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Plan for today

® repeat CTL*
® idea of CTL* model checking
® complexity of CTL* model checking
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Remember: Syntax of CTL*
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Definition (CTL* formulas) e
Let AP be a set of atomic propositions and p € AP. The set of CTL* formulas o
is defined as the set of all state formulas ® with CTL* model
checking
@ = T | L|p| | 21AD | Jp | Vp state formulas el
o u= @ | mp | pAp | Op | Op | Op | ¢ Uy path formulas
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CTL* vs. CTL vs. LTL

® remember: CTL and LTL are both contained in CTL*
® CTL formula ®:
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CTL* vs. CTL vs. LTL

® remember: CTL and LTL are both contained in CTL*

® CTL formula ®: already in CTL*
® LTL formula ¢:
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CTL* vs. CTL vs. LTL

e remember: CTL and LTL are both contained in CTL*

® CTL formula ®: already in CTL*
® LTL formula ¢: Ve is equivalent in CTL*

e CTL* contains formulas that are neither in LTL nor CTL

¢ = (Voop) vV (YOIOb)
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CTL* vs. CTL vs. LTL

e remember: CTL and LTL are both contained in CTL*

® CTL formula ®: already in CTL*
® LTL formula ¢: Ve is equivalent in CTL*

e CTL* contains formulas that are neither in LTL nor CTL
¢ = (Voop) vV (YOIOb)

(first part not in CTL, second part not in LTL)

e thus: CTL* is proper superset
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Closer look at CTL* formulas

® consider the following CTL* formula:
o= (30O p)V-(voor)

® observation: state formula that contains path formulas
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Closer look at CTL* formulas

e consider the following CTL* formula:
®=3FoOp)V-(vVoar)

® observation: state formula that contains path formulas
e MC idea: do LTL MC for sub-formulas first, then do CTL MC:
1. Calculate Sat set for 30 O p and V<o Or using the following equivalences for
LTL formulas ¢:

Satcris (Vo) = {q | ¢ FurL ¢} and  Satcri- (Fp) = {q | ¢ Fure w0}

2. do normal CTL MC for @ using the results from 1.
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Closer look at CTL* formulas

® consider the following more nested CTL* formula:

= (05 A¥OR) V)

® multiple switches between LTL and CTL MC required
1. LTL MC for
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Closer look at CTL* formulas

® consider the following more nested CTL* formula:

= (05 A¥OR) V)

® multiple switches between LTL and CTL MC required

1. LTL MC for o1 = Op
2. CTL MC for
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Closer look at CTL* formulas

® consider the following more nested CTL* formula:

= (05 A¥OR) V)

® multiple switches between LTL and CTL MC required
1. LTL MC for 1 = Op

2. CTL MC for ®; = p A V1
3. LTL MC for

IN5110 —

Specification and
Verification of
Parallel Systems

Tobias John

Syntax

CTL™ model
checking

Complexity
analysis

5-8


https://www.mn.uio.no/ifi/english/people/aca/tobiajoh/

Closer look at CTL* formulas

® consider the following more nested CTL* formula:

= (05 A¥OR) V)

® multiple switches between LTL and CTL MC required

1.

2.
3.
4.

LTL MC for o1 = Op
CTL MC for ®; = p AV
LTL MC for po = <0y
CTL MC for
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Closer look at CTL* formulas

® consider the following more nested CTL* formula:

= (05 A¥OR) V)

® multiple switches between LTL and CTL MC required

1.

2
3
4.
5

LTL MC for o1 = Op

. CTL MC for &1 = p AV,

. LTL MC for ¢ = 00,
CTL MC for ®5 = (V(pg) Vq

. LTL MC for
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Closer look at CTL* formulas

® consider the following more nested CTL* formula:

= (05 A¥OR) V)

® multiple switches between LTL and CTL MC required

Al

LTL MC for o1 = Op

CTL MC for ®; = p AV
LTL MC for gp = ©0®,
CTL MC for ®5 = (V(pg) Vq
LTL MC for Y3 = O(I)Q
CTL MC for
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Closer look at CTL* formulas

® consider the following more nested CTL* formula:

= (05 A¥OR) V)

® multiple switches between LTL and CTL MC required
1. LTL MC for 1 = Op
2. CTL MC for ®; = p A V1
3. LTL MC for gy = ©0O0®;
4. CTL MC for 5 = (Vip2) V q
5. LTL MC for Y3 = O(I)Q
6. CTL MC for & = V3

® observation: use results for sub-formulas for larger formulas
(analog to CTL MC)

e for CTL* formulas with 3-quantifier, some negated sub-formulas must be
considered (see previous frame)
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CTL* MC algorithm (idea)

® similar to CTL: build Sat sets for formulas of increasing size
® use LTL MC when encountering a quantified path formula

¢ depending on quantifier, treatment might vary slightly
® constant switching between LTL and CTL model checking
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Complexity of CTL* MC
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® dominant parts of time for MC algorithm: LTL MC Tobias dohn
(rest is polynomial in size of transition system and formula) Syntax

® hence: exponential in length of formula and polynomial in size of transition Cciiamode!
system ;::;Tyzlizxity

e further analysis: PSPACE-complete (as LTL MC)
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Summary

CTL* entails CTL and LTL
CTL* MC is decidable and PSPACE-complete
MC algorithm: similar to CTL MC

complexity: same as for LTL
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