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-- Some of rules can be automated:

-- Except ‘while rule’

Loop Invariant <> Halting Problem
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What is loop invariant?

Program Loop Invariant

T = —950;

while (z <0) {
A x—]-:y, (a;<0\/y>0)
y:=y+1}

assert(y >0)

Requirement:

IAz<0 = I[(y+1)/y,(z+y)/z] (inv)

true = I[—50/x] (pre)
V:B,y:{
INx>0 = y>0 (post)



Loop Invariant Checker

r = —50;

while (x <0) {
T = Tr+vy,;
y:=y+1l}

assert(y>0)
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while (x <0) {
T = T+,
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Loop Invariant Checker

r = —50;

while (x <0) {
T = T+,
y:=y+1l}

assert(y >0)
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Difficulties of learning loop invariant

2. Generalization ability
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Difficulties of learning loop invariant

2. Generalization ability
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(x<0Vy>0) Collection of counter-examples:

0« N
X
yi
(x = 1)
(y )i

x=1y=-10

A x=3y=-2
Agent )§y1 (xw )}:' x=3,y=-1
\fode x=3,y=-1
— x=0,y=-2 x=2,y=-2
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Solution to sparsity and non-smoothness

Collection of counter-examples:

(x<0Vy>0)

Agent )gi & au; Z 5
code
\ /

0 (not correct)

Counter-example: why am | wrong?

x=1y=-10

x=3y=-2

x=3y=-1

x=3,y=-1

x=0y=-2 x=2,y=-2

x=0,y=-1 x=2,y=-1

x=1y=-1 x=2y=-1
Pre Inv

Smoothed reward
Reduced Z3 calls

x=0,y=—-4
x=0,y=-3
Post




Solution to generalization

* Transferable graph representation of source code
(y < ) o
= X
y =y *

I )
V SSA Transformation

X; = @(Xgy X3)

_ =7
Y1 = ¢ (Yo, Y2) -
(y, < 2000y o ® 00 -»>—-
X2 = X 1 + y 1 Terminals Non-terminals SSA node Control flow ASTedge  Variable link
Yo = Y1 7 Graph Representation G




Code2lnv: End-to-end learning framework

a, x»m

X; = ¢(Xg, X3) X; = ¢p(Xg, Xy)
Y1 = 0 (Yos V2) Y1 = Yoy Y2) x=20&&x <4||y=100
(y, < ) { (y, < )y {
X = X Ty, X, = X, * Yy,
Yo = Y. * Yo = Y1 F



Experimental evaluation of Code2lnv

* We collect 133 benchmark programs
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Experimental evaluation of Code2lnv

* We collect 133 benchmark programs

OOPSLA 2013, Dillig et al

POPL 2016, Garag et al

int main() {
int x=0, y=0;
while (*) {
if (%) {
X++;
y = 100;
} else if (x) {
if (x>=4) {
X++;
y++;
+
if (x<0) y--;
}
+
assert(x <4 || y>2);
+




Code2lnv as an

out-of-the-box 103
solver | —
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Generalize to new programs
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Generalize to new programs

main ( n) {
X
< W
m
< VA
(x < n) {
h z z
(unknown()) {
m = X
< Z = m
}
X = X
< W m X
}
(n>0) {
(m < n)
}



Generalize to new programs



—— untrained —— scratch —— untrained
—— pretrained 1024 pretrain 102 —— pretrained
8107 %, g
o] — o]
S © S
>
f?')- "CJ) 101 r?)_ 101 ]
N 101 © N
$ * $#
100 - i i i i i i 1004 100
0 100 200 300 400 500 0 100 200 300 400 0 100 200 300 400
# instances solved # instances solved # instances solved
1 confounding variable 3 confounding variables 5 confounding variables

Generalization ability of Code2Inv




Poster session:
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