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Challenge

Develop a theory of data abstraction for
pointer programs.

When are two modules equivalent in the presence of pointers?




Message

® Focus on good clients of modules.

® Provability in sep. logic is a good candidate
for deciding good clients.




Module Bufferl

int™ b=malloc();

void put(int* p) {
free(p);
;

int get() { return *b; }
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Module Bufferl

int™ b=malloc();

void put(int* p) {
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Module Buffer2

int™ b=malloc();

void put(int* p) {
free(b);
b=p;

;

int get() { return *b; }

Client Program

p=malloc(); *p=5;
put(p);
n = read();

*p=3;
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Main Result Informally

Buffer| and Buffer2 are observationally equivalent, if
we consider only provable clients C in sep. logic: for
some P and Q,

[ sy ({p——}put(p){emp} A {emp}get(){emp}) = {P}C{Q}
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Main Result Informally

Buffer| and Buffer2 are observationally equivalent, if
we consider only provable clients C in sep. logic: for
some P and Q,

‘r Fst ({p——}put(p){emp} /\{_emp}get(){emp}) = {P}C{Q}‘

~z

put; (p) Clputy, get, |

—
if eqﬂpHﬂ*rI leqﬂempﬂ*r ..., then eq[[p]]*rl qu[[@]]*r
—

put, (p) Clput,, get,]

for all




By Relational Semantics of
BuSpecifications in Sep. Logic

we
some P and Q,

‘r Fst ({p——}put(p){emp} A {_emp}get(){emp}) = {P}C{Q}‘

~z

for all
put; (p)

puts(p)




Sample Specification

k:com F {l— —}k{emp} = {P}C{Q} I
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: com F {l— —emp} = {PQ}

¢ Commands. (e.g. free(x), *x=y.)
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Syntax

k:com I ‘{l — —}k{iemp} = {P}C{Q}‘

e Commands. (e.g. free(x), *x=y.)

® Assertions. (e.g.emp, I>-))

e Specifications. (e.g. {I>-}k{emp}, {emp}C{emp}.)




Semantics of Commands and
Assertions

k:com F {l— —}k{emp} = {P}C{Q} I

def .
Heaps = Locations —g, Values

def

[com|] = Heaps —1ocal (Heaps U {fault})

[assert] © P(Heaps)
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Environments

E.g. [k—[free(l)]]

‘7717 77217: ¥

Relations on Heaps
Eg hl[eqH]hg ifft hiy = ha A hy € ¢
hilallocEmp,lhe iff Jv. hi=[l-v] A ho=]]




Semantics of Hoare Triples

k:com F {l— —}k{emp} = {P}C{Q} I

M, 2,7 = {P}C{Q}
ift

€1, |eagpy *7 = eaggy *7|[C1],,
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Semantics of Hoare Triples

[Separating Conj. for Relations:  hi[r; * r3]he  hold

h1:n10m1 /N\ h2:n20m2 AN nl[rl]ml N\ ng:

M, 2,7 = {P}C{Q}
ift

[C], [eqm w1 — eqpo + 7| [C],,

hi = ni- mi

€qr P]]I Ir

h = n2* M2




Semantics of Hoare Triples

[Separating Conj. for Relations:  hi[r; * r3]he  hold

h1:n10m1 /N\ h2:n20m2 AN nl[rl]ml N\ ng:

N, N2, 7 = {P}C{Q}
ift

[C], [eqm w1 — eqpo + 7| [C],,

IC]

M1

hi = ni- mi

€qr P]]I Ir

h = n2* M2




Semantics of Hoare Triples

[Separating Conj. for Relations:  hi[r; * r3]he  hold

h1:n10m1 /N\ h2:n20m2 AN nl[rl]ml N\ ng:

M, 2,7 = {P}C{Q}
ift

€1, |eagpy *7 = eaggy *7|[C1],,

IC]

M1




Semantics of Hoare Triples

k—[xl = 0]], [k—[skip]], allocEmp;, &= {emp}k{emp}

M, 2,7 = {P}C{Q}
ift

€1, |eagpy *7 = eaggy *7|[C1],,

[1- [I=V]
eq[[emp]]I 1a|locEmpl

[1- [
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>

eq[[emp]]I 1a|locEmpl

It 41, = [skiel




Semantics of Hoare Triples

k—[xl = 0]], [k—[skip]], allocEmp;, &= {emp}k{emp}

M, 2,7 = {P}C{Q}
ift

€1, |eagpy *7 = eaggy *7|[C1],,

Q- [—=v] __ sy, =B=00 1. 1-0]
eq[[emp]]I ZallocEmpz eq[[emp]]I IallocEmpl

0 [ ey~ 0 0




Semantics of Hoare Triples

11,72, €d[emp] = 10— — tdispose(l){emp}

M, 2,7 = {P}C{Q}
ift

€1, |eagpy *7 = eaggy *7|[C1],,

[=0]- [

¢
-] I ¢eq[[emp]]
[=0]- [




Semantics of Hoare Triples

15725 €qfemp] = 10— — tdispose(l){emp}

N, N2, 7 = {P}C{Q}
ift

€1, |eagpy *7 = eaggy *7|[C1],,

[dispose({)], .

§ >

[=0]- [

¢
-] I ¢eq[[emp]]
[=0]- [

>

: [dispose ()],



Semantics of Hoare Triples

15 7125 €q1emp]

— {[—— }dispose(l){emp}

n,n2,r = {P}C{Q}

ift

€1, |eagpy *7 = eaggy *7|[C1],,

[=0]- [

[[dispose(l)]]?71 1

¢
9 [1——] I €] [emp] €] [[emp]]I I €d[emp]

v

[=0]- [

[dispose ()], S



Semantics of Hoare Triples

N, 12, €q [emp]

— {[—— }dispose(l){emp}

P =N =

Lemma: Suppose C does not call functions.

—usual 1P TC{Q} if and only if = {P}C{Q}

> O 11

€Aemp] 9 [[emp]]I I €q [emp]

[dispose()],, S




Semantics of Implications
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Semantics of Implications

k:com F {l— —}k{emp} = {P}C{Q} I

n,n2,T = @=>y
iff
Vr'. if (1, me,r x 7" = @), then (n1,n2, 7 x 71’

Kripke Semantics of Intuit. Logic.
* Worlds: Relations r on Heaps
e Accessibility Relation:

rCr < drg.rxrg=1".
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k:com F {l— —}k{emp} = {P}C{Q} I

M M2, € emp] {l — —}tk{emp} = {P}C{Q}

<= —

Vr.if (n1,m2,r E {l——}k{emp}), then (n,n2,r = {P}C{Q}).

e >




Relational Semantics of Specifications

k:com F {l+— —}k{emp} = {P}C{Q}

1157125 €qemp]

VT. lf (771,7’]2,7“

- —

= {l——}k{emp}), then (ni,no,7

< >

= {l— —}tkiemp} = {P;C{Q}

= 1P1CLQ}).

Vr.if m(k)[eq, *xr — eq,*xr|ns(k), then [[C']]m leq,*r — eq*7] [[O]]m
(where a = [I——], b = [emp], p = [P], and q = [Q])




Semantics of Triples
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Semantics of Triples
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Semantics of Triples

[com] T Heaps —ioent (Heaps U {fault})

n,n2,r = {P}C{Q}
it

vr'. 1C,, [eqﬂp]] *7x 7 — eqpop ¥ T *r’} 1C]

n2

[Lemma] Supp. C' does not call fns. If =, {P}C{Q},
|C] satisfies the locality cond. restricted to | Pxtrue].

[Frame Property]
h € [Pxtrue| A [C](h) = hy = [C](h ® hg) = hy ® hg




[Frame Property when set quantification is used]
h € [Pxtrue] A [C](h) = hy = Fhs € [Q]. [C](h @ hg) = hy @ hg

[com] T Heaps —ioent (Heaps U {fault})

n,q F {P}C{Q}
iff

Vgo. [C], ([P *q *q) € [C],(IQ] * g0 * q)

[Lemma] Supp. C' does not call fns. If =, {P}C{Q},
|C] satisfies the locality cond. restricted to | Pxtrue].

[Frame Property]
h € [Pxtrue] A [C](h) = hy = [C](h ® hg) = hy ® hg




Semantics in the Paper

Uses FM-domain theory and biorthogonality to
deal with memory allocation.




Theory of Data Abstraction for
Pointer Programs

® Focus on good clients.

® Provability in sep. logic is a good candidate
for deciding good clients.




Relational Kripke Reading of Logic

® Can reveal that proofs in a logic says more
than what are intended.




