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Programming Language

skip
X 1= EXp
C,C
if (B) then{ C } else { C }
while (B) do { C }
Caasic
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Separation Logic

heap h : N¥— val

emp empty heap
XY heap of exactly one cell

PxQ separating conjunction
(disjoint union)

XY * Y—Z * W— @
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{ X— - } { X—V }
dispose(Xx) [Xhi= E
{ emp } { X~ E[V/X] }

Small Axioms
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(Pl )
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Concurrent Programs

C Hi®
resrin{ C }
with r when B do { C }




Disjoint Concurrency at
the Low-Level

{PLCi{Qi} 1P23Cri Q2
{ P1xP2 } Ci || Cof Qu*Q2 }

PAR
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Disjoint Concurrency
Example

{ X = %Y - }

{ x> -} {y—-}
[ X =5 dispose(y)
{ X—5 } { emp ;

{ X—5xemp }
t X5}



Complex Concurrency at
the Low-Level

tP; C{Q}
fRI;*P} resrin{C } { RI; *Q }

RES

{RIr*P A B } C {RIr*Q}
CR

(Pt withrwhenBdo{CYi{Q?} .
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Complex Concurrency
Example

RI; = (x=0 A emp) v (x=1 A c>-)

{ emp }

with r when x=0 do {
{ RI- A x=0 }
C := cons(); x=1
{ RI A x=1 }

e

{ emp }

{ emp }

with r when x=1 do {
{ RI A x=1 }
dispose(c); x=0
{ RIr A x=0 }

b

{ emp }
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Problems at the

High-Level
{ n[t] -2- m[t'] }
i n[t] } { m[t'] }
deleteTree(n) deleteTree(m)
{0} {0}

e - but what if not siblings?
o, - but neither is a context.
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Tree Segments

tree context c::=® | x | nlc] | cec

tree segment s :=@s | x<c | s+s | (X)(s)

Unique node identifiers n

Unique free hole addresses x«

Unique free hole labels x

+ associative & commutative with unit @s

® associative with unit @

& no cycles!



Adjoints important for

Important Formuldississs

Structural formulae +

PxQ separating conjunction

P—+Q  separation right adjoint
X®P revelation

Xx—®Q revelation right adjoint
Mx.P  fresh label

derived label hiding
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deleteTree(n)
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Fine-grained High-Level
Reasoning

{ a<n(t] }
deleteTree(n)
{ 6<@ }

1 a<=nly]*p<ml[t] ;
append(n,m)

{ x<nlyem([t]]* B0 }

Small Axioms



Hoare Rules

itPt C {Q¢
SR*PICE{R*Q }

itPr C 1Q; PG Q
fNa.PICENa.Q} fo®P } C { cx®Q }































Back to Disjoint
Concurrency

{PLIC{Q} 1P21Cot Q2

PAR
§ P1xP2 }C || Cof Qi*Q2 }
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Disjoint Concurrency
Example

{ a=n[t]*p<m[t] }

{ a<nft] 1 B<ml[t] ;
deleteTree(n) deleteTree(m)
{ 0<0Q } { B<? }

{ =D xB<D }



More Than Just Disjoint

1P Ci1Q; .
{ Tfr®(RIr*P) }I"ES rin { & }{ ﬂr®(RIr*Q) }

S

{ ﬂr®(RIr *P A B) } C { ﬂr®(RIr*Q) }

fprwithrwhenBdo{C}{Q} °




Complex Concurrency
Example

with r do{

a .= getlLeft(n) Witk T do{

b := getRight(n)
b
) deleteTree(b)

deleteTree(a)




Complex Concurrency

Example

RIr = 0(<—B® n[Y]® 6

Mr = B,6
with r do{

a .= getlLeft(n) Witk T do{

b := getRight(n)
b
) deleteTree(b)

deleteTree(a)




Complex Concurrency

Example

RIr = <Penly]ed

i B<pltl } m = B,0
with r do{

a := getlLeft(n) T do!

b := getRight(n)
y
b deleteTree(b)

deleteTree(a)




Complex Concurrency

Example

RIr = <Penly]ed
i B<pltl } m = B,0
with r do{

{ 1Tr®(RIr *B"P[ﬂ) }

a := getlLeft(n) T do!

b := getRight(n)
y
b deleteTree(b)

deleteTree(a)
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i B<pltl } m = B,0
with r do{
{ 1Tr®(RIr *B"P[ﬂ) }

{ 0®(a<p[tlen[y]ed) }

a .= getlLeft(n) Witk T do{
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b
) deleteTree(b)

deleteTree(a)
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b
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Example

RIr = O((—B@ﬂ[Y]@S
{ B-plt } it
with r do{
{ m®(RI-*B<p[t]) }

1 5®(O(<—‘E>L[’r]§?[\)(]® o) }
a := getleft(n _
{ 5®(x<pltlenlyled A (a=p) }|| WIth I dox

{ ﬂr®(RIr*B<'p['|'] A (Clzp)) } ¥ b := getRight(n)
’ deleteTree(b)

deleteTree(a)
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Complex Concurrency

Example
RIr = <Penly]ed
{ B"P[ﬂ } Mr = B,6
with r do{

{ 1Tr®(RIr *B"P[ﬂ) }

{ 0®(ax<«p[tlen[yled) }
a .= getlLeft(n)

{ 5®(a<pltlonlyled  (a=p)) }|| VIR AOL
{ m®RI*B<plt] A (a=p)) } ()
y deleteTree(b)

{ B<plt] A (a=p)}

deleteTree(a)

{ B<@}




Complex Concurrency

Example
RIr — 0(4—5®n[Y]®6
i B<pltl } m = B,0
with r do{
“{{ 1Tr®(RIr *B"P[ﬂ) } }
0®(a«p[tlen[y]le 0) S <qlt
a .= getlLeft(n) {wita[ r]d}o{
1 0®(ax«p[tlen[yled A (a=p)) § B e 0etRight(n)
§ ﬂr®(RIr*B"p[1‘] A (a=p)) } ) :
{}B ] A Tl deleteTree(b)
« A (a= g
deIe’Fc)eTree(a;) 28,

{ B<@}



Summary

@ Separation Logic allows low-level local
reasoning for sequential and concurrent
programs.

@ Context Logic allows high-level local
reasoning for sequential programs.

@ Small axioms are necessary for local
reasoning about concurrency.

@ Segment Logic allows high-level local
reasoning about concurrent programs.



Ongoing Research

@ Abstract Local Reasoning : translating from

specification fo implementation.
(with Philippa Gardner and Thomas Dinsdale-Young - Imperial)

@ Concurrent XML Update : designing and
specifying a language in the style of DOM.

(with James Kearney - Imperial)

@ Applying Rely-Guarantee and Deny-Guarantee

techniques to BTrees.
(with Pedro da Rocha Pinto and Thomas Dinsdale-Young - Imperial)



Thanks for Listening
Any Questions ?



