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void listfree(loc x) {

if (x == 0) { Open(x, Iseg)
return; — Emp

} else {
let h = xx; — Read(h, x,0)
let t = #(x + 1); Read(t,x, 1)
listfree(t); Call(listfree, t, Iseg(t, St))
free(x); Free(x)

b Emp

}
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SuSLiK

Synthesiser

)
PROGRAMMING -
LANGUAGE

void listfree(loc x) verify_listfree.v

“Certifying the Synthesis of Heap-Manipulating Programs” Watanabe et al. ICFP 2021
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void listfree(loc x) {

if (x == 0) {
return;

} else {
let h = xx; E;t
let t = #(x + 1); ack
free(x); Safe!
listfree(t);

}

}



void listfree(loc x) {
if (x == 0) {
return;
} else {
let h
let t
free(x);
listfree(t);
}
}

What about the proof?

*X;
*(

x+ 1; Stack Safe|
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Idea: Rezvrite proofs (and programs together)

*..using E-Graphs!
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Call(...)
v
Free(x)

/
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E-graphs over Proofs

Open(x,lseg) void listfree(loc x) {
~ if (x == 0) {
h,x,0) return;
} else {
dt_’)_(’?z____ let h = =x;
' Call(..)  Free(x) let t = *(x + 1);
ey oo ---- free(x);
Call(...) listfree(t);

}



Challenges



Challenges

What causes problems?



Challenges

What causes problems?

...when proofs diverge from programs



Challenges

@ Branch equivalence checking.
@ Transposing through branches.

@ Logically redundant code elimination.



Challenges

@ Branch equivalence checking.



Challenges

if (C) {

} else {



Challenges

if (C) {

} else {



Challenges

()
Ry Ro
Lo



Challenges

May not be

aotacticaly,
SQuivalen;
Open(...) :.
P R1
L else {
P
}

Ro
Lo



Challenges



Challenges

@ Transposing through branches.



Challenges

if (C) {
let y = *x;

} else {
let y = *x;



Challenges

1fl(i) {_ . let y = +X;
Pe y = if (C) {
P
} else { } else {
let y = *x;
Q Q
}
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if (C) {
let y = *x;

} else {
let y = x*x;

Read(y, x, 0)

;
!

Read(y, x, 0)

!

Ro
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let v = *rx;
let 1 = *x(rx + 1);
let r = x(rx + 2);

*(rx + 2) = 1;

*(rx + 1) = 1x;
(X + 2) =r;
*(x + 1) = rx;
*¥rxX = VX;

*X = V;

How ¢4

. nth

€ justifigqs’
x(VvXx) x(V)

x  rx(v) rx(vx)



Future work

@ Support other proof rewrites
@ Better support of proof footprints non-det.

@ Handle other languages (higher-order?)



The End
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same goal...
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E-classes over proofs

Proof transformers

Open(x,lseg)

/ R\(;ad(h x,0)

(@i [x:2]xx = _x (x+1) = _} 22 {Q; emp} ReadztxO)

Free(x) CaII(...)

“
{Q;emp} 2? {Q;emp} Emp <—/

Provides deeper analysis of proofs...



