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The Model Checking Toolchain

M |= ϕ
⇐⇒ L(AM) ⊆ L(Aϕ)
⇐⇒ L(AM ⊗ Aϕ) = ∅
⇐⇒ L(AM ⊗ A¬ϕ) = ∅
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The Model Checking Toolchain
model M property ϕ

exploration translation

automaton AM automaton A¬ϕ

product

AM ⊗ A¬ϕ

emptiness check

L(AM ⊗ A¬ϕ) ?= ∅

ϕ holds / ϕ violated

accepting run search

w ∈ L(AM ⊗ A¬ϕ)

counterexample

if not
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Spot 2

“Spot 2.0 — a framework for
LTL and ω-automata
manipulation” [4]
C++ library
algorithms, bridges for model
checking
executables for testing and
comparing

ltlcross, autcross:
language equivalence

22
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The Problem

ω-automata in Spot cannot have more than fixed
number of acceptance sets (32 by default)
acceptance sets sizes add-up during product

Operands may be expressed but not the product
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Last Year’s Work

Two-automaton emptiness check:
Two-automaton emptiness check in Spot [5]
Simulate a product on-the-fly
Based on Couvreur’s on-the-fly emptiness check
algorithm [2]
Optimisations on automata strength and API

No accepting run search, we cannot use it to look for a
counterexample.
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What We Need To Build

Pumping lemma: infinite word, but finite automata
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Fig. 4. Problematic case forSE05.
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Fig. 5. Computing an accepting run for a TGBA.

4.2 A New Nested DFS Algorithm

Fig. 4 illustrates a case whereSE05 could be improved. Arcs are labeled by their depth-
first order.SE05 is defined on Büchi automata with accepting states. In its first DFS, if
eitherq9 or q7 are accepting, thenSE05 can report a violation. Ifq8 is accepting, the
accepting cycle(q8, q9, q7, q8) cannot be detected by the first DFS: it will only be found
by the second DFS performedafter the large subgraph have been explored.

The first DFS could detect an accepting cycle when visiting the third arc if it knew
whether an accepting state exists betweenq7 andq9. We propose to associate each state
q in the DFS stack with the numberW [q] of accepting states in the DFS path fromq0 to
q. Therefore checking the existence of an accepting state betweenq7 andq9, amounts
to testing whetherW [q9] − W [q7] > 0.

This technique can be generalized to multiple acceptance conditions using a vector
of counters. We implemented it inTau03 opt. Its effect can be observed on TGBAs
with a single acceptance condition, whereSE05 andTau03 opt differ only on this last
optimization. For instance see formulæ A and B in Table 2.

Fig. 6 presentsTau03 opt. This new algorithm uses the technique ofTau03 to
handle multiple acceptance conditions, but simplifies its logic and also implements all
the optimizations introduced bySE05.

On Table 1 the reason whyTau03 opt outperformsGV04 in terms of visited states
is that the latter works on a degeneralized automaton (this is confirmed when comparing
Cou99 with Tau03 opt); however the wayTau03 opt nests multiple DFSs to handle
multiple acceptance conditions causes more transitions tobe visited thanGV04.

5 Computing Accepting Runs for Generalized Automata

When a product space is foundnot to be empty, it means the system does not verify the
formula it is checked against. An important step is to provide the user with a counterex-
ample, showing an actual faulty execution of the system. Such a counterexample is an
accepting run of the product automata. It can often be produced as a side-effect of the
emptiness check, or afterwards by reusing some data of the check.

In emptiness-check algorithms that work on degeneralized automata, exhibiting an
accepting run if one exists is straightforward. In NDFS-based algorithms (CVWY90,
SE05) that run is the contents of the stack. ForGV04, Geldenhuys and Valmari [9]
showed how to use an extra integer per stack state to produce an accepting run.

Excerpt from “On-the-Fly Emptiness Checks for Generalized Büchi Automata” [3]
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Example
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Speed Up
Comparison of old vs. new emptiness check in ltlcross
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(all empty, no accepting run search) + 27 timeouts
outlier: "(!(X(p11))) -> (!(p0))" through ltl3ba
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Bench Setup

1 We measure the time spent in:
two-automaton emptiness check
explicit product + emptiness check
on-the-fly product + emptiness check
+ accepting run search when not empty

2 Data set:
100 random automata: 200 states, 16 acceptance
sets, 10 condition variables
5050 combinations, 2668 empty, 2382 non-empty

3 In parallel over 24 cores of the same machine
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Case of Emptiness
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Case of Non-Emptiness
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Case of Non-Emptiness
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Conclusion

What has been done:
Make the two-automaton emptiness check fully
usable
Test it on a broader range

What remains to be done:
Investigate on performances
From generalised Büchi to Rabin: “Explicit State
Model Checking with Generalized Büchi and Rabin
Automata” [1]
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