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Symbolic CTL Model Checking Algorithm

2

Procedure SMC(')
1 case ' 2 P /

*

Atomic Proposition

*

/

2 return L�1(');
3 case ' = ¬ /

*

Negation

*

/

4 return Q \ SMC( );
5 case ' = EX /

*

Exists Next

*

/

6 return ��1(SMC( ));
7 case ' = AX /

*

Always Next

*

/

8 return Q \ ��1(Q \ SMC( ));
9 case ' = E  1 UNTIL  2 /

*

Exists Until

*

/

10 return µX.SMC('2) [ (SMC('1) \ ��1(X))

11 case ' = A  1 UNTIL  2 /

*

Always Until

*

/

12 return µX.SMC('2) [ (SMC('1) \ (Q \ ��1(Q \ X)))

13 case ' = EG' /

*

Exists Globally

*

/

14 return ⌫X.SMC( ) \ ��1(X)

15 case ' = EF' /

*

Exists Eventually

*

/

16 return µX.SMC( ) [ ��1(X)
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Content for this lecture
1. Sets as Boolean functions 
2. Binary Decision Diagrams (BDDs) 
3. Operations on BDDs 
4. Properties and transition relation 
5. Model Checking with BDDs

4
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Sets as Boolean Functions

Characteristic function of a set
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Ordered Binary Decision Trees
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Ordered Binary Decision Trees
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Binary Decision Diagrams
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Ordered (Reduced) Binary Decision Diagram
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Ordered (Reduced) Binary Decision Diagram
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Variables Order (1)
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Variables Order (2)
1. Finding an optimal order is NP-complete 
2. There are boolean functions that have 

exponential size BDDs regardless of order 

Solutions:  
• smart order (related variables close in BDD) 
• dynamic re-ordering
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Operations on BDDs

Encoding Boolean Functions
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Operations on BDDs
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Properties & Transition Relation

Encoding with BDDs
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Atomic Properties as Boolean Formulas
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f[[ ]] ⌘ b2 = 0 ^ b1 = 1

f[[ ]] ⌘ (b2 = b1 = 0) _ (b2 = b1 = 1)

f[[ ]] ⌘ b2 = 1 ^ b1 = 0
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One Transition as Boolean Formula
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f� = (b2 = b1 = 0 ^ b0
2 = 0 ^ b0

1 = 1) (q0, q1)
_ (b2 = 0 ^ b1 = 1 ^ b0

2 = 1 ^ b0
1 = 0) (q1, q2)

_ (b2 = 1 ^ b1 = 0 ^ b0
2 = 0 ^ b0

1 = 1) (q2, q1)
_ (b2 = 1 ^ b1 = 0 ^ b0

2 = b0
1 = 1) (q2, q3)

_ (b2 = b1 = 1 ^ b0
2 = 1 ^ b0

1 = 0) (q3, q2)
_ (b2 = b1 = 1 ^ b0

2 = b0
1 = 1) (q3, q3)
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Model Checking with BDDs
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