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What's wrong with T energy consumption ?

It's expensive

For every $1.00 spent on hardware, $0.50 is spent on power & cooling.

[1]Jed Scaramella and Matthew Eastwood. Solution for the datacenter's thermal challenges. IDC, January 2007

[2] Anders Andrae and Tomas Edler. On global electricity usage of communication technologiy: trends to 2030.
Challenges, 2015
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This is expected to grow even more by 2030: up to 23% of total
greenhouse emissions !
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What about energy optimization for DSLs ?
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Considered modeling scenario
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Energy consumption and xDSMLS

The model describes the behaviour of the system. Improving the
model can improve the system's energy consumption.
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Measuring energy consumption of Runtime systems

= Power-meters

Require heavy analysis for correlating metrics with a running
programs.

" 5Pe Pproyiding energy consumption feedbacks requires the help of a
EXp specialist.

= Middleware & Application-level energy monitoring

Requires dynamic analysis, instrumentation and OS tweaking for
enabling measurements from the software.




Research question

How to provide energy consumption feedbacks of runtime platform without
energy measurement tooling and expertise?
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Our contributions

A DSL for specifying energy-consumption estimation formulas.

An extension of the GEMOC modeling workbench to provide
energy consumption estimations of runtime system to DSL Users.
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Example: Petri net modeling scenario
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Example: estimating Petri Net energy consumption
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Defining energy estimation formulas

= Role of the Energy Estimation specialist.
= Requires a thorough study of the operational semantics.

= Can be inferred from multiple model executions with energy
consumption measurements.
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Energy estimation meta-model
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m Formulas are associated to meta-elements of a xDSML.
= They should only focus on one specific platform.

= \Written as OCL Queries, applied to elements of an executable
model that conforms to the decorated xDSML.
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Extension of the GEMOC modeling workbench

Takes an energy estimation model as an extra input.

An additional execution listener performs energy estimation during
the simulation:
o OCL EE formulas are executed on the elements of the model.

The energy estimation is given as a report to the DSL User.

Now s/he can improve the executable model in order to reduce the
energy consumption of the target runtime system.




Implementation: Language workbench

workspace- org.naomod.tblf.petrinet/model/petrinet.ecore - Gemoc Studio
File Edit Navigate Search Project SampleEcoreEditor Run Window Help

W-ERI ~ig®ie v inr ERe 0w vvevly i @fviiviveavavring

= Debug B Project Explorer i Package Explorer 'uJunit B

v
r &
r &
rE
» & Fr.tb|f.energy.estimation.eel.ui.tests
g
r &
r e
» ® Fr.tb|F.energy.estimation.metamodel.editor
r &
g
» # fr.tbIF.energy.measurement.engine
~ #¥ org.naomod.tblf.petrinet
=\ Project Dependencies
» & src-gen
» & src
» =\ JRE System Library
» =\ Plug-in Dependencies
} & META-INF
~ & model
» B petrinet.aird
» 1 petrinet.ecore
» B petrinet.genmodel
& build.properties
B plugin.properties
& plugin.xml
» # org.naomod.tblF.petrinet.design
» # org.naomod.tbIf.petrinet.edit
» # org.naomoed.tblF.petrinet.editor
» & org.naomod.tblf.petrinet.k3dsa
» § org.naomod.tblF.petrinet.xdsml
» & org.naomod.tblFf.petrinet.xtext
» # org.naomod.tblf.petrinet.xtext.ide
» # org.naomod.tblF.petrinet.xtext.tests
» # org.naomod.tblF.petrinet.xtext.ui
» # org.naomod.tblF.petrinet.xtext.ui.tests

Selected Object: NamedElement

@ petrinet.ecore & petrinetAspects.xtend
for (t : _self.transitions)
~ @ platform:/resource/org.naomod.tblf.petrinet/model/petrinet.ecore if (t-canFire) { '
¥ = petrinet +.fire
v B Net->NamedElement ) executed = true
i places:Place 3

= transitions : Transition It wh‘ile (executed)

= first: Place
~ B Place->NamedElement

= tokens : EInt o (className=Place)

e eSarsihen class PlaceAspect extends NamedElementAspect {
~ H Transition-> NamedElement

=input: Place

= : ° (className=Transition)

E.output:Rlace class TransitionAspect extends NamedElementAspect {
~ B NamedElement
= name : EString Booe def public Boolean canFire() {

return _self.input.foralllp | p.tokens = @];

@step
void fire() {
1(_self.name+": fire!");

self.output.forEach[p | {
if ( self.input.forall[it | it.tokens > 8]) {
self.input.forEach[it | {
println("Removing token from "+ it.name)
it.tokens = it.tokens - 1
H
self.output.forkach[it | {
println("Adding token in "+it.name);
it.tokens = it.tokens +

H
H

:Fh"ead.sleeglt, )i

® (className=NamedElement)
class NamedElementAspect [

}
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Implementation: Modeling workbench

runtime-Mw-actdiag - org.naomod.tblf.petrinet.model/model.eel - Gemoc Studio
File Edit Navigate Search Project Run Energy Window Help

E-ER ~ifia pHO.IAr ST Gl h vty iBReY S virkarai g

: Package Explorer BS v

& testixsad B testsxsad B modeleel B model.petrinet
» & org.gemoc.sample.arduino.sequential.blinker HPG4T55268U { {
» & org.gemoc.sample.arduino.sequential.broadcastexample net

{

» & org.gemoc.sample.arduino.sequential.dumbloop
» & org.gemoc.sample.arduino.sequential.ifdemo

» & org.gemoc.sample.arduino.sequential.test

» ® org.naomod.tblf.petrinet.model

{
{
t1
(p2, p3)

@ Javadoc [ Declaration B Console ENE we -~ @ GemocEngines Status il Properties » Debug ¢ Interpreter

t MessagingSystem console
ing System.out and System.err to this console.
7.170 [Worker-8: Decoration Calculation] rg.eclipse.jgit.util.Fs
7.237 rker Decoration Calculation] rg.eclipse.jgit.util.
.239 [Worker-8: Decoration Calculation] rg.eclipse.joit.util.Fs

7.239 [W r-0: Decoration rg.eclipse. jgit.util.Fs

7.262 [ r-0: Decoration rg.eclipse.joit.util.
.262 [Worker-8: Decoration Calculation] DEBUG org.eclipse.jgit.util.
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Implementation: Modeling workbench

runtime-Mw-actdiag - org.naomod.tblf.petrinet.model/model.eel - Gemoc Studio
File Edit Navigate Search Project Run Energy Window Help

@ -ER -l pHO. 3 Aar ST Gl e b igRey BF vyl g
i Package Explorer

& testixsad B testsxsad B modeleel B model.petrinet
» & org.gemoc.sample.arduino.sequential.blinker HPG4T55268U { {

» & org.gemoc.sample.arduino.sequential.broadcastexample net

{

» & org.gemoc.sample.arduino.sequential.dumbloop ¢
» & org.gemoc.sample.arduino.sequential.ifdemo

» & org.gemoc.sample.arduino.sequential.test

» ® org.naomod.tblf.petrinet.model

org.naomod. tblf.petrinet.impl.TransitionImpl@36f9739% (name: tl) consumed 2
t1: fire!

Removing token from pl

Adding token in p2

Adding token in p3

org.naomod. tblf.petrinet.impl.TransitionImpl@648f2942 (name: t2) consumed 3
t2: fire!

Removing token from p2 €5+ Debug «» Interpreter
Removing token from p3

Adding token in p4

org.naomod. thlf.petrinet.impl.TransitionImpl@5d66982d (mame: t3) consumed 3

t3: fire!

Removing token from p4

Removing token from p2

Adding token in p5

P2, p3)
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Conclusion:

= A meta-model for estimating the energy consumption of xDSMLs.

= An extension of GEMOC modeling workbench for performing
estimations at runtime.

= First step towards a better energy awareness among xDSMLs users.
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= First step towards a better energy awareness among xDSMLs users.
Future work:

= EFmpirical evaluation of the approach
o Various XDSMLs

o Various platforms
= Modelling the energy estimations with a dedicated meta-model.

= More research on the automation of the energy-estimation formulas
generation.




Thanks |

Contact:
Thibault Beziers la Fosse - IMT Atlantique, LS2N - Nantes, France
thibault.beziers-la-fosse@l|s2n.fr - @ThibaultBLF

https://github.com/atlanmod/energy-estimation-language
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