


Recap: Transformations

Redundant access elimination such as

o Yix=V; Y= v~ Yix = v/ (OW)
o Yix=via= Yy~ Yix=via=v; (RAVV)
@ a= lex; a= \/rlx;“’> a= \/rlx; (RAR)

Fence Insertion such as

o (; G~ (G F{rel,acq,sc}; G

Access strengthening such as
o Yix=v~ Ye=v

@ a= Yy~ a= Yaq



Recap: Transformations

Reordering of accesses

@ a b~ b;a

All reorderings which are correct for sequential programs
may NOT be correct for concurrent programs.

Concurrently running threads may affect the outcome.



Example

Consider interleaving semantics:
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Source program: a = b =1 is not possible

Target program: a= b =1 is possible

Reordering of accesses is unsound in interleaving semantics.



Example

Consider the program:

b=Y;

a=2X; ) '
2| i)

X =1,
Cll allows a=b=1
[X =Y =0]
\
R(X,1) R(Y,1)

Program—orderl >< l
reads-from

W(Y,1) W(X,1)



Example

Consider C11 semantics:
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Source program: a = b =1 is possible

Target program: a= b =1 is possible
Sequence: W(Y,1);R(Y,1); W(X,1);R(X,1)

Reordering of accesses is sound in C11.



Another Example

Consider C11 semantics:

X=Y=0
Xoa = 1; || 27 Voca
if(a)
- na:

Behavior; a=1 = b=1

[X =Y =0]
J—
cWha(X, 1) Racq( Y, 1)

program-order
Wia(Y, 1) b:Rna(X, 1)

The program is race-free as (c, b) €



Another Example in C11

X=Y=0
Xna _ 1' .a: Yacq; \/re| — 1' .a— Yva
Yo — 1 if (a) ~ oy 1 if(a)
T b= X T b= X
Target program: a=1A b =0 is possible.
[X =Y =0]
</ N \
Wi (Y, 1) = Racq(Y, 1)
SW .
program-order .
cWha(X, 1) b:Rna (X, 0)

The program is racy as (c, b) ¢



What about This Transformation?

X=Y=0
1. a Yacq; a= Yacq;
Yrel - 17 f( ) Xna — 1v if(a)
Xna = 1; b X Yie = 1 b= X,
- na, - na:

Think about the possible behaviors in source and target.



RIx-Rel Reordering

Consider C11 semantics:

X=Y=0
Xy = 1. :9: Yacq:
if(a)
\/rel =1; b:X| .

Behavior; a=1 = b=1

[X =Y =0]
/ \->

cWaa(X, 1) Rac(Y, 1)

program-order

Wiel(Y, 1) b:Rna(X, 1)

The program is race-free anyway.



RIx-Rel Reordering

X=Y=0
Xix = 1, 3 -~ Yacq; Yeel = 1; 3 - Yacq;
= i) v =i i)
T b= Xa T b= Xag
Target program: a=1A b =0 is possible.
[X =Y =0]
/ \\
Wre|(Y7 1) . Racq(Y7 1)
SW Y
program-order N
N
CZWHX(X, 1) bZRHX(X, 0)

Note that both source and target programs have defined behavior.
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Reordering with Release-Acquire Accesses

Moving a memory access after release write/update is unsound.

Similarly moving a memory access before acquire read/update is

unsound.

la\b—

REacq (f) Rsc (Z

)

Wha (Z) erx(e) W

jrel(e)

U Cacq (Z) Upel (Z)

Rna(¢")
erx(é/)
Rgacq (Zl)

Wgrel (él)
Wic(¢')

U Crel (E,)
Ugacq (E/)

X XX XX X X

|
X XX XX X X

Facq
Frel

Fsc
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Reordering with Fences

Extend the earlier example programs:

X=Y=0
a= lex;
Xoa = 1; || if(a) {
Fgrel; Fgacq;
Yix = 1; b = Xna;
}
Behavior: a=1 = b=1
[X =Y = 0]

/ \-,»
cWpa(X,1) SW Racq(Y, 1)
v DRI -7 +
Forel ’:} ST - Facq
¥ ,—”’ s“\) v
erx(ya 1) bZRna(X, 1)

The program is race-free as (c, b) €
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Reordering with Fences

Moving memory access after release/SC fence is unsafe.

a= Y, a= Y
Xna =1, || if(a) { Frel; if(a) {
Fgrel; Fgacq; ~ na = 1, Fgacq;
Yix = 1, b = Xua; Yix = 1; b = Xua;

} }

Moving memory access before acquire/SC fence is unsafe.

a= Y, a= Y
Xna =1, || if(a) { Xna =1, || if(a) {
Fgrel; Fgacq; s Fgrel; b = Xna;
Yix = 1; b = Xua; Yox = 1; Fgacq;

} }
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Reordering with Fences

Moving memory access after release/SC fence is unsafe.

Moving memory access before acquire/SC fence is unsafe.

Ja \ b— REacq (5) RSC(Z) Wﬂa(g) erx(e) erel(e) UEacq (2) Upel (Z) Facq Frel Fsc
Rna (') - - - - X - X - XX
Rac(@) | - - | - - X S (R

Roacq(¢) X X X X X X X - X X

Wgrel(él) - - - - X - X - X X
Wee(¢) - - - - x - X - X X
Uca(@) | - - - - X - X -~ X X

Udaeq(£) X X X X X X X - X X

Facq X X X X X X X - - -
Fra | - - |- - - |- - - -
Fsc X X X X X X X - - -




Reordering with Fences

Fgrel; erx ~> erx; Fgre| is unsound.

a= Yu;
Xna = 1; F;acq; Xna = 1;
Fgrel; |f(a) { > x = 1;
lex =1 b= Xna; Fgrel;

}

a= Yuy;
if(a) {
b = Xqa;
FQva;

}

a=1Ab=0: Not possible in source but possible in target
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Reordering with Fences

erx; Fgacq ~> Fgacq; erx is unsound.

a= Y FQva;
Xna = 1; Fgacq; Xna = 1, a= Yu;
Farer; if(a) { ~  Forel; if(a) {
Yix = 1; b= Xna; Yix = 1; b= Xna;
¥ }

a=1Ab=0: Not possible in source but possible in target
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Reordering with Fences

Moreover:
° Fgrel; Ugrel ~ Ugrel; Fgrel

@ Usgyels Foacqg ~ Faacqs Urel

\La \ b— R‘:acq ([) RSC(Z) W"a(e) erx(z) erel(e) UI:acq (é) Ujrel (f) Fva I:rel FSC
Rna(¢") - - - - I3 - X - X X
Rex(¢") - - - - X - X X X X

Roaq(#) X X X X X X X - X X

WI:rel(él) - - - - X - X - X X
W (¢) - - - - X - X - X X

Ucrel(2) - - - - I3 - X X X X

Udaq(¥) X X X X X X X - X X

Facq X X X X X X X - - -
Frel ‘ - - ‘ - X - X - - - -
Fsc X X X X X X X - - -




Exercise

Find out the counter-examples for other combinations of memory
accesses.
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