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Abstract  As it is known to all, Power Wall is one of the biggest challenges that people have to
face when they are building an Exascale computer system. Thousands of works have been done to
reduce the power or energy consumption on all hierarchies of the computer system. However, the
existing studies only focus on the traditional architecture. In the Exascale era, as the scale and
complexity of systems increase, the practicability is not guaranteed. In order to overcome the
aforementioned challenge, we propose a low power management system for the Sunway Exascale
system. The low power management system has a several of innovative technologies, including
the high energy-efficient infrastructure design, the low-power compilation optimization and the
fine-grained power consumption runtime management technology. First, the high energy-
efficient infrastructure design focuses on the power supply and cooling subsystem to achieve the
high efficient power conversion by monitoring the power level of the whole system. Second, the
low-power compilation optimization is proposed to reorder the instruction sequence elegantly
which is based on the innovation design of the underlying architecture. Specifically, the memory
addresses of the instructions are reassigned to reduce the data movement in the high speed LDM
(Local Device Memory). The instructions are also scheduled to meet the constraints of the
register bypassing requirements, and the loop structure is reshaped to let the instructions of the

loop stay in the 1.0 cache as long as possible. We utilize this low-power compilation optimization
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by reducing some redundant operations in the processors in order to improve the power efficiency.
Third, based on the Dark Silicon technology. the fine-grained power consumption runtime
management consists of multilevel low power scheduling in the computer system. In the node
level, with the help of the operating system, an automatic quick switch of the power supply for
each node is introduced according to the status of the node. In the job level, the frequency
adjustment and the sleep/run state management for the many-core array is proposed so that the
many-core processors can be turned into a low power status when no workload needs to be
executed. In the system level, we introduce a hierarchy parallel framework to achieve the power
assignment for the high scale job management, in which the resources are grouped into several
small sets, and the status of the resource group is adjusted individually. What is more, the
proposed low power management system realizes the integration of hardware and software
collaborative energy consumption control under the support of the system power consumption
quantification monitoring technology. Our system shows some great advantages such as multiple
hierarchies, wide coverage and energy saving. We do many experiments on the Sunway Exascale
Prototype Supercomputer and the results show that the low-power management system proposed
in this paper can significantly reduce the power consumption of the system. The system also has
good scalability and can be widely adapted to various scenarios in the large-scale systems. The

low power management system provides a practical way to alleviate the power constraint dilemma

2022 4

in the future Exascale computing field.
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are much severer. Among these challenges, as we all know,
power efficiency is the Achilles” heel. For example, DoE of
U. S. proposed that the performance to power ratio of the
Exascale computer should be at least 50GFLOPS/W, while
the best system in the current GREEN500, A64FX Prototype ,
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can only achieve 16. 8GFLOPS/W. Based on the architecture
of the Sunway supercomputers, our team has proposed and
implemented several state-of-the-art technologies to improve
the power efficiency and the energy efficiency. Software and
hardware are co-designed seamlessly to face the challenge of
the Power Wall. Evaluations on the Sunway Taihulight
system and the Sunway Exascale Prototype system prove
the effectiveness of the proposed technologies.
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