
C/C++ Concurrency



Formal Model

Axiomatic model

Program = set of consistent executions

Execution = 〈E, po, rf,mo, . . .〉
E: events

po: program-order

rf: reads-from

mo: modi�cation-order

Derived relations

Synchronized-with (sw)

Happens-before (hb)

· · ·
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Synchronized-With Relation

Wwrel(X , 1) Rwacq(X , 1)
sw

rf

Wwrel(X , 1)

Wrlx(X , 2) Rwacq(X , 2)

sw

rf

Fwrel

Wrlx(X , 2) Rwacq(X , 2)

sw

rf

Wwrel(X , 1) Rrlx(X , 1)

Fwacq
sw

rf Fwrel

Wrlx(X , 1)

Rrlx(X , 1)

Fwacq

sw

rf
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SW Relation with RMW

Wwrel(X , 1) Rwacq(X , 1)

Urlx(X , 1, 2) Urlx(X , v , 1)

sw

rf rf
rf rf rf

Wwrel(X , 1)

Wrlx(X , 2) Rwacq(X , 2)

sw

rf+

Fwrel

Wrlx(X , 2) Rwacq(X , 2)

sw

rf+

Wwrel(X , 1) Rrlx(X , 1)

Fwacq
sw

rf+ Fwrel

Wrlx(X , 1)

Rrlx(X , 1)

Fwacq

sw

rf+
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Synchronization-With and Happens-Before

Release sequence: rs , [WU]; po |?Loc; [WUwrlx]; (rf;U)
∗

Synchronization with:

sw , [Ewrel]; ([F]; po)?; rs; rf; [Rwrlx]; (po; [F])
?; [Ewacq]

Happens-before: hb , (po ∪ sw)+
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Exercise

Study the relevant examples from [POPL'11], [POPL'15].
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