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Example Program

{x=y=i=j=0}

while (i < n) { while (j < n) {
x += A[i]l; H y += A[j];
i++; JH+;

} }
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Key ldea j J
Invariant: x =Y AlklAy =Y AklAi<nAj<n
k=0 k=0

o

Q

ULTIMATE GEMCUTTER



(e
I
Counterexample:
T= i<n x+=A[i] [ j<n [ y+=A[j] i++ [ j++ | i>=n [ j>=n
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Generalization

i<n  x+=A[i] [ j<n ([ y+=A[j]  i++ [ j++ i>=n [ j>=n
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Generalization

{x=y=i=j=0}

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

{x=y}
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Generalization

generalization
across loop iterations

{ x=y=i=j=0 } using interpolation
(i<n  x+=A[i] (j<n [ y+=A[j] i++ j++ )* i>=n | j>=n

{x=y}
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Generalization

generalization
across loop iterations

{ x=y=i=j=0 } using interpolation

$ 1 $ 1 0“

(i<n  x+=A[i] (j<n [ y+=A[j] i++ j++ )* i>=n | j>=n

T 1

{x=y}
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Generalization

generalization generalization
across mterleawln.gs across loop iterations
using commutativity { x=y=i=j=0 } using interpolation

Cl(( i<n  x+=A[i] [ j<n [ y+=A[j]  i++ | j++ )* i>=n | j>=n )
"y

T 1

{x=y}
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Generalization
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Generalization
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Simple Invariant: x =y Ai =
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Simple Invariant: x =y Ai =

Small Automaton
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m CEGAR-based verification of concurrent programs
m Generalization across interleavings via commutativity

m Sound sequentialization using Partial Order Reduction methods

= simple proofs, efficient proof check
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