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Motivation

» Compositionality of Reasoning through Locality

» Uni-direction of proofs.
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Interference and Non-determinism

Interference Examples
clvi || clva || c¢?x.P

clv || c¢?x.Py || ¢?x.Ps

Non-trivial Determinism

clvi || diva || c?x.d?y.(al()llcix+y)) || a?.c?y.diz+1)

clv || clv || ¢e?x.Py || ¢?x.Ps
not covered!
clvi || cvo || ¢e?x.P || c¢?x.P
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The Language

Values and Expressions

v,u =011 2...

e =v|x|le+e|le-e]...

b ::=e<e| -b | bab

Processes

P,Q ::=ale | a?x.P
| if bthenP else Q
| K(e)[%d]

(side-effect free)

(side-effect free)

(communication)

(branching)

(proc. definition and renaming)
(

| nil | PlIIQ | (newa)P (structure)
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Reduction Semantics

elv Tcep lcen

[alel, Il Ta?x.Ply — TP{YV/x}Tuwp

cSpL

[P Qlpwy — TP, I1TQT,

cloL
[(new c)P], — (new ¢) [PTouiic.1e)
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Confined Processes

What do we gain?

» Explicit Permission Ownership:  [P1],
» Explicit Ownership Transfer.  c¢Com, cSrL, cLcL
» Explicit Races and Separation:

Tegp lcgp
eOut eOIN
[clel, —race [C?X.Pl, —race
pNu#0

FP1p | rQ-|u—>race
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Confinement and linear Permissions

How does it work?
Recall:

retvilie.y, I TeWelpe,.y Il TE?X.Plye,.}  —race

because [c!vilj. ) ITe!Velje.. y —race



Confinement Properties
Race Preservation

S —*Tand S —race implieS T —race

Correspondence

S — T implies |S| —* |T|

S implies
Trace  IMP {ISl —> |T|implies S —* T

Evaluation Confluence (Determinism)

S —" Ty~ and T1—/-paee

and S —* To - and To—=race } implies  |T4| = [Tz
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2. How do we define locality? How do we handle interference ?
confined processes!
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Hoare Rules For Message Passing

Lo} s {v)

Two factors at work!

1. Verify uni-directionally that from ¢, S will lead us to y.

2. Assuming a race-free T satisfying ¢, construct a state
transformer S that is race-free.
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analyse in isolation




Hoare Rules For Message Passing

(e} s {v)

Decomposition

/—----/(’L—-—--ﬂ /—-—--—/w\—---ﬁ
{a(«c(vi +va) | Tar.c?z.dlz+ 17, {dvi+va+1))



Hoare Rules For Message Passing

(e} s {v]

Decomposition

/_b /—/\V_
{aQrcvi+ vy | [a?c?zdlz+ 1], {dvi+v2+ 1))

replies on al() providing | c¢,Td



Hoare Rules For Message Passing

Tr {e) s {v)

Decomposition

/_b /—/\V—
e {aQxcvi+w)}  Tatctzdz+ 17,  {dvi+ve+1))

replies on al() providing | c¢,Td

= a:A{Ta,lc,Td}, c:{Tc}, d:{1d}



The Logic

S is closed, stable and race-free. Formulas are closed
S Eemp if S =Tnilly;

LS =Tcle
I f P
Sk ! {with elv, e |vandl(c)Cp;

exists S1, S, where S =S4 || S
SE@*g2 i WithTl, S = ¢randTl, S g2
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Recap: A Hoare-Style Logic for Message Passing

e {e) s {v]

>---

» How do we handle bi-directionality of computation.
M {a(v)} [a?x.(b!x||c?z.d!x)]p { ® }
re {o} Ibryelyl,  {dw)

What would ¢ be?
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y€SFRM::= emp | c(e) | x=*Y

M- Siy
NMSEy®e if and I, TEy, whereS L T
implies S||T —* Randl,R E g;



The Logic

@, yeFRM::=emp | c(e) | gxq | x-B | ...
y€SFRM::= emp | c(e) | =Y

re {aw}  Tax(bixlc?z.dx)],  {bv)«(c(v)-2dW)) |
M { by« (c(vy -8 dv)) } [b?y.clyl,  {dw)}



The Proof System

. NMTEe@and TLS
r S =
= fo} S{v) { implies TS —* R and LRy
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Fe{p1} S {wq* s}
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Frame Rules

F{p) S g2} M- @oly

LFRM

FCe{pr =y}l S {g2xvy)

Mr S MN-S1
Eun {9} {w} X

r-ix=2¢} S {Hx-aBv}



Main Result

Soundness
M+ {g} Sy} implies T = {¢}S {v}

Application
Proved the correctness of an in-place Quicksort algorithm
expressed in Value Passing CCS.
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Summary

Model: Confined processes
» Give us explicit ownership, ownership transfer
and units of separation
» Correspondence with process semantics
» Narrative as to why process is determinstic.

Logic: Asynchronous messages have a dual role:
» interpreted as the state of a process.
» main mechanism for mutual exclusion.
Proof System: Acts on soups of asynchronous messages

» constructs safe confined processes i.e.,
deterministic.

» Use (restricted) spatial adjunct to handle
bidirectionality of messages.
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