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Context Splitting

Γ ` e : T

 

{[[Γ]]} e∗ {[[T]]}
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Context Splitting

Γ ` e : T (Γ = x : Tx)

 

{F ? · · ·} e∗ {[[T]]} (F = $x 7→ vx)
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Context Splitting

⊗I
Γ1 ` e1 : T1 Γ2 ` e2 : T2

Γ1, Γ2 ` (e1, e2) : T1 ⊗ T2

 

{F1 ? F2 ? · · ·} e∗
1; e∗

2 {[[T1]] ? [[T2]]}
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Separating the Frame

Local points-to: $x
loc7−→ v

Locals are exclusive: $x
loc7−→ v1 ? $x

loc7−→ v2 ` ⊥
Rules are small footprint:

wp-plus
Φ(i32.const (n1 + n2))

wp (i32.const n1; i32.const n2; i32.add) {Φ}

wp-loc-get
$x

loc7−→ v ? Φ(v)
wp (local.get $x) {Φ}

wp-loc-set
$x

loc7−→ v′ ? ($x
loc7−→ v −? Φ(ε))

wp (v; local.get $x) {Φ}

wp-frame-bind†
F −? wp (e∗) {vn. Φ(vn)}

wp (framen F e∗) {Φ}
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Problem 1: Popped Frames Not Encapsulated

$x
loc7−→ 42 −? $x

loc7−→ 42

$x
loc7−→ 42 −? wp (ε) {$x

loc7−→ 42}

wp-vals

wp (frame0 (locals ($x 42)) ε) {$x
loc7−→ 42}

wp-frame-bind†

Local $x should not be returnable from the frame. This should be false.
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Encapsulating Frames with the Pop Modality

The Pop Modality, ↓ P

↓ P holds whenever P would hold after popping the top frame.

Global facts always hold after a pop: n
mem7−−→ v ` ↓ (n mem7−−→ v)

Frame-local facts never hold after a pop: $x
loc7−→ v 6` ↓ ($x

loc7−→ v)
Binding under a frame moves the postcondition under a pop:

wp-frame-bind
F −? wp (e∗) {vn. ↓ Φ(vn)}

wp (framen F e∗) {Φ}
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Problem 2: Suspended Frames Not Encapsulated

$x
loc7−→ 42 ` ↓ (i32.const 42 = i32.const 42)

↓ -pure, refl

$x
loc7−→ 42 ` wp (local.get $x) {v. ↓ (v = i32.const 42)}

wp-local-get

$x
loc7−→ 42 ` wp (frame1 (locals) local.get $x) {v. v = i32.const 42}

wp-frame-bind††

Local $x should not be accessible within the frame. This should be false.
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Encapsulating Frames with the Push Modality

The Push Modality, ↑ P

↑ P holds whenever P would hold after pushing a new frame.

Global facts always hold after a push: n
mem7−−→ v ` ↑ (n mem7−−→ v)

Frame-local facts never hold after a push: $x
loc7−→ v 6` ↑ ($x

loc7−→ v)
Binding under a frame moves the continuation under a push:

wp-frame-bind
↑ (F −? wp (e∗) {vn. ↓ Φ(vn)})

wp (framen F e∗) {Φ}
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Adjoint Logic

Benton and Wadler (1996), Reed (2009)

Push and pop are both modalities:
↑ -Mono

P ` Q

↑ P ` ↑ Q

↓ -Mono
P ` Q

↓ P ` ↓ Q

They form an adjunction:
l-Adj
↓ P ` Q

P ` ↑ Q
======= ↑ ↓ -Unit

P ` ↑ ↓ P

↓ ↑ -Counit
↓ ↑ P ` P
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Example: Suspending and Resuming Frames

(wp-ctx-bind, wp-local-get, wp-binop, wp-val)
$x

loc7−→ 20 ` wp (i32.const 25; local.get $x; i32.add) {v. v = 45}
(↓ -Mono)

↓ ($x
loc7−→ 20) ` ↓ wp (i32.const 25; local.get $x; i32.add) {v. v = 45}

(wp-val)
↓ ($x

loc7−→ 20) ` wp (i32.const 25) {v′. ↓ wp (v′; local.get $x; i32.add) {v. v = 45}}
(l -Adj)

$x
loc7−→ 20 ` ↑ wp (i32.const 25) {v′. ↓ wp (v′; local.get $x; i32.add) {v. v = 45}}

(wp-frame-bind)
$x

loc7−→ 20 ` wp (frame1 (locals) i32.const 25) {v′. wp (v′; local.get $x; i32.add) {v.v = 45}}
(wp-ctx-bind)

$x
loc7−→ 20 ` wp ((frame1 (locals) i32.const 25) ; local.get $x; i32.add) {v. v = 45}
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Other Stacks

A shadow stack
wp-spush

↑s Φ(ε)
wp ($spush) {Φ}

wp-spop
↓s Φ(ε)

wp ($spop) {Φ}

wp-salloc
∀n′, bn. n′ stk7−−→ bn −? Φ(i32.const n′)

wp ($salloc n) {Φ}

The operand stack?

top(20)?↓o top(25)?↓o ↓o top(10) ≈ i32.const 10; v; i32.const 25; i32.const 20

Stack switching?
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Summary

wp-frame-bind
↑ (F −? wp (e∗) {vn. ↓ Φ(vn)})

wp (framen F e∗) {Φ}

l-Adj
↓ P ` Q

P ` ↑ Q
=======

14


