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Automatic Verifier

® Run a program symbolically and approximately.

emp
create_list();

create_1list();

create_sorted_list();

append_Tlist(x,y);
free_list(x);

traverse_list(z);




Automatic Verifier

® Run a program symbolically and approximately.

emp
create_Tlist():|Is(x,0)

create_1list();

create_sorted_list();

append_Tlist(x,y);
free_list(x);

traverse_list(z);




Automatic Verifier

® Run a program symbolically and approximately.

emp
create_Tist() ;| Is(x,0)

create_Tlist() ;] Is(x,0) * Is(y,0)

create_sorted_1list();
append_Tlist(x,y);
free_list(x);

traverse_list(z);




Automatic Verifier

® Run a program symbolically and approximately.

emp
create_Tist() ;| Is(x,0)

create_Tlist() ;| Is(x,0) * Is(y,0)

create_sorted_11st() ;| Is(x,0) * Is(y,0) * Is(z,0)

append_list(x,y);
free_list(x);

traverse_list(z);




Automatic Verifier

® Run a program symbolically and approximately.

emp
create_Tist() ;| Is(x,0)

create_Tlist() ;| Is(x,0) * Is(y,0)

create_sorted_list(); Is(x,0) * Is(y,0) * Is(z,0)

append_11st(x,y) ;| Is(xy) * Is(y,0) * Is(z,0)
free_list(x);

traverse_list(z);




Automatic Verifier

® Run a program symbolically and approximately.

emp
create_Tist() ;| Is(x,0)

create_Tlist() ;| Is(x,0) * Is(y,0)

create_sorted_list(); Is(x,0) * Is(y,0) * Is(z,0)

append_Tist(x,y); | Is(xy) * Is(y,0) * Is(z,0)

free_Tist(x); | Is(z,0)

traverse_list(z);




Automatic Verifier

® Run a program symbolically and approximately.

emp
create_Tist() ;| Is(x,0)

create_Tlist() ;| Is(x,0) * Is(y,0)

create_sorted_list(); Is(x,0) * Is(y,0) * Is(z,0)

append_Tist(x,y); | Is(xy) * Is(y,0) * Is(z,0)

free_Tist(x); | Is(z,0)

traverse_11st(z) ;|Is(z,0)




Automatic Verifier

® Run a program symbolically and approximately.

create_li1st();

create_list();

create_sorted_list();
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Automatic Verifier

® Run a program symbolically and approximately.

Help from sep. logic.

|) Assertion lang. with *.

2) Proof rules for programs.

3) Sound implication between assertions.

Three major components of a auto. verifier.
|) Symbolic representation of state sets.

2) Symbolic execution of programs.

3) Technique for losing information sensibly.




Automatic Verifier

® Run a program symbolically and approximately.

1Three major components of a auto. verifier.
Symbolic representation of state sets.
2) Symbolic execution of programs.
) Technique Tor Tosing information sensibly.




Today’s Goal

® Study proof rules of sep. logic, which have been used
to implement symbolic execution.

® Prove the safety of the list reversal.




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x !'= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x !'= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

y = 0;
while (x 1= 0) {




Verification of List Reversal

Is (rev(®)) (v.0)




Verification of List Reversal

Will prove this
simpler shape
property.

Is (rev(®)) (v.0)




Simple Imperative Language

o= F=F|FE>FE | BANB| BVB | -B

C,D = x=new(F) | z=xF | «xE=F | free(F)
| x=FE | C;C | if BCC | while BC

Explicit heap access with *E.

Booleans and expressions do not access heap cells.
E.e. x=new(3); *x=0; *(x+1)=0; *(x+2)=0

Q:Write a program that swaps the values of cells x,y.

Use two temporary vars. What about none?




F=E|E>E|BAB|BVB|-B

r=new(F) | x=*F | xE=F | free(F)
r=F | C;C | if BCC | while BC

Explicit heap access with *E.

Booleans and expressions do not access heap cells.
E.e. x=new(3); *x=0; *(x+1)=0; *(x+2)=0
Q:Write a program that swaps the values of cells x,y.

Use two temporary vars. What about none?




Semantics of Programs

|B| : Stacks — Vals
|C] : States — P(States U {err})

® err occurs when a command accesses an unallocated
heap cell.

® So, no err means that the initial heap has enough cells.

{(s, h|[E]s—[F]s|)} if [E]s € dom(h)

{err} otherwise

E=F](s.) £ {

[x=new(2)[(s,h) & {(s,hxh') | h#h' A dom(h')={l,14+1} for some I}

[C1;Co](s,h) = {(s”",1") | (s',1') € [Chl(s, k) A (s",h") € [C2](s', 1)}
U {err | err € [Ci](s,h)}
U{err | (s',h") € [C1](s,h) A err € [Co](s',h)}




Hoare Triple {P}C{Q}

® P is called precondition and Q postcondition.

e {P}C{Q} holds (or is valid) if and only if

V(s,h).if (s,h) = P,then 1) err € [C](s, h) and
2)V(s',h") € [C|(s,h). (s',h')

def

® let F—_ = dz.E+— .

{x — _}xx = 0{x — 0}| Valid

{z — _}xx = 0{x — 1}|Invalid
{true}*xx = 0{x — 0} |Invalid




Structural Rules

® Rules that are independent of language constructs.

Consequence Existential Elimination Disjunction

PP {PICQ) @=Q {PYCQ} o (PICIQ} (PIC(Q)
{PIC{Q) (3o, PYC{30.Q} (PVPICIQV Q)

" EE asensa(@m0)Clate nsa™ 5,0)

{Ja. aFe Nsa (x,0)}C{Fa. ae Alsa™ (x,0)}
{x£0 Nls(x,0)}C{x£0 Als(x,0)}

Exist.
Conseq.

Dis;.

{z=0 A emp}rev{y=0 Aemp} {x#0Als(zx,0)}rev{y£0Als(y,0)}
{(x=0Aemp) V (z£0 Als(x,0)) }rev{(y=0 A emp) V (y£0 A ls (y,0))

}




Principle behind Rules to Come

® Will show many rules.
® Rule for each language construct.
® But, simple principles:

ne rules implement symbolic execution.

ney ensure the absence of null/dangling references.




Proof Rules for C;C’, *E=F, free(E)

{P}C{P'} {P'}C{Q}
{P}C; C'{Q}

{PxEw— Eyg}xE=F{PxFE — F} {Px Ew+— FEy}lfree(F){P}

o Fogo

{x—a" x y—3xx=0{x—0 x y—3} {r—0xy—3}free(y){z—0}

{xr—a" x y—3}xx=0; free(y){x—0}




Proof Rules for C;C’, *E=F, free(E)

{pre{pry {pP1c'{Q}
{P}C; C'{Q}

{PxEw— Eyg}xE=F{PxFE — F} {Px Ew+— FEy}lfree(F){P}

o Fogo

{x—a" x y—3}xx=0{x—0x y—3} {x—0*y—3}free(y){x—0

{x—a" * y—3}xx=0; free(y){x—0}

Proof Sketch: {z+— 2’ xy— 3}
xx=0;
{r— 0xy— 3}
free(y)
(a0}




Proof Rules for C;C’, *E=F, free(E)

{P}C{P'} {P'}C{Q}
{P}C; C'{Q}

xE=F{P+E—F} HKPx*Ew— Ej

Preconditions of particular forms.
Ensures the safe execution of command.
Yet, flexible because of the structural rules.

Proof Sketch: {z — 2’ xy— 3}
xx=0;
{r+— 0y 3}
free(y)
{z — 0}




Proof Rules for x=...

® Assume that x does not appear in P E, F.

{Plex=F{x=FE AN P} {P}x =neu(l){3x;. P *x x—x|}

{Px E—F}r=«xE{x=F A (P x E—F)}

® The general rules use x’ to denote the old value of x.

{P}le=F{3z'.2=F[z'/z] A P2’ /x|} {P}x =new(1){3x'x}. Plz'/z] x x — x}

{Px Ew— Flr=xE{3x'.x=F|z' /x| N (P x E—F)|z'/x|}
® Q:Prove the correctness of swap:

{z=a’ x Yoy My =xa; to=xy; xx=ty; xy=t1{z—y * y—a'}




Proof Rules f

® Assume that x does not apps¢

{z—a’ « y—y'}
tl —*T;

lo=x*Y;

*;U:tz;

{P}x=FE{x=FE AN P} {P}x =new(1){d

*y:tl

{Px E—F}r=«xE{x=F A (P x E—F)}

[ory + yoa'}

® The general rules use x’ to d

enote the old value of X.

{P}le=F{3z'.2=F[z'/z] A P2’ /x|} {P}x =new(1){3x'x}. Plz'/z] x x — x}

{Px Ew— Flr=xE{3x'.x=F|z' /x| N (P x E—F)|z'/x|}

® Q:Prove the correctness of swap:

{z=a’ * yoy' W =xa; to=xy; xr=to; xy=t1 {z—>y * y—a'}




{z—a’ « y—y'}
tl —*T;

Proof Rules f (/. .oip

lo=x*Y;

® Assume that x does not appq +z=t:

{P}x=FE{x=FE AN P} {P}x =new(1){d o

{Px E—F}r=«xE{x=F A (P x E—F)}

[ory + yoa'}

® The general rules use x’ to denote the old value of x.

{P}le=F{3z'.2=F[z'/z] A P2’ /x|} {P}x =new(1){3x'x}. Plz'/z] x x — x}

{Px Ew— Flr=xE{3x'.x=F|z' /x| N (P x E—F)|z'/x|}

® Q:Prove the correctness of swap:

{z=a’ * yoy' W =xa; to=xy; xr=to; xy=t1 {z—>y * y—a'}




{z—a’ « y—y'}
tl —*T;

Proof Rules f (/. .oip

® Assume that x does not apps¢

to=x*y;
{ta=y/ Nt1=0" AN w—a x y—y/'}
*;U:tz;

{P}x=FE{x=FE AN P} {P}x =new(1){d

{Px E—F}r=«xE{x=F A (P x E—F)}

*y:tl

[ory + yoa'}

® The general rules use x’ to d

enote the old value of X.

{P}le=F{3z'.2=F[z'/z] A P2’ /x|} {P}x =new(1){3x'x}. Plz'/z] x x — x}

{Px Ew— Flr=xE{3x'.x=F|z' /x| N (P x E—F)|z'/x|}

® Q:Prove the correctness of swap:

{z=a’ * yoy' W =xa; to=xy; xr=to; xy=t1 {z—>y * y—a'}




{z—a’ « y—y'}

t1:>|<x;
Proof Rules f (/. .oip
to=*Y;
{ta=y' Nt1=2' N z—2" x y—y'}
® Assume that x does not appq +z=t:
{to=y’ N t1=0' N\ x—to x y—y'}

{P}x=FE{x=FE AN P} {P}x =new(1){d o

{Px E—F}r=«xE{x=F A (P x E—F)}

[ory + yoa'}

® The general rules use x’ to denote the old value of x.

{P}le=F{3z'.2=F[z'/z] A P2’ /x|} {P}x =new(1){3x'x}. Plz'/z] x x — x}

{Px Ew— Flr=xE{3x'.x=F|z' /x| N (P x E—F)|z'/x|}

® Q:Prove the correctness of swap:

{z=a’ * yoy' W =xa; to=xy; xr=to; xy=t1 {z—>y * y—a'}




{z—a’ « y—y'}

t1:>|<x;
Proof Rules f (/. .oip
to=*Y;
{ta=y' Nt1=2' N z—2" x y—y'}
® Assume that x does not appq +z=t:
{to=y’ N t1=0' N\ x—to x y—y'}
{PYex=FE{x=FE NP} {P}x =new(1){d {ti=2' Ax—y' xy—y'}
*y:tl

{Px E—F}r=«xE{x=F A (P x E—F)}

[ory + yoa'}

® The general rules use x’ to denote the old value of x.

{P}le=F{3z'.2=F[z'/z] A P2’ /x|} {P}x =new(1){3x'x}. Plz'/z] x x — x}

{Px Ew— Flr=xE{3x'.x=F|z' /x| N (P x E—F)|z'/x|}
® Q:Prove the correctness of swap:

{z=a’ * yoy' W =xa; to=xy; xr=to; xy=t1 {z—>y * y—a'}




{z—a’ « y—y'}
t1:>|<x;
to=*Y;
{to=y' N t1=0' N x—2z' * y—y'}
® Assume that x does not appq +z=t:
{ta=y' Nt1=2" N zota x yy')
{Plex=FE{z=FE AP} {P}zx=new(1){3 {t1=2'Nz—y *xy—y'}
*Y=11
{t1=2" N x—y’ *x y—t1}
{z—y *x y—a'}

{Px E—F}r=«xE{x=F A (P x E—F)}

® The general rules use x’ to denote the old value of x.

{P}le=F{3z'.2=F[z'/z] A P2’ /x|} {P}x =new(1){3x'x}. Plz'/z] x x — x}

{Px Ew— Flr=xE{3x'.x=F|z' /x| N (P x E—F)|z'/x|}
® Q:Prove the correctness of swap:

{z=a’ * yoy' W =xa; to=xy; xr=to; xy=t1 {z—>y * y—a'}




{xr—z’ * y—y'}

t1=%*x;
Proof Rules f (/. .oip
La=x*y;
{tQZy/ A tlle N x—x * y|—>y/}
® Assume that x does not app¢__xz=t.:

{Plox=FE{z=FE AP} {P}z =new(1){3} {t:=2" N2~y *y—y'}

*Y=11
{ti=2" N x—y" xy—t1}
{ry’ % o)

{Px E—F}r=«xE{x=F A (P x E—F)}

® The geperal ry | |
Almost like running the program symbolically.
Except that we use Consequence to massage
[P assertions.

{P}lrx=F{3z’.

® Q:Prove the correctness of swap:

{z=a’ * yoy' W =xa; to=xy; xr=to; xy=t1 {z—>y * y—a'}




Rules for if and while

{BAPIC{Q) {~BAPICHQ} B A PIOLP}

{P}if B then C else C'{Q} {P}while B C'{—-B A P}

® The rule for if does case-analysis. The rule for while
uses invariant-based reasoning.

o Fogo

o freeList(x) ::= while(x!=0) (t=x; x=*t; free(t))




{Is (x,0)}
INV : Is (z, 0)

while (2 #0) {

t=ux;

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while

J.
=

(t=x; x="t; free(t))




{Is(x,0)}

INV : Is (, 0)

while (z # 0) {
{x£0 Als (x,0)}

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while

J.
=

(t=x; x="t; free(t))




{Is (z,0)}

INV : Is (x, 0)

while (x #0) {
{x£0 Als(x,0)}
{3z’ (x — :13’) s (2,

t=ux;

0)

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while

J.
=

(t=x; x="t; free(t))




{Is (x,0)}
INV : Is (x,0)
while (x #0) {
{x£0 A Is( ,0)}
{3z’ (Q?i—>513/)>l<|5( 0)}
l=ux;
{Elx’.t:x A(x—x')*xls(z’,0)}

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while
3.

(t=x; x="t; free(t))




s (x,0 "
i{N\E: Is)(}a: 0) d Whlle
while (x #0) {

{40 A Is( ,0)}
{3z’ (z — :13’) «Is (2/,0)} {B A PYC{P}

l=ux;
{Elx’.t:x A(x—x')*xls(z’,0)}

{P}while B C'{—-B A P}

Used assignment rule +
existential rule.

{(PYa=E{z=E A P}

1P;C{Q]
{Fz. P}C{3x. Q}

r & FV(CO)




{Is (x,0)}
INV : Is (, 0)
while (x #0) {
{:E;é()/\ls( ,0)}
{3z’ (Q?i—>513/)>l<|5( 0)}
l=ux;
{Elx’.t:x A(x—x')*xls(z’,0)}
{3z’ (t — 2') x1s (2/,0)}

T= * {;

free(t)

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while
3.

(t=x; x="t; free(t))




{Is(x,0)}
INV : Is (x,0)
while (x #0) {
{:U;é()/\ls( ,0)}
{3z’ (Q?i—>513/)>l<|5( 0)}
l=ux;
{Elx’.t:x A(x—x')*xls(z’,0)}
{3z’ (t — 2') x1s (2/,0)}
T= * 1;
{Fx". x=2" N (t — ') xIs(2",0)}

free(t)
h

{emp}

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while
3.

(t=x; x="t; free(t))




{Is (z,0)}
INV : Is (x,0)
while (x #0) {
{:U;é()/\ls( ,0)}
{3z’ (Q?i—>513/)>l<|5( 0)}
l=ux;
{Elx’.t:x A(x—x')*xls(z’,0)}
{3z’ (t — 2') x1s (2/,0)}
T= * 1;
{Fx". x=2" N (t — ') xIs(2",0)}
{(t — x)*ls(x,0)}

free(t)

h

{emp}

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while
3.

(t=x; x="t; free(t))




{Is (x,0)}

INV : Is (x,0)

while (x #0) {
{x£0 A Is( ,0)}
{3z’ (Q?i—>513/)>l<|5( 0)}
l=ux;
{Elx’.t:x A(x—x')*xls(z’,0)}
{3z’ (t — 2') x1s (2/,0)}
T= * 1;
{Fx". x=2" N (t — ') xIs(2",0)}
{(t — x)*ls(x,0)}
free(t)
{Is (x,0)}

}

{emp}

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while
3.

(t=x; x="t; free(t))




{Is (x,0)}

INV : Is (x,0)

while (x #0) {
{x£0 A Is( ,0)}
{3z’ (Q?i—>513/)>l<|5( 0)}
l=x;
{Elx’.t:x A(x—x')*xls(z’,0)}
{3z’ (t — 2') x1s (2/,0)}
T= * 1;
{Fx". x=2" N (t — ') xIs(2",0)}
{(t — x)*ls(x,0)}
free(t)

}{Is (,0)}

{x=0Als(x,0)}

{emp}]

d while

{BANP}C{P}
{P}while B C'{—-B A P}

vsis. The rule for while
3.

(t=x; x="t; free(t))




Summary

® Proof rules are like symbolic execution.

® Structural rules help us to adjust symbolic states.




Prove the list reversal example.

® Use the below rules you learned.

P=P {PIC{Q'} Q =Q {PYC{Q}
{PYC{Q} {Fz. P}C{3x. Q}

{P}C{Q} {PC{Q'y  {PIO{P'} {P}C{Q;}
{PVP}C{QVQ'} {P}C;C{Q}

x & FV(CO)

{PxFE — Fy}xE=F{P+ FE +— F} {Px FE+ Ey}free(FE){P}

{P}le=FE{3x'. x=F|x'/x] N P2’ /x]} {P}x =new(l){3x'zy. Plz'/x|*xx +— x(}

{Px FEw— Fle=«FE{3z'.2=Fz'/x] N (P * E—F)[x'/z]}

{BAPIC{Q} {-BAPIC{Q} (B APICLP}
{P}if B then C else C'{Q} {P}while B C'{—~B A P}
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P {Is (x,0

INV : Is (y,0) xIs (x,0)

e Use the be| "ite (v 701
{x£0 Als (y,0) x1Is (x,0)}

2. Is
{t:a!; (y,0) * (x +— 2') xIs (2/,0)}

P= P

{P

7]

{P*E|—>

{P}lx=FE{3x’. x=

{P x

(B A P)
(Pyif|




Prove| "\

INV : | s

® Use the be| "' o

g#/o Als (y,0) xIs (x,0)}
f.lS(y,O)*(me,)*l !

{g_/x; s («,0)}

' t=z Als (y,0) * (z — ) *Is (2/,0) }

P= P

(P

{ T = *{;

{P*E|—>

{P}lx=FE{3x’. x=

{P x

(B A P)
(Pyif|




Prove| "

INV : | s

® Use the be| "¢ i

g#/o Als (y,0) xIs (x,0)}
f.lS(y,O)*(ZUHZE’)*l !

{g_/x; s («,0)}
x'.t=x Nls * (2 — 2

{p| {3z".1s (y,0) >|<((yt7 (2 xg) * |s :ij)’ *Ol)s}(m,7 W

{ T = *U;

P= P

{P*E|—>

{P}lx=FE{3x’. x=

{P x

(B A P)
(Pyif|




{Is (x,0)
Prove| "\

INV : Is (y,0) xIs (z,0)

e Use the be| "ite (v 701
{x£0 Als (y,0) x1Is (x,0)}

{32’ 1s (y,0) x (x — 2") *Is (', 0)}

P= P

P
{ng’.t:x A ls (y,()) * (33 — ') % s (/.0
10 {32 Is (y,0) * (t — z) *Is (:U)’,())}( )}

{ T = *t;
{32’ x=2' Nls (y,0) x (t — 2') xIs (z/,0)}

{P*E|—>

{P}lx=FE{3x’. x=

{P x

(B A P)
(Pyif|




{Is (x,0)}
Prove| ',

INV : Is (y,0) xIs (z,0)

while (z # 0) {
® Use the be {220 Als (y,0) *Is (z,0)}

P p {32’ 1s (y,0) x (x — 2") *Is (', 0)}

t = w;

{3z’ . t=x Nls (y,0) x (x — ') xIs (2/,0)}
{r {32 1s (y,0) * (t — ') xIs («/,0)}

{ T = *;

{32’ x=2' Nls (y,0) x (t — 2') xIs (z/,0)}
(P+xEw—| {ls(y,0)*(t—z)*ls(x,0)}

*t = ;

{P}lr=FE{3x’. x=

{P x

(B A P)
(Pyif|




{Is (x,0)
Prove| """

INV : Is (y,0) xIs (z,0)

e Use the be| "™ite (r7#0){

{x£0 Als (y,0) x1Is (x,0)}

P p {tEIf’.I.s (y,0) * (x +— 2') xIs (2/,0)}
{Hxl.t7:$A|S (y,0) % (x — 2") *Is (2,0
{r {32 1s (y,0) * (t — ') *Is (:U)’,O)}( §
{ T = *;

{32’ x=2' Nls (y,0) x (t — 2') xIs (z/,0)}

(P+E—| {ls,0)x({t—z)*ls(z,0)}

*t =y,
(Pyo=E{3r .24 {Is (v,0)x (t — y) xIs (z,0)}
y=t

{P x

{BAP)
(Pyif|




Prove

® Use the be

P= P

{P

i

{P*E|—>

{P}lr=FE{3x’. x=

{P x

(B A P)

(P}if

{ls (x,0)}
y = 0;
INV : Is (y,0) xIs (z,0)
while (z #0) {
{x£0 Als (y,0) x1Is (x,0)}
{32 1s (y,0) * (x — 2') xIs (2/,0)}
t = w;
{3z’ . t=x Nls (y,0) x (x — ') xIs (2/,0)}
{32 1s (y,0) * (t — ') xIs («/,0)}
T = *;
{32’ x=2' Nls (y,0) x (t — 2') xIs (z/,0)}
{Is (y,0) % (t — ) xIs (x,0)}
¥t = ;
{1s (,0) * (t > y) %15 (2,0)}
y=t
{3y y=t Nls (y/,0) % (t — 3) xIs (z,0)}

} |
{Is (¥,0)}




Is (x,0
Prove| "\
INV : Is (y,0) xIs (z,0)
while (z #0) {
® Use the be {x£0 Als (y,0) x1Is (x,0)}
pop| {37.1s(y,0) * (x — 2') x1s (2/,0)}
t = w;
{3z’ . t=x Nls (y,0) x (x — ') xIs (2/,0)}
{r {32 1s (y,0) * (t — ') xIs («/,0)}
{ T = *;
{32’ x=2' Nls (y,0) x (t — 2') xIs (z/,0)}

(P+E—| {ls,0)x({t—z)*ls(z,0)}

¥t = Y;

(Pyo=E{3r .24 {Is (v,0)x (t — y) xIs (z,0)}

y=t

(P« {3 .y=tAls(y,0) = (t —y') xls (z,0)}
{Is (y,0) xIs (z,0)}

{BAPY )
(Pyif|

{Is (¥,0)}




Is (x,0
Prove| "\
INV : Is (y,0) xIs (z,0)
while (z #0) {
® Use the be {x£0 Als (y,0) x1Is (x,0)}
pop| {37.1s(y,0) * (x — 2') x1s (2/,0)}
t = w;
{3z’ . t=x Nls (y,0) x (x — ') xIs (2/,0)}
{r {32 1s (y,0) * (t — ') xIs («/,0)}
{ T = *;
{32’ x=2' Nls (y,0) x (t — 2') xIs (z/,0)}

(P+E—| {ls,0)x({t—z)*ls(z,0)}

¥t = ;
(Pyo=E{3r .24 {Is (v,0)x (t — y) xIs (z,0)}
y=t
(P« {3 .y=tAls(y,0) = (t —y') xls (z,0)}
{Is (y,0) xIs (z,0)}
{(BAP)| 1

{P}if| {z=0Als (y,0) x1Is (x,0)}
{Is (y,0)}




® Verify the full correctness of list reversal.




HW?2

Find proof rules for weakest precondition.
UCQ;
The rule for free is already of that form.

Use separating implication for x=new(|) and
*E=F".

What about strongest postconditions!?




Reference

® Reynolds’s LICS 2001 paper.




