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Proof of list reverse
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Proof of list reverse

{list & x A list € w

A (Vz. reach(x,z) A reach(w,z) = z=0)}
list reverse(x,y)

{list -8y A list £ w

A (Vz. reach(x,z) A reach(w,z) = z=0)}}



20th century proof

Summary:

Without separation logic, proofs are fiddly and not

modular, but they can be done.
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Proof of list reverse

{list & x}

y = 0;

while {3a,B. list oo x * list By * & = -B-a} (x#0) do {
{3a,a,B,Z. x> a,Z xlistx ZxlistByx*8d=-P-aoa}
z ;= [x+1];
{3a,a,B. x> a,zxlistwzxlistBy*0d=-Baoa}
x+1] :==y;
{3a,a,B. x—ayxlistaaz*listByx*8d=-Baa}l
{3a,B. list o z x list B x * & = -B-a}
Yy I= X, X 1= Z;
{3a,B. list oe x * list By x & = -B-o}

}

{list -8 y}



Proof of list reverse

{list & x}

list_reverse(x,y)

{list -8 y}
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list reverse(x,y)

{list -8 y}



Proof of list reverse

{list & x * list € w * tree t}
list reverse(x,y)

{Iist -0y * list € w x tree t} {P} C {Q}
{P * R} C {Q * R}

Tprovided R doesn’'t mention

(1)

any variable modified by C
4
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x := cons(3);

y := cons(5,1);

x = [x];
ly+1] == 6;
dispose(y);
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{emp}

x := cons(3);

{x~3}

y := cons(5,1);

{x~3 x y»b x y+1-1}

x = [x];

{3X. x=3 * X3 x y»b x y+1-1}
ly+1] := 6;

{3aX. x=3 * X3 * y»b x y+1-6}
dispose(y);

{3X. x=3 * X3 x y+1-6}



{emp}

x := cons(3); | {emp}
b o




{x~3}

y := cons(5,1);
{x~3 x y»b x y+1-1}

{emp}

X := cons(et,...,en)

1Py C1Q;
{P xR} C{Q * R}

Tprovided R doesn’'t mention

(T)

any variable modified by C




<

emp}
cons(5,1);

{emp}

X := cons(et,...,en)

1Py C1Q;
{P xR} C{Q * R}

Tprovided R doesn’'t mention

(T)

any variable modified by C




{x~3}

y := cons(5,1);
{x~3 x y»b x y+1-1}



{e~Y}
x = |e]
{x=Y x enY'}

{x~3 x y»b x y+1-1}
x = [x];
{aX. x=3 x X3 x y»b x y+1-1}

66



e |

{x~3 x y»b x y+1-1}
x = [x];

{aX. x=3 x X3 x y»b x y+1-1}

67



Prc{Qr |
{aX.P} C {aX.Q}




{x~3 x y»b x y+1-1}
x = [x];
{3X. x=3 * X3 x y»b x y+1-1}

69



y+1-1}

y+1-6}

e}

le1] == e

{e1~ez}




{e~_}

dispose(e)

{emp}

{  x=3 % X3 % yob x y+1-6}
dispose(y);
{  x=3 % X3 x y+1-6}

71



1

dispose(y);

1

yH3

emp

{e~_}

dispose(e)

{emp}




{3aX. x=3 * X3 * y»b x y+1-6}
dispose(y);
{aX. x=3 x X3 x y+1~6}
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if +{P} C{Q}
then £ {P} C {Q}

Soundness

1Py C1Q)

any variable modified by C

F{P x R} C {Q * R}

Tprovided R doesn’'t mention

(1)

assume F{P} C {Q}

show

F {PxR} C {QxR}




Soundness of Frame rule
assume F {P} C {Q}J

show F {PxR} C {QxR}

y




Soundness of Frame rule
assume F {P} C {Q}J

if (PxR)o then:
(C,0) doesn’t fault, and (C,0)dlo’ = (Q*R)c’

show F {PxR} C {QxR} I ’




Soundness of Frame rule

assume {P} C {Q}J
(P*R)O‘J

(C,0) doesn't fault, and (C,0)lc" = (Q*R)G'J

show F {PxR} C {QxR} I




Soundness of Frame rule

assume  {P} C {Q}J
(P*R)O‘J

(C,0) doesn't fault I (C,o)llo’ = (Q*R)G'J
show F{PW




Soundness of Frame rule

assume  {P} C {Q}J
(P*R)o r

O = 01 * O?

PG1/\ RO'Q
Y

(C,0) doesn’t fault I (C,o)llo’ = (Q*R)G'J
show F{PW




Soundness of Frame rule

assume F {P} C {Q}J\
(P*R)o r

O = 01 * O (C,01) doesn't fauItJ

PO'1/\ Ry
k y

(C,0) doesn't fault I (C,o)llo’ = (Q*R)G'J
show F{PW




Soundness of Frame rule

assume k {P} C {Q}J
) (P*R)o [
O = 01 * O (C,01) doesn't fauItJ

PO'1/\ RO’Q/

Safety Monotonicity

/
(C,0) doesn't fault (C.o)llle’ = (Q*R)o’
WJ{PW J




Soundness of Frame rule

assun

(P

Safety Monotonicity

/

(C,o) doesn't fauItJ (Co)lo’ = (Q*R)G'J
show k {PxR} C {QxR} J
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C doesn't fault
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Safety Monotonicity




Soundness of Frame rule

assun

(P

Safety Monotonicity

/

(C,o) doesn't fauItJ (Co)lo’ = (Q*R)G’J
show E {PxR} C {Qx*R} J
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C still doesn't fault

..
..
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Safety Monotonicity




Soundness of Frame rule

assume k {P} C {Q}J
) (P*R)o [
O = 01 * O (C,01) doesn't fauItJ

PO'1/\ RO’Q/

Safety Monotonicity

/
(C,0) doesn't fault (C.o)llle’ = (Q*R)o’
WJ{PW J




Soundness of Frame rule

assume E{P} C {Q}J
(P*R)o r

O = 01 * O (C,01) doesn't fauItJ
P O1 A R O2

y

(Collo = (Q*R)G'J

show F {PxR} C {QxR} I




Soundness of Frame rule

assume E{P} C {Q}J
(P*R)o [

O = 01 * O (C,01) doesn't fauItJ
P O1 A R O2

 (C,o)lo’ |

v

(Q*R)G’J
show F {PxR} C {Q*R}T




Soundness of Frame rule
assume {P} C {Q}J

(P*R)o [
O = 01 * O (C,01) doesn't fauItJ
P O1 A R O2
— (Co)llo’
O = 01 * O

Frame Property ——¥ (C 0'1)\“/0'1’

y

(Q*R)G'J
show F {PxR} C {Q*R}j




Soundness of Frame rule

Frame Property

St VA"

y

(Q*R)c’ J

show k {PxR} C {Q*R}T
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Soundness of Frame rule

Frame Property

St VA"

y

(Q*R)c’ J

show k {PxR} C {Q*R}T
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Frame Property
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Soundness of Frame rule

Frame Property

St VA"

y

(Q*R)c’ J

show k {PxR} C {Q*R}T
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Soundness of Frame rule

Frame Property

St VA"

y

(Q*R)c’ J

show k {PxR} C {Q*R}T
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Frame Property

97



Soundness of Frame rule
assume {P} C {Q}J

(P*R)o [
O = 01 * O (C,01) doesn't fauItJ
P O1 A R O2
— (Co)llo’
O = 01 * O

Frame Property ——¥ (C 0'1)\“/0'1’

y

(Q*R)G'J
show F {PxR} C {Q*R}j




Soundness of Frame rule

assume {P} C {Q}J
(P*R)o [

O = 01 * O?

PG1/\ RO'Q
Yy

O = 01 * O9

(C,o1)dl o1’

y

(Q*R)G'J
show F {PxR} C {Q*R}j




Soundness of Frame rule

assume F{P} C {Q}
(P*R)o r

O = 01 * O?

PG1/\ RO'Q

\ Q o J?C,:l)ojbot’on

(Q*R)G'J
show F {PxR} C {Q*R}T




Soundness of Frame rule
assume F {P} C {Q}J

show F {PxR} C {QxR}

y




Soundness of Frame rule

assume F {P} C {Q}J

show F {PxR} C {Qx*R}

y




Summary

e A 20th century proof of 1ist_reverse
e A proof of 1ist_reverse in separation logic
e Separation logic's proof rules

e Soundness of the Frame rule



(PxQ)s =
(PAQ)s =
(PvQ)s =

(-P)s =

3s1,52. S = s1 4+ s2 and (P s1) and (Q s2)
(P s) and (Q s)

(P s) or (Q s)

not (P s)

s = £5

s = £20

= (v s) and (1 s)
s > £5and s > £20
s > £20



(PxQ)s =
(PAQ)s =
(PvQ)s =

(+P)s =

3s1,52. S = s1 4+ s2 and (P s1) and (Q s2)
(P s) and (Q s)

(P s) or (Q s)

not (P s)

s = £5

s = £20

= 3s1,5. s = si+s2 and (- s1) and ( '"1 s2)
Js1,52. S = s1+s2» and s1 = £5 and s» = £20
s > £25



