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Automata-Theoretic Approach to Model Checking
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Transition-based Generalized Biichi Automaton

o ATGBA is a tuple, A=< AP, Q, qo,9, F >
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Accepting runs are infinite sequences visiting infinitely often each
acceptance mark.
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Categories of Automata

Terminal Weak Strong
Automaton Automaton Automaton
B N B N
b C@T@ z CQTC% 5
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Reachability Simple search Nested (or iterated)
searches
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Multiple SCC strengths

Strong SCC

Weak SCC Non accepting

SCC

Terminal SCC

Ag with ¢ = (Ga = Gb)Wc
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Related Works

o Cerna and Pelanek [2003] provide a syntactic characterization of
the strength of the property automaton,

o Edelkamp et al. [2004] limit the NDFS to strong SCC and
perform specialized emptiness check considering the strength of

SCC,

e Barnat [2002] distributes the emptiness check according to the
SCC of the property automaton.

E. Renault (LRDE/LIP6) December 9, 2012 6 /19



Main Idea
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Determining SCC strength: three heuristics

@ syntactic heuristic: the strength is deduced from the formula
labelling states,

o structural heuristic [Bloem et al., 1999]: the strength is deduced
from the graph structure,

@ inherent heuristic: the strength is deduced from the elementary
cycles of an SCC.

Experiments over 10000 formulae shows (using Spot's translation)
that:

@ the 3 approaches catch 100% of (inherently) terminal SCC
o the syntactic approach catches 87.77% of (inherently) weak SCC

o the structural approach catches 99.85% of (inherently) weak
SCC
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Decomposing the Property automaton

A TGBA A can be decomposed into three derived automata:
@ At: captures the terminal behaviours of A
@ Ay : captures the weak behaviours of A
@ As: captures the strong behaviours of A

.

L(A) = Z(Ar) U ZL(Aw) U Z(As). [
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Construction for Ay

Oz

All acceptance marks are removed and J

a single acceptance mark labels all transitions of weak SCC.
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Exemple of decomposition

For AT ® Am, Aw ® Au, specialized emptiness checks are used.
For As ® Ay we use known algorithms (SE, ELL, Cou, OWCTY) J
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Post-reductions

Decomposed automata have a simpler structure and are therefore

easier to reduce.

no post-reductions post-reductions
states trans. states trans.

As 50.66% 37.87% 46.57% 34.85%
Aw 68.71% 51.47% 62.95% 44.77%
Ar 75.27% 63.68% 64.70% 49.28%

Sizes of the automata As, Ay, A7t relative to A, with or without the
postprocessing applied after decomposition, averaged on 2600 formulas.
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Workflow

LTL I Decompo
formula INGES sition
/Z 1T N\
’ Post—reductions‘
REFEEE ST N
AT @AM || Aw @ An | | As ® Ay
'Launched in parallel ! |

i Terminal Weak Strong
| | emptiness || emptiness | | emptiness
| check check check
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Benchmark

@ 13 models from the BEEM benchmark !
@ 200 random properties for each model
o A, ® Ay has more than 2000 states

Algorithm Time  Memory
SE Schwoon and Esparza [2005] 51.58% 91.38%
ELL Edelkamp et al. [2004] 49.28% 90.70%
Cou Couvreur [1999] 61.90% 92.92%
OWCTY Hojati et al. [1993] 40.43% 83.91%

Gain of the decomposition technique for each algorithm

1 For more details see http://anna.fi.muni.cz/models
December 9, 2012
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Evaluation of the

decomposition technique

Empty Product

classical decomposition

model algorithm states trans. time mem states trans. time mem
at.4 SE 11778840 55765492 112 3034 7620732 30150665 63 2691
84 cases ELL 11778840 55748407 117 3050 7620732 30150665 63 2688
Cou 11692421 54326243 95 2913 7542343 28859760 58 2657

OWCTY 149 3227 75 2841

elevat- SE 17583328 208607370 273 3622 12709300 106105555 161 3418
-or2.3 ELL 17583328 200251800 287 3639 12709300 106105555 161 3419
64cases Cou 17144611 171043227 186 3464 12479194 99666774 141 3348
OWCTY 14 1607 6 1534

Non Empty Product

at.4 SE 362202 2384803 4 842 138 181 0 795
93 cases ELL 362202 2100874 4 861 146 186 0 798
Cou 362196 2095924 3 837 172 217 0 799

OWCTY 343 3501 80 2623

elevat- SE 998871 14729965 15 1023 7967 50455 0 721
or2.3 ELL 998725 13980443 16 1031 7978 50466 0 720
100cases Cou 984226 9916942 10 986 7975 50464 0 720
OWCTY 30 2079 6 1172

Time is in seconds, memory is in MB.
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Conclusion & results with SPIN

@ This approch advantages only with multiple strength automata
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First results of experiments with SPIN:

Various ways to implement SCC strength characterization
Do not depend on the temporal logic (PSL,LTL,...)
Adaptable to all automata-based model checking approaches
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Future works

@ Mix this approach with other distribution techniques:

» Holzmann et al. [2011]: multiple independant NDFS,
» Evangelista et al. [2012]: NDFS sharing memory

@ Mix with Partial Order:
» This approach reduces the number of observable atomic
propositions
» If the original automaton is not X free, can we apply Partial
Order over one of the decomposed automaton?
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