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Correctness w.r.t. a specification

Hoare Logic Refinement Calculus
{p} c{dq} lg)C...Cprog
Rely-Guarantee

{p.r} c{q g} T

Rely-Guarantee Refinement
Calculus
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Refinement into Concurrent Programs

(ana)
[

(rely ri)n ( g+ ) m(guargy) || (rely r2)n (| g ) @ (guar go)

if o= n
g1=1nr
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Rely-Guarantee Refinement Calculus —
Structure

(/Algebra

Semantic Specific
Laws and Rules

Semantics
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Semantic model

Aczel Traces

statesoc € ¥, predicatesp C ¥

program steps (o, o’)

environment steps €(o, o’)

trace [ (oo, 01), €(01,02), €(02,03), 7(03,04), ...]

relations q,r,g C X x &
7(9) ={(0,0") € g- (0, 0")}
e(r) ={(o,0') €er-e(o,d)}
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Hierarchy of Algebras

Kleene Algebra
(C>+7 ) *7071)

Propositional Dynamic Logic, Hoare Logic

Kleene Algebrawith Test [D. Kozen]
(07+7 '7*7_7071)

partial correctness 50=0 total correctness

"+ Refinement Algebra
OmegaAlgebra [E. Cohen] [J. v Wright]

(C,+,~,*,O0,0,1) (CJ+7'7*7W7071)
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Refinement Algebras

Refinement Algebra
[J. v Wright]

(C7|_|7/7*7w7—|—7$k?’p)

(C,n,u, T, 1)
as complete lattice

Rely-Guarantee Refinement Algebra
[I. Hayes]

(C, s, | ,/A, T, nil, skip) C*:’/X'n"{ﬂC;X
¢ =ux-nilmnc;x



Context RGref Calculus Algebra Example

Special operators

@ strict conjunction: cm d
(w(n);cr)m(m(r2); c) = w(hNr);(cmc)
(e(rh);cr)m (e(r2);c2) = e(nhNr);(crMc)
¢ m abort = abort
eg., (rely rymc and (guarg)mc

@ parallel composition: ¢ || d
(w(r);c) || (e(r)ic2) = w(rnNrz); (e || c2)
(e(rn);c) || (e(r)ice) = e(nnr)(c | c)

Outlook
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Concurrent Prime number sieve

S the set of numbers, C the set of all composite numbers.

ﬂSzS—CD
by set theory
(snc=0rS-5cCcAScCS)
C introducing guarantee

(QuarS—S' CC A S CS)n
(snc=0pns-sccrscs)

= trading guarantee with specification as relation is transitive
(guarS—-SccarscSn(Snc=0)
C assume C = J; ¢

(quarS-S ccAScS a(vi-Sng=0)



Context RGref Calculus Algebra Example Outlook

Prime number sieve (cont)

(quarS—-S ccAScS) a(vi-Sne=0)

C Law introduce-parallel (for n processes)
(guarS—-S CCAS C S

H,' (guarS'C S) m (rely S'C S) m (| Snc=10 |))

C Law distribute guarantee over ||
(guarS—S CCAS CS) m (guarS' C S)m

i ((rely S S)m (Snc=0))
Law nested-guarantee

(guarS—-S CCAS C S
li (rely S c8)m (Sne=0))

I
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Tool support

Calculus

Semantic Specific
Laws and Rules

Semantics

Example

| sabelle

Outlook
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Future directions: Applications

@ Verification of algorithms with fine-grained
synchronisation e.g., non-blocking data structures

push(v : T): pop(): T:

1 n:= new(Node); 1 repeat

2n.wval :=v; 2 first:= head;

3 repeat 3 iffirst=null

4  first:= head; 4 return empty;

5 n.next :=first; 5 fn :=first.next;

6 until CAS(head,first,n) 6 v :=first.val

7 return 7 until CAS(head.first,fn);

n m 8 return v
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Future directions: Applications

@ Verification of algorithms with fine-grained
synchronisation e.g., non-blocking data structures

@ Verification of algorithms in Weak Memory Models

riw

e}
& | [buffer]
p q 3 7“ ush
initially: x=y =0 emory
X =1 y =1
Z = W =X - include buffer and flushes

observable: z=w =0 in target program

- allow for potential
reordering of operations
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Future directions: Applications

@ Verification of algorithms with fine-grained
synchronisation e.g., non-blocking data structures

@ Verification of algorithms in Weak Memory Models
@ “Rely-Guarantee Compilation” ?

Outlook
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