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Software Energy Consumption
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Experiment Setup
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Experimental Results — External vs. Internal Power

175 - = APS

g
150 H~

TITITL
125 A

AP (W)

75

50 A

25

0 690 1050 1440 1680
Load Level (T/s)

I—I I\/l ‘ How accurate are current tools and models for software energy consumption?
Prof. Dr. Andreas Brunnert 8



Transactions: T1 .. T

/

A 4 A\ 4

Process

Container

Container
runtime

Operating system

v

Hardware

HM®

Electricity grid

;
!

External measurements:
100%

How accurate are current tools and models for software energy consumption?
Prof. Dr. Andreas Brunnert

Experimental Results — Accuracy Overview
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Experimental Results — Accuracy Overview per Tool
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Summary and Conclusions

Accuracy of tools:
Container/process level: 16—65%
Transaction level: 45-64%
Kepler and Scaphandre show a significant underestimation at low CPU utilization
—> as this is very common scenario in data centers you must account for this using idle power distribution

Limitations of RAPL-based tools:
Capture only CPU & DRAM power
Miss network, storage — measure only 53-66% of total system power.

Model-based approaches:
OTJAE shows accuracy comparable to RAPL-based tools
Promising for cloud environments without hardware access.
-> this enables the possibility to more easily represent additional resources

Open Challenges:

We lack good models for non-compute-bound workloads. These include workloads relating to memory, storage and network
energy consumption.

The way in which resources are split is often not user-friendly (e.g. how is idle power draw split among components?).
Further analysis is required to improve the accuracy of attributing concurrent workloads to the same system.
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