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Indeed	  (?)	  

Kurt	  Jensen	  
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It	  is	  all	  Petri	  Nets	  
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Os	  problemas	  

Con?nuar	  dependendo	  muito	  da	  simulação	  e	  da	  a?ngibilidade.	  

Menor	  apelo	  direto	  à	  intuição.	  

Uso	  de	  outro	  ?po	  de	  estruturação	  

Falta	  de	  um	  bom	  arcabouço	  de	  análise	  de	  propriedades	  
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The	  Resource	  Alloca?on	  
Problem	  
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Analyzing	  a	  CPN	  
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CPN	  Analysis	  
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Variables	  and	  Colorsets	  

The	  variable	  n	  denotes	  the	  number	  of	  
database	  managers.	  

The	  colorset	  DBM	  is	  the	  set	  of	  DB	  
managers	  {di}	  i=1..n.	  

The	  colorset	  PR:	  DBM	  X	  DBM,	  and	  
denotes	  all	  possible	  communica?on	  
channel	  between	  two	  DB	  managers.	  The	  func?on	  diff:	  (DBM	  X	  DMB)	  	  {V,	  F},	  
is	  a	  boolean	  func?on	  that	  interpret	  a	  pair	  

(di,	  dj)	  as	  V	  if	  di	  ≠	  dj.	  
The	  func?on	  Mes	  :	  DBM	  	  MESMS	  is	  	  
such	  that	  MES(di)={1’(di,	  dj),	  j=1..n|diff

(di,	  dj)	  The	  colorset	  MES	  is	  a	  subset	  of	  PR	  such	  
that	  MES(di)={(di,	  dj)|diff(di,	  dj)	  
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The	  ini?al	  state	  
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Conflict	  

In	  the	  ini?al	  state	  all	  managers	  are	  in	  the	  
place	  Inac?ve,	  there	  is	  a	  black	  resource	  
in	  the	  place	  Passive	  (meaning	  that	  the	  
ac?on	  is	  allowed	  to	  only	  one	  manager)	  
and	  all	  messages	  are	  in	  Unused.	  Thus,	  it	  
is	  possible	  to	  fire	  Send	  Mes	  for	  any	  
manager	  di,	  1≤i≤n,	  for	  a	  fixed	  value	  of	  n.	  	  
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Enabling	  condi?on	  

In	  the	  state	  M0	  only	  the	  transi?on	  Send	  
Mes	  (SM)	  is	  enabled,	  considering	  all	  the	  
arc	  expressions.	  Thus,	  if	  a	  binding	  is	  
selected	  from	  the	  conflic?ng	  situa?on,	  
for	  instance,	  	  

(SM,	  <s=d2>)	  

SM	  will	  occur,	  puing	  marks	  in	  Sent,	  
Ac?ve	  and	  Wai?ng.	  
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Binding	  defini?on	  
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The	  conflict	  in	  CPNTools	  
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Seing	  the	  biding	  
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Firing	  SM	  

Firing	  SM	  lead	  to	  a	  new	  state	  M1	  
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The	  state	  M1	  

The	  state	  M1	  can	  be	  obtained	  from	  M0	  by	  following	  the	  flux	  of	  marking	  since	  it	  
respects	  the	  arc	  expressions,	  the	  biding,	  and	  the	  filters.	  

M1(Inac?ve)=	  M0(Inac?ve)	  –	  1`d2	  =	  DBM	  –	  1`d2	  	  
M1(Wai?ng)=	  1`d2	  	  
M1(Sent)	  =	  Mes(d2)	  =	  1`(d2,	  d1)	  +	  1`(d2,	  d3)	  
M1(Unused)	  =	  M0(Unused)	  –	  Mes(d2)	  =	  MES	  –	  Mes(d2)	  	  
M1(Ac?ve)	  =	  1`e	  
M1(Passive)	  =	  M1(Received)	  =	  M1(Performing)	  =	  M1(Acknowledged)	  =	  Φ	  
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The	  step	  

In	  the	  new	  state	  M1	  there	  is	  only	  one	  
transi?on	  enabled	  which	  is	  Rec	  Mes	  (RM).	  
That	  means	  that	  the	  message	  sent	  by	  d2	  
could	  be	  received	  by	  either	  managers	  d2	  
or	  d2.	  The	  firing	  of	  RM	  for	  each	  manager	  is	  
what	  is	  called	  concurrent	  events	  and	  make	  
a	  step	  denoted	  by	  the	  biding,	  

(RM,	  <	  s=	  d2,	  r=d1>	  and/or	  <	  s=	  d2,	  r=d3>)	  

For	  the	  selected	  example	  where	  n=3.	  	  
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Formal	  defini?on	  of	  step	  
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Firing	  the	  step	  
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Obtaining	  the	  new	  state	  

The	  state	  M2	  can	  be	  obtained	  from	  M1	  by	  following	  the	  flux	  of	  marking	  since	  it	  
respects	  the	  arc	  expressions,	  the	  biding,	  and	  the	  filters.	  

M2(Inac?ve)=	  M1(Inac?ve)	  =	  M0(Inac?ve)	  –	  1`d2	  =	  DBM	  –	  1`d2	  	  
M2(Wai?ng)=	  M1(Wai?ng)	  =	  1`d2	  	  
M2(Sent)	  =	  Φ	  	  	  
M2(Unused)	  =	  M1(Unused)	  =	  M0(Unused)	  –	  Mes(d2)	  =	  MES	  –	  Mes(d2)	  	  
M2(Ac?ve)	  =	  M1(Ac?ve)	  	  =1`e	  
M2(Received)	  =	  1`(d2,	  d1)	  +	  1`(d2,	  d3)	  
M2(Performing)	  =1d2	  +	  1`d3	  
M2(Passive)	  =	  M2(Acknowledged)	  =	  Φ	  
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Concurrency	  

The	  same	  situa?on	  of	  concurrency	  happens	  again	  in	  state	  M2	  since	  either	  
manager	  d1	  or	  d3	  (or	  both)	  can	  choose	  to	  send	  an	  acknowledge	  back	  to	  d2.	  	  	  	  
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The	  new	  step	  

Only	  one	  transi?on,	  the	  Send	  Ack	  
(SA)	  enabled	  and	  could	  be	  fired	  by	  
one	  of	  the	  managers,	  d1	  or	  d3	  once	  
they	  finish	  upgrading	  the	  changes	  
made	  by	  d2.	  	  Again	  the	  sending	  of	  
an	  acknowledge	  is	  independent	  for	  
each	  one	  of	  the	  managers.	  
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The	  new	  state	  
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The	  new	  state	  

The	  state	  M3	  can	  be	  obtained	  from	  M2	  by	  following	  the	  flux	  of	  marking	  since	  it	  
respects	  the	  arc	  expressions,	  the	  biding,	  and	  the	  filters.	  

M3(Inac?ve)=	  M2(Inac?ve)	  	  	  
M3(Wai?ng)=	  M2(Wai?ng)	  	  	  
M3(Sent)	  =	  Φ	  	  	  
M3(Unused)	  =	  M2(Unused)	  	  	  
M3(Ac?ve)	  =	  M2(Ac?ve)	  	  =1`e	  
M3(Received)	  =	  Φ	  
M3(Performing)	  =	  Φ	  
M3(Passive)	  =	  Φ	  
M3(Acknowledged)	  =	  1`(d2,	  d1)	  +	  1`(d2,	  d3)	  
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Synchroniza?on	  

In	  state	  M3	  there	  is	  only	  one	  transi?on	  enabled	  which	  is	  Receive	  Ack	  (RA).	  In	  this	  
case	  the	  acknowledge	  of	  all	  associated	  managers	  must	  be	  combined	  in	  a	  
message	  to	  the	  sender.	  Arer	  receiving	  this	  message	  the	  sender	  comes	  back	  to	  a	  
passive	  state	  again.	  	  	  
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The	  new	  state	  

The	  state	  M4	  can	  be	  obtained	  from	  M3	  by	  following	  the	  flux	  of	  marking	  since	  it	  
respects	  the	  arc	  expressions,	  the	  biding,	  and	  the	  filters.	  

M4(Inac?ve)=	  1`d1	  +	  1`d2	  +	  1`d3	  =	  DBM	  
M4(Wai?ng)=	  	  Φ	  
M4(Sent)	  =	  Φ	  	  	  
M4(Unused)	  =	  MES	  
M4(Ac?ve)	  =	  Φ	  
M4(Received)	  =	  Φ	  
M4(Performing)	  =	  Φ	  
M4(Passive)	  =	  1`e	  
M4(Acknowledged)	  =	  	  Φ	  
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A	  cycle	  

It	  could	  be	  seen	  that	  star?ng	  in	  a	  situa?on	  where	  all	  managers	  are	  inac?ve,	  if	  
one	  of	  them	  makes	  a	  change	  and	  then	  send	  a	  message	  the	  final	  answer	  is	  the	  
that	  the	  remaining	  managers	  receive	  the	  message,	  perform	  the	  change	  and	  send	  
an	  acknowledge	  closing	  a	  cycle,	  that	  is,	  changing	  to	  the	  ini?al	  state.	  Thus,	  

M0	  |SM>	  M1	  |RM>	  M2	  |SA>	  M3	  |RA>	  M0	  

That	  will	  be	  symmetric	  for	  each	  manager	  and	  cons?tutes	  a	  transi?on	  invariant.	  



Escola	  Politécnica	  da	  USP	  

Occurrence	  Graph	  
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Directed	  Graphs	  
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O-‐graph	  
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Genera?ng	  an	  O-‐graph	  
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Behavioral	  Proper?es	  

As	  pointed	  before,	  we	  could	  treat	  CPN	  as	  classical	  net	  in	  what	  concerns	  
the	  design	  and	  modeling	  process.	  Therefore,	  we	  should	  reinforce	  
property	  analysis	  as	  a	  method	  instead	  of	  trus?ng	  only	  in	  simula?on	  and	  
reachability.	  

	  All	  main	  proper?es	  analyzed	  before	  in	  classic	  nets	  could	  also	  apply	  to	  
CPN.	  
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Boundness	  
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Applying	  boundness	  
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Home	  Space	  
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Liveness	  
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Fairness	  
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The	  method	  
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AutomaGng	  Invariant	  Analysis	  
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Invariant	  Discussion	  in	  CPN	  
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Typical	  Problem	  Size	  
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Hierarchical	  CPNs	  
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Hierarchy	  in	  PN	  

Hierarchy is not anything new and is actually 
connected with any kind of net, including the 
classical ones.  

In design, hierarchy means to abstract the elements 
which properties are not relevant in an analysis 
phases.   
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€ 

Def. 35] Seja uma estrutura de rede N = (P,T;F). Seja X = P∪T,  e um sub - conjunto Y ⊆ X .
Definimos uma borda de N, ao conjunto ∂(Y) = {y∈Y |  ∃x ∉Y . x∈  loc(y)}.

Girault,	  C.	  and	  Valk,	  R.;	  Petri	  Nets	  for	  Systems	  Engineering,	  	  Springer,	  2003	  

Hierarchy	  in	  General	  
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€ 

Def. 36] Um sub - conjunto de elementos da estrutura de rede N = (P,T;F) é dito 
limitado por lugar (place - bounded) ou aberto se ∂(Y )⊆ P.  Este sub - conjunto é dito
limitado por transição (transition - bounded) se ∂(Y )⊆ T.

Subnet	  subs?tu?on	  
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Subnet	  subs?tu?on	  
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Uma nova rede é formada, ʹ′ N = ( ʹ′ P , ʹ′ T ; ʹ′ F ) onde (se Y é limitada por transição) :
ʹ′ P = P \ Y
ʹ′ T = (T \ Y )∪ ty,  onde ty é um novo elemento que substitui a sub - rede Y;
ʹ′ F = F \ Int(Y ),  onde Int(Y ) é o conjunto dos arcos internos de Y.

Similarmente, se Y é limitada por lugar, a nova rede terá,
ʹ′ P = (P \ Y )∪ py,  onde py é um novo lugar que substitui a sub - rede Y;
ʹ′ T = T \ Y;
ʹ′ F = F \ Int(Y ),  onde Int(Y ) é o conjunto dos arcos internos de Y.

The	  New	  PN	  aJer	  subs.	  
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€ 

Seja xy um elemento genérico (instanciável por ty  ou por py ). Este elemento é
dito próprio se e somente se é limitado por transição (lugar), tem somente dois
elementos de borda, com pelo menos um processo vivo entre eles.

Se os elementos abstratos são próprios as propriedades da rede subjacente se 
conservam a menos de um termo aditivo. (J. R. Silva, On The Property Analysis 
of Abstract and Hierarchical Nets, to appear).  

Proper	  Elements	  
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The	  challenge	  

Hierarchy is a good abstraction feature. However, 
the real challenge is to associate that with the 
property analysis, so that the abstract net preserve 
the same properties than the expanded one. 

The proper requirement is a key issue for that. 
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Design	  and	  abstrac?on	  
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Fim!


