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Power-knob Features in the A64FX Chip

Figure 1. Node-hour breakdown by power knob mode

The A64FX chip used in Fugaku is equipped with CPU power control mechanisms (power knobs). 
The available features are:
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Figure 2. Average power per node over phases
(orange line: median, red diamond: mean)

Power-saving Approach for Active Nodes
• Method: Power knobs and core retention during job execution
• Results (Fig. 1): Distribution of node-hours by power knob mode from Mar. 2021 to Dec. 2025
▪ Started with opt-in retention for small jobs
▪ Gradually expanded default coverage of core retention
▪ Culminated in boost-eco mode as the default setting

• Results (Fig.2): Average power per node across implementation phases
▪ Clear downward trend in average node power consumption from Phase0 to Phase4
▪ Overall reduction of 29.4%
▪ Variance (box size and whisker length) remains relatively consistent across phases, indicating di-

verse job workloads.
▪ The median tends to be higher than the mean in later phases, suggesting a distribution skewed 

toward lower power values.

Power-saving Approach for Idle Nodes
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Summary and Future Work

Evaluation of Boost-eco Mode (Phase3-2→Phase4)

Introduction
Backgrounds:
• Electricity accounts for the majority of OPEX in HPC data centers.
• The A64FX chip used in Fugaku provides power control mechanisms [1].
• Cooling equipment (such as chillers) cannot respond to rapid power fluctuations, making system-wide 

simultaneous implementation risky.

Objective:
Analyze the phased implementation of power-saving features from 2021 to 2025, and evaluate the im-
plementation approach from the system operator's perspective, rather than the user-side incentive per-
spective (as in related work [2]).

Strategy:
• Power-saving approach in Fugaku:
▪ Active nodes (nodes allocated to jobs during execution)
◦ Method: Power knobs and core retention
◦ Metric: Energy consumption (econ2) obtained via Power API from the job scheduler

▪ Idle nodes (nodes not allocated to jobs)
◦ Method: Node retention
◦ Metric: Total system power consumption measured via facility-side power meters (Azbil)

• Method: Node retention - transition idle nodes to low-power state when not allocated to jobs
• Measurement:
▪ Average node power including idle nodes is calculated from facility-side power meters (Azbil) on the 

computer building 3rd floor, dividing by the number of active (powered-on) nodes only.
▪ Cross-check via two independent measurement systems (top-down vs bottom-up)

• Results (Fig. 3):
▪ Facility-side power meters and Power API showed consistent trends
▪ The 3rd floor includes loads other than compute racks. (Azbil > Power API/econ2)

1.  Overall trends (entire period)
▪ Average node power decreased by 29.4% (113W → 79.8W)
▪ Facility-side power meters and Power API showed consistent trends

2. Boost-eco mode evaluation (Phase3-2 → Phase4)
▪ [All jobs (No clustering)]
◦ Average node power: 84.3W → 79.8W (5.4% reduction)
◦ Node energy consumption per job: slightly decreased
◦ Elapsed time: slightly increased
◦ EDP: slightly increased

▪ [Job-type cluster analysis]
◦ Compute-intensive jobs (C1, 19.6%): degraded
◦ Other job types (C2-C5, 77%): improved
◦ C1 jobs increased 1.5x from Phase3-2 to Phase4, impacting overall trends

3. Future Work
▪ Optimize boost-eco application strategy for compute-intensive jobs

Figure 5. Feature selection via correlation anal-
ysis and hierarchical clustering

Figure 3. Trends in average node power consumption 
(Azbil vs Power API)

Table 2. Power-knob mode configurations

Table 1. A64FX power control features

These features are independent parameters that can be combined to customize power-saving modes.
This study utilizes three power knob features. Four modes × retention (ON/OFF) = eight configurations.

Table 4. Node retention coverage expansion

Table 5. Clustering analysis workflow for boost-eco evaluation

Table 3. Phases of power-saving implementation

▪ Boost-eco mode:
◦ Reduce power consumption while minimizing perfor-

mance impact
▪ Results (Fig. 4):
◦ Node energy consumption per job
▫ Slightly improved

◦ Elapsed time
▫ Slightly increased

◦ Energy delay product
▫ Slightly increased

▪ Question:
◦ Did boost-eco mode improve energy e�ciency 

across all job types?

Figure 4. All jobs: Phase3-2 vs Phase4
(standardized values, orange line: median, red diamond: mean)

Figure 6. Phase3-2 to Phase4 comparison by job-type cluster
(orange line: median, red diamond: mean)

Table 6. Job-type comparison (Phase3-2→Phase4)

Welch's t-tests were conducted, and results showing no statistically 
significant di�erence are denoted as n.s. (not significant).

~

Preliminary: All Jobs

Methods

Results

Key Findings:
• Boost-eco mode benefits most job types (77%)
• Compute-intensive jobs (C1, 19.6%) showed degradation
• C1 jobs increased by 1.5x in Phase4, impacting overall 

metrics

C0 (I/O cache locality/short range access) C1 (compute intensive, high FLOPS)

C2 (lightweight, low-resource) C3 (large scale parallel, sync-wait)

C4 (I/O bottleneck) C5 (memory intensive, high throughput)
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Table 7. Definition of evaluation metrics
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