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Reasoning About
Concurrency

deleteTree(n) || deleteTree(m)

n[t] m[t’]

POM IPs n & m
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Concurrent Update

Language
skip C;C
X :=BxXp if B then C else C
CBasic while B do C
C||C
res r in C

with » when B do C



Tree Segments

treecontext ¢::=0| x | n[c] | c®ec
treesegment s::=@ | x<c¢c | s+s | (x)(8)
Unique node identifiers n

Unique free hole addresses x

Unique free hole labels x

+ g8sociative & commutative with unit @
® associative with unit @

restriction fawmilar

from pi calculus



Tree Segments

treecontext ¢::=0| x | n[c] | c®ec
treesegment s::=@ | x<c¢c | s+s | (x)(8)
Unique node identifiers n

Unique free hole addresses x

Unique free hole labels x

+ gssociative & commutative with unit @

® associative with unit @

& no cycles! restriction familar

from pi calculus



Tree Segment Formulae

emp

o<"T

P*Q

Ho.P

no segments.

tree segment satisfying T
at address «.

separating conjunction.
disjoint segments P and Q.

hiding quant

PSP standard pi-calc hiding

restriction * freshness
(existence not enough)




Sequential Abstract
Local Reasoning

Fault Avoiding

Partial Correctness: Q]
Small Axioms
{ o< n[t] } {aen[y]*ﬁem[t]}
deleteTree(n) append(n, m)

{a<0] {a<=n[y®m[t]] « p< 0]
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Concurrent Abstract
Local Reasoning

Disjoint Concurrency

'E{P1}C1{Q1}
['={Pa} Ca{Qz}

' {P1%P2} C1||Cz { Q1 * Qz }

PAR









Disjoint Concurrency
Example

(o< n[t] * f < m[t’] }
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Disjoint Concurrency
Example

(o< n[t] * f < m[t’] }

(o< n[t] ] {p<m[t’] }
deleteTree(n) deleteTree(m)
(o< 0] (p<0}

(0<-0 * <0}



Concurrent Abstract
Local Reasoning

sharing Program State

['(c— ILRDEE.C { Q ]
F'—{HILRI*P)} res r in C { HIL.(RI * Q) )

RES

I'-{HIL.(RI*P)AB} C {HII.(RI * Q) }
[((r—=IILLRD{P} with » when B do C { Q }

CCR




Shared State Example

res r in

with r do( with r do(
a.= getLeft(n) b:= getRight(n)

) )

deleteTree(a) deleteTree(b)




Shared State Example

(a<=Pp[t]®n[y]®q[t’] }

res r in
with r do( with r do(
a.= getLeft(n) b:= getRight(n)
) )
deleteTree(a) deleteTree(b)

{a<—n[y] ]
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res r
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deleteTree(a)
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deleteTree(a)
p<0}



getLeft(

a

deleteTree(a)
{(p<0]



with r do

a:= getLeft(a

deleteTree(a)
p<0}



{ HO.(a <— p

deleteTree(a)
p<0}
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a:=getLeft(n)
Ho.(o. < p[t
{ HpP,0.(a <

pP)) }

deleteTree(a)
p<0}



deleteTree(a)
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with r do

{ Ho.

{ Hp
[ HIT

B+ p[t] A (a=P))
deleteTree(a) =









More Shared State

la<—Pp[t]®n[y]®q[t’] }

res r in
with r do( with r do(
a.= getLeft(n) b:= getRight(n)
append(n, a) append(n, b)
) )

Vv

{ o<—nfy®p[t] ®aq[t’]] }
o<—n[y®q[t’] ®p[t]]



Resource Invariant

o< p[t]®n[y] ®q[t’]

\'

o< n[y®p[t]] ®aq[t’]

\Y,

o< p[t]®¥n[yX®q[t’]]

\'

o<—nfy@p[t] ®q[t’]]

Vv

o<—n[y®q[t’] ®p[t]]



o< n[y®p[t]



Adding Tokens

o< p[t] ®n[y] ® q[t’] =
V

o<—n[y®p[t]] ®q[t’] =
V

o< p[t] ®n[y® q[t’]] =
V

o<—n[y®p[t]®q[t’]] =

\'

o< n[y®q[t’] ® p[t]] =

(7
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te

t&
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thread 1

tl






Adding Tokens

: 9
o< pt]On[y]®q[t’]x 01 = 2 thread 1

Vv

o < n[y ® p[t]] ® q[t’] * @ * = .

\'
o< p[t]®nly®@q[t?]]x = x @&

¥ end.
o<—ny®p[t] ®q[t’]] = G = G

\'

o<—n[y®q[t’] ®p[t]] = & = &

tl =k ([t



thread 1
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ADbstraction Levels

concurrent abstract
predicates segment logic context logic

= abgstract
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OOO abstract é
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- linking HL cone to LL cone '- v e

- look at CAP in more detail

- Pynawic Lock Creation
- Automated Invariant Generation




