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 Model-based design 

 This project: interface-based 

	  

•  Modeling:	  essen,al	  part	  of	  modern	  system	  design	  
	  

•  Executable	  models:	  simula,on,	  verifica,on	  
•  Find	  and	  fix	  design	  defects	  before	  building	  

prototype	  =>	  reduce	  costs	  

•  Interfaces	  for	  heterogeneous	  co-‐simula,on	  
•  Leveraging	  work	  on	  recent	  standard:	  FMI	  

(Func,onal	  Mock-‐up	  Interface)	  
•  Interfaces	  for	  incremental	  design	  

•  Leveraging	  work	  on	  interface	  theories	  
•  Interfaces	  for	  incremental	  implementa,on	  

•  Leveraging	  work	  on	  modular	  code	  
genera,on	  

•  Interfaces	  for	  mul,-‐view	  modeling	  

 Thrust: Co-simulation with FMI 

Thrust: Interface theories for 
incremental design [EMSOFT 2014] 

 

Design ≈ Modeling 
 

Problem: lack of compositionality 

•  LiGle	  support	  for	  model	  exchange,	  e.g.,	  export	  
model	  from	  tool	  A,	  import	  into	  tool	  B	  

•  LiGle	  tool	  interoperability,	  liGle	  support	  for	  co-‐
simula,on	  

•  LiGle	  support	  for	  model	  libraries:	  most	  models	  
fundamentally	  non-‐composi,onal:	  

•  Composite	  submodel	  cannot	  be	  
abstracted	  as	  an	  atomic	  “black	  box”	  

•  Unsa,sfactory	  alterna,ve:	  copy-‐paste	  model	  code	  

Thrust: Multi-view modeling [TACAS 2014] 

FMI in a Nutshell

I Notation:
C set of FMU instances in a model
c 2 C FMU instance
Sc set of states of FMU c
Uc set of input ports of c
Yc set of output ports of c
V set of values that a port can take

I API’s main functions:

initc : R�0 ! Sc

setc : Sc ⇥ Uc ⇥ V ! Sc

getc : Sc ⇥ Yc ! V
doStepc : Sc ⇥ R�0 ! Sc ⇥ R�0
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Querying FMUs for Maximal Step Sizes

Additional API method:

getMaxStepSizec : Sc ! R�0 [ {1}

Contract:

(A4) If getMaxStepSizec(s) = h then for all h0 where 0  h0  h,
doStepc(s, h

0) = (s0, h0) for some s0.
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Co-Simulation with FMI

FMI defines the API that slaves (FMUs) must/may implement.

Master

FMU��1 FMU�n

call/
return

…

FMI�API

Limitations:

I The FMI standard leaves implicit the precise semantics of that
API.

I It only gives a rough idea of how to implement the master
algorithm.

I Important properties like determinacy and correctness of
execution (simulation) are not discussed.
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Challenge:	  how	  to	  design	  a	  
seman,cally	  sound	  master	  
algorithm	  (determinism,	  
correctness,	  max	  progress)	  
	  

Determinis,c	  master	  algorithm	  	  
	  

FMI	  formal	  API	  
	  

FMU	  contract:	  
	  

 view 
 view 

 view 

system 

hardware architecture 
inertial 
coordination 
layout 
... 

function 
aeronautics 
modes 
power 
... 

timing 
structure 
control laws 
logic 
... 

no single view 
is sufficient 

perspectives (viewpoints) 

perspectives (viewpoints) perspectives (viewpoints) 
Challenges: view consistency? view composition? 

Synthesis

Modeling

Analysis

Model-‐Based	  Design

How	  to	  describe
what	  we	  want?

How	  to	  be	  sure	  that	  this
is	  what	  we	  want?

How	  to	  build	  it?

Subs,tutability	  with	  interface	  
theories	  

C A Z 

C A B 

(1)	  If	  A’	  ≤	  A	  and	  A	  sa,sfies	  P	  then	  A’	  sa,sfies	  P.	  	  
(2)	  If	  A’	  ≤	  A	  	  and	  B’	  ≤	  B,	  then	  A’	  •	  B’	  	  ≤	  	  A	  •	  B.	  

Z ≤	  B	  and	  (1)	  and	  (2)	  	  	  	  =>	  	  	  subs,tutability	  

Recent	  work	  

•  From	  sta,c	  to	  dynamic	  (i.e.,	  dynamical	  system)	  views.	  
•  Formalized	  views	  and	  view	  consistency	  (does	  there	  exist	  a	  system	  
which	  could	  generate	  a	  given	  set	  of	  views?).	  

•  Algorithms	  for:	  
–  Verifica,on:	  view	  consistency	  checking	  
–  Synthesis:	  given	  set	  of	  consistent	  views,	  synthesize	  witness	  system.	  

[TACAS	  2014]	  Recent	  work:	  
Refinement	  Calculus	  for	  Reac,ve	  Systems	  

•  Extends	  classic	  refinement	  and	  weakest	  precondi2on	  
calculus	  [Dijkstra,	  Back,	  et	  al]	  to	  reac,ve	  systems.	  

•  Components	  specified	  as	  symbolic	  transi,on	  systems	  
or	  using	  LTL	  formulas.	  	  

•  Can	  handle	  not	  only	  safety	  but	  also	  liveness	  proper,es	  

[EMSOFT	  2014]	  


