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Constraint Automata Example

(Data = {0, 1})A = (Q,N ,−→, Q0, AP, L)
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Constraint Automata Example

(Data = {0, 1})A = (Q,N ,−→, Q0, AP, L)

BAN src = {A} and N snk = {B}

{A}, dA = 1{A}, dA = 0

{B}, dB = 0 {B}, dB = 1

Q∅Q0 Q1

{a0} {a1}

{empty}
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Constraint Automata Product

JOIN (& HIDE) for CA
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Constraint Automata Product

q1
N,g−−−→ q2, N ∩N2 = ∅

(q1, p1)
N,g−−−→ (q2, p1)

p1
N,g−−−→ p2, N ∩N1 = ∅

(q1, p1)
N,g−−−→ (q1, p2)

JOIN (& HIDE) for CA
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q1
N1,g1−−−−−→ q2, p1
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Branching Time Stream Logic

Φ ::= true
∣∣ a

∣∣ Φ1 ∧ Φ2

∣∣ ¬Φ
∣∣ ∃ϕ

∣∣ ∀ϕ

FMCO 2008, Sophia Antipolis, FranceOctober 23, 2008 Sascha Klüppelholz

Formal Verification for Dynamic Coordinations Models



Branching Time Stream Logic

Φ ::= true
∣∣ a

∣∣ Φ1 ∧ Φ2

∣∣ ¬Φ
∣∣ ∃ϕ

∣∣ ∀ϕ
ϕ ::= 〈α〉Φ

∣∣ Φ1UΦ2

FMCO 2008, Sophia Antipolis, FranceOctober 23, 2008 Sascha Klüppelholz

Formal Verification for Dynamic Coordinations Models



Branching Time Stream Logic

Φ ::= true
∣∣ a

∣∣ Φ1 ∧ Φ2

∣∣ ¬Φ
∣∣ ∃ϕ

∣∣ ∀ϕ

α ::= (N, g)
∣∣ stop

∣∣ α∗ ∣∣ ¬α
∣∣

α1 ; α2

∣∣ α1 ∪ α2

∣∣ α1 ∩ α2

ϕ ::= 〈α〉Φ
∣∣ Φ1UΦ2

FMCO 2008, Sophia Antipolis, FranceOctober 23, 2008 Sascha Klüppelholz

Formal Verification for Dynamic Coordinations Models



Branching Time Stream Logic

Φ ::= true
∣∣ a
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Branching Time Stream Logic

Φ ::= true
∣∣ a

∣∣ Φ1 ∧ Φ2

∣∣ ¬Φ
∣∣ ∃ϕ

∣∣ ∀ϕ

Derived Operators:

∃[α]Φ = ¬∀〈α〉¬Φ ∀[α]Φ = ¬∃〈α〉¬Φ

α ::= (N, g)
∣∣ stop

∣∣ α∗ ∣∣ ¬α
∣∣

α1 ; α2

∣∣ α1 ∪ α2

∣∣ α1 ∩ α2
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∣∣ Φ1UΦ2

∀XΦ = ∀[·]Φ∃XΦ = ∃〈·〉Φ
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Alternating Time Stream Logic

Φ ::= true
∣∣ a

∣∣ Φ1 ∧ Φ2

∣∣ ¬Φ
∣∣ ENϕ
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Alternating Time Stream Logic

ϕ ::= 〈α〉Φ
∣∣ [α]Φ

∣∣ Φ1UΦ2

∣∣ Φ1RΦ2

Φ ::= true
∣∣ a

∣∣ Φ1 ∧ Φ2

∣∣ ¬Φ
∣∣ ENϕ
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Alternating Time Stream Logic

ϕ ::= 〈α〉Φ
∣∣ [α]Φ
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Alternating Time Stream Logic

Derived Operator:

AN [α]Φ = ¬EN 〈α〉¬Φ
AN 〈α〉Φ = ¬EN [α]¬Φ

ϕ ::= 〈α〉Φ
∣∣ [α]Φ

∣∣ Φ1UΦ2

∣∣ Φ1RΦ2

Φ ::= true
∣∣ a

∣∣ Φ1 ∧ Φ2

∣∣ ¬Φ
∣∣ ENϕ

∣∣

α1 ; α2

∣∣ α1 ∪ α2

∣∣ α1 ∩ α2

α ::= c
∣∣ stop

∣∣ α∗ ∣∣ ¬α
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Linear Time Logic

ϕ ::= true
∣∣ a

∣∣ ϕ1 ∧ ϕ2

∣∣ ¬ϕ
∣∣ ϕ1Uϕ2
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Linear Time Logic

Derived Operators:

ϕ ::= true
∣∣ a

∣∣ ϕ1 ∧ ϕ2

∣∣ ¬ϕ
∣∣ ϕ1Uϕ2

♦ϕ = true Uϕ !ϕ = ¬♦¬ϕ
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Linear Time Logic

Derived Operators:

ϕ ::= true
∣∣ a

∣∣ ϕ1 ∧ ϕ2

∣∣ ¬ϕ
∣∣ ϕ1Uϕ2

♦ϕ = true Uϕ !ϕ = ¬♦¬ϕ

Interesting Properties:
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Linear Time Logic

Derived Operators:

Model Checking:

ϕ ::= true
∣∣ a

∣∣ ϕ1 ∧ ϕ2

∣∣ ¬ϕ
∣∣ ϕ1Uϕ2

♦ϕ = true Uϕ !ϕ = ¬♦¬ϕ

O(2|ϕ| · |A|)
A |= ϕ ⇔ Traces(A) ∩Words(¬ϕ) = ∅

Interesting Properties:
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Vereofy

Verification Tool for 
REO and Constraint Automaton
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Counterexamples/
Witnesses

Synthesis

(BTSL* Model Checking)

(Minimization)
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Vereofy - Modules
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MODULE FIFO1_INIT_RM<k>{ 
  in: A;
  out: B;

  var: enum {EMPTY, FULL} state := FULL; 
  var: Data value := k; 

  state==EMPTY -[ {A} ]-> state:=FULL & value:=#A;
  state==FULL -[ {B} & #B==value ]-> state:=EMPTY; 
} 
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0
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Vereofy - Circuits
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0
Node[0] Node[1] Node[2] Node[3]

C[0] C[1] C[2] C[3]
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Vereofy - Circuits
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CIRCUIT my_sequencer<k>{
  F[0] = new FIFO1_INIT<0>(A[0];B[0]);
  SD[0] = new SYNC_DRAIN(C[0],D[0]);
  Node[0] = join(B[0],D[0]);

  for (i=1;i<k;i=i+1){
    F[i] = new FIFO1(A[i];B[i]);
    SD[i] = new SYNC_DRAIN(C[i],D[i]);
    Node[i] = join(B[i],D[i]);
    Node[i-1] = join(Node[i-1],A[i]);
  }

  Node[k-1] = join(Node[k-1],A[0]);
}

Formal Verification for Dynamic Coordinations Models
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0
Node[0] Node[1] Node[2] Node[3]

C[0] C[1] C[2] C[3]

for (i=0;i<k;i=i+1){ source[i] = C[i]; }
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0
Node[0] Node[1] Node[2] Node[3]

C[0] C[1] C[2] C[3]

for (i=0;i<k;i=i+1){ source[i] = C[i]; }

Formal Verification for Dynamic Coordinations Models

CIRCUIT main{
  SEQ = new my_sequencer<size>;
  N = join(SEQ.source[size-1], ...);
}
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TYPE Data = enum {X,Y, rsignal};

MODULE dynamic_component{
 in: A; out: B1;
 in: reconf;
   
 var: enum {Mode0, Mode1} Mode := Mode0;

 // behaviour:
 Mode==Mode0 -[ {A} ]->;
 Mode==Mode1 -[ {A,B1} & #A==#B1 ]->;

 // reconfiguration:
 Mode!=Mode0 -[ {reconf} & #reconf==rsignal]-> Mode:=Mode0;
 Mode!=Mode1 -[ {reconf} & #reconf==rsignal]-> Mode:=Mode1;
}
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RECONFIGURABLE CIRCUIT dynamic_circuit{ 
  source[0] := A;
  sink[0] := B0; sink[1] := B1;
  SC[0] = new SYNC; SC[1] = new SYNC; 

  conf(1){ 
    join(SC[0].source[0],A); 
    join(SC[0].sink[0],B0); 
  } 

  conf(2){ 
    join(SC[1].source[0],A); 
    join(SC[1].sink[0],B1);
  }
}

A

B0

B1

R
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RECONFIGURABLE CIRCUIT dynamic_circuit{ 
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CIRCUIT main{
  dc = new dynamic_circuit;
  dr = new my_driver;
  
  join(dr.sink[0], dc.reconf_port);
}
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receive ibroadcast i
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Thank you for your attention!
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