


Recap: C/C++ Mapping to x86

C11 x86

Rna mov(R)
Rrix mov(R)
Racq mov(R)
Rsc mov(R)
Wha mov(W)
Wi« mov(W)
Wi mOV(W)
Wse | mov(W); mfence
Uo lock cmpxchg
Frsc skip

Fsc mfence




Alternative Proof for x86 Mappings

x86 = WR reordering+RAW elimination+interleaving
[Lahav:FM:2016].

C11 model supports WR reordering and RAW elimination.



Mapping to PowerPC

C11 | PowerPC
Rna R

Reix R
Racq | R;lwsync
Wha W
erx W
Wiel | lwsync, W
Frel lwsync
Facq lwsync



Example

2= Yo // 1 X =1 a:Y;. /11
Xpa =1 . lwsync;
v 1 if(a==1) ~> lwsync; if(2 == 1)
rel — o . . ==
b= X /] #0 Y =1, b=X: /] 40

[b=X; // 0] would create (fr; prop) cycle.



Before Proving Correctness

Wiel ~ Frel; Wiy

Racq ~ R I:acq

We prove Pc11 — Ppgy in two steps :

F
IP>C11 = ]P)Cll = IP)Pow

PCll '—> ]P)Iéll holds.
It suffices to show }P"éll — Pp,,, is correct.



Proof of C11 to Power Mapping

Consider X’ execution in PowerPC and the corresponding C11
execution is X.

(irrHB)

Assume a X.hb cycle.

It implies a (X.po U X.swe)™ cycle.

It implies

X.po; [X.Fra]; X.po; [X.W]; X.rfe; X. - X.po; [X.Facql; X. ?
cycle.

Now X.po; [X.Fe]; X.po; [X.W]; X.rfe in C11 implies

X' fence; [X'.\W]; X’.rfe in PowerPC.

It implies X’.hb in PowerPC.



Proof of C11 to Power Mapping

Similarly

X.po; [X.Facq]; X -hb7

_—

X.po; [X.Facql; X.po; [X.W]; X.rfe?; X.hb?

Now X.po; [X.Facql; X.po; [X.W]; X.rfe?

E—.

X' fence; [X'.W]; X'.rfe?

= X'

Thus X.hb = X’.hb and we know X’.hb is acyclic.

Hence a contradiction and X.hb is acyclic and satisfies (irrHB).

Similarly prove the coherence axioms.



Proof of C11 to Power Mapping

(CohHBRF)

Assume a X.rf; X.hb cycle.

It implies a X.rf; (X.po U X.swe)™ cycle.

Two possibilities:

(1) X.rf; X.po,, cycle.

It implies a X'.rf; X.po,, cycle which is a contradiction.

(2) X.rf; (X.hb'\ X.po) cycle.
It implies X'.rfe; X'.hb i.e. a X’.hb cycle which is a contradiction.
Therefore X satisfies (CohHBRF).



Proof of C11 to Power Mapping

Exercise. Prove the rest of the coherence axioms and atomicity.

Hint. For and fr related coherence axioms in C11 use prop
axioms in PowerPC.

Referred Link:
https://www.cl.cam.ac.uk/ pes20/cpp/cppOxmappings.html
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https://www.cl.cam.ac.uk/~pes20/cpp/cpp0xmappings.html

