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

(I

*x = (*x)*(*Y);
*y = (")*(*y);
*x = (*x)*(*y);

}
TENE/R=JCHRKIZG?
{* a N\*

X = y = b }swap(x,y){*x =b Axy = a}
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* {x »axyw blswap(x,y{x » b *xy - a}

13



SN -FriE1EafEk

* Store: {x » —}*x=vix » v}
* Load: {x »via=*x{a =vAx — v}
* Alloc: {emp}x=malloc(){x » —}

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

° ux - _»43’%/_-]—_\: “Hv,x — ,UJJ
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* Frame:
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WERAEIE: {x » axy e bit=*x*x="y;*y=t;{x » b*y - a}
MR¥ELoad R[5

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

o {x P alt =+xx{(t =aAemp) *xx - a}
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° {Xl—)a*yl—)b}tz*x{(tza/\emp)*xl_)a*yl_)b}
R#ELoadFStore A] 15
e {x »p—xy B b}*x=*y{x » b*xy b}
* #EFEFrameFConsequencen] 1§
o {(t:Cl/\emp)*xl—)a*yl—)b}*x:*y{(t: a/\emp)*x ,_)b*yl_)b}
* XUAS
c {t=anemp)*x > Db*y e b}*y=t{x » bxy - a}
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* void delete(p) {
if (p = null) return;
else {
delete(p->next);
free(p);

J
J

+ iEAY: {list(p)}delete(p){emp)}
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FeE Ethenf X, RIESKipA]Z
« {emp}skip{emp}

FHtR#EConsequence A 1§
 {list(p) Ap = null}skip{emp}

HZEelsesr 32, 1RHEDeAllocAiS
* {p » —}free(p){emp}

RI\IANBIRATS

« {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) Ap # null)}delete(p->next){p ——* emp}

* {p »—* emp}free(p){emp}
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B BIZEERNA

« B B5%E:
2 27VST

c B E6SE: —EE T OcamlfZFEUE T A5
EIZHENEGE

it

=2 BEIEERIECE S I

20



VST

* FF ZHEWIFCIES NIERH RSt

. VSTE’]l_?FEEhlgher order impredicative
concurrent separation logic

* separation logic—— FF4MEFE £

e concurrent separation logic FHT4b 8
F1T

* higher-order impredicative program Ioglc—

CATABENIE . BANSERE g
. DETEASERHEBRE AL Lk

MEFEPANRZ— MO~ NOR 2
* ] LA 3098 UE SEPRIICTR FF JREEAR.

MEE S

21



VST

e Decorated Program[g

i) F'] SNUN® )

= FN 22 A 58 A Al

* IRt CoqIBE S TR RCIZFHIAST

* IRHtCoq B RIRMTS FE
 fRftCoqE FRSRAE A T1ERHE

* EFTFECoqFIEX H

22

— =AM

E/R=JTH

E/R=JTH

HCE,]-L.[E HH-LI:I =



VST 5 VST-A 34

$L
H|
vE]

VST-A MIEFEF Ith = B 5)f33E Hoare logic 1 BHHEZE
MEBSFSHITIESE

5| A& &151q data_at

5| NEZR1818 mapsto #iif NFRIAS

EX D BENFEEERR, UXFIEELE
compcert | CZRIF 2RI TEHEZR

VST-Floyd

VST Verifiable C

23



Kt

VSTIG I 24 45) ——F2

struct list {int head; struct list *tail;};

struct list *reverse (struct list *p) {
struct list *w, *t, *v;
w = NULL;
V=p;
while (v) {
t = v->tail;
v->tail = w;
W = V;
v=1;
}

return w;

}
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— /) VST-Floyd 2&1iF B9 51

\\ Given [y, l2, w and v. Assume v # NULL.
N\ {l=rev(ly)-la Aw]=w A [v]=v A wrsly * viruls}

\W\{Fhlyy. l=rev(ly)-[h]- U5 AN w]=w A [[v]=v A wral * vr—-l—_————>h,y * y it lh}
ist

\\ Given h, I}, and y. Assume [ = rev(ly) - [h] - I5.
\W\{[w]l=w A [v]=v A wrul] * Q:T?!L,y %y o G}
1ls

t = v— tail;

\W\A{l[t]=yv A w]l=w A [v]=v A wruily *Unﬁh,y*ywlé}
ls

v— tail = w;

w=v;

v=t;

\W\{Fhlwv.l=rev(ly) -la Awl=w A vl =v A wraly * virala}

rewrite (listrep_isptr 12) by auto.
Intros h 12’ y.
forward.
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— /) VST-Floyd 2&1iF B9 51

\\ Given [y, l2, w and v. Assume v # NULL.
\\{l=rev(ly) Iz ANw]=w A [v]=v AN wruly *x virala}

N\A{Fhl y. l=rev(ly) - [h] - U5 A [w]=w A [v]=v A wral] * fuvﬁ-h,y * y )
is

\\ Given h, I}, and y. Assume | = rev(ly) - [h] - l}.
WHlw] =w A vl =v A wraly ’U'T*h,y * Y ro g}
ils

t = v— tail;

\\{[tl =y A w]l=w A v]l=v A wrul % Uvﬁ-h,y * Yy U}
is

v— tail = w;

\W\{ltl=y A w]=w A [v]=v A wral * Unﬁ}h,w * Yy rat 15}
is

W=V;
v=1;
\\N{Fhlbwov.l=rev(ly) lag Aw]=w A v]=v A wraly *x virula}

forward.
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— /) VST-Floyd 2&1iF B9 51

\\ Given Iy, l2, w and v. Assume v # NULL.
\W{l=rev(ly) Lo ANwj=w A [v] =v A wrily * viraila}

W{Fhliy. l=rev(ly) - [h]- 15 A [wl=w A [v]=v A wrals * Ulﬁh,y * yrarly)

\\ Given h, I, and y. Assume [ = rev(l1) - [h] - I5.
W {lw] =w A [v]=v A wraly x v—— h,y * yrl5}

list

t = v— tail;

\W{ltl =y Aw]=w A [v]=v A wraly *vﬁh,y*ymlé}
1s

v— tail = w;

WAt =y A wl=w A [v]=v A wraly *‘UI—-E;—}h,w * Yo lh}

W =V;

W k] =y A [wl=v A v]=v A wraly *Ut—-;—;—}h,w * yroals}
is

v=t;

\W{Fhlawv.l=rev(ly)-la Aw]j=w A [v]=v AN wraly * virula}

forward.
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— /) VST-Floyd 2&1iF B9 51

\\ Given ly, l2, w and v. Assume v # NULL.
W{l=rev(ly) - la Aw]=w A [v]=v A wraly *x virala}
N\ {Fhlsy l=rev(ly)-[h]-l5 ANw]=w A [v]=v AN wraly % v r——l_—-l—;—a-h,y * yralh}

\\ Given h, I}, and y. Assume | = rev(ly) - [h] - l}.
W W]l =w A vl =v A wraly * vi—— h,y * y ra 15}

list
t = v— tail;
WA ltl =y A [w]l=w A [v] =v A wraly *vlﬁh,y*ymlé}
v— tail = w;
W {ltl =y A [w]l=w A [v]=v A wraly *vnﬁh,w*yr\—ﬂﬁz}
is
W=V;
WH{ltl =y A wl=v A v]=v A wraly *vnﬁ}h,w*yml’g}
v=t;
\W{[el=yv Aw]=v A [vl=y AN wraly *vr——l—_—-;—rrh,w*yrwl’z}
ls

\W{Thlowv.l=rev(ly) lag Aw]=w A [v]=v A wrasly * viraly}

forward.
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— /) VST-Floyd 2&1iF B9 51

\\ Given [y, l2, w and v. Assume v # NULL.
\N\{l=rev(ly) - lo AMw]=w A [[v] =2 A wrwly x virals}
\W\{Fhlsy. l=rev(ly)-[h]- U5 A [w]=w A [v]=v A wraly * ’Ulﬁhay * Yyl )
is
\\ Given h, I, and y. Assume | = rev(ly) - [h] - 5.
\WA{[w]=w A [v] =2 A wral; % ’unﬁ)h,y * Yy o G}
1ls

t = v— tail;

\WH{ltl=y A w]l=w A [v]=v A wraly *Ulﬁh,y*yhﬂlé}
is

v— tail = w;
WH{ltl =y A w]=w A v)]=v Awraly * vi—— h,w * yrsl}

list

W=v;

W{ltl =y A w]=v Av]=v A wraly *thf;—}h,w*ymﬂl’z}
-]

v=t;

W{ltl=y A w]=v A [v]=y A wrsly *Uﬁh}w*ymlfz}
18

\W{lwl=v Afvl=y Avrafh]l-l1 * yrsly}
W{Fhlawuv.l=rev(ly) -la AMwl=w A [v]=v A wrsl] x virala}

entailer!. Exists (h::11,12',v,y).

entailer!.

+ simpl. rewrite app_ass. auto.

+ unfold listrep at 3; fold listrep. Exists w. entailer!.
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VST-A Ry f5-f

struct list {unsigned head; struct list xtail;};

{ Require }
struct list xreverse (struct list xp) { (1) l
/*@ With sh 1 _
Re qu ire str_ll;:qt&flt“*w,_*t,.*v;
writable_share(sh) && listrep(sh, 1, p) Yo evTh
Ensure
listrep(sh, rev(l), __return)
*/
struct list *xw, *xt, *xv;
w = (void %) 0;
vV = p;
while (v) {
/*@ Assert
exists 11 x 12 u,
writable_share(sh) &&
1l == rev(11) ++ x :: 12 && t = v—>tail; “)
data_at_list(sh, {x, u}, v) % v->tail = w;
listrep(sh, 11, w) x listrep(sh, 12, u) W=viv=t
*/ | ‘
t = v—>tail;
v—>tail = w;
W= V; y
vV = t ; returnw; [§
}
return w; ll,

{ Ensure }

}
3T
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