An Asynchronous Soundness Theorem

Concurrent Separation Logic

Paul-André Mellies Léo Stefanesco

IRIF, CNRS & Université Paris Diderot

Séminaire Gallium
4 juin 2018



Summary
* The imperative concurrent language and its semantics

ICls [Clz

e Concurrent separation Logic and its semantics

. JT

| T-{P}C{Q}

l Sep



Summary

* The imperative concurrent language and its semantics

[Cls ——— [C]s

e Concurrent separation Logic and its semantics

| T-{P}C{Q}

 Soundness theorems: relating those semantics

S

> [Cls

l Sep



Asynchronous Graphs




Topological Intuition




Asynchronous Morphisms

It’s a graph homomorphism, such that:
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Asynchronous Graphs with Environment
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A Simple Concurrent Language

resource r do
while x > 0 do

X :=x—1;
with r do with r do
y;:y+l yZ:y+1




A Simple Concurrent Language

Source language
B ::=true|false | BAB'|BVB |E=F
E:=0|1|...|z|E+FE|ExFE
Ci=x=F|xz=[E||[E]=FE|C;C"|C1| Cs|skip
| while Bdo C | resourcerdo C | withr when B do C
| if Bthen C; else Cs | x := alloc(F) | dispose(F)

“Assembly language”
mu=x:=F|z:=[E||[E] =FE |nop
| x :=alloc(F) | dispose(F) | P(r) | V(r)

State transitions

(1, L) =~~~y (p', L") (1, L) —~~~

where [l is the memory and L: s the set of held locks
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Asynchronous Transition System
A G > &%

Machine model

AHC]]S :HC]IS > ﬂCS

Code-acyclic

asynchronous graph

Two semantics:

Arere ¢ 1€ =

A is an Environment 1-fibration = “the Environment can always
execute every instructions”



Machine Models for the Code

Asynchronous graph of machine states
Nodes: & = (’u, L)

Edges: It Y Y Y %

52

IS a tile when:

S

(rdim )Uwr(m ))Nwr(m’) =
(rdim")Uwr(m’))Nwr(m) = 0
lock(m) Nlock(m’) = 0
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X

Asynchronous graph of locks

Nodes: L

Edges: L —~o~— L’

IS a tile when:

lock(m) N lock(m’) = 0



Semantics of leaves

?- m
such that:
o\ A(x) ~s A(y)
®- There Is a tile whenever
the footprints are independent
mzA Amz
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Graphical representation

Non terminating

executions
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Sequential Composition

&5 = 1C]; 1]

P




Conditionals

[if B then C else C’] = whentrue[B]([nop]); [C]
@® whenfalse[B]([nop]); [C']
@ whenabort|B]|
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Parallel Product: G, || G»

Nodes: x1|x; € G1XGy  suchthat Ag, (1) = Ag,(22)
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Parallel Product: G, || G»
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Parallel Product: G, || G»

Nodes: xi|xy € G1XGo

- m|m

such that Ag,(z1) = Ag,(x2)

Edges: an edge xq|xy
X1 ——— x; in G
Tiles:  by|bs
my | m mo | mo
ailaz c1|e2
mo | mo my | my

b!|b,

and

. /) / . .
> x1|x, is a pair of edges

m

X9 > .‘X'é N G2
A(b)
n >
A(a) A(c)
n» ni
A(b")



Morphism between the two semantics

Morphisms for leaves

[m]s > [m]1
(i, L) +— L

They are preserved by the constructions

[Cls —— [C]s
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Hoare triples:

Separation Logic

PrCL0}

P, Q are predicates on Logical States o € Loc — g, (Val X Perm)

P,Q :=emp | true | false |PVOQ |PAQ | P*xQ | E; =P E

o *0o'(a) =+

Semantics:

(o(a)

o’(a)

if a € @

om(o) \ dom(c”’)

if a € ¢

om(oc’) \ dom(o)

(v,p-p’) ifo(a)=(v,p)and o’(a) = (v,p’)

cEP*Q & Jojoy, 0 =0o1x0gando; EFPand oy EQ
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A few concurrent separation logics

Owicki-Gries (1976)

RSL (201 3)
Rely-Guarantee (1983) CSL (2004)
Bornat-al (2005) FSL (2016)
RGSep (2007)
SAGL (2007) Bell-al (2010) Fol 4
Hobor-al (2008
( ) Deny-Guarantee (2009) Gotsman-al (2007) (2017)
Hobor-Gherghina LRG (2009) CAP (2010)
(2011) lacobs-Piessens (201 )
HLRG (2010) RGSim (2012)

Liang-Feng (201 3)
CaReSL (2013)

GPS (2014)
LiLi (2016)

HOCAP (2013)

SCSL (2013)
TaDA (2014)
ICAP (2014) FTCSL (2015)
| ColLoSL (2015) FCSL (2014)
Iris (2015)
Total-TaDA (2016)
Iris 2.0 (2016) Disel (2018)
Iris 3.0 (2017)
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Concurrent Separation Logic (CSL)
ri: I, ro : F{P}C{Q}

TH{P1}C1{Q1} TH{P}C2{Q2}

I'H{P1 %P2 }C1 || C2{Q1 * Q2 } PAR

P = def(B) Tr{(P*J)AB}C{Q=*J}

.r:Jr{Plwithrwhen BdoC{O} "I

I,r: JH{P}C{O}

I'F{P = J}resourcerdo C{Q * J} RES
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Separated States

(UC , O, 0F )
M
LState X (LockName — LState + {C, F}) X LState

The Shared
O¢ Resources OF

The Code 0

The Environment
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Semantics of derivation trees

[+ {P}C{Q}

is an Asynchronous Transition System over separated states

The semantics of a derivation tree

A.: Ilﬂﬂsep > dlbsep

e The initial states are all the separated states that satisfy P
 The final states all satisfy ()

e Each of the o satisfies I
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Machine Model of Separated States

States: separated states ((7 o, 0,0 F) : : S ep

Two kinds of transitions:

m m

(oc,0,0F) > (04,0, 0F) (0c,0,0F)

> (¢, 0, 0%)

Tiles: so that they correspond to tiles in ¢ S

22



Asynchronous Graph Morphism

There Is an asynchronous graph morphism

. JT

| T-{P}C(Q}

S

> [Clls
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with

(O'C,O', O'F) — oC * { @ a(r)} * OF

redom(o)
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Soundness theorems

e “A well specified program does not go wrong”

* Memory safety, etc...

e Data-race freedom

 Precondition, postcondition
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1-soundness

Theorem 1

S is an op-fibration on Code transitions.

(oc,0,0F) (6c,0,0F) (6/,0’,0F)
® ® > ®
mo
— > o — > o

51 ™M 52 51 ™M %2
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2-soundness

Theorem 2
. JT

| T-{P}C(Q}

Lo

? ﬂCﬂL is a 2-fibration.
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S

=

20






