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Expected Outcome

® Understand relational interpretation of sep. logic and
its connection to data abstraction.

® Be able to apply two new techniques to your logic:
® Relational reading.

® Bi-orthogonality interpretation of Hoare triples.
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® Can we upgrade kmalloc by Doug Lee’s malloc,
without spoiling the Linux kernel?

® Can we replace Modulel by Module2, without
changing the behavior of its clients!?

® Usually no, if Modulel uses pointers.

e Often possible, if we consider only good clients.

® Proofs in sep. logic can identify good clients.
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Righ-level Message

® Proofs in sep. logic can be used to identify good clients.

® But we should be careful for what we mean by “without
changing the behavior of clients.”
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Almost all folklore is false.
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Issues

® malloc can observe the difference between two
modules in an unexpected way.

® malloc returns fresh locations.
® bi-orthogonality interpretation of triples.
® How can we derive relational conclusions!?
® |nstantiate the framework with relations on heaps.

® |nterpret triples relationally.
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® | gives the meaning of k and " the meaning of x.

® Use! and !’ to compare two modules.

® Use r to describe coupling relations for modules.

Exercise: Work out the semantics of 7, 77!, e E o# o
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Continuation-passing Semantics

® For simplicity, consider only terminating pgs.

® Semantic domains:

O
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{k :Heaps — O || k£ has a Pnite suppor*

Heaps — Cont — O
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FM set theory or domain theory is used here.

Has a Finite Support

® |nformally, means that FreeLoc(k) is finite.

® Examples: k(h)=ifl)
k'(h) = if (h

® Non-examples:

dom(h) then normal else err
= list (1)) then normal else err

k'(h) = if | IL* dom(h)|= |(LocstL)* dom(h)| then normal else er

® Formally, means the existence of a finite loc set LO s.t.

RenameExcept(h,h’,L0) A k(h) = k(h")




Semantics of x.0=new




Bi-orthogonal Interpretation of Triples

® Double negation of our previous attempt with conts.

® Roughly, related things get mapped to related things.




Bi-orthogonal Interpretation of Triples

® Double negation of our previous attempt with conts.
® Roughly, related things get mapped to related things.

® Formal definitions:

o[EQplo’ i! o= o = normal

K[Cont(r)]k' it (h,h'. (R[r]h =# K(R)EQo]K (R))
il k[r % EQ]k!

not e B {PYC{QY it for all rQ
[C1,,.[[PL,' ' % Con([QL," ') % EQoIICI,,,




Bi-orthogonal Interpretation of Triples

® Double negation of our previous attempt with conts.

® Roughly, related things get mapped to related things.

® Formal definitions:

o[EQg]o i

Same good
- - I
o= o =nomal | shseryations

k[Cont(r)]k' i
!

n,n,pwr E {PC{Q} i

(h, k. (h[r]h' =# k(R)EQo]K (h))
k[r % EQq]K

for all rQ
[C1, . [[P]," ' 7" % Con{([Q]," =" ') % EQ,]IC],, ,




Bi-orthogonal Interpretation of Triples

® Double negation of our previous attempt with conts.

® Roughly, related things get mapped to related things.

® Formal definitions:

o[EQplo’ i! o= o = normal

K[Cont(r)]k' it (h,h'. (R[F]h =# K(R)EQo]K (M)
il k[r % EQ]k!

nort e B {PYC{QY i for all rQ
[C1,,.[[PL,' ' % Con([QL," ') % EQoIICI,,,




Bi-orthogonal Interpretation of Triples

® Double negation of our previous attempt with conts.

® Roughly, related things get mapped to related things.

® Formal definitions:

o[EQplo’ i! o= o = normal

K[Cont(r)]k' it (h,h'. (R[r]h =# K(R)EQo]K (R))
il k[r % EQ]k!

not e B {PYC{QY i for all rQ
[C1,,.[[PL,' ' % Con([QL," ') % EQoIICI,,,




Exercise: Prove the soundness of the rule;:
{x$%, _}X.0:=new{&y.x$%, ' y$%, _} T“Ples

® Double negation of our previous attempt with conts.

® Roughly, related things get mapped to related things.

® Formal definitions:

o[EQplo’ i! o= o = normal
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Results

® The logic is sound.

® The validity of a triple in our semantics implies
the validity of the triple in the standard semantics.




General Tip |: How to get a
relational interpretation!?

® Duplicate environments and use relational
resource worlds.

® |[nterpret basic constructs, like triples, relationally.




General Tip 2: How to make the
logic insensitive to something!?

® Pick continuations that are insensitive something.
® |nterpret triples using bi-orthogonality.

O = {normal,err} k is insensitive to ..
= {k:Heaps — O | '

= Heaps — Cont — O




® Do Matthew’s homework using bi-orthgonality.
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