to 73 X
speedup for linear algebra algorithms on PolyBench bench-
mark suite and realizes 87% overall performance improve-
ment on the X-Blue aero-engine numerical simulation applica-
tion, with 97% performance enhancement at many-core

scale, compared with similar traditional manual optimization
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methods, the proposed framework achieves a maximum
speedup improvement of approximately 72. 9 %.

Within this broader research framework, our work spe-
cifically targets the memory access optimization challenges
that significantly impact the performance of large-scale paral-
lel applications on domestic many-core processors. This pa-
per’s contribution provides an automated feature-driven opti-
mization approach that not only enhances the performance
potential of MT-3000 processors but also establishes a foun-
dation for developing comprehensive performance optimiza-
tion toolchains for new-generation domestic supercomputing
systems, ultimately supporting the strategic goal of techno-
logical independence in high-performance computing infra-
structure.

Within this broader research framework, our work spe-
cifically targets the memory access optimization challenges
that significantly impact the performance of large-scale paral-
lel applications on domestic many-core processors. This pa-
per’s contribution provides an automated feature-driven opti-
mization approach that not only enhances the performance
potential of MT-3000 processors but also establishes a foun-
dation for developing comprehensive performance optimiza-
tion toolchains for new-generation domestic supercomputing
systems, ultimately supporting the strategic goal of techno-
logical independence in high-performance computing infra-

structure.





