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What am | supposed
to do with all these
stuff ?

Model-Based Software Formal Reference
Design & Development Models / Frameworks

Designing
Self-Adaptive
Systems

Architecture Design Reference Architectures
Handbooks Architectural Styles ¢




DUSE

Domain-specific design spaces
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Domain-specific design spaces
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Architectural contributions
Design dimension 1 from design dimensions
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DUSE Metamodel

DesignSpace - designDimension DesignDimension - designDimension
. i
+ name : string * 1l 5= + name : string i
+ instanceSelectionRule : string

1 Q . UML::Profile 1.*
- requiredProfile

-variationPoint | 1_* - designDimensioninstance | 1.*

_ - enactedBefore VariationPoint DesignDimensioninstance
UML:OpaqueExpression
T = - -+ rationale : string
+ body : string - preChangeValidationRule 1
1 j} 0.1 0.1
1.* | - qualityMetric
-modelChange | 1.*
QualityMetric
ModelChange - addedElement |* 1| -targetElement
+ name : string - changeableProperty

+ changeableElementSelectionRule : string

+ evaluate(): double MOF=Property [~ : ﬂ:fl. + changeablePropemyValuesRule : string MOF::Element
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SA:DUSE Design Space

DD Control Law

DD2: Tuning Approach

DD, Control Adaptation
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SA:DUSE DeS|gn Space

VPI1I:

VP12:
VP13:
VP14:
VP15:
VP16:

VP21:

DD1: Control Law

vVp22:
VP23:
VP24
VP25:
VP26:.
VP27:

DD,: Tuning Approach

VP3I:
DD, Control Adaptation

VP32:
VP33:

Proportional

Proportional-Integral
Proportional-Integral-Derivative

Static State Feedback

Precompensated Static State Feedback
Dynamic State Feedback

Chien-Hrones-Reswick, 0 0S, Dist. Rejection
Chien-Hrones-Reswick, 0 0S, Ref. Tracking
Chien-Hrones-Reswick, 20 0S, Dist. Rejection
Chien-Hrones-Reswick, 20 0S, Ref. Tracking
Ziegler-Nichols

Cohen-Coon

Linear Quadratic Regulator

Fixed Gain (no adaptation)
Gain Scheduling
Model Identification Adaptation Control




SA:DUSE Quality Metrics

M1: Control
Overhead

M,: Average
_ Settling Time

g
L R
S

Ly
Wiindos

.2
e

M4: Control
Robustness



;1-31 M,: Control . ME,=
~ Robustness

SA:DUSE Quality Metrics

__ dllOwnedElements( )~ selectAsType(QController) - collect( overhead( ))- sum( )
- allownedElements( ) > selectAsType( QController) - size()

M1: Control ME),

Overhead , _ ,
; QController:: overhead () increasingly pendlizes VP,, VP, VP, and VP,

-
__dllOwnedElements ()~ selectAsType( QParametricController) - sum( stime())

ME., =
2 alOwnedElements( ) - selectAsType( QParametricController)- size()
M_: Average
Settling Time ; whereQParametricController: : stime( )= —4
log( max|p])
; and max;| p is themagnitude of thelargest closed —loop pole
ME.— allOwnedElements( ) » selectAsType( QParametricController) - sum(maxOS ()
° allownedElements( ) » selectAsType( QParametricController)- size|()
M : Average ,
Maximum Overshoot 0; realdortrant pole ;= 0
; where QParametricController: : maxOS( )= | p|; real dominant: pole p<0

r'® ; dominant polesp, p,=r.e”"’

=t '.';1 T ——

M, - lOwnedElements|()-> selectASType{ QController)» collect (robustness())» sum()
allOwnedElements( ) - selectAsType( QController) - size( )

; QController: : robustness( ) increasingly penalizesVP,, and VP,




3 loci of decision -> 54,010,152 candidates
4 loci of decision -> 20,415,837,000 candidates




DUSE Optimization

3 loci of decision -> 54,010,152 candidates
4 loci of decision -> 20,415,837,000 candidates

o L1

A search-based approach enables effective design space exploration
and helps preventing false intuition and technology bias

% N
procedure DUSE_OPT(%, di)
> 1 = input model; di = DuSE instance

1
2:
3: s + globalSettings()
4. dii + create AppDSInstance(i, di)
5

. p < randomPopulation(dii, s.populationSize)
6: curlteration + (
T while curlteration < s.maxlterations do
8: p < nsga2Rank(p, dii, s.populationSize)
9: p < pUnsga2Mate(p, s.of fspringSize)
10: curlteration < curlteration + 1
i end while

12 return nsga2highest ParetoRank(p)
13: end procedure




Tool Support (DUSE-MT)

Control Robusiness

Average Maximum Overshoot

Averoge Settling Time

G () example2 xmi - DUSE-MT i &) \XJ?
File Edit Actions Window Help
| 3
L B
Quality Metrics (=]

Control Overhead

"ComponentZProfileApplication”)

Evaluate

0"),QUmlComponent(name = "Componentl"),QUmIProfileApplication(name =

Model Inspector EE | ywelcome to DUSEMT | Input Model | Current Design Space Location | Pareto Front | FHERET CBR 2
Object Class = |Filter |
MyModel QUI‘I‘I'MDde' MyModel: aUmIModel
_Packagelmport.0 QUmIPackagelmport| ! Py ° :' QumiMode 7 =
¥ Componentl QUmIComponent We[come tU DUSE-MT ! roperty ue | =
portl QUmIPort * QObject
port2 QUmIPort .
port3 QumIPort = objectName MyModel
Pg”“ ggm:E‘m - ~ QUmlElement
5 mlPrope B
c3 QUmIProEer‘tﬁ ownedElements (RO) [Component2, _Pa
¥ connactor QUmlConnector
MyModel-Com... QUmMIConnectorEnd =
MyModel-Com... QUmMIConnectorEnd ownedComments (RO)
¥ Component2 QUmIComponent
port2 qumIPort * QUmINamedElement
name QUmIProperty name MyModel
Component2Profiles... QUmIProfilespplicati s
Component2ProcessC... QSADuseProfilePro gualifiedName (RO} MyModel
ComponentlProcessC... QSADuseProfilePro nameExpression
¥ PrimitiveTypes (importe... QUmIPackage
¥ Boolean QUmIPrimitiveType namespace (RO)
Boolean-_owned... QUmIComment ; ; =
R BFHIRGrERRT e cllentDenendenm?s (RO) ;
Integer-_ownedC... QUmIComment - - -
- Aot ellul S Property Editor | Design Space |
JavaScript Browser (=]
JavaScript Editor JavaScript Output
self.ownedElements QuUmICompenentiname = "Component2"),QUmIPackageimportiname = *_Packageimport.

| Issues | XPath Browser

OCL Browser | JavaScript

Browser




Case Study

Cloud-based media
encoding service

Three loci of decision

(controllable components)

Control goal: enforce
encoding throughput

<<layers= =<layer=>
Resources and Network Saas
Pooling & Virtualization mediaEncodingRESTAPI
=] L]
IWCSizeControl WCThroughputMonitor
-c-c.p-[:untrulmterfam:-:- ==pmonitorinteriace== mediaEncodingWebService :
=simpact==_ (] P? WebService
{ ] L] ]
g 1
<CProcessComponents>
mediaEncodingCluster : Elastic\WorkerCluster
{processcomponent.L{4)}
{processcomponent. R{1.7)}
{processcomponent. T(10)}

workerClustersize : integer=1

|

LEPrOCe s SCHTnent=>

{processcomponent transferFunctionhum{-0.11*z)}
{processcomponent transferFunctionDen{z"2-1. 6*z+0.6)}

1 1

L,r%

VMMicenessControl
==pcontrolinterface==

VMThroughoutMonitor
==pmaonitorinterface==

= ayerss
Op. Support Services

worker[0] : VirtualMachine []\

= loyed==
Physical Resources A

ComputingServerl | |&- ComputingServerN

IMQThreadPoolControl
==prontrolinterfaces=

C\

I
| -

IMQMicenessControl
==pcontrolinterface==

5

I
| -

SEOrOCES SOOI ONent=>
mediaEncodingMQ : MessageQueue

{processcomponent stateA(0.54 -0 11 -0.026.0.63)}

{proce

] 55 CONTHOONTETTL 1)}
processcomponent. stateB({-0.085 00044 -0 0025 0.0028)

1

stateC{10.0,

1

o//l_l

IMQResponseTimeMonitaring
==pmanitorinterface==

IMOMemoryMonitoring
==pmaonitorinterface==




Findings
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Conclusion

Contributions | Systematic gathering of architecture design
knowledge in the field of Self-Adaptive Systems

‘\ /‘

~ Asearch-based approach for endowing architectures |
with self-adaptative behaviour and explicit support
for well-informed design trade-off analysis |

A supporting tool (DUSE-MT) \\
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Conclusion

Contributions Systematic gathering of architecture design
knowledge in the field of Self-Adaptive Systems |

-

<
A search-based approach for endowing architectures
with self-adaptative behaviour and explicit support
for well-informed design trade-off analysis
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A supporting tool (DUSE-MT) \

N

Limitations / Requires an initial annotated architectural model

/

/ No guaranteed optimality (local-optimal Pareto fronts)

Still requires a posterioripreference articulation

& /

Current & Future Work / Second case study |

Resulting Parent front evaluation (indicators) |

AN /

From Design Spaces to Design Theories |

AN /
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