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Example Program

{ x = y = i = j = 0 }

while (i < n) {
x += A[i];
i++;

}

∥
while (j < n) {

y += A[j];
j++;

}

{ x = y }
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Key Idea

Counterexample:
τ = i<n x+=A[i] j<n y+=A[j] i++ j++ i>=n j>=n

Invariant: x =
i∑

k=0
A[k] ∧ y =

j∑
k=0

A[k] ∧ i ≤ n ∧ j ≤ nSimple Invariant: x = y ∧ i = j

Small Automaton
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Generalization

{ x = y = i = j = 0 }

cl
(
(

i<n x+=A[i] j<n y+=A[j] i++ j++

)*

i>=n j>=n

)

{ x = y }

generalization
across loop iterations
using interpolation

generalization
across interleavings
using commutativity
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Generalization

interleavings

ite
ra

tio
ns

cl(L)

L=(a1a2)∗b

equivalence class [τ ]

τ =a1a2b a1ba2 ba1a2

(a1a2)2b

(a1a2)3b

Ultimate GemCutter 5



Generalization

interleavings

ite
ra

tio
ns

cl(L)

L=(a1a2)∗b

equivalence class [τ ]

τ =a1a2b a1ba2 ba1a2

(a1a2)2b

(a1a2)3b

Ultimate GemCutter 5



Generalization

interleavings

ite
ra

tio
ns

cl(L)

L=(a1a2)∗b

equivalence class [τ ]

τ =a1a2b a1ba2 ba1a2

(a1a2)2b

(a1a2)3b

Ultimate GemCutter 5



Generalization

interleavings

ite
ra

tio
ns

cl(L)

L=(a1a2)∗b

equivalence class [τ ]

τ =a1a2b a1ba2 ba1a2

(a1a2)2b

(a1a2)3b

Ultimate GemCutter 5



Key Idea

Counterexample:
τ = i<n x+=A[i] j<n y+=A[j] i++ j++ i>=n j>=n

Invariant: x =
i∑

k=0
A[k] ∧ y =

j∑
k=0

A[k] ∧ i ≤ n ∧ j ≤ nSimple Invariant: x = y ∧ i = j

Small Automaton

Ultimate GemCutter 6



Key Idea

Counterexample:
τ = i<n x+=A[i] j<n y+=A[j] i++ j++ i>=n j>=n

Invariant: x =
i∑

k=0
A[k] ∧ y =

j∑
k=0

A[k] ∧ i ≤ n ∧ j ≤ nSimple Invariant: x = y ∧ i = j

Small Automaton

Ultimate GemCutter 6



Benefits
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Ongoing & Future Work

find more commutativity
select the right representatives
programs with unbounded threads

Find out more:

ultimate-pa.org

GemCutter poster at ETAPS

talk to me
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