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Can we Reorder Fences?

@ Frel; Facq ~ Facq; Frel is sound.

@ Fsc; Frsc ~+ Frsc; Fsc is unsound.

@ Frc; Fsc ~ Fsc; Fosc is unsound.

la \ b— REva (f) Rsc(f) Wna(g) erx(ﬁ) W:Irel(ﬁ) UEacq (f) U—rel (Z) Facq Frel Fsc
Rna (") - - - - 3 - X - X X
Rex(¢") - - - X - X X X X
Roacq(?) X X X X X X - X X
WI:rel(e/) - - - X - X - X X
Wae(€') - - - X - X - X X
Ucre (£) - - - X - X X X X
Udaeq(&) X X X X X X - X X
Facq X X 3 3 X X = X X
Frel - - X - X - - = X
Fsc X X X X X X X X =




Safe Reorderings

We show rest of the reorderings can be performed safely.

Threads running in concurrence do not affect correctness

Proof steps remain same.
@ 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’)



Safe Reorderings

We have to relate the X.hb and X’.hb relations.

Remember elimination/strengthening transformations
e X'.hb C X.

In a.b~» b.a reordering transformation
X’.hb € X.hb does not hold. Why?

(a, b) € X.hb\ X'.hb and (b,a) € X".hb\ X.

We have to relate X.hb and X'.



Relate Source and Target hb Relations

Definition

Upred(R,x,y) £ R(x,y) AVz. G.R(z,y) = z=x

Definition




Relate Source and Target hb Relations

We derive the following lemma.

if Upred(R, b, a) and Usucc(R, b, a) holds then
(R\ {(b,a)} U{(a,b)})T C RT\{(b,a)} U{(a,b)} also holds.

Upred(R, b, a) and Usucc(R, b, a):



Relate Source and Target hb Relations

proof

We assume Upred(R, b, a) and Usucc(R, b, a) holds.
Now we show (R\ {(b,a)}U{(a,b)})T C RT\ {(b,a)} U{(a,b)}.
We prove by induction on transitive closure.

Base Case: In this case R = Rt = Rmm.
The base case holds trivially.

The induction step:
(R\{(b,a)} U{(a,b)}) o (RT\ {(b,a)} U{(a,b)}) C
(RT\A{(b,a)} U{(a, b)}).

To prove we consider following cases
case 1.

(R\A{(b,2)}) o (RT\{(b,2)}) € (RT\{(b,a)} U{(a, b)}).
case 2. (R\{(b,a)}) o {(a b)} € (RT\ {(b,a)} U{(a,b)})-
case 3. {(a,b)} o (RT\{(b,a)} C (RT\ {(b,a)} U{(a,b)}).
case 4. {(a,b)} o {(a,b)} € (R \{(b,a)} U{(a, b)}).



Relate Source and Target hb Relations

case 1.

(R\A{(b,a)}) o (RT\ {(b,a)}) € (RT\{(b,a)} U{(a, b)}).
It is sufficient to show:

(R\{(b,a)}) o (RT\ {(b,a)}) € RT\ {(b,a)}

It implies that it is sufficient to show:

(i) (R\{(b,a)}) o (RT\{(b,a)}) € R and

(ii) (b, a) ¢ (R\{(b,a)}) o (RT\{(b, a)}).

Now we consider (i) and (ii).

(i) We know that (R\ {(b,a)}) o (R*\ {(b,a)}) C R*.
(ii) (b,a) & (R\{(b,a)}) o (RT\ {(a, b)}).

We prove by contradiction.

Assume (b, a) € (R\{(b,a)}) o (RT\ {(b,a)}).
By unfolding the definition of o, it is sufficient to show

Be. (b,c) € (R\{(b,a)}) A(c,a) € (RT\ {(b,a)}).



Relate Source and Target hb Relations

pe. (b.c) € (R\{(b,a)}) A (c.a) € (RT\ {(b,2)}).

We show by contradiction.

Assume Jc.(b,c) € R\ {(b,a)}.
Therefore (b,c) € RAc# aA(c,a) € R ANc#b.
From Usucc(R, b, a) we know ¢ = a which is a contradiction.

Hence Ac. (b,c) € (R\ {(b,a)}).

Therefore case 1 holds.

10



Relate Source and Target hb Relations

case 2.
(R\{(b,a)}) o {(a,b)} € (RT\{(b,a)} U{(a, b)})

We know Upred(R, b, a) holds and hence
Ba,b,c. R(b,a) A R(c,a)Ab+#c.

Hence, R\ {(b,a)} o {(a, b)} = 0.
As a result, R\ {(b,a)} o {(a,b)} C (RT\ {(b,a)} U{(a,b)})
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Relate Source and Target hb Relations

case 3. {(a,b)} o (RT\{(b,a)} € (R"\{(b,2)} U{(a,b)})

We know {(a, b)} o R\ {(b,a)} = () because Usucc(R, a, b) holds,
that is, fla, b, c. R(a, b) A R(a,c) A b # c.

As a result, {(a,b)} o R\ {(b,a)} C (RT\ {(b,a)} U{(a,b)})
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Relate Source and Target hb Relations

case 4.

{(a,b)} o {(a,b)} < (RT\{(b,a)} U{(a,b)}).
In this case {(a, b)} o {(a, b)} = 0 and hence
{(a,b)} o {(a,b)} < (R"\{(b,a)} U{(a,b)})
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Relate Source and Target hb Relations

Suppose a.b ~» b.a and the corresponding C11 executions are X
and X'. In this case X.hb C X'.hb\ {(b,a)} U{(a, b)}.

We know X.po = X’.po\ {(b,a)} U{(a,b)} as a.b~ b.a.

Let R = (X’.po U R’) where R’ is some other relation independent
of X’.po.

Hence from earlier Lemma,

(R\A{(b,2)} U{(a,b)})" € (R \{(b,a)} U{(a, b)})

= ((X".poUR)\{(b,a)} U{(a,b)})" C

((X".poU R)F\ {(b,a)} U{(a, b)})

= ((X".po\ {(b,a)} U{(a,b)}) UR)" C

((X".poU R)F\ {(b,a)} U{(a, b)})

= (X.poUR)T C((X.poUR)"\{(b,a)} U{(a,b)})
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Relate Source and Target hb Relations

Suppose a.b ~» b.a and the corresponding C11 executions are X
and X'. In this case X.hb C X".hb\ {(b,a)} U{(a, b)}.

—_—
(imm(X.po) U R')* C ((imm(X"po) U R)* \ {(b.2)} U {(a. B)})
since (X.poUR")" = (X.pojmm U R")* and

(X'.poURNT = (X".pojm U R))T,

substituting R’ = X.sw = X'.sw we get

(X .pOjmm U X.sw)™ C ((X".poU X".sw)t \ {(b,a)} U{(a, b)})

mm

It implies X.hb C (X".hb\ {(b,a)} U{(a, b)})

as X.hb = (X.poimm U X.sw)™ and X".hb = (X'.pojmm U X .sw) ™.
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