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e “Something good eventually always happens”

e Proving queries of the form: SFE ([Jgq
e Can reduce any LTL formula to formulas of the form <>|jq0

® Finite-state:

e Liveness—to-safety (L2S), K-Liveness, RLive
e Infinite-state:

e Abstract L2S, T2-CTL*, Ultimate-LTL

e Extend RLive to infinite-state systems
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check-inv(/, T, g)

— If g 1s reachable, returns counterexample with final state s,

— Otherwise, returns inductive invariant C
— Example implementations: ic3ia, pdkind, etc.
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(Shoals) (C = get-invariant()

- Set of states that can reach —¢g only a
finite number of times
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' Counterexample could be spurious

= due to P-abstraction

Unroll loop K times,
check feasibility and

refine .
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Loop could be spurious due
having only finite but
unbounded unrollings.
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Loop could be spurious due
having only finite but
unbounded unrollings.
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Loop could be spurious due to

' having only finite but
" unbounded unrollings.

Well—-founded Relations

Given a set of states (), a well-founded relation (WFR) w : QO X 0 is a
binary relation such that every non-empty subset U C ) has a minimal
element m € U (there is no u € U such that (m,u) € w).

Use off—-the-

Mioop cannot be shelf methods

unrolled infinitely (w is a proof of 7,,,,’s spuriousness).

If there exists a WFR w over the states in x,,,,, then

Given a set of WFRs W, if 7;,,, is part of a genuine counterexample,
then there is some pair of states (s, s)) € 7,
such that (s),s;) are not in any WFR w € W.
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How to block spurious loops

using W?
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How to block spurious loops

= using W2

W = {wp, wy, ... w, |

Search for pair of —g-states not in any w € W.
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How to block spurious loops

= using W2

Search for pair of —g-states not in any w € W.

W = {wp, wy, ... w, |

C
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How to block spurious loops

= using W2

Search for pair of —g-states not in any w € W.
: Vw e W.(sq,5) €w C

W = {wp, wy, ... w, |
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S=(X,IX), T(X,X)) Search Stack: s, s, s,

Vw € W.(s5,5,) € w
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o If ﬂpreﬁx°ﬂl[§0p is infeasible for K € N:

e Perform Craig interpolation, update [P, and continue
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RLive—-inf Overview
e While find-counterexample(l,7,{[]q,C,P,W) returns x:

e If © 1s feasible:

e Return unsafe

o Else if 7,4 - 7,,, is infeasible for K € N:
e Perform Craig interpolation, update [P, and continue

o Else i1f there exists WFR w that blocks x,,,:
e Add w to W and continue

e Return safe
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Experimental Setup
e Implemented 1n ic3ia, compared against Abstract L2S
e Abstract L2S:
e Similar CEGAR loop to rlive-inf, monolithic encoding
e Qutperforms HSF, T2-CTL*, Ultimate-LTL
e Benchmarks:
e Symbolic transition systems (556)
e Imperative-style programs (86)

e Termination benchmarks (193)
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RLive—1inf Summary

e New algorithm for infinite-state liveness checking.

e Finds candidate counterexamples via incremental, depth-
first search with predicate abstraction.

e Uses well-=founded relations to block finite but unbounded
loops 1n target systenm.

e Implementation outperforms aL2S on variety of benchmarks.

Artifact
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Num Predicates Num WFRs
Num Solved | Num Safe |Num Unsafe

(/835) Solved Solved

591 470 121 1088.96
613 430 133 703.248

Max in | Max | Avg

Abstract L2S

RLive-inf
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