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MotivatingMotivating  ExampleExample
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Chat Client
Application



5

03/10/2006 Auto-Fractal - Journée ADAPT  [PERPI 2006] 5

ProblemProblem  StatementStatement

 WhatWhat  isis  thethe  problemproblem??
 TheThe design  design ofof  auto-adaptiveauto-adaptive  Component-BasedComponent-Based Applications Applications

((CBAsCBAs) ) isis  notnot  easyeasy ( (oftenoften ad hoc) ad hoc)
 Adaptation = re-Adaptation = re-assemblingassembling  ofof  CBAsCBAs

 Issues Issues relatedrelated to  to thethe  problemproblem::
 AutomationAutomation  ofof  CBACBA’’ss adaptation adaptation

 MinimizingMinimizing impact on application impact on application’’s administrations administration
 DynamicityDynamicity  ofof  CBACBA’’ss adaptation adaptation

 MinimizingMinimizing impact on application impact on application’’s s executionexecution

 WhenWhen  isis  automaticautomatic  andand  dynamicdynamic adaptation  adaptation neededneeded??
 ContextualContextual changes are  changes are unpredictableunpredictable//frequentfrequent
 HumanHuman interventions must  interventions must bebe  minimizedminimized

⇒⇒ Ex: Ex: UbiquitousUbiquitous  ComputingComputing, , AutonomicAutonomic  ComputingComputing, , ……
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Our GoalOur Goal

 RequiredRequired  propertiesproperties

 AbstractionAbstraction: : independentindependent of  of thethe  usedused component model component model

 GeneralityGenerality: : independentindependent of  of thethe application  application domaindomain

 OpenessOpeness :  : customizabilitycustomizability of  of thethe  assemblingassembling  processprocess

 DynamicityDynamicity: re-: re-assemblingassembling  withoutwithout  stoppingstopping  thethe  wholewhole
applicationapplication

 AutomationAutomation: : behavingbehaving on  on behalfbehalf of  of humanshumans

 Context-awarenessContext-awareness::  behavingbehaving  accordingaccording to  to externalexternal  eventsevents

MaDcArMaDcAr : an abstract model for  : an abstract model for assemblingassembling  enginesengines

 Model for Model for AAutomaticutomatic  andand  DynamicDynamic  CComponent omponent AssemblyAssembly
RReconfigurationeconfiguration

 [Grondin et al. CBSE 2006][Grondin et al. CBSE 2006]
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Auto-Fractal

An An AssemblingAssembling  EngineEngine for for

Fractal-BasedFractal-Based Applications Applications



8

03/10/2006 Auto-Fractal - Journée ADAPT  [PERPI 2006] 8

Introduction to Introduction to Auto-FractalAuto-Fractal

 Auto-FractalAuto-Fractal  isis  thethe projection of  projection of MaDcArMaDcAr abstract abstract
model on Fractalmodel on Fractal

 Auto-FractalAuto-Fractal =  = AssemblingAssembling  EngineEngine for Fractal: for Fractal:

 InputsInputs : Components, Application : Components, Application’’s s RequirementsRequirements

 OutputOutput : a component  : a component assemblyassembly  whichwhich  meetsmeets  thesethese
requirementsrequirements
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AssemblingAssembling  EngineEngine

Auto-FractalAuto-Fractal

AssemblingAssembling  EngineEngine

ComponentsComponents

ApplicationApplication
descriptiondescription

AssemblingAssembling  policypolicy

ApplicationApplication

((assemblyassembly))

ContextContext

ConstraintConstraint

SolverSolver
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Application DescriptionApplication Description

Application description

Configuration

Role(min,max)

x-y-z

Required interfaceProvided interface

Role multiplicities

Link: abstract 
Description of a connection

Role: abstract 

Description of a component

Initial values for 

the role’s attributes
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Config3

Buffer(1,1)

Conf. Proxy(1,1) Chatter(1,1)

Config1

Conf. Proxy(1,1) Chatter(1,1)

Config2

Buffer(1,1) Chatter(1,1)

Chat Client Application DescriptionChat Client Application Description

InitialInitial
configurationconfiguration

To use To use whenwhen  loosingloosing
network network connectionconnection

To use To use whenwhen network network

connectionconnection  isis

re-re-establishedestablished

whilewhile  bufferbuffer  isis  notnot

emptyempty
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 3 stages3 stages

 SenseSense

 When to re-assemble: Changes detectionWhen to re-assemble: Changes detection

 PlanPlan

 How to re-assemble: Decisions makingHow to re-assemble: Decisions making

 ActAct

 Perform the re-assembling accordinglyPerform the re-assembling accordingly

Re-AssemblingRe-Assembling  ProcessProcess

Sense ActPlan
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Re-AssemblingRe-Assembling  ProcessProcess -  - SenseSense

 ContextContext  => set of   => set of sensorssensors (software/hardware) (software/hardware)

 To To automaticallyautomatically trigger (re-) trigger (re-)assemblingassembling

 Internal changesInternal changes : components, configurations,  : components, configurations, ……

 External changesExternal changes : location, network, : location, network,
neighborhood (soft/hard-ware), neighborhood (soft/hard-ware), ……

 To To collectcollect data  data requiredrequired  whenwhen  takingtaking  assemblingassembling
decisionsdecisions

⇒⇒ ContextualContextual situation = Set of  situation = Set of sensorsensor values  values withinwithin
somesome range  range specifiedspecified by  by thethe designer designer
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Chat Client Application Chat Client Application ––  ContextContext

 TriggeringTriggering  ofof  assemblingassembling

 WhenWhen  thethe network  network connectionconnection  statusstatus changes, or changes, or

 WhenWhen  thethe  bufferbuffer  becomesbecomes  emptyempty

⇒⇒ DefinitionDefinition  ofof  twotwo  sensorssensors

 netWatchnetWatch ( (lineline 01) 01)

 bufferWatchbufferWatch ( (lineline 03) 03)

01 netWatch := NetworkWatcher new.

02 netWatch watchPeriod: 1000.

03 bufferWatch := BufferWatcher new.

04 bufferWatch watchPeriod: 500.
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Re-AssemblingRe-Assembling  ProcessProcess - Plan - Plan

 AssemblingAssembling  policypolicy = a set of  = a set of rulesrules  specifyingspecifying  thethe  decisionsdecisions to to
taketake for  for eacheach  contextualcontextual situation situation
 To To choosechoose a configuration a configuration

 Identification of Identification of eligibleeligible configurations configurations
– Contract testing for each pair {role, component}
– Building of a « compatibility matrix »

 Configuration Configuration selectionselection
– According to the « compatibility matrix » and the assembling policy

 To select componentsTo select components
 AccordingAccording to  to thethe  chosenchosen configuration  configuration andand  thethe  assemblingassembling

policypolicy
 To To scheduleschedule  thethe re- re-assemblingassembling

 AccordingAccording to  to criteriacriteria  suchsuch as  as assemblingassembling’’ss  urgencyurgency,,
applicationapplication’’ services  services availibilityavailibility, , minimizationminimization of  of thethe
assemblingassembling’’ss  costcost, , ……
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Chat Client Application Chat Client Application ––  AssemblingAssembling  PolicyPolicy

 Configuration Configuration SelectionSelection

 Addition of Addition of severalseveral  constraintsconstraints on  on thethe new configuration new configuration
((newConfignewConfig) ) accordingaccording to  to thethe  contextualcontextual situation situation

⇒⇒ Our Our constraintconstraint  solversolver  cancan  inferinfer an  an appropriateappropriate candidate for candidate for
newConfignewConfig

05 (networkWatch isAvailable) ifFalse: [
06   constraintsSet add: [newConfig doesNotInclude: conferenceRole].
07   constraintsSet add: [newConfig includes: bufferRole].
08 ].
09 (networkWatch isAvailable) ifTrue: [
10   constraintsSet add:[newConfig includes: conferenceRole].
11   buffer := bufferRole getComponent.
12   (buffer isEmpty) ifFalse: [
13     constraintsSet add: [newConfig includes: bufferRole)].
14   ].
15 ].
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Re-AssemblingRe-Assembling  ProcessProcess  ––  DefaultDefault Plan Plan

 DefaultDefault configuration  configuration selectionselection  policypolicy
 If If severalseveral configurations  configurations satisfysatisfy  thethe  assemblingassembling  policypolicy  ThenThen  randomrandom

selectionselection  ofof  oneone  ofof  themthem
 IfIf  nono configuration  configuration satisfiessatisfies  thethe  assemblingassembling  policypolicy  ThenThen  randomrandom

selectionselection  ofof an  an eligibleeligible  oneone

 DefaultDefault component  component selectionselection  policypolicy
 AfterAfter  selectingselecting a minimal  a minimal numbernumber  ofof components for  components for eacheach  rolerole, select, select

thethe  remainingremaining components  components whilewhile  rolesroles are  are notnot  maximallymaximally  fulfilledfulfilled

 DefaultDefault application re-building  application re-building policypolicy
 MinimizeMinimize  uselessuseless component replacements component replacements
 MinimizeMinimize  uselessuseless interfaces re-connections  interfaces re-connections betweenbetween components  components thatthat

are are alreadyalready in use in use
 MinimizeMinimize  thethe set  set ofof components  components thatthat must  must bebe  maintainedmaintained in an  in an idleidle

statestate
 MinimizeMinimize  thethe  delaydelay  ofof services  services unavailabilityunavailability for  for eacheach component  component thatthat

must must bebe  maintainedmaintained in an  in an idleidle state state
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Re-AssemblingRe-Assembling  ProcessProcess  ––  ActAct

 Assembly (re-)buildingAssembly (re-)building
 Perform a sequence of re-assembling operations,Perform a sequence of re-assembling operations,

according to decisions taken during the previousaccording to decisions taken during the previous
stagestage
 DisconnectDisconnect  twotwo components components
 InitializeInitialize a component a component
 ConnectConnect  twotwo components components
 ActivateActivate a component  a component ((acceptaccept  externalexternal  requestsrequests))
 DesactivateDesactivate a component  a component (refuse (refuse externalexternal

requestsrequests))
 BufferBuffer  incomingincoming  requestsrequests  whilewhile a component  a component isis

notnot  availableavailable

DynamicityDynamicity
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Demo Example

ClockClock application application

((focusingfocusing on  on thethe  assemblingassembling  processprocess))
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ClockClock Application Application

User User preferencespreferences have have
changedchanged

PerformingPerforming a re- a re-assemblingassembling



21

03/10/2006 Auto-Fractal - Journée ADAPT  [PERPI 2006] 21

ClockClock Application  Application ––  ApplicationApplication Description Description

Config1

Config2
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ClockClock Application  Application ––  ApplicationApplication
Description (1)Description (1)

Config1

Ticker(1,1)

H24(1,1)
0-23

Minutes(1,1)
0-59

Seconds(1,1)
0-59

incremenincremen
tt

incremenincremen
tt

incremenincremen
tt
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ClockClock Application  Application ––  ApplicationApplication
Description (2)Description (2)

Config2

Ticker(1,1)

H12(1,1)
1-12

Minutes(1,1)
0-59

Seconds(1,1)
0-59

Am/Pm(1,1)

incremenincremen
tt

incremenincremen
tt

incremenincremen
tt

incremenincremen
tt
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ClockClock Application Description Application Description

TheThe user  user prefersprefers
thethe 24H  24H TimeTime

SystemSystem

TheThe user  user prefersprefers  thethe
AmAm/Pm /Pm TimeTime

SystemSystem
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ClockClock Application  Application ––  ContextContext

 TriggeringTriggering  ofof  assemblingassembling

 WhenWhen  thethe user  user manuallymanually modifies  modifies itsits  preferencespreferences

⇒⇒ DefinitionDefinition  ofof  oneone  sensorsensor

 preferenceWatchpreferenceWatch ( (lineline 01) 01)

01 01 preferenceWatchpreferenceWatch :=  := PreferenceWatcherPreferenceWatcher new. new.
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ClockClock Application  Application ––  AssemblingAssembling  PolicyPolicy

 Configuration Configuration SelectionSelection

 Addition of Addition of severalseveral  constraintsconstraints on  on thethe new configuration new configuration
((newConfignewConfig) ) accordingaccording to  to thethe  contextualcontextual situation situation

⇒⇒ Our Our constraintconstraint  solversolver  cancan  inferinfer an  an appropriateappropriate candidate for candidate for
newConfignewConfig

02 (preferenceWatch isSetTo24HoursTimeSystem)
03   ifTrue: [
04     constraintSet add:
05       (newConfig doesNotIncludes: roleAmPm)]
06   ifFalse: [
07     constraintSet add:
08       (newConfig includes: roleAmPm)].
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DEMO
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Conclusion
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AdvantagesAdvantages  ofof  Auto-FractalAuto-Fractal

 SpecificSpecific  andand Configurable  Configurable assemblingassembling  policiespolicies

⇒⇒ AllowsAllows global control  global control overover  thethe  assemblingassembling  processprocess

 Total automation Total automation ofof adaptations adaptations

⇒⇒ AllowsAllows total control  total control overover  adaptationadaptation’’ss  triggeringtriggering, , decisiondecision  andand
realizationrealization  stepssteps

 SeparatedSeparated descriptions  descriptions ofof  thethe  applicationapplication’’ss  functionalitiesfunctionalities  andand
thethe  applicationapplication’’ss adaptations adaptations

⇒⇒ EasesEases  understandingunderstanding, , reusereuse  andand  evolutionevolution  ofof applications applications

 LowLow  couplingcoupling  betweenbetween configurations  configurations andand components components

⇒⇒ AllowsAllows configurations configurations’’  reusereuse

 Support Support ofof  unpredictedunpredicted  dynamicdynamic adaptations adaptations

⇒⇒ AllowsAllows  dealingdealing  withwith  context-sensitivecontext-sensitive applications ( applications (UbiquitousUbiquitous
ComputingComputing, , AutonomicAutonomic  ComputingComputing, , ……))
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OngoingOngoing  workwork

 FirstFirst  implementationimplementation  ofof  Auto-FractalAuto-Fractal for  for FracTalkFracTalk

 FracTalkFracTalk =  = ourour  implementationimplementation  ofof  thethe Fractal Fractal
component component modelmodel (in  (in SmalltalkSmalltalk))

 Support for Support for dynamicdynamic  assemblingassembling

 State State transfertransfer  whenwhen  replacingreplacing a component a component

 Components Components inter-dependenciesinter-dependencies

 Support for Support for automaticautomatic  detectiondetection  ofof  contextualcontextual
changeschanges
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http://http://csl.ensm-douai.frcsl.ensm-douai.fr/grondin/grondin

MaDcAr : model for component assembling
- Abstraction
- Dynamicity
- Automation

Auto-Fractal : MaDcAr for Fractal components

This This workwork  isis  supportedsupported by  by thethe CPER TAC  CPER TAC ofof  thethe  regionregion  Nord-PasNord-Pas
de Calais de Calais andand  thethe  europeaneuropean  fundfund FEDER FEDER
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State of Art - Related Work
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RelatedRelated  WorkWork (1) - ADL (1) - ADL

 C2 [Medvidovic96]C2 [Medvidovic96]

 DescriptionDescription

 ADL ADL allowingallowing  dynamicdynamic modification  modification ofof an architecture an architecture

 Adaptative Adaptative policiespolicies  basedbased on  on connectorsconnectors

 LimitationsLimitations

 RulesRules are  are locallylocally  defineddefined in  in eacheach  connectorsconnectors
– Inconsistencies are detected a posteriori

 Adaptation must Adaptation must bebe  triggeredtriggered  manuallymanually

 NotNot possible to  possible to specifyspecify  whenwhen or  or underunder  whatwhat condition condition
configuration are to configuration are to bebe  carriedcarried out out

⇒⇒ A A highhigh  degreedegree  ofof control  control isis  neededneeded to  to automatedautomated re- re-assemblingassembling
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RelatedRelated  WorkWork (2) - CBSE (2) - CBSE

 SAFRAN [Dav05]SAFRAN [Dav05]
 DescriptionDescription

 CreationCreation  ofof  dynamicallydynamically  reconfigurablereconfigurable component component
 Adaptative Adaptative policiespolicies  basedbased on  on Event-Condition-ActionEvent-Condition-Action  rulesrules

(ECA)(ECA)
 LimitationsLimitations

 RulesRules are  are locallylocally  defineddefined in  in eacheach component component
– Inconsistencies are detected a posteriori
– Unpredicted cost of the adaptations

 Adaptation Adaptation concernconcern  stronglystrongly  coupledcoupled  withwith  thethe architecture architecture
– Need to introduce an artificial composite to share a policy between

components
 Building an application Building an application fromfrom scratch  scratch isis  notnot  addressedaddressed

⇒⇒ HighHigh  levellevel concepts are  concepts are neededneeded to  to bebe  independentindependent  ofof a a
particularparticular component  component modelmodel
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RelatedRelated  WorkWork (3) -  (3) - OtherOther

 ADLADL
 Darwin [Darwin [ImperialImperial  CollegeCollege London] London]

 (+) (+) dynamicdynamic instanciation  instanciation rulesrules for architecture  for architecture creationcreation
 (-) re-(-) re-assemblingassembling  notnot  addressedaddressed

 Rapide [Carnegie Rapide [Carnegie MellonMellon  UniversityUniversity]]
 (+) (+) declarationdeclaration  ofof  interconnectioninterconnection  rulesrules
 (-) (-) usedused  onlyonly for architecture  for architecture verificationverification ( (notnot architecture architecture

assemblingassembling) ) likelike Wright Wright
 CBSECBSE

 SOFA [Charles SOFA [Charles UniversityUniversity]]
 (+/-) (+/-) DynamicDynamic  ––but partialbut partial–– adaptation  adaptation ofof  hierarchicalhierarchical

componentcomponent
 CASA [Zurich CASA [Zurich UniversityUniversity]]

 (+) (+) AutomaticAutomatic  andand  dynamicdynamic application adaptation application adaptation
 (-) (-) BasedBased on a  on a specificspecific component  component modelmodel  andand  implementationimplementation


