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MOTIVATION
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ENERGY VS. POWER

3

ÅPower (w) ðrate (or effort) at which that work is done

ÅEnergy (J) ðamount of work done

ÅPower can change constantly while Energy is the accumulation

Energy = Power x Seconds 

Power

Energy

100W360,000 J = x 3,600s



ENERGY EFFICIENT SOFTWARE

ÅProgrammers problems:

Å How to analyze

Å How to interpret

Å How to improve

ÅResearchers problem:

Å How to provide information to developers
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Mining questions about software energy consumption
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Integrated energy-directed test suite optimization
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THECHALLENGE
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STATICENERGYANALYSIS
WHY?

ÅDynamic can be too costly

1. Build application + tests

2. Intrument app and/ or tests

3. Run tests

4. Gather measurements and analyze them

5. Repeat N times

ÅôMõapps -> Repeat all ôMõ times

ÅAre all cases covered?
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STATICENERGYANALYSIS
HOW?

ÅHow is it done for execution time?

Å WCET ðWorst Case Execution Time

ÅCan we do the same for energy?
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STATICENERGYEXECUTIONTIME ANALYSIS
HOW?
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How exactly does WCET works?
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IPET ðIMPLICITPATHENUMERATIONTECHNIQUE
A.K.A CONSTRAINT GENERATOR

ÅEachnode has:

Å A count variable, ôxõ

Å A cost variable, ôtõ

ÅEachedge has:

Å A count variable, ôxõ

Å 4 Simple but strong premises:

1. Start and end nodes accessedexactly 1 time

2. #x of node i = sum (#x of all pred. of i)

3. #x of node i = sum (#x of all succ. of i)

4. Loops must have na upper bound
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STATICENERGYANALYSIS
HOW?
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How exactly does WCEC works?
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ENERGYMODEL

HOWTO BUILDIT?
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BUILDINGTHEENERGYMODEL

Å Two types of instructions:

Å Path-Independent:

Å x=1;

Å i++;

Å a=2*b;

Å return 0;

Å Path-Dependent:

Å Allocations: malloc ( sizeof ( int )) Ímalloc ( sizeof ( double ))

Å Systemcalls: scanf ƽƧ˧Äƨ, &a) Íscanf (Ƨ˧Æƨ, &a)

Å Other functions : strcmp (...) , atoi (...) , sizeof (...) , ...

ÅSome instructions depend on others:

Å ôint x = z;õ depends on the declaration of z

Å ôprintf (Ƨ˧Äƨ, a); õ assumes a has a previous assignedvalue
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BUILDINGTHEENERGYMODEL

ÅPath-Independent:

Å Execute N times

Å Repeat M times, measure each time and sum all

Å At the end: energy = (sum/M/N) Ƶdependencies

ÅPath-Dependent:

Å Execute N times

Å Repeat M times, measure each time

Å At the end: energy = max(all measures) Ƶdependencies
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SOFTWARE PRODUCTLINES

THECASE STUDY
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SOFTWARE PRODUCTLINE
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ñ(é) a set of relatedsoftware products(é) 
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STATICENERGYANALYSIS
THIS TIME, FOR SPL!
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Intraprocedural Dataflow Analysis for Software Product Lines

- [AOSD '12]



RESULTS
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PRELIMINARYRESULTS

ÅA SPL with 7 (exclusive) features

Results submited to SPLCõ17 ðSoftware Product Lines Conference, 21st edition : 

òProducts go green: Worst -Case Energy Consumption in Software Product Lines ó
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WHATNOW?

Å This work was focused on accuracy

ÅTechniqueõsperformance could be improved...

Å Main reason: shared constraints are re-calculated for every product
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WHATNOW?

ÅAccuracy can also be improved!

Å Include a machine behavior analysis

Å -> different energy consumptions per instruction

Å Consider lower abstraction level

Å For now, we analyzed Ccode

ÅApply technique to different contexts

Å Mobile?

Å Embedded?

Å ???
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