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For questions or to provide feedback about the methodology, software tools or this website, email Matthew Walker (mw9g09@ecs.soton.ac.uk)
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Model A:
MPE:
-51%

Model B:
MPE:
+10%

Automatic Gem5 Model Hardware-
Validation and Error Identification

1) Effective run-time system energy-optimisation requires accurate online power estimations
Problem: existing models do not cope with the wide range of workloads

2) Research and design-space exploration requires representative performance and energy simulators
Problem: Existing simulators have large errors, which are not understood by users – incorrect 

research results and conclusions

Compares hardware data with gem5 simulations and uses hierarchical cluster 
analysis, correlation analysis, regression analysis and microbenchmarks to:
1) Evaluate the accuracy of the model for different types of workloads
2) Identify sources of error for iterative model improvement
3) Allows a user to understand the model’s  limitations and evaluate its 
suitability for its intended use-case
4) Enables checking of simulator changes, e.g. the graphs below show two 
different versions of the same gem5 model (Model A with a bug that went 
unnoticed).

Accurate and Stable Run-Time 
Power Modelling

02/03/2016, 17:50Graph Test:Run-Time Power Modelling
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Empirical model building methodology focusses on achieving 
stability in the coefficients, enabling the model to work on a wide 
range of workloads. 

The automated PMC power modelling methodology uniquely:
• Reduces multicollinearity using the Variance Inflation Factor 

(VIF), statistical significance and the coefficient of determination 
before making input transformations

• Formulated to work at any DVFS level and breaks down static 
power, dynamic activity power, and the constant dynamic power.

• Raises and overcomes the inherent problem of 
heteroscedasticity

• Models the effects of the non-ideal behaviour of the voltage 
regulator and measures the impact on model accuracy

• Models the effects of CPU temperature on the power 
consumption

Arm Cortex-A7 MAPE: 3.8%, Arm Cortex-A15 MAPE: 2.7%
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For questions or to provide feedback about the methodology, software tools or this website, email Matthew Walker (mw9g09@ecs.soton.ac.uk)

Hardware-Validated Energy Simulation
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Accurate and representative energy simulation: hardware-validated gem5 
performance models + empirical PMC models

Power model comparison applied to PMC data (left bars) and 
gem5 Model A data (right) across different workload clusters. 

Validation of performance and 
energy scaling across DVFS level 
and microarchitectures

Conclusion

powmon.ecs.soton.ac.uk

Novel methodologies for:
1. building accurate and stable run-time power 

models, and 
2. automatically validating gem5 models against 

hardware and identifying sources of error.
The result is accurate run-time power estimation 
for run-time management and representative 
system simulation for design-space exploration. 

Six open-source software tools for:
1. Recording PMC data for both ARMv7 and ARMv8 architectures
2. Automating the running of experiments on hardware (workloads, 

core masks, DVFS recording data, etc.)
3. Building power models using the full presented methodology
4. Automating the running of gem5 experiments 
5. Combining gem5 and hardware data, applying analysis and 

identifying sources of error
6. Applying power models to experiment data and/or gem5 data for 

energy analysis

Run-Time Power, Temperature and Reliability 
Estimation using Performance Counters

Matthew Walker, Professor Bashir Al-Hashimi,  Dr Geoff Merrett
{mw9g09, gvm, bmah}@ecs.soton.ac.uk

Electronic and Software Systems Research Group, Electronics and Computer Science
University of Southampton

Run-Time Power Estimation
• Performance counter events (e.g. L2 cache miss, branch 

mis-prediction) correlate well with power consumption;
• Emphasis on responsiveness of estimation (Figure 1);
• Uses: Guiding run-time power saving techniques, 

profiling  software for energy efficiency, and  hardware 
design exploration;

• Use model to extend gem5 for providing verified power 
estimations that can compute run-time power much 
faster than McPAT;

• Research will draw comparisons with McPAT.
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R u n -T i m e Te m p e r a t u r e a n d 
Reliability Estimation

• Close relationship between the power density and 
temperature of a SoC;

• As semiconductor technology scales down in size, 
lifetime reliability decreases drastically;

• Processor rel iabil ity is influenced greatly by 
temperature;

• Can performance counters determine thermal cycling 
(TC) and therefore MMTF due to TC?;

• With run-time knowledge of temperature and reliability, 
a SoC can adapt its operation to improve lifetime 
reliability.

Development Platforms
Four development boards based around ARM SoCs are currently 
being used for experimentation:

PandaBoard

Objectives
• Establish and understand performance counters and 

features instate-of-the-art development boards
• Experimentally build model for estimating power, 

temperature and reliability using performance counters 
and operating system statistics

Workload

Find Correlation

Model (e.g. Linear 
Regression

PMCsPower

Time

Po
w

er

Actual
Model A
Model B

Simplified experiment 
method

Figure 1. Graph demonstrating the 
importance of the "responsiveness" of 
the model.  Model A can be considered 
"more accurate", but Model B is better at 
directing dynamic power management 
techniques.  Adapted from [1].

Model
Performance Counters 
E.g.:
Cycle count
L2 Cache miss
Branch mis-prediction

Power

Model

Performance Counters

Average 
Temperature

Model

Temperature 
Cycling

Mean-time-to-failure MTTF

Above: Power estimation

Right: Temperature and lifetime reliability 
estimation

ODOIRD-XU+E BeagleBoard-xM

ODROID-U2

Accessible 
Performance 

Counters?

Temperature 
Sensors?

ODROID-XU No Per-core
BeagleBoard Yes No
PandaBoard No One (2 cores)
ODROID U2 Yes One (4 cores)


