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Motivation

o Owicki-Gries is not compositional
 generalise it to make it compositional

{P}cll E{Q}
O—0—=0—0Q
P—-0=0—-0—-0=0—-0—-0=0—-0=0Q
O=0—0=Q
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Motivation

P5>0=0->0=0-">0Q

—~: any state transition that can be done by any other thread, repeated zero or more
times
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Rely-Guarantee

{P, R} c{G,Q}

If
« the initial state satisfies P, and
 every state change by another thread satisfies the rely condition R,
and
then c is executed and terminates,

then
« every final state satisfies @, and
« every state change in ¢ satisfies the guarantee condition G.



Australian
National

University

Rely-Guarantee — Parallel Rule

{P1,RV G2} c1 {G1,Q1} {P2, RV G1} c2 {G2,Qa}
{PiANPy,R} c1 || ca {G1 V G2,Q1 A Q2}
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Rely-Guarantee — Consequence Rule

R=R {PR}c{G.Q} G =G
{P, R} c{G,Q}

Note: both rules can be packed in a single rule.
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From Floyd-Hoare to Rely-Guarantee

{P} c{@} e
{P, R} c{G,Q}

R R R R R
~= A= s
P—-P—-=P=Q—=Q—Q—=Q

G
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Back to Stores

{P} c{Q} P stableunder R (@ stable under R cis contained in G
{P, R} c{G,Q}

P stable under R: Vs, s’. P(s) A R(s,s') = P(s)
c contained in G: Vs, s'. P(s) A (s,8") € Cc] = G(s, )
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Making Assertions Stable

Assume

R=(@x—n ~ x—n-1)

={(s,8) | In. s(z) =nAs(x)=s+{z—n—1}}
G=(x—n ~ z—n+1)

={(s,8) | In.s(x) =nAs(@)=s+{z—n+1}}

{r==2,R}x:=2+1{G,z==3}
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Making Assertions Stable

Assume

R=(@x—n ~ x—n-1)

={(s,8) | In. s(z) =nAs(x)=s+{z—n—1}}
G=(x—n ~ z—n+1)

={(s,8) | In.s(x) =nAs(@)=s+{z—n+1}}

{r<2,R}z:=2+1{G,z <3}
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FindFirstPositive

=0;j:=1;z:=|A|;y:=4];

{Pl AN PQ}
{P1,Gz2} {P2,G1}
while: < min(z,y) do whilej < min(z,y) do
{PLAi<azAd<|Al} || {PaAj<ynj<|Al}
{P1} {P:}
{G1,P1 Ni> min(z,y)} {Gz2,P2 A j > min(z,y)}

{PL AP N> min(z,y) Aj > min(z,y)}
r := min(z, y)
{r<JAIAN(VkE.0<k<r= A[k] <0) A (r < |A| = A[r] > 0)}

Pr=xz<|AIAN(VE.O<k<iAkeven= Alk] <0)AievenA (z < |A| = Alz] > 0)
P,=y<|AIA(Vk.0<k<jAkodd= A[k] <0)Ajodd A (y < |A| = Ay] > 0)
G1={(s,8)Is'(y) = s(y) A 5" () = 5(j) A8 (@) < s(2)}

Ga ={(s,s")|s'(x) = s(z) A s'(i) = s(i) A s (y) < s(y)}
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Rely-Guarantee Abstraction

Forgets
 which thread performs the action
« in what order the actions are performed
< how many times the action is performed
Usually, this is fine. . .
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Verify This
fr==0}
{r==0va==1} {r==0vz==1}
r=z+1 H ri=z+1
{r==1vz==2} {r==1vz==2}
fr==2)

G1,Ga=(x—=n ~ z—n+1)
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Verify This
{r == 0}
{In> 0.2 — n, Gz} {In>0.2+—n,G1}
ri=x+1 H ri=x+1
{G1,In>1. 2~ n} {Gg,In > 1.2~ n}

{In>1.z—n}

G1,Ga=(x—=n ~ z—n+1)
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From Floyd-Hoare to Rely-Guarantee (recap)

{P} c{Q} 777
{P, R} c{G,Q}
P stable under R if and only if { P} R* {P}

R R R R R
—— —— ~— - A
P—>P—->P—=0Q—=Q—=0Q—Q
G
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