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Sampling-based Power-Measurement Method

MIYUKI ONO™"  MASAO YAMAMOTO"! KOHTA NAKASHIMA™!

Abstract: Power reduction has increasingly become an important problem in HPC systems and data centers. This is because
power consumption is growing in HPC systems and data centers with the increasing systems and workloads. In former works,
concerning the power saving, the methodologies with hardware equipment had been studied well, and hardware
energy-efficiencies have been already well-established. Moreover, the monitoring and control technologies, by the computing
node or the device, have advanced. However, the study is not enough yet; the study on the clarification of the relation between
software behavior and power consumption, and the study on the program optimization from a viewpoint of power saving.
Therefore, for the power optimization of programs, we have been working on the power consumption profile method that
identify the power consumption hotspots on a program code in the function level. In previous our work, we proposed the method
of analysis of software power consumption in the function level, based on time-based sampling which includes data collected
from Intel's Running Average Power Limit (RAPL) interfaces. RAPL is the interface for power consumption monitoring system
and is equipped in CPU. This method requires neither modification of software nor instrumentation for measuring power
consumption. However, time-based sampling does not always sample a power hotspot in a program. That is, its spot represents
for the part where it does not consume much power, but takes much time. In this paper, we propose the power-based sampling, by
which accuracy is higher than time-based sampling, using the performance event of CPU concerning the power consumption as
the base event of sampling. To verify our proposed method, first, we do the event-based sampling measurement four times, using
one performance event at a time out of four performance events correlated to the power consumption. Then, we simulate the
multiple-events-based sampling by combining the four sampling data together. Finally, our profiling results demonstrate the
deviation between expected value and simulated one is lower than 1% on five of six applications. Thereby, we can confirm that
power-based sampling works well.
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Figure 1 Time-based sampling mechanism for power.
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Figure 2 Distribution power consumption to each core.
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Figure 3 Time-based sampling vs power-based sampling.
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Figure 4 Event-based sampling mechanism.
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Table 5 Average of power consumption in multi events.

44X | 3ARUE |24 F
cpu-stress - 1.44 1.01
cpu- A 1E 1.07 1.02 1.00
stream-L 1 1.01 1.00
stream-L2 1.01 1.26
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Table 6 Average of power consumption (time and multi

events)
BEA < | 10ms (5E) | 10ms (10)
cpu-stress 1.01 0.99 0.90
cpu-A1E 1.00 1.01 1.44
stream-L1 1.00 0.96 0.88
stream-L.2 1.01 1.01 0.92
stream-L3 1.00 1.05 1.31
stream-mem 1.04 1.00 1.00
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Figure 5 Map of power consumption in time-based sampling.
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Figure 6 Histogram of power consumption in time-based
sampling.
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Figure 7 Map of power consumption in event-based sampling.
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Table 7 Number of samples.

1 2 3 4
10ms 34821
INST 32839 32829 32849 32856
CLK 27277 | 27290 27355 27378
RESOURCE 57324 57254 57198
L2 24658 23916
Aat 60119 117458 | 141348

BEEIT m10ms W2~k 3 m4Asb
14

2
8
6
4
2
0

stream-L3

B9 SEATHER] (FD)

Figure 9 Execution time.
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Figure 10 Core Power consumption.
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