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Promise	  of	  formal	  models	  for	  self-‐
adap;ve	  systems*	  

	  
	  
Providing	  evidence	  that	  the	  system	  requirements	  
are	  sa;sfied	  during	  opera;on	  
regarding	  the	  uncertainty	  of	  changes	  that	  may	  affect	  
the	  system,	  its	  environment	  or	  its	  goals	  
	  
	  
*So*ware	  Engineering	  for	  Self-‐Adap;ve	  Systems:	  Assurances	   	   	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  (www.dagstuhl.de/de/programm/kalender/semhp/?semnr=13511)	  

	  



Overview	  

•  State	  of	  the	  art	  (some	  key	  contribu;ons)	  
•  Our	  proposal	  
•  Approach	  
•  Realiza;on	  
•  Contribu;ons	  &	  Tradeoffs	  
•  Future	  research	  



Model-‐based	  development	  of	  dynamically	  adap;ve	  
so*ware	  [Zhang	  &	  Cheng,	  ICSE	  2006]	  

•  Process	  to	  create	  and	  verify	  formal	  models	  and	  automa;cally	  generate	  
programs	  from	  them	  (Petri	  nets	  and	  LTL)	  

•  Assuring	  proper;es	  of	  self-‐adap;ve	  systems:	  need	  for	  formal	  underpinning	  	  
•  Need	  for	  clear	  separa;on	  between	  domain	  logic	  and	  adapta;on	  logic	  



Model	  evolu;on	  by	  run;me	  parameter	  adapta;on	  
[Epifani	  et	  al.,	  ICSE	  2009]	  

•  Probabilis;c	  model	  represents	  execu;on	  flows	  of	  the	  system	  
•  Probabili;es	  are	  dynamically	  updated	  based	  on	  observa;ons	  

•  Formal	  model	  of	  system	  behavior	  at	  run;me:	  focus	  on	  K	  of	  MAPE-‐K	  



Dynamic	  QoS	  management	  and	  op;miza;on	  in	  	  
service	  based	  systems	  [Calinescu	  et	  al.	  TSE	  2011]	  

•  MAPE-‐K	  manager	  monitors	  service-‐based	  system	  and	  adapts	  workflow	  engine	  	  
(service	  selec;on	  +	  resources)	  	  

•  Online	  verifica;on	  of	  reliability	  and	  performance	  proper;es	  

•  Formal	  	  model	  covers	  the	  system	  abstrac;on	  +	  goals	  (K)	  	  	  
•  Adapta;on	  logic	  consists	  of	  set	  of	  tools	  that	  are	  glued	  together	  	  



Managing	  non-‐func;onal	  uncertainty	  via	  model-‐
driven	  adap;vity	  [Ghezzi	  et	  al.	  ICSE	  2013]	  

•  Model	  with	  probability	  distribu;on	  of	  different	  execu;on	  paths	  of	  the	  system	  	  
•  Interpreter	  guides	  the	  execu;on	  of	  the	  system	  using	  the	  model	  
•  To	  guarantee	  highest	  u;lity	  for	  set	  of	  quality	  proper;es	  	  

•  No	  clear	  separa;on	  of	  concerns	  (domain	  logic	  and	  adapta;on	  logic)	  	  
•  Adapta;on	  logic	  is	  encoded	  in	  ad-‐hoc	  interpreter	  	  
	  



Summary	  SOTA	  

•  Increasing	  aken;on	  for	  formal	  models	  at	  
run;me	  to	  provide	  guarantees	  of	  adapta;on	  	  

•  Quan;ta;ve	  approaches	  dominate	  	  
•  Focus	  on	  formal	  models	  of	  system,	  
environment	  and	  goals	  (K	  of	  MAPE-‐K)	  

•  No	  systema;c	  formaliza;on	  and	  verifica;on	  of	  
of	  adapta;on	  func;ons	  (MAPE	  of	  MAPE-‐K)	  

•  Limited	  support	  for	  unpredicted	  changes	  



What	  is	  needed?	  	  

•  Formalize	  adapta;on	  func;ons	  to	  provide	  
guarantees	  about	  adapta;on	  	  

•  Support	  unan;cipated	  changes	  
– Require	  support	  for	  adapta;ons	  of	  adapta;on	  
func;ons	  

•  Scalability	  of	  run;me	  verifica;on	  
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•  State	  of	  the	  art	  (some	  key	  contribu;ons)	  
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•  Contribu;ons	  &	  Tradeoffs	  
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Our	  proposal	  

	  
Ac;ve	  formal	  models	  of	  the	   	   	  

	  complete	  adapta;on	  loop	  (MAPE-‐K)	  
	  
-‐  Formal	  model	  is	  directly	  executed	  to	  adapt	  the	  

managed	  system	  
-‐  Run;me	  updates	  of	  formal	  model	  to	  support	  

unan;cipated	  changes	  	  	  



Focus	  

•  3	  layered	  model	  of	  Kramer	  &	  Magee	  	  
–  Component	  control	  (layer	  1),	  change	  management	  (2),	  
goal	  management	  (3)	  

•  Focus	  on	  layer	  2	  and	  3	  
– Assump;on:	  managed	  system	  is	  equipped	  with	  
required	  sensors	  and	  effectors	  	  

–  Instrumenta;on	  of	  managed	  system	  is	  research	  
subject	  in	  its	  own	  right	  

•  Case	  study:	  logis;c	  mul;-‐robot	  system	  
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Approach	  



Approach	  

•  Ac;ve	  model	  	  
–  Is	  a	  formally	  verified	  model	  	  
–  Realizes	  a	  MAPE-‐K	  loop	  	  
–  To	  adapt	  the	  managed	  system	  	  

•  Goal	  management	  	  
– Monitors	  the	  ac;ve	  model	  
–  Can	  adapt	  the	  ac;ve	  model	  (e.g.,	  to	  improve	  it	  or	  deal	  with	  
a	  par;cular	  adapta;on	  problem)	  	  

•  Engineer/Admin	  	  
–  Can	  monitor	  goal	  sa;sfac;on	  
–  Can	  change	  the	  ac;ve	  model,	  verify	  and	  deploy	  it,	  to	  
manage	  (new)	  goals	  using	  goal	  management	  



Levels	  of	  adapta;on	  

•  Level	  1:	  ac;ve	  model	  adapts	  the	  managed	  
system	  
– Close	  temporally	  a	  lane	  in	  the	  warehouse	  for	  
maintenance	  	  	  

•  Level	  2:	  adapt	  the	  ac;ve	  model	  (adapt	  MAPE)	  
– Add	  a	  new	  drop	  loca;on	  in	  the	  warehouse	  
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Realiza;on	  



Goal	  Management	  Interface	  



Virtual	  machine	  

•  Transforms	  a	  formal	  model	  (network	  of	  ;med	  
automata)	  into	  a	  graph	  representa;on	  	  

•  Executes	  that	  model	  	  
•  Can	  adapt	  the	  current	  model	  at	  run;me	  
•  Can	  detect	  and	  no;fy	  goal	  viola;ons	  



Level	  of	  adap;ons	  

•  Level	  1:	  ac;ve	  model	  adapts	  managed	  system	  
•  Level	  2:	  adapt	  the	  ac;ve	  model	  



Level 1 adaptations 
Close temporally a lane in the warehouse for maintenance 

 

-‐	  Adapt	  the	  robot	  to	  prevent	  it	  from	  
using	  a	  closed	  lane	  	  



Level 1 adaptations 
Close temporally a lane in the warehouse for maintenance 

 



Level 2 adaptations 
Add a new drop location in the warehouse 

 
-‐	  Add	  new	  part	  of	  the	  map	  for	  the	  robot	  
-‐	  Creates	  new	  deadlock	  situa;ons	  when	  
certain	  lanes	  are	  disabled	  
-‐	  Requires	  adding	  new	  representa;on	  in	  K	  
and	  adapta;ons	  of	  MAPE	  func;ons	  



Level 2 adaptations 
Add a new drop location in the warehouse 

 



Level 2 adaptations 
Deal with new deadlock threat (close additional lane): e.g., update planner 

 
 

enableLane()

planningOngoing()

planned()

disableLane() && !waitRequired()

execute[RiD]!

planning[RiD]?

planEnabling() planDisabling()

planned()

planningOngoing()

disableLane() 

&& !waitRequired()

laneDisabled() 

&& posUpdated()

execute[RiD]!

enableLane()

remRequest() 

&& !waitRequired()

addRequest()

planning[RiD]?

planEnabling()

planDisabling(), 

lockExtraNode()

planAddition()

planRemoval()

lockExtraNode()



Overview	  

•  State	  of	  the	  art	  (some	  key	  contribu;ons)	  
•  Our	  proposal	  
•  Approach	  
•  Realiza;on	  
•  Contribu;ons	  &	  Tradeoffs	  
•  Future	  research	  



Contribu;ons	  

•  Formal	  ac;ve	  model	  guarantees	  verified	  
proper;es	  of	  the	  adap;on	  process	  

•  Ac;ve	  model	  directly	  executes	  the	  adapta;on:	  
no	  coding,	  no	  model	  transforma;ons	  

•  Adapta;on	  of	  adapta;on	  func;ons:	  
lightweight	  process	  to	  add	  new	  goals	  	  

•  Online	  detec;on	  of	  goal	  viola;ons	  



Tradeoffs	  

•  Expert	  knowledge	  to	  design	  and	  change	  the	  
formal	  models	  	  

•  We	  can	  only	  express	  what	  the	  modeling	  
language	  supports	  

•  Language	  might	  not	  be	  appropriate	  to	  model	  
adap;on	  logic	  for	  par;cular	  types	  of	  systems	  	  	  

•  Possible	  performance	  overhead	  	  



Overview	  

•  State	  of	  the	  art	  (some	  key	  contribu;ons)	  
•  Our	  proposal	  
•  Approach	  
•  Realiza;on	  
•  Contribu;ons	  &	  Tradeoffs	  
•  Future	  research	  



Paves	  the	  way	  for	  future	  research	  
•  Domain	  specific	  design	  primi;ves	  to	  support	  
the	  designer	  (Didac	  Gil	  de	  la	  Iglesia)	  	  

•  Different	  modeling	  languages	  (e.g.	  
probabilis;c	  automata)	  	  

•  Scalable	  run;me	  verifica;on	  	  
•  Coordina;on	  between	  Ac;ve	  Models	  in	  
decentralized	  senng	  

•  Automa;on	  goal	  management	  by	  learning	  	  

	  

Thank	  you!	  	  -‐-‐	  The	  floor	  is	  open	  for	  ques4ons	  &	  cri4cal	  comments	  	  


