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ENERGY 

2

A First-Class Design Constraint in All Computing Platforms  



ENERGY MEASUREMENT/ESTIMATION

Accurately measuring energy consumption of an application during its execution is a 

key to application-level energy optimization techniques

Dominant Approaches 
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Physical measurements using external 

power-meters and on-chip sensors

Software Models



PMC BASED MODELS

Majority of energy predictive software models are linear predominantly use performance 

events or performance monitoring counters (PMCs) to predict energy consumption

Issues with PMC based Models

• Large number of PMCs to consider

• Require tremendous programming effort and time to collect PMCs

• Pure PMC based model lacks portability
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PMC BASED MODELS (CONT.)

Our focus is mainly on techniques employed to extract a subset of PMCs suitable for 

linear energy predictive modelling

Categorizing existing techniques to select a subset of PMCs

• Techniques that consider all PMCs to capture all possible contributors to energy consumption

• Techniques that are based on a statistical methodology

• Techniques that use expert advice or intuition to pick a subset

What is missing?
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ADDITIVITY

A selection criteria to determine a set of PMCs that can potentially be used for reliable energy 

predictive modeling

Based on an experimental observation: Energy consumption of a serial execution of two 

applications is the sum of energy consumptions observed for the individual execution of each 

application

The additivity is based on simple and intuitive rule that the value of a PMC for a compound 

application is equal to the sum of its values for the executions of the base applications constituting 

the compound application

• If the experimentally observed PMCs (sample means) of two base applications are 𝑒1 and 𝑒2

respectively, then a non-additive PMC of the compound application will exhibit a count 

experimentally that does not lie between (𝑒1 + 𝑒2)(1 − 𝑒) and (𝑒1 + 𝑒2) (1 + 𝑒), where the 

tolerance, 𝑒 = 0.05
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ADDITIVITY (CONT.)

We brand a PMC non-additive on a platform if there exists a compound application for which 

the calculated value significantly differs from the value observed for the application execution 

on the platform (within a tolerance of 5.0%).

If we fail to find a compound application (typically from a sufficiently large suite of compound 

applications) for which the additivity criterion is not satisfied, we term the PMC as potentially

additive, which means that it can potentially be used for reliable energy predictive modeling.

By definition, a potentially additive PMC must be deterministic and reproducible, that is, it must 

exhibit the same value (within a tolerance of 5.0%) for different executions of the same 

application with same runtime configuration on the same platform.

The use of a non-additive PMC as a predictor variable in a model renders it inconsistent and 

therefore unreliable.
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EXPERIMENTAL SETUP

We study the additivity of PMCs offered by two popular tools, Likwid and PAPI, by 

employing a detailed statistical experimental methodology on a modern Intel Haswell 

multicore server CPU
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EXPERIMENTAL SETUP (CONT.)

SLOPE-PMC: Towards the Automation of PMCs Collection for Intel Based Multicore 

Platforms

https://git.ucd.ie/hcl/SLOPE/tree/master/SLOPE-PMC

SLOPE-PMC-LIKWID

SLOPE-PMC-PAPI
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https://git.ucd.ie/hcl/SLOPE/tree/master/SLOPE-PMC


ADDITIVITY TEST FOR LIKWID PMCS

List of potentially additive PMCs
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ADDITIVITY TEST FOR LIKWID PMCS (CONT.)

List of non-additive PMCs
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ADDITIVITY TEST FOR PAPI PMCS

List of potentially additive PMCs
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ADDITIVITY TEST FOR PAPI PMCS (CONT.)

List of non-additive PMCs
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DISCUSSIONS

• For Likwid PMCs, out of a total of 151 PMCs, 43 PMCs are non-additive

• For PAPI PMCs,17 PMCs out of a total of 53 PMCs are non-additive

• If we increase the tolerance to about 20%, then only 8 non-additive Likwid PMCs will 

become potentially additive. For PAPI, only two non-additive PMCs will become potentially 

additive. Increasing the tolerance to about 30% results in other 3 non-additive Likwid PMCs 

and 5 non-additive PAPI PMCs becoming potentially additive

• Some of these PMCs have been used as key predictor variables in energy predictive 

models

• To summarize, the non-additive PMCs that exceed a specified tolerance must be excluded from 

the list of PMCs to be considered as predictor variables for energy predictive modeling, because 

they can potentially damage the prediction accuracy of these models due to their highly non-

deterministic nature. Also the list of potentially additive PMCs must be further tested exhaustively 

for more diverse applications and platforms to secure more confidence in their additivity. 14
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