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Ac8vity	
  of	
  Our	
  group	
  (TMU)	

  Development	
  of	
  TPCORE	
  (IP	
  core	
  of	
  general	
  purpose	
  
processor)	
  (CPA2004)	
  
  compa8ble	
  with	
  transputer	
  assembly	
  language	
  	
  

  Programs	
  wriTen	
  in	
  (Inmos)	
  occam	
  can	
  be	
  executed	
  

  50MHz	
  (FPGA)	
  and	
  130MHz	
  (ASIC)	
  

  TPCORE2	
  (one	
  of	
  4	
  link	
  I/Fs→DS-­‐link	
  for	
  virtual	
  link	
  and	
  
IEEE1355)	
  ,	
  1355	
  router	
  	
  (PDNS2010)	
  and	
  FPUs	
  

  Applica8on	
  of	
  these	
  processors	
  in	
  embedded	
  system	
  
  Real	
  8me	
  programming	
  

  Need	
  a	
  Timed	
  CSP	
  verifica8on	
  tool	
  ←	
  Mo8va8on	
  for	
  this	
  study	
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CSP	
  and	
  Timed	
  CSP	

 CSP:	
  Process	
  transi8on	
  with	
  events	
  only	
  (event	
  
transi8on)	
  

 Timed	
  CSP:	
  Considera8on	
  of	
  process	
  transi8on	
  
with	
  8me	
  (evolu8on	
  transi8on)	
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New	
  Operators	
  for	
  Timed	
  CSP(1)	

  Timed	
  Event	
  Prefix	
  	
  

Occurrence	
  8me	
  of	
  event	
  a	
  a_er	
  start	
  of	
  the	
  process	
  is	
  
recorded	
  in	
  8med	
  variable	
  u.	
  Once	
  a	
  is	
  occurred,	
  P	
  can	
  
refer	
  the	
  value	
  recorded	
  in	
  u.	
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a	
  is	
  not	
  occurred	
  a_er	
  
8me	
  d	
  has	
  passed	
  

Reset	
  u	
  at	
  event	
  a	




New	
  Operators	
  for	
  Timed	
  CSP(2)	


  Timeout	
  	
  
Choice	
  with	
  an	
  event	
  in	
  P	
  and	
  the	
  elapsed	
  8me	
  from	
  start	
  of	
  	
  the	
  process;	
  	
  
for	
  example,	
  

the	
  process	
  P	
  will	
  follow	
  a_er	
  the	
  event	
  a	
  if	
  a	
  takes	
  place	
  in	
  d	
  8me	
  unit	
  
otherwise	
  the	
  process	
  Q	
  will	
  start.	
  

  Timed	
  Interrupt	
  
Unless	
  the	
  process	
  P	
  is	
  finished	
  un8l	
  d,	
  it	
  is	
  terminated	
  and	
  	
  
the	
  process	
  Q	
  will	
  follow,	
  but	
  P	
  is	
  finished	
  within	
  d,	
  Q	
  will	
  not	
  be	
  invoked	
  to	
  
start	
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Timed	
  CSP	
  Explorer	

  A	
  program	
  described	
  in	
  ML	
  (Meta	
  Language)	
  	
  

  Lexical	
  analysis,	
  parsing	
  of	
  Timed	
  CSP	
  Processes	
  described	
  in	
  CSPM	
  	
  and	
  
genera8on	
  of	
  	
  	
  ML	
  func8ons	
  

  Execu8on	
  of	
  the	
  ML	
  func8ons	
  

  Refinement	
  analysis	
  (8med	
  trace/8me-­‐wise	
  trace)	
  for	
  safety	
  (trace	
  
based)	
  verifica8on	
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Implementa8on	
  of	
  CSP	
  
processes	
  with	
  ML	
  (1)	


  Defini8on	
  of	
  addi8onal	
  ML	
  datatypes	
  
  datatype  process  

= Proc of (event -> process) | Stop | Skip | Bleep ;"

  process	
  has	
  4	
  constructors	
  
  Proc	
  is	
  a	
  func8on	
  to	
  take	
  an	
  event	
  as	
  argument	
  and	
  return	
  a	
  

process"
  datatype event  

= Event of string*chanType ;"

  event	
  as	
  a	
  tuple	
  of	
  (string,	
  chanType)	
  
  Time	
  	
  informa8on	
  for	
  Timed	
  CSP	
  processes	
  will	
  be	
  added	
  a_erwards	
  	
  

  datatype chanType  
= Int of int | Seq of int list | String of string  
| Any | None ;"
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Implementa8on	
  of	
  	
  	
  
CSP	
  processes	
  with	
  ML	
  (2)	


  Example	
  	
  of	
  a	
  CSP	
  Operator	
  ;	
  Event	
  Prefix	
  	
  	
  
prefix(Event(ch,v),P:process)=  
let  
  fun temp(Event(ch’,v’)) if ch=ch’ andalso v=v’ then P else Bleep  
in  
  Proc temp  
end"

  Execu8on	
  of	
  processes	
  ;	
  	
  
  execu8on	
  of	
  the	
  process	
  	
  

with	
  single	
  step	
  	
  
fun run(Proc temp)  
= temp; "
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Extension	
  for	
  Timed	
  CSP	

  Addi8on	
  of	
  Time	
  constructor	
  to	
  datatype	
  event	
  

datatype event  
= Event of string*chanType | Time of int ;"

  Modifica8on	
  of	
  ML	
  func8ons	
  for	
  CSP	
  operators	
  extended	
  by	
  
8me	
  concept	
  	
  

  Implementa8on	
  of	
  Timed	
  CSP	
  operators	
  	
  
  fun	
  tprefix(Event(ch,v),	
  Time	
  d,	
  P:process)	
  

  fun	
  8meout(P:process,	
  Time	
  d,	
  Q:process)	
  

  fun	
  8nterrupt(P:process,	
  Time	
  d,	
  Q:process)	
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  Execu8on	
  of	
  Timed	
  CSP	
  
processes	
  (1)	


  Process	
  with	
  8med	
  interrupt	
  

  ML	
  expression	
  &	
  execu8on	
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Execu8on	
  of	
  Timed	
  CSP	
  
processes	
  (2)	


  Process	
  with	
  Timed	
  event	
  prefix	
  and	
  8meout	
  

  ML	
  expression	
  and	
  execu8on	
  (part)	
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Refinement	
  with	
  	
  
Timed	
  CSP	
  Explorer	


  Trace	
  refinement	
  (Safety	
  verifica8on	
  with	
  Timed	
  CSP	
  traces)	
  

  Trace	
  8mewise	
  refinement	
  

  	
  	
  

  refine(Spec,Imp)	
  	
  	
  
  All	
  the	
  traces	
  generated	
  by	
  Imp	
  process	
  are	
  followed	
  with	
  Spec	
  

  If	
  Spec	
  follows	
  them	
  all	
  w/o	
  Bleep,	
  refinement	
  is	
  established	
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Exclusive	
  control	
  of	
  shared	
  
resources	


  Exclusive	
  access	
  control	
  for	
  the	
  cri8cal	
  region	
  in	
  shared	
  resources	
  
  The	
  cri8cal	
  region	
  can	
  be	
  accessed	
  by	
  any	
  number	
  of	
  processes	
  but	
  

only	
  one	
  can	
  access	
  at	
  one	
  8me	
  

  If	
  a	
  process	
  accesses	
  the	
  region	
  the	
  other	
  process	
  should	
  wait	
  this	
  
access	
  is	
  over	
  

  We	
  need	
  an	
  efficient	
  and	
  safe	
  mechanism	
  to	
  control	
  the	
  processes	
  in	
  
as	
  each	
  process	
  accesses	
  the	
  cri8cal	
  region	
  as	
  if	
  only	
  one	
  process	
  
occupies	
  it.	
  

  As	
  one	
  of	
  candidates	
  to	
  be	
  used	
  for	
  the	
  exclusive	
  control	
  is	
  called	
  
Fischer’s	
  algorithm	
  

  Idea	
  of	
  this	
  example	
  comes	
  from	
  S.	
  Schneider,	
  “Concurrent	
  and	
  Real-­‐
8me	
  systems	
  	
  The	
  CSP	
  Approach”	
  (2000)	
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Fischer’s	
  algorithm	
  with	
  CSP	

  	
  	
  

  	
  	
  

  	
  	
  

  	
  Specifica8on:	
  enter.i	
  must	
  be	
  followed	
  with	
  exit.i	
  before	
  enter.i’	
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  read	
  shared	
  memory	
  and	
  if	
  it	
  
is	
  0,	
  write	
  I	
  (process	
  ID)	
  and	
  
enter	
  (occupy)	
  

  Independent	
  opera8on	
  	


  V	
  value	
  must	
  be	
  ini8ally	
  	
  zero	




Refinement	
  of	
  Fischer’s	
  
algorithm	


  Trace	
  verifica8on	
  with	
  Timed	
  CSP	
  explorer	
  for	
  this	
  algorithm	
  with	
  n=2	
  

  as	
  a	
  Specifica8on	
  for	
  this	
  algorithm,	
  

  and	
  hided	
  the	
  events	
  read,	
  req,	
  write	
  from	
  FIS	
  

  Refinement	
  result:	
  observa8on	
  of	
  enter.1	
  &	
  enter.2	
  in	
  a	
  trace	
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Extension	
  of	
  Fischer’s	
  algorithm	
  	
  
with	
  Timed	
  CSP	


  Redefini8on	
  of	
  process	
  Q(i)	
  with	
  Timed	
  CSP	
  

  Introduc8on	
  of	
  wai8ng	
  8me	
  ε	
  for	
  wri8ng	
  i	
  into	
  the	
  shared	
  
memory	
  	
  

  Introduc8on	
  of	
  maximum	
  8me	
  limit	
  for	
  occupa8on	
  of	
  the	
  
shared	
  memory	
  δ	



  ε	
  >	
  δ	
  should	
  be	
  sa8sfied	
  
  In	
  this	
  analysis,	
  we	
  have	
  modified	
  also	
  SPEC,FIS	
  slightly	
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Refinement	
  of	
  the	
  extended	
  
Fischer’s	
  algorithm	


  Trace	
  8mewise	
  refinement	
  with	
  Timed	
  CSP	
  Explorer	
  
  ε =	
  4,	
  δ =	
  2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ε =	
  2,	
  δ =	
  4	
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Succeeded	
 Failed	




Summary	
  and	
  Outlook	

  We	
  have	
  developed	
  (are	
  developing)	
  a	
  verifica8on	
  tool	
  for	
  Timed	
  CSP	
  processes,	
  

but	
  it	
  has	
  just	
  started	
  a	
  year	
  ago	
  out	
  of	
  our	
  urgent	
  necessity	
  	
  

  Timed	
  CSP	
  Explorer	
  makes	
  a	
  lexical	
  analysis	
  and	
  parsing	
  of	
  a	
  machine	
  readable	
  
(CSPM)	
  descrip8on	
  of	
  a	
  Timed	
  CSP	
  process,	
  and	
  generates	
  the	
  corresponding	
  ML	
  
expression	
  

  run,	
  exec	
  command	
  of	
  the	
  tool	
  can	
  generate	
  trace	
  sequences	
  that	
  the	
  process	
  
will	
  produce	
  (step	
  by	
  step	
  or	
  con8nuously	
  8ll	
  end)	
  

  refine	
  command	
  can	
  verify	
  the	
  process	
  with	
  its	
  specifica8on	
  in	
  terms	
  of	
  trace	
  
and	
  trace	
  8mewise	
  refinement	
  	
  

  Development	
  is	
  s8ll	
  underway	
  

  We	
  need	
  more	
  efficient,	
  complete	
  and	
  robust	
  parsing	
  system	
  

  and	
  must	
  add	
  failures	
  based	
  (failure	
  8mewise	
  and	
  8med	
  failure)	
  refinement	
  facility	
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