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Concurrent Program All Interleavings A Sound Reduction
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Commutativity

Verification Principle

Many pairs of statements commute: GemCutter generalizes from spurious counterexamples 7
i.e., order of execution does not matter to larger sets of correct traces:
Example: x+=A[1] FF=AEN ~ FFEB0D x+=A[i] trace abstraction 1| L=(asar)'b
Extension: prOOf-SenSItlve COmmUtatJVlty generalizes aCross 5 A
Example: &x7=10 Xy = 1 ~ *xy = 1 *x = 0 loop iterations to a §
. 8 x(3132)3b
if we have proven that x # y set of traces L = cl(L)
swapping adjacent commuting statements commutativity allows (312,)2b
. . . x\dl4d?2
~+ equivalent traces for generalization .
_ | _ equivalence class |7
across interleavings to T—mmb| xaba,  xbaa
representative subset of program traces: at least one the set ¢/(L) of all
representative per equivalence class equivalent traces interleavings
Soundness: If c/(L) contains all program traces, the program is correct.
one trace correct = all equivalent traces correct Equivalently: If L contains all traces of a reduction, then
correctness of reduction = correctness of program the program is correct.
Performance Commutativity & Verification
Evaluation shows significant advantages over a choice of representatives affects proof simplicity
state-of-the-art verifier (Ultimate Automizer): > challenge: select suitable representatives

choice of proof affects possible commutativity
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