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CHECK( init(main()), LTL(G valid-free) )
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LTL properties already used in SV-Comp, e.g.:

Unreachability of Error Function:
CHECK( init(main()), LTL(G ! call(__VERIFIER_error())) )

Memory Safety:
CHECK( init(main()), LTL(G valid-free) )

= of the form “nothing bad will ever happen”

Formal definition [1]:

YoeSY: kg iff Vi>0: JweSY: gl0.dwkE g ]

for safety property ¢ and a set of program states S.
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They assert that “something good will happen eventually”

Liveness properties already used in SV-Comp, e.g.:

Termination: CHECK( init(main()), LTL(F end) )

A computation that violates the property can never so after a
finite number of transitions

Any finite prefix can be extended such that the resulting
infinite trace satisfies the LT property

Formally [1]:

[ YVoeS*: cEp iff 36 € S¥: oBF ¢ ]

for liveness property ¢ and a set of program states S.
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1 int x, y;

2 while (true) {

3 X = *:

4 y = 1;

5 while (x > 0) {
6 X——

7 if (x<=1) {
8 y = 0;

9 }

o}

1}

Program P as
pseudocode
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1 int x, y; LTL property:
2 while (true) { p=0(x>0—0(y=0))
3 X 1= (= >0)
4 y = 1;
5  while (x > 0) { @ (true)
6 X——;
7 if (x<=1) {
8 y = 0; [x<:1;y::0] z>0)/\'(y =0
9 }
10 }
1}
Program P Biichi Automaton A-,

CFA of P
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Local infeasibility

Iy == 0) A (z > 0)

Iy ==0) A (z > 0)

I(y ==0) A (z > 0)
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In general:

show that infinite sequence of statements along a path is
not executable

Example:
n =g ) B9 By E20) ) )
=Y ) =) o) =3 (53 =)

“Construction of ranking function is always more costly than
a proof for unsatisfiability.” [




Infeasibility of a finite prefix

Iy == 0) A (z > 0)

v <=1

I(y ==0) A (z > 0)
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Infeasibility of a finite prefix
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v <=1
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Infeasibility of a finite prefix

Iy == 0) A (z > 0)

ly==0)A(z>0)
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Infeasibility of a finite prefix

I(y ==0) A (z > 0)

v <=1

I(y ==0) A (z > 0)
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Iy == 0) A (z > 0)

I(y ==0) A (z > 0)




w-Infeasibility
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Iy == 0) A (z > 0)

Iz <=1)
I(y ==0) A (z > 0)
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| Program P

| LTL property ¢ |

| Control-flow automaton CFA | | Biichi automaton A-, |
> Biichi Program L2
3 B:=CFAQA-, o
T =T1T8
T1T2 € ﬁ(B)
== 1 no
| T exists 7 [
yes
no
B:=B U refinep (1) =
—| T172 feasible 7
1
1
I yes
: yes
| B:=BU refine, (1) i | no
——————————— -I T terminating ? |
Av'
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Framework to transform LTL-formulas into automatons
from CPAcuecker-framework, including:
Various source-to-source transformations that optimize
and simplify the input property



Parsing of LTL properties
Considere.g.: [ (a-> Fb U X "c > 0")

Transforming the result into Biichi automatons

Parsing and converting the output from the external tool
into automatons from CPAcHECKER-framework



Parsing of LTL properties
Considere.g.: [ (a-> Fb U X "c > 0")

Transforming the result into Biichi automatons

Parsing and converting the output from the external tool
into automatons from CPAcHECKER-framework

Example formula with 146 characters:

G((p0 & Fp1) -> ((!p1 & !p2) U (p1 | (('p1 & p2 | p1 R p2) U (p1 | (('p1 & !p2) U ((p3 -> p1) & p1 | ((!p1 & p2) U (p1 | (!p2 U p1))))))))))

Total time from raw LTL formula to CPAcHECKER automaton: 0.194s



Framework to transform LTL-formulas into automatons
from CPAcuecker-framework, including:
Various source-to-source transformations that optimize
and simplify the input property

Implementation of an LTL software model checking
algorithm using already existing components in
CPACHECKER, €.8. :

Parser for ANSI C

CPA-framework

Ranking function synthesis algorithm



Source

Code

Spec

R

CEGAR

Algorithm
Parser & R CPA
CFA Builder ’ Algorithm =>’ Results
DCA Location | | Callstack | | Predicate| | Func.Pt.
CPA || _CPA || CPA || CPA || CPA




Framework to transform LTL-formulas into automatons
from CPAcuecker-framework, including:
Various source-to-source transformations that optimize
and simplify the input property

Implementation of an LTL software model checking
algorithm using already existing components in
CPACHECKER, €.8. :

Parser for ANSI C

CPA-framework

Ranking function synthesis algorithm

Implementation of a Trace Abstraction algorithm
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Definition [5]:

A trace abstraction is given by a tuple of automatons (A, ..., A,)
such that A; recognizes a subset of infeasible traces for i = 1,...,n.

We say that the trace abstraction (Ay,...,.A,,) does not admit an
error trace if Ap NA; N...N A, is empty.
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1 x = 0;

2 y = 0;

3 while(nondet) {x++;}
4 assert(x != -1);

5 assert(y != —-1);

Program P as
pseudocode

CFA of program P



Generalize infeasible error traces

Exclude classes of infeasible traces

Example — Interpolants for trace 7:
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Generalize infeasible error traces

Exclude classes of infeasible traces

Example — Interpolants for trace 7:

T (z:=0] >0 >0 x>0 i

T x>0 z>0 x>0 1

=9 —~ =) —~ @
N O=0210




Trace Abstraction — Interpolant Based Approach

T x>0 z >0 z >0 1
A \@)/q\/{;\/{;\q
et (==
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Trace Abstraction — Interpolant Based Approach

T x>0 z >0 z >0 1

A \"@@@@

Xp 0 1 2 3 4
Lexp N N \

| A
Al . 40 q1 Gerr
T \Bjx >0 1
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Trace Abstraction — Interpolant Based Approach
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Trace Abstraction — Interpolant Based Approach

CFAN A;: Cass
lO q0 /11_111\ 2 eererr
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Implement Trace Abstraction algorithm for termination
arguments

Make use of Adjustable Block Encoding (ABE)
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