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Historique,	  contexte	  …	  
•  Travail	  avec	  Olga	  Kouchnarenko	  et	  Julien	  Dormoy	  (Veson=o@FEMTO-‐ST,	  
Besançon)	  depuis	  2010.	  

•  Publica:ons	  :	  
•  [AFADL	  10]	  	  J.	  Dormoy,	  Al.	  Dreyfus,	  and	  O.	  Kouchnarenko.	  EVA4Fractal	  :	  

adapta/on	  de	  composants	  Fractal	  basée	  sur	  des	  événements.	  	  
•  [AICCSA	  10]	  	  J.	  Dormoy	  and	  O.	  Kouchnarenko.	  Event-‐based	  Adapta/on	  Policies	  for	  

Fractal	  Components	  

•  [FACS	  10]	  J.	  Dormoy,	  O.	  Kouchnarenko,	  and	  A.	  Lanoix.	  Using	  temporal	  logic	  for	  
dynamic	  reconfigura/ons	  of	  components	  

•  [FESCA	  11]	  A.	  Lanoix,	  J.	  Dormoy,	  and	  O.	  Kouchnarenko.	  Combining	  Proof	  and	  
Model-‐checking	  to	  Validate	  Reconfigurable	  Architectures	  

•  [FACS	  11]	  J.	  Dormoy,	  O.	  Kouchnarenko,	  and	  A.	  Lanoix.	  Run/me	  Verifica/on	  of	  
Temporal	  PaHerns	  for	  Dynamic	  Reconfigura/ons	  of	  Components	  

•  [FM	  12]	  J.	  Dormoy,	  O.	  Kouchnarenko,	  and	  A.	  Lanoix.	  When	  Structural	  Refinement	  
of	  Components	  Keeps	  Temporal	  Proper/es	  Over	  Reconfigura/ons	  

•  [FACS	  13	  ???]	  en	  cours	  de	  rédac5on	  

•  	  Thèse	  de	  Julien	  soutenue	  en	  décembre	  2011	  
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Idées	  générales	  /	  problématique	  
•  Etre	  capable	  d’exprimer	  puis	  de	  vérifier	  des	  propriétés	  sur	  
une	  séquence	  de	  reconfigura=ons	  dynamiques	  

•  U=liser	  ces	  propriétés	  pour	  guider	  le	  choix	  d’une	  
reconfigura=on	  à	  appliquer	  

•  Etudier	  l’impact	  de	  l’évolu:on	  de	  l’architecture	  	  
•  remplacement	  d’un	  composant	  simple	  par	  un	  composite	  

•  …	  
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Un	  modèle	  pour	  une	  architecture	  de	  
composants	  

Une	  configura=on	  c	  =	  <Elem,Rel>	  
•  Elem	  =	  Components	  ⊎	  Interfaces	  ⊎	  Parameters	  ⊎	  Types	  	  

•  Rel	  =	  	  Container	  ⊎	  ContainerType	  ⊎	  Parent⊎	  Binding	  ⊎	  Delegate	  ⊎	  
State	  ⊎	  Value	  	  
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Parameters Required
Interfaces

Provided
Interfaces

PTypes

ITypes

mandatory
optional

stopped
started

Binding

Delegate

InterfaceType

Contingency

Supplier

Parent
State

Definer

ParamTypeValue

=	  Capture	  la	  séman=que	  «	  architecturale	  »	  de	  FRACTAL,	  par	  exemple	  



Exemple	  
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httpRequest
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(deviation, load)

handler getDispatcher
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request getHandler

RequestDispatcher
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memorySize)

cache
FileServer2

server2

FileServer1
server1

RequiredInterfaces

ProvidedInterfacesComponents

Parameters

PTypes

DelegateHttpServer

RequestReceiver

RequestHandler

FileServer1

FileServer2
load

deviation

CacheHandler

Integer
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validityDuration

ParamType
Server2
Server1

dispatcher
cache

handler
request

httpRequest

Provider

getServer

getDispatcher

getCache

getHandler

Interfaces

Requirer
RequestDispatcher

Binding

Definer

mandatory

optional Contingency

Parent

Reconfigura:ons	  possible	  :	  
• AddCacheHandler	  /RemoveCacheHandler	  	  
• AddFileServer	  /	  removeFileServer	  	  
• MemorySizeUp	  MemorySizeDown	  
• Dura=onValidityUp	  /	  Dura=onValidityDown	  



Con&igurations	  consistantes	  
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Un	  modèle	  des	  séquences	  de	  
recon&igurations	  
=	  un	  système	  de	  transi=on	  S	  =	  ⟨C,	  C0,	  R,	  →⟩	  	  
•  C	  =	  {c,	  c1,	  c2,	  .	  .	  .}	  	  :	  ensemble	  de	  configura=ons	  consistantes	  

•  C0	  ⊆	  C	  	  :	  des	  configura=ons	  ini=ales	  

•  R	  :	  ensemble	  des	  opéra:ons	  de	  reconfigura:on	  

•  →	  	  :	  rela:on	  de	  reconfigura:on	  
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Validation	  du	  modèle	  grâce	  aux	  outils	  B	  	  
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MACHINE
 AA_Reconfig
INCLUDES 
  Archi
OPERATIONS
 INIT = ...
  AddCacheHandler = ...
  ...
END

HttpServer

Request
Receiver

Request
Handler

Request
Dispatcher

Cache
Handler

File
Server1

Fractal         
<definition name="HttpServer">
  <interface name="httpRequest"/>
    <component name="r">
    <interface name="request" r/>
   </component>

FScript
AddCacheHandler = …
...

Component-based model

3 

2 
Partial 
Consistency
(animation)

MACHINE
 Archi
VARIABLES
Components, Interfaces
…
OPERATIONS
 bind(ip, ir) = …
  ...
END

Proof
Consistency

1 



Validation	  du	  modèle	  (2)	  
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Valida=on	  des	  
contraintes	  de	  
consistance	  par	  
preuve	  

Vérifica=on	  par=elle	  par	  
anima=on/model-‐checking	  



FTPL	  :	  une	  logique	  temporelle	  pour	  des	  
séquences	  de	  recon&igurations	  
•  Inspirée	  d’une	  extension	  temporelle	  de	  JML,	  etc.	  
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Traduc=on	  vers	  LTL	  
+	  model-‐checking	  



Exemples	  de	  propriétés	  FTPL	  

•  Pour	  une	  configura=on	  :	  	  
	  CacheConnected	  :=	  ∃	  cache,getCache	  ∈	  Interfaces	  .⎛	  

	  Provider(cache)=CacheHandler	  	  

	   	  ∧	  Requirer(getCache)	  =	  RequestHandler	  	  

	   	  ∧	  Binding(cache)	  =	  getCache⎠	  	  

•  pour	  l’ensemble	  du	  système	  :	  

aQer	  AddCacheHandler	  normal	  always	  CacheConnected	  	  

aQer	  RemoveCacheHandler	  terminates	  

((eventually	  devia=on	  >	  50)	  un:l	  AddCacheHandler	  terminates)	  	   11	  
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Evaluation	  à	  l’exécution	  de	  propriétés	  
FTPL	  

RV-FTPL
properties

Properties
fulfilled?

(1) (3)

(4)

FScript 
Reconfigurations

(5)
Reconfiguration 

controller
RV-FTPL 
controller

c0 c1
ope1

c2
ope2

c4

HttpServer

Request
Receiver

Request
Handler

Request
Dispatcher

Cache
Handler

File
Server1

File
Server2

c3
ope3

(2)

Fractal         
Architecture

<definition name="HttpServer">
  <interface name="httpRequest"/>
    <component name="r">
    <interface name="request" r/>
   </component>
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< 50

c3

devation
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. . .

Remove
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. . . . . . . . .

Add
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. . .

?	  



RV-‐FTPL	  :	  «	  nouvelle	  »	  sémantique	  pour	  
FTPL	  
•  B4	  =	  {⊥,	  ⊥p,	  ⊤p,	  ⊤}	  	  	  
•  ⊥	  	  	  	  	  :	  faux	  

•  ⊥p	  	  :	  «	  plutôt	  »	  faux	  

•  ⊤p	  	  	  	  :	  «	  plutôt	  »	  vrai	  
•  ⊤	  	  	  	  	  :	  	  vrai	  
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Intéret	  :	  On	  n’a	  pas	  besoin	  
d’avoir	  un	  historique	  



Expérimentations	  
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Guider	  le	  choix	  des	  recon&igurations	  ??	  
•  Les	  réponses	  ⊥p	  	  /	  ⊤p	  peuvent	  guider	  le	  choix	  d’une	  
reconfigura=on	  
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c0 c1
r0

c1
r2

c2
r1FTPL

properties

Fractal Architecture
FScript 

Reconfigurations

Reconfiguration
manager

Runtime 
verification

(1)

(3)

Events

Events

Event-based 
Adaptation

policies

(2)
Fractal.Julia



Evolution	  de	  l’architecture	  
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=	  subs=tu=on/raffinement	  de	  certains	  composants	  

RV-FTPL
properties

Preservation

|=p

Verification

|=

Abstract reconfiguration model

c3c2
HttpServer

Request
Receiver

Request
Handler

Request
Dispatcher

Cache
Handler

File
Server1

File
Server2

c1c0

Structural refinement

v
Substitutability-based 
simulation

v⇢ 3

4

5

1

Refined reconfiguration model

r0 r1 r3 r4 r5
HttpServer

Request
Dispatcher

Cache
Handler

File
Server1

File
Server2

Request
Receiver

Logger
Request
Handler

RequestHandler

r2

2



Exemple	  de	  raf&inement	  structurel	  
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getCacheRequestReceiver

request getHandler

RequestDispatcher

dispatcher getServer

CacheHandler
(validityDuration,

memorySize)

cache
FileServer2

server2
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server1

HttpServer RequestHandler_R

cR

httpRequest

RequestReceiver

request getHandler
handler

Logger
log

RequestAnalyzer
              (deviation, load)

Rhandler RgetDispatcher

RgetCache

getLog

getDispatcher

getCache
RequestDispatcher

dispatcher getServer

CacheHandler_R
              (validityDuration,
                     memorySize)

cache
FileServer2

server2

FileServer1
server1

size

substitutable(cR, cA)



Raf&inement	  structurel 	  	  
•  Fonc=on	  de	  subs=tu=on	  :	  
•  Subst	  :	  ComponentA	  -‐>	  ComponentR	  

•  Contraintes	  de	  subs=tu=on	  SC	  	  
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⇢ ⇢ ⇢ ⇢ ⇢ ⇢

⇢ ⇢

Simulation	  entre	  séquences	  de	  	  
recon&igurations	  
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(i)  Raffinement	  structurel	  
(ii)  Simula=on	  stricte	  
(iii)  Tau-‐simula=on	  
(iv)  Non	  divergence	  
(v)  Non	  nouveau	  blocage	  

En	  pra=que,	  ce	  n’est	  pas	  vérifiable	  



Evaluation	  à	  l’éxécution	  
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Algorithme	  de	  véri&ication	  (à	  la	  volée)	  
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Expérimentation	  
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Refinement
fulfilled?

c0 c1
ope1

c2
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c4

HttpServer

Request
Receiver

Request
Handler

Request
Dispatcher

Cache
Handler

File
Server1

File
Server2

c3
ope3

Fractal         
Architecture

<definition name="HttpServer">
  <interface name="httpRequest"/>
    <component name="r">
    <interface name="request" r/>
   </component>

r6
HttpServer

Request
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File
Server1

File
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Request
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Logger
Request
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r5r0 r1
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r3
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r2
ope1'
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Substituted 
Fractal Architecture

<definition name="HttpServer">
  <interface name="httpRequest"/>
    <component name="r">
    <interface name="request" r/>
   </component>

(1)FScript 
Reconfigurations

Reconfiguration 
controller

Substitutability 
controller

(2)

(2')
(3)

(4)
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Validation	  par	  animation	  
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Vérifica=on	  par=elle	  par	  
anima=on/model-‐checking	  

MACHINE
 Archi
VARIABLES
Components, Interfaces
…
OPERATIONS
 bind(ip, ir) = …
  ...
END

MACHINE
 AA_Reconfig
INCLUDES 
  Archi
OPERATIONS
 INIT = ...
  AddCacheHandler = ...
  ...
END

MACHINE
 RR_Reconfig
INCLUDES 
  Archi
OPERATIONS
 INIT = ...
  AddCacheHandler = ...
  AddLogger = …
  ...
END

MACHINE
 Substitutability
INCLUDES 
  AA_Reconfig
  RR_Reconfig
VARIABLES
  Subst
OPERATIONS
  AddCacheHandler = ...
  AddLogger = …
  ...
END

HttpServer

Request
Receiver

Request
Handler

Request
Dispatcher

Cache
Handler

File
Server1

Fractal         
<definition name="HttpServer">
  <interface name="httpRequest"/>
    <component name="r">
    <interface name="request" r/>
   </component>

FScript
AddCacheHandler = …
...

Component-based model

HttpServer

Request
Dispatcher

Cache
    Handler_R

File
Server1

Request
Receiver

Logger

Request
Handler

RequestHandler_R

Fractal         
<definition name="HttpServer_R">
  <interface name="httpRequest"/>
    <component name="r">
    <interface name="request" r/>
   </component> FScript

AddCacheHandler = …
AddLogger = …
...Substituted              

Component-based model

3 

2 

2' 
3' 

4 

Partial 
Consistency
(animation)

Partial 
Substitutability
(animation)

Proof
Consistency

1 
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