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Example

ℓ0: assume x > 0

ℓ1: y := x
ℓ2: while (*) {
ℓ3: assume y > 0
ℓ4: y := y - 1
ℓ5: }
ℓ6: x := x + 1
ℓ7: assert y < x

¬ 1 ∧ (¬ 2 → x > 0) ∧ ( 2 → x > 1) ∧ y ≤ x

ℓ8: while (*) {
ℓ9: assume x != 0

ℓ10: z := z / x
ℓ11: }
ℓ12: x := x + 1

2 ∧ (¬ 1 → x > 1) ∧ ( 1 → x > 2)

ℓ13: assert x > 2
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Empires: An Abstract Representation of Interleaving Information

q0

{{p0}}
⊤

q1

{{p1}, {p5, p6}}
x > 0

q2

{{p2, p3}, {p5, p6}}
x > 0 ∧ y ≤ x

q3

{{p1}, {p7}}
x > 1

q4

{{p4}, {p5, p6}}
x > 1 ∧ y < x

q5

{{p2, p3}, {p7}}
x > 1 ∧ y ≤ x

q6

{{p4}, {p7}}
x > 2 ∧ y < x

x>0

y:=x x:=x+1

x:=x+1 x:=x+1 y:=x

x:=x+1 x:=x+1

x!=0 ,

z:=z/x

y>0 , y:=y-1 ,

x!=0 , z:=z/x

x!=0 ,

z:=z/x

y>0 ,

y:=y-1

Empire E = (Q, q0, δ, terr , law )

• finite set of states Q
• initial state q0 ∈ Q
• transition function
δ : Q × T ⇀ Q

• territory mapping
terr : Q → Terr

• law mapping
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Imperial thread-modular proof
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( = q2 ∧ x > 0 ∧ y ≤ x)
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∨( = q6 ∧ x > 2 ∧ y < x)⊥ ⊥ 11



Imperial thread-modular proof with focus
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Evaluation

• Ultimate Automizer as verifier to compute interleaving-based proofs
• Approach applied to these proofs, compared to naïve approach as a baseline
• Benchmarks: 1109 concurrent C programs from SV-COMP 2025
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Evaluation

Highlights:

(compared to naïve approach)
• computation time: 119 times faster
• size: 15 times smaller
• validation time: 26 times faster
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Conclusion

• Algorithm: interleaving-based proofs to thread-modular proofs
• ... to be used with existing verification techniques
• Evaluation: feasible in practice (fast to generate and validate)
• Future work: extend focus on ghost updates (for smaller proofs)
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Evaluation

naïve imperial

unfocused focused

generation

# successful 904 1 109 1 109
# timeout 194 0 0
# out of memory 10 0 0
avg. generation time (s) 39.29 0.33 0.38

generation & validation

# successful (valid) 316 941 949
# timeout 781 148 130
# out of memory 8 0 0
# unknown 0 19 28
avg. validation time (s) 55.20 2.09 1.54
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Evaluation: Ghost Updates
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