Not All Invariants Are Equal:
Curating Training Data to
Accelerate Program Verification

with SLMs

ldo Pinto?, Yizhak Yisrael Elboher?, Haoze Wu? 3, Nina Narodytska?®, Guy Katz?

! Hebrew University of Jerusalem 2Amherst College *VMware Research by Broadcom

711 T I TN
THE HEBREW UNIVERSITY OF JERUSALEM

vimware

by Broadcom

Motivation

e Context: Program verification gives formal guarantees for safety-critical software, but automatically
discovering loop invariants has been a bottleneck for over four decades.
e Our goal: train SLMs to generate useful loop invariants that accelerate program verification.

e Current state: Existing training data comes from raw invariants that symbolic verifiers (e.g., UAutomizer)
emit as a byproduct of proving assertions.
e Garbage In, Garbage Out: These are often verbose, cluttered, and a poor fit for SFT.

Example: raw verifier invariant

((long long) 16 * vy
<= ((long long) 16 * vy
& (((long long) y * 8)
B + 18) <= ((long long)
)) >= 0 (((a>=0) 7?2 (a/ 4) = ((
== 0)) & (((long long) v * 4) <= r)) &&
>=0) 7 (a/ 4) : ({a/f 4) - 1)))
a>=™9) ¢t (asd) : ({a/ 4) —1)))
(-1 * ((a>= Q) 7 (a8 / 4)
(CLEL-1.% ((8 >=0) 7
(=1 Bty
% 2) + 2)) && ? % % 2) + 2)
2) = 1)) =0) 2 (((a->=0) ? (a
+ 2)) ==0)) & (((long long)
== b)) && (((((F >= Q) * (Fr £ 16)
(((long long) v * 4) == b)) & (0 <= r &
| (((((r <= 50) & (((long long) v * 4) <=1
(((__1nt128) r + 18) <= ((long long) 68 * y ((Llong long) 16 * y)) & (b == vy)) &&
1)) & (((__1ntl28) r <= ((__1ntl28) 16 * b (r <=50) & (a == 8)) & (0 <= r)) &&
(((long long) y * 8) b)) & (((__1ntl28) r g long) 68 * y)))) || (CCC(
(i )
lon

&& (((long long) \
) <= b)) & (2 == a))) || ((({((r <= 50) &&
__1ntl128) r + 18) <= ((long long) 68 * y))))
ong long) 16 * y))) && (16 == a)) &&

I <=

long long) 2 * y) n)) & (2 == a)) && v) <=r)) & (((__1nt128) r + 18) <

Low pedagogical value

g) 68 *xvy))))

ICML

International Conference
On Machine Learning

We introduce WONDA, a pipeline that distills raw symbolic verifier output into compact, useful training invariants.

o NORMALIZE

remove casts, tautologies, redundant parens

int X
int y = 100;
assume(x == 0 & y == 100);
while (y > 0) {
X += 3;
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Verifier SIMPLIFY

e.g. generalize ranges, discover closed forms
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parallel decision procedure

int X 0;
N ITE y = 1@@;
assume(x == 0 & vy
while (y > 0) {
assert(5*x + 3*y
X += 3;
y -= 5;
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Correctness Check

o int x = 0;
Verifier | .., - 1.

assume(x == 0 && vy

while (y > 0) {
assume(5*x + 3*y
X += 3;

assert(x > vy)

Sufficiency Check

Comparison to larger models
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