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What is the paper about?

Soundness proof for CSL
— Simple

— Extensible

Permissions
RGSep

Storable locks [Buisse, Birkedal, Stevring, MFPS 2011]
Concurrent abstract predicates [Dinsdale-Young et al., ECOOP 2010]

— EXxplains precision & conjunction rule

— Fully mechanized in Isabelle/HOL




Hoare triples (partial correctness)

={P} C{Q)

vshs' h'. she=PA(C, s, h)—=*(skip,s’,h)) = s’ h"EQ

Standard operational semantics

Judgment form: (C, s, h) = (C’, s’, h')

(skip;C, s, h) = (C, s, h)
Rules for seq. composition:
(C1, s, h) = (G417, s’, h')
(C1;,Co, s, h) = (C1";,Co, s', h')




Or equivalently...

= {P} C {Q}
vsh.sheEP = vs'h'. (C, s, h) =" (skip, s’, h) = s’ ,h"EQ

safe(C,s,h,Q)

:

vs' h'. vm. (C, s, h) =™ (skip, s’, ) =

vn. vs' h’. vm < n. (C, s, h) =™ (skip, s’, h') = s’,h’

safen(C,s,h,Q)




As an inductive definition...

={P}C{Q} iff vshn. sheP = safe,(C, s, h, Q)

safeg(C, s, h, Q) = true
Safen+1(C, S, h, Q) =
(C=skip = s,hE=Q)
A (VC's"h'. (C, s, h)— (C’, s, h)
— safen(C’, s’, h’, Q)

vs'h’. vm<n. (C, s, h)»™(skip, s’, h") = s’,h' =Q

safen(C,s,h,Q)




Fault-avoidance

={P}C{Q} iff vshn. shEeP = safe,(C, s h, Q)

safeg(C, s, h, Q) = true
safen:1(C, s, h, Q) =
(C=skip = s,hEQ)
A (= (C, s, h) — abort)
A (vC's"h.(C, s, h) —(C, s, h)
— safen(C’, s’, h’, Q))

— “Well-specified programs don’t go wrong”




“Bake In” the frame rule

={P}C{Q} iff vshn. shEeP = safe,(C, s h, Q)

safeg(C, s, h, Q) = true
safen+1(C, s, h, Q) =
(C =skip = s,h=Q)
A (Vhe. = (C, s, h+hr) — abort)
A (VheC 8" h'. (C, s, h+hr) = (C/, s/, h))
— 3h"". h" = h""+hr A safes(C’, s, h"’, Q))

— No safety monotonicity & frame property

— Same definition works for permissions
(every permission-heap can be extended to a normal heap)




Atomic blocks

C:=..|atomic C

(C, s, h) =* (skip, s, h")
(atomic C, s, h) — (skip, s/, h)

Semantics:

(C, s, h) »* abort
(atomic C, s, h) — abort

F{P+J}C{Q=xJ}
J+{P}atomicC{Q}

JH{P1}GCi{Q1}
JH{P2}Co{Q2}
JE{P1 P2} Ci|Co{ Q1+ Qo}




Atomic blocks

JE{P}C{Q} iff vshn. she=P =safen(C,s, N, J, Q)

safeo(C, s, h, J, Q) = true
safen+1(C, s, h, J, Q) =
(C=skip = s,hE=Q)
A (Vhuhr s,hy=J = = (C, s, h+hy+hF) — abort)
A (VhuheC s W' (C, s, h+hy+hg) = (C’, 8", h’) A s,hy = J
— 3h” hy'. " =h""+h)+hr A s",hy" = J A safen(C’, s’, h'’, J, Q)




No races

JE{P}C{Q} iff vshn. she=P =safe.(C,s, N, J, Q)

safeo(C, s, h, J, Q) = true
safen+1(C, s, h, J, Q) =
(C=skip = s,h=Q)
A (Vhohe. s,hy EJd = = (C, s, h+hy+hf) — abort)
A accesses(C, s) € dom(h)
A (VhgherC' s W' (C, s, h+hy+hg) = (C', s', W) A s,hy = J
= 3h"" h). h" =h""+h)+hr A 8" ,h) = J A safen(C’, s’, h'', J, Q)




Multiple resources

C ::=...| resource rin C | with r when B do C | withinrdo C

B(s)

(with r when B do C, s, h) = (withinrdo C, s, h)

S rach C,s,h) > (C,s,N) relC)
(within r do C, s, h) = (withinr do C, s/, h’)

(within r do skip, s, h) — (skip, s, h)
L(C) : set of locks currently acquired by C

[-{P+J)AB}C{QxJ)
[r:J+{P}withrwhenBdoC{Q}

Lr:JdJ-{P}C{Q}
[F{Ps+J}resourcerinC{Q «J}




Multiple resources

r={P}C{Q} iff vshn. she=P = safen (C, s, h, T, Q)

safeo(C, s, h, I, Q) = true
safen+1(C, s, h, I, Q) =
(C=skip = s,h=Q)
A (Vhr. = (C, s, h+hr) — abort)
A accesses(C, s) € dom(h)

A (VhrheC' s 0. (C, s, h+hr+hg) = (C’, s’, h') A s,hrE & c Loy Lo (1)

— 3h"" hr'. h'=h""+hr’"+he A 8" ,hr'E @ c o) Loy T
A safen(C’, s, h'', T, Q)

C locks acquired

locks released )

L(C) : set of locks currently acquired by C
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Precision & the conjunction rule

Prove: safen(C,s,h,I,Q1) A safen(C,s,h,I,Q2) = safen (C,s,h,I,Q1 A Qo)

safen+1(C, s, h, I, Q) = [...]
A (VhrheC s" h'. [..]

— 3h"’ hr'. h'=h""+hr’"+he A 8" ,hr'E @ c o)\ Loy T(1)
A safen(C, s’, h"', T, Q)

3h""+ hr'y. h'=h""1+hr’1+hr A s",hr'1 &= ®rc Lo\ L) (1) A safen(C,s",h""1,I,Q1)
3h""2 hr'z. h'=h""2+hr'2+hr A 8", hr'2E= ®rc o)\ L) (1) A safen(C,s",h'2,T,Q0)

Definition. P precise iff vs hih2h'1 h's.
hi+h’1= ho+h2 A S,hiEP A s,hi EP = hi=h2 A h'1=h"5




