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Separation Logic & Incorrectness Logic
a Quick Look

L

Rede K
IERKE



7 RE/RIZEIUFEFT

void swap(int *x, int* y) {

(T[]

= (BON(Y);
¥y = (%)M (*y);
*x = (*x)"(*y);

}
THEHNE/R=ZJTTHBIIG?
(xx=anry=b}swap(xy){*x = b Ay = a}
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{x#+y-oxx=aAxy=>b}swapX,y){x #y >*Xx=bAxy =a}
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* Store: MTEZF|TEERRS
* FRINTKR

* Heap: MRFEHILE R RIFE R ER 5 IR ES
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Ass = emp
| Exp, — Exp,
| Assq x Ass,
| Ass; —x Ass,
| Hfs—BriZEalr
Exp := B RIA
* 1\EX
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*s,h E emp
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Exp, » Exp;
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Assq * Ass,
=S AN = ==
(ﬁj\ %é'\ _'X\ = 5 )
*sS,hEP*(Q
* 3hy, hy, FBh=hUhy Ahy L by
e sshi EP
* s,h, EQ
* BIPFIQERRSZ, {EH A ARAER
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o list(p) = p = null - emp
A p 7 null
— da,p’,p » {value:a,next:p'} * list(p")
* %3] AoBEHEX ZXHHIEHE
 MfF: P=emp*P =P x*emp
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* {P}c{Q}

o ROXMERHEPRIsHIh, MMRHITIEAICZERET
s'Aih’", BRASFIh' i EQ

* U0:

* {x »axyw blswap(x,y{x » b *xy - a}
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* Store: {x » —}*x=vix » v}
* Load: {x »via=*x{a =vAx — v}
* Alloc: {empj}x=malloc(){x » —}

* AllocFail: {emp}x=malloc(){x »—V x = 0}
* DeAlloc: {x » —}free(x){emp}

‘6 b —"FHx “Gu,x > vV’
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* Frame:

Pic{Q}
(P*R}c{Q*R}
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WERAEIE: {x » axy e bit=*x*x="y;*y=t;{x » b *y - a}
fR¥ELoadA] 15

e {xalt=xx{t=aAxv a}
ABE = a NP RE|HE, RiEConsequencerd]{5

e {x P alt =+xx{(t =aAemp) *xx - a}

HiR#EFrame [ 15

° {Xl—)Cl*yHb}t:*x{(t:a/\emp)*xl_)a*yl_)b}
RHELoad FStore A] 15
e {x »p—xy e b}*x=*y{x » b*xy b}
* #EFEFrameFIConsequencen] 1§
o {(t:a/\emp)*xl—)a*yl—)b}*X:*y{(t: a/\emp)*x Hb*yl—)b}
ESVTIES,
c {t=anemp)*x > Db*y e b}*y=t{x » bxy - a}

- {R¥ESeq, FapIEIE
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* void delete(p) {
if (p = null) return;
else {
delete(p->next);
free(p);

J
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« EAY: {list(p)}delete(p){emp)}
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FeE Ethenf X, RIESKipAZ
- {emp}skip{emp}

HiR#EConsequence ] 1§
 {list(p) Ap = null}skip{emp}

HZEelses? 32, 1RIEDeAllocAiS
* {p » —}free(p){emp}

RIFIANBIRAS

« {list(p — next)}delete(p->next){emp}

M EEAEIN, BHEFramed[ S

o {list(p - next) * p » —}delete(p->next){p »—* emp}
* {p »—* emp}free(p){emp * emp}

HR#EConsequencer ] 5
* {(list(p) A p # null)}delete(p->next){p —»—* emp}

* {p »—* emp}free(p){emp}
=ERIES, BEaSEir
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Incorrectness Logic

e Peter W. O’Hearn#S ~HP\NFH 0 B i1 Z = FF
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e Peter W. O'Hearn: Incorrectness logic. Proc. ACM
Program. Lang. 4(POPL): 10:1-10:32 (2020)
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e [presumption]code[result]

o SRR EresutBIRESs, —EFE—THE
presumptlonE’J RS, B Tcoder f[FEIIKS
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/* presumes: [z==11] =*/
if (x is even) {
if (y is odd) {
z=42;
1}
/* achieves: [z==42 && (x is even) && (y is odd) ] =%/

oA e L Ba e
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* [presumption]code]re:result]

* reA] PAZoksersy & H fth 2 A
* okF/RIEFIR O
* erfR/NFEFF AT T error()

36

O OG0 NI N U W DN

void foo(charx str)
presumes: [*str[]==s]

VES

{

}

int

achieves: [er:
char buf[16];

xstr[]==s && length(s) > 16 ] x/

strcpy (buf,str);

main(int argc,
foo(argv([1]);

}

char xargv[])
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Empty under-approximates

[p]Cle: false]

Unit

[p]lskip[ok: p][er: false]

Iterate zero

[pIC*[ok: p]

Choice (where i = 1o0r?2)

[p]Cile: q]
[p]Cl + Cg [E: q]

while BdoC =g

if BthenCelseC’ =g

37

assert(B) =g

Consequence

p'=p [plCleq]l q&=4q’

[p’]Cle:q"]

Sequencing (short-circuit)

[plCi[er:r]
[p]Ci; Caler:r]

Iterate non-zero
[p]C*;Cle:q]
[pIC*[e:q]

Error

[plerror()|ok: false][er: p]

Disjunction

[p1]Cle:q1] [p2]Cle: g2]
[p1 V p2]Cle:q1 V q2]

Sequencing (normal)

[pIC1lok:q] [q]lCa[e:r]
[p]C1; Ca[e: 7]

Backwards Variant (where n fresh)
[p(n) A nat(n)]Clok: p(n + 1) A nat(n)]
[p(0)]C*[ok: An.p(n) A nat(n)]

Assume

[plassume Blok:p A B][er: false]

(assume(B); C)*: assume(—B)
(assume(B); C) + (assume(—B); C’)

assume(B) + (assume(—B); error())
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Assignment

R , Mod(C): IFEAICAI MBI T E
[plx = e[ok: Ax".p[x"/x] A x = e[x"/x]][er: false] Free(f): frIfEETE

Constancy

[p]Cle: q]
[p A fICleg A f]

Substitution I

[p]Cle:q]
([pICle: q])(e/x)

Mod(C) N Free(f) =0

(Free(e) U {xl) N Free(C) =0

[RE /RIZEEM N ARERIUE T IE L
Substitution Il Eean: {42=y}x=42{x=y}

[pICle:q] Bx=y=3t# & 551

([pICle: q)(y/x)

y ¢ Free(p,C,q)
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/* presumes: [z==11] */
if (x is even) {
if (y is odd) {
Z=42;
2
/* achieves: [z==42 && (x is even) && (y is odd) ] =/

N R W Ba e

RFIfEX, 5

e assume(x is even); (assume (y is odd); z=42 + assume (= vy is odd); skip) +

assume(— x is even); skip

FR#Echoice, ZEFE

e assume(x is even); assume (y is odd); z=42
RHEassume, SE:

* [True]assume(x is even)[ok: x is even]

* [xis even]assume(y is odd)[ok: x is even /\ y is odd]
fE#Eassignment, BF:

* [xiseven/\yisodd]z=42[xis even /\ vy is odd /\ z==42]
fR#Esequencing, [RapRRSIE
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