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Separation logic on a slide

o Traditional Hoare logic struggles with aliasing.
{z—=1Ay—=2} [z] :=3{z—=3 A (z £y = y—=2)}
@ Separation logic makes non-aliasing of pointers the default.
{z—1 % y—2} [z] := 3 {z—3 xy—2}
Derived using the frame rule

{P} c{Q}
{Px R} c{Q=* R}
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Motivation

Separation logic is about framing out as much as possible

{P} c{Q}
{P* R} c{Q x R}

Abstraction is necessary for modularity in large developments

{Stack(s, )} push(s,v) {Stack(s,v :: a)}

Abstract predicates make assertions high-level, except for (x).
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Copy-on-write collection
Pretty but restrictive spec:

{emp} new() {Coll(ret,0)}
{Coll(s,V)} free(s) {emp}

{Coll(s,V)} contains(s,v) {Coll(s,V) Aret=(ve V)}
{Coll(s,V)} add(s,v) {Coli(s,V U {v})}

{Coli(s,V)} remove(s,v) {Coll(s,V \ {v})}
{Coll(s,V)} clone(s) {Coli(s, V') x Coll(ret,V)}

Flexible but ugly spec:

{Lecow(9)} mew() {ZLcow({(ret,0)} W)}
Heow({(s, V) } W ¢)} free(s) {Icow(0)}
{eow({
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Fine-grained collection
Recall the remove function:
{Coll(s,V)} remove(s,v) {Coli(s,V \ {v})}

Alternative but equivalent specification:

{Coll(s,{v} W Ve, Vg)} remove(s,v) { Coll(s, Ve, {v} & Vg)}
{Coll(s, Ve, {v} & Vg)} remove(s,v) { Coll(s, Ve, {v} & V)}
What if Coll(s, Ve, Vg) * Coli(s, V, Vé) = Coll(s, Ve W VL, Vg ¥ Vé)?

Ine. {Coll(s,{v},0)} remove(s,v) {Coli(s,D,{v})}
Iine. {Coll(s,0,{v})} remove(s,v) {Coli(s,0,{v})}

Or by the disjunction rule,
Ine. {Coll(s,{v},0) v Coli(s,0,{v})} remove(s,v) {Coli(s,0,{v})}
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Fine-grained collection

Now define
In(s,v) £ Coll(s, {v},0) Out(s,v) = Coll(s, D, {v})
and specify

Ifine. {emp} new() {V, v : val. Out(ret,v)}

Ifne. {Vyv : val. In(s,v) V Out(s,v)} free(s) {emp}
Iine. {In(s,v)} contains(s,v) {In(s,v) A ret = true}
Iine. {Out(s,v)} contains(s,v) { Out(s,v) A ret = false}
Iine. {In(s,v) V Out(s,v)} add(s,v) {In(s,v)}

Ine. {In(s,v) V Out(s,v)} remove(s,v) { Out(s,v)}
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Fractional permissions: splitting atoms

How should we split the points-to assertion, p+> v?
Fractional permissions: p s v, where 0 < z < 1!

p@v*p@v—ﬂ—p»ﬂm} pES vk p 3 vg b oo = vy

Ifae- {e Yz =le] {e> e ANx=€Yif o ¢ fu(ee)
Itrac. {e >} [e] =€ {ers '}

Itrac. {emp} z :=alloc 1 {x N -}

Free feature: predicates other than points-to can be fractional.

Ttraccon. {Coll*(s,V)} contains(s,v) {Coll*(s,V) Aret = (ve V)}
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Clients and separating products

1. {P} c{Q} IxJ {Pxemp}c{Q x emp}
{P}c{Q} I.{P} c{Q}
Used to bootstrap FSL:

LDy s - I {P X emp™} ¢ {Q x emp”}
{P} c{Q}

Used to frame out interpretations:

I;. {Pi} c{Q:} Vj#i. P =Q
Lixeoox Ly {PL X - X Py} e {Q1 X -+ - X Qn}
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Composing abstractions

(Ifyac 5 Lfine)- {In®(s,v)} contains(s,v) {In*(s,v) A ret = true}
(Ifrae 5 Tfine)- {In®(s,v)} add(s,v) {In®(s,v)}
(Ttae 3 Teine)- {Out'(s,v)} add(s,v) {In'(s,v)}

( g"ac ; Ii‘ine ; ICOW)‘ {CO”Z(S, V€> Vgé)} C|0I‘IE(S)
{Coll*(s, Ve, V) * Coll*(ret, Ve, Vi) }
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Results

Examples we can encode
o Copy-on-write data (Mehnert, Sieczkowski, Birkedal & Sestoft)

@ Fine-grained data structures (Dinsdale-Young, Dodds, Gardner,
Parkinson & Vafeiadis)

@ Permission accounting (Bornat, Calcagno, O'Hearn & Parkinson)
e Monotonic counters (Pilkiewicz & Pottier)

o Weak-update type system (Tan, Shao, Feng & Cai)

Attractive properties of fictional separation logic
@ Simple and general metatheory
@ Defined on top of standard separation logic

@ Interpretations composable from smaller primitives
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Technical details

Given separation algebras (X, oy, 0x) and (¥, oxy,0xv), define
S\YE{I:8 > P(X) [ 1(0g) = {0x}}

Given I : X\ heap and P,Q : stack — P(X), define

I.{P}c{Q}2V¢:X. {Fc € P. I(co¢)} c{30 € Q. I(c0d)}
PlErQ=2vVe. (3o € P.I(co@)t [Fo € Q. I(coe)])

(¥):Z1\VE = T\ % o Eix¥p\ X
G):Z1\V¥2 — X\¥3 — X1\ 33

It + Iy 2 XNo1,09). I1(01) * Iz(02)
I;J 2 \oy. 3oy € 1(01). J(ah)
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