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Impact and analysis of process variations in high—performance
computing systems
HE Peng

(College of Information Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract; With the evolution of semiconductor manufacturing technologies progressing towards more advanced process nodes,
minute process variations have an increasingly significant impact on the performance of the chip and its power consumption.
Constrained by process variations, numerous hardware components exhibit significantly different energy efficiency ratios in a high—
performance computing system. These variations persist across various hardware devices, profoundly affecting the system’s
performance and power consumption. The impact of the process variation is described and analyzed by focusing on the multiple types
of hardware devices in the system, including computation, storage, and network units. The analysis reveals that process variations
substantially affect the energy consumption of the entire system with an abundant power supply. However, under power constraints,
such process variations degrade the system’s performance. Ultimately, the strategies to mitigate the above problems are briefly
expounded, along with their effectiveness.
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Table 1 Parameters of the top five systems on the TOP500 list ( Nov. 13, 2023)

Rank System CPU Accelerator Cores Rmax( PFLOPS) Power/kW
1 Frontier AMD Optimized 3™ Gen EPYC AMD Instinct MI250X 8 699 904 1.194.00 22 703
2 Aurora Intel Xeon CPU Max 9470 Intel Data Center GPU Max 4 742 808 585.34 24 687
3 Eagle Intel Xeon Platinum 8480C NVIDIA H100 1 123 200 561.20 N/A
4 Fugaku A64FX 7 630 848 442.01 29 899
5 LUMI AMD Optimized 3™ Gen EPYC AMD Instinct MI250X 2 752 704 379.70 7107
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Fig. 2 Parameter variability under different process node conditions
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