


Recap: Transformations

Proved correctness of resundant access eliminations:

o Yiu=v; Y= v/~ Yix = v/ (OW)
o Yix=via=Yy~ Yix=v,a=v, (RA\N)
@ a="VYy;a= Yy~ a= Yy (RAR)

Correctness theorem:

X € [Pge]. 3X' € [Pure]. O(X) = O(X)

@ For each consistent execution X’ of target program Pig, define
an execution X of B..
@ Show that X is consistent.

© Show that O(X) = O(X')



Fence Insertion Transformations

G G~ G Fprelacqseys 2 (Flnsert)

(Flnsert) is correct. l
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Fence Insertion Transformations

G G~ G Fprelacqseys 2 (Flnsert)

(Flnsert) is correct.

Correctness theorem:

X € [Pg]. 3X’ € [Bre]. O(X) = O(X')

Remember the proof steps:

@ For each consistent execution X’ of target program Pig, define
an execution X of B..

@ Show that X is consistent.
© Show that O(X) = O(X’)



Fence Insertion: Proof of Correctness

Let X’ be a target execution.

We define source execution X where Fie acq sy results
corresponding event f with label Fyef 2cqsc) and is appended
immediately after event e.

Therefore

o X.E=X'E\ {f}
e X.po= X'"po\ ({(a,f)| X .po(af)}U{(f,b)]| X .po(f,b)})
o X.rf = X'rf
e X.mo= X"
o X.sc=X'sc\ ({(a,f)|ae X .EA(a,f) €
(sc xsc)} U{(f,b) | be X" .EA(f,b) € (sc x sc)})



Fence Insertion: Proof of Correctness

o X.E=X.E\{f}

@ X.po= X".po\ ({(a,f) | X".po(a, f)} U{(f,b) | X".po(f, b)})
@ X.uf=X'rf

@ X.mo=X".mo

o

X.sc=X'sc\ ({(a,f)|ae X" EAn(a,f)e(scxsc)}U{(f,b)|be
X'.EA(f,b) € (sc xsc)})
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Proof of Correctness

Now we prove X is consistent.

The proof is relatively simple as following the definition:
e X.hb C X'.
e X.sc C X'.sc
(irrHB)
We know X' satisfies (irrHB) and X.hb C X'.
Therefore X satisfies (irrHB).

Similarly X also satisfies (CohHBRF), (Coh-RW), (Coh-WW),
(Coh-WR), (Coh-RR), (Atomicity).

X satisfies (ConsSC) as X.hb C X’.hb, X.sc C X'.sc, and
X.mo = X'.

X satisfies (SCread) as X.hb C X’.hb, X.sc C X'.sc, and
X.rf = X' 1f.



Fence Insertion: Proof of Correctness

Remember the next step:
@ Show that O(X) = O(X’)
From definition, X.mo = X’.mo and hence O(X) = O(X").

Therefore the transformation is correct.



Access Strengthening

Transformation is:

For any memory access or fence access:

acco ~+ acCy

where o C o (STRENGTHEN)

(STRENGTHEN) is correct.
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Access Strengthening

Transformation is:

For any memory access or fence access:

acco ~+ acCy

where o C o (STRENGTHEN)

(STRENGTHEN) is correct.

Correctness theorem:

X € [Bg]. 3X’ € [Pac]. O(X) = O(X")

Remember the proof steps:

@ For each consistent execution X’ of target program Pig, define
an execution X of B..

@ Show that X is consistent.
© Show that O(X) = O(X’)
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Access Strengthening in C11

Original C11 model disallowed it.

Counter-example from POPL'15 Section 3.

if (Xix)
a=1, if (Zacq) if (Yix)
Zix =1, |f(a) Xix = 1;
Yix = 1;

a=Z7Z=X=Y =1is not allowed.
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Access Strengthening in C11

Original C11 model disallows it.

Counter-example from POPL'15 Section 3.

if (Xix)
a=1; if(Zacq) if (Vi)
Ze = 1; if(a) Xk = 1

Yix = 1;

Zix =1~ Z =1 introduces a= 7 = X = Y =1 behavior.
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Access Strengthening in C11

if (Xix)
a=1, if(Zacq) if( lex)
ZreI =1 |f(a) Xrlx =1,
lex =1,
Wna(ayl) erx(Xal) Rna(Yal)
~\\\ } n\\\ /1
/ Rva(Z’l) \\\‘</,/
SW o T» /,’ Tl
WreI(Zal) Rna(ayl) R erx(Xal)
VoL
erx(Ya 1)
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Access Strengthening: Proof of Correctness

Let X’ be a target execution.
The event €' corresponds to acc,s in X’ and event e corresponds to
acc, in X.
Therefore
o X.E=X.Eu{e}\{€}
e X.po= X'".poU{(a,e)| X .po(a,e)}U{(eb)|
X'.po(€e,b)}\ (X".Ex {e})uU({e} x X".E)
o X.uf =X'rfU{(a,€) | X'rf(a,€e)} \ {(a,€') | X".rf(a,€')}
o X.mo = X".moU{(a,e) | X".mo(a,e)}\{(a,€) | X".mo(a, €')}
o X.sc=X'sc\{(a,€)]|(a€) e (scxsc)}\{(e,b) |
(¢/,b) € (sc x sc)}
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Access Strengthening: Proof of Correctness

XE=X.Eu{e}\{e}

X.po=X".poU{(a,e) | X".po(a, e )} U{(e, b) |

X'.po(e,b)} \ (X".E x {'}) U ({e'} x X".E)

a
sC ipo rf
mo mo
S e’
q / Ii X
Target X’

Xorf =X U{(a,e) | X .rf(a, &)} \ {(a,€) | X'.rf(a,€')}
X.mo=X".moU{(a,e) | X'.mo(a,e)}\{(a,e) | X" .mo(a,e’)}
X.sc = X'".sc\ {(a,€') ] (a,€") € (sc x sc)} \ {(¢, b) | (€', b) € (sc x sc)}

P SC d rf m
mo lpo mo
s / e \ t
q 5C b rf n
Source X
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Access Strengthening: Proof of Correctness

Now we prove X is consistent.
The proof is relatively simple as following the definition:
e X.hb C X'.
@ X.sc C X'.sc
Note that the proof arguments are similar to fence insertion.
(irrHB)
We know X' satisfies (irrHB) and X.hb C X'.
Therefore X satisfies (irrHB).
Similarly X also satisfies (CohHBRF), (Coh-RW), (Coh-WW),
(Coh-WR), (Coh-RR), (Atomicity).
X satisfies (ConsSC) as X.hb C X’.hb, X.sc C X'.sc, and
X.mo = X'

X satisfies (SCread) as X.hb C X’.hb, X.sc C X’.sc, and
X.rf = X'.if.
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Additional Transformation for Non-atomics

Additional resundant access eliminations with non-atomics:

L Ygrlx =V; Yna = v~ Yna = v/ (NaOW)
o Yia=v;a= Ygrlx ~Ya=via=v; (NaRAV\/)
@ a=Yna= Yo~ a= Yn (NaRAR)
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Additional Transformation for Non-atomics

Additional resundant access eliminations with non-atomics:

° Ygrlx =ViYa=Vr~ Y=V (NaOVV)
o Yia=v;a= Ygrlx ~Ya=via=v; (NaRAV\/)
@ a=Yna= Yo~ a= Yn (NaRAR)

Correctness theorem:

X € [Pge]. 3X' € [Pare]. O(X) = O(X)
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Additional Transformation for Non-atomics

Additional resundant access eliminations with non-atomics:

L anx =V; Yna = v~ Yna = v/ (NaOW)
o Yia=v;a= Ygrlx ~Ya=via=v; (NaRAV\/)
@ a=Yna= Yo~ a= Yn (NaRAR)

Correctness theorem:

X € [Pge]. 3X' € [Pare]. O(X) = O(X)

@ For each consistent execution X’ of target program Pigt, define
an execution X of B..

@ Show that X is consistent.
© Show that O(X) = O(X")

21



Correctness Proof: Transformation for Non-atomics

(NaOW) is correct.

Two possibilities: (1) X’ is racy (2) Otherwise.

If X’ is racy then X is also racy which implies the source program
behavior is undefined. In this case any transformation is allowed.
(2) Otherwise

Suppose Yja = v creates an event e in X’ and the newly
introduced event in the source is w.

In this case the incoming

(a,e) € X' fy UX .moy UX' scy = (a,e) € X'.hby and
(e,b) € X'.rfy U X" .moy U X'.scy = (e, b) € X'.hby.

This would be true for when we define the source execution X.
In that case

(a,w) € X'.rfy U X .moy UX'scy = (a,w) € X".hby and
(w,b) € X'rfy UX .moy UX'scy = (w,b) € X".hby also
hold.




Correctness Proof: Transformation for Non-atomics

Therefore the source execution X would preserve (irrHB) as the
introduced event for Y5, = v has no outgoing sw edge.

The rest of the axioms are also preserved by execution X.
Therefore X is consistent with the same behavior as X’.

Similar argument holds for (NaRAW) and (NaRAR)
transformations.
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Additional Transformation for Non-atomics

o Yia=via=You~ Ya=Vv;a=v; (NaRAW)
@ a="VYna=Yyx~a= Yn (NaRAR)

Similar to (NaOW)

Suppose the non-atomic access creates event e in X’ and the newly
introduced event in source is r.

In this case the incoming

(a,e) € X' fy UX .moy UX'scy = (a,e) € X'.hby and
(e,b) € X'.rfy U X" .moy U X'.scy = (e, b) € X'.hby.

This would be true for when we define the source execution X.

In that case

(a,r) € X' fy UX .moy UX'scy = (a,r) € X’.hby and

(r,b) € X'.rfy UX" .moy UX'.scy = (r,b) € X".hby also hold.

Next, we can follow similar arguments for showing X is consistent.

For all these cases O(X) = O(X’) hold.
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