












𝑸𝟏 ≡ 𝒙 + 𝟓𝒊 ≥ 𝟎

x >= 0

Find 𝑸𝟏 such that

• 𝑸𝟏 ∧ 𝒊 ≤ 𝟎 ⟹ 𝒙 ≥ 𝟎

• 𝑸𝟏 inductive

𝑸𝟐 ≡ 𝒋 ≥ 𝟎 ∧ 𝒙 + 𝟓(𝒊 + 𝒋) ≥ 𝟎

Find 𝑸𝟐 such that

• 𝑸𝟐 ∧ 𝒋 ≤ 𝟎 ⟹ 𝑸𝟏

• 𝑸𝟐 inductive



𝑸𝟏 ≡ 𝒙 > 𝐲

x > y

x != y

Find 𝑸𝟏 such that

• 𝑸𝟏 ⟹ 𝒙 ≠ 𝒚

• 𝑸𝟏 inductive

x > y

Find 𝑸𝟐 such that

• 𝑸𝟐 ⟹ 𝒙 ≠ 𝒚

• 𝑸𝟐 inductive

∨ 𝑸𝟐 ≡ 𝒙 < 𝐲}}

𝑸𝟏 doesn’t always hold 

⇒ Add “blocking clause”









ℓ1

ℓ2

x >= 0 ¬(𝑥 ≥ 0)



𝜑

𝑇ℓ 𝑽

𝑇ℓ 𝑽 𝑇ℓ′(𝑽)

𝑇ℓ 𝑽 𝜑(𝑽, 𝑽′)

𝑇ℓ′(𝑽′)



𝜑
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Tool Safe Fail Timeout Total time (s)

CPAChecker (sv-comp15) 33 3 10 4490

CPAChecker (predicateAnalysis) 25 11 10 2271

SeaHorn 32 13 1 212

HOLA 43 0 3 624

VeryMax-Seq 44 2 0 344

VeryMax-Par 45 1 0 151

46 safe examples from safety proving literature 

17-71 LOC, 1-4 loops per example, timeout 200s



Tool Safe Unsafe Fail Timeout Total time (s)

CPAChecker (sv-comp15) 5570 251 326 305 735337

CPAChecker (predicateAnalysis) 5928 170 234 120 64652

SeaHorn 6077 233 80 62 24167

VeryMax-Seq 6105 0 326 21 38981

VeryMax-Par 6106 0 346 0 23668

217 numerical algorithms, array bounds turned into 6452 safety assertions

up to ~300 LOC, up to ~35 loops per example, timeout 300s




