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15: goto 05

18: return
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,` : i1

|ε
o1:L(n=o2) o2:L(?)

o1,o2	 o1=
? o2

o1%$o2 o2
{n}
99K! o1

A

State A:

t some definitely cyclic list

x second element in list

State B:

First equals second element?

⇒ Refinement

In C : References equal (y program ends)
In D: References not equal

void iterate() {
L x = this.n;

while (x != this)

x = x.n; }
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State

s

E :

Access to unknown object o2

In E ′: Case o2 = null not possible (implies o2 not reaching o1)

In F : o2 renamed to o3, pointing to L-object with successor o4:

o4 possibly cyclic
o4 possibly equal to o1 and may reach o1, o3
o4 definitely reaches o1 via field n

void iterate() {
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G

States G , H:

Same program position as A ⇒ Generalize

In A: this = o1
n→ o2 = x

In G : this = o1
n→ o3

n→ o4 = x

⇒ In H: Abstract to this = o1
{n}99K! o4 = x

Restart construction from more general state

States I , J,K , L: As before

void iterate() {
L x = this.n;

while (x != this)

x = x.n; }
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õ new F -child of o: `R′ = `R − 1 (for R ′ = õ F99K! o′)
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Other AProVE features for Java

Implementation for full Java without reflection and multithreading

Correctness proof [VIT’10] w.r.t. JINJA (Klein & Nipkow ’06)

Built-in, implicit analyses for nullness, aliasing, sharing, cyclicity

Termination analysis for algorithms

on integers [RTA’10]
on acyclic user-defined data structures (trees, DAGs, . . . ) [RTA’10]
using recursion [RTA’11]
on arrays [FoVeOOS’11]
on cyclic data [CAV’12]:

by detecting (and ignoring) irrelevant cyclicity
by automatically finding and counting markers
by using definite reachability information

Non-termination analysis [FoVeOOS’11]
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Automated Termination Proofs for Java Programs with
Cyclic Data

Evaluated on collection of 387 programs:

Termination Problem Data Base
Standard libraries from java.util (JDK)

Term NonT Fail t (s) Term NonT Fail t (s)

AProVE ’12 267 81 39 9.5 51 0 9 15.8

AProVE ’11 225 81 81 11.4 23 0 37 18.3

Julia 191 22 174 4.7 32 0 28 8.2

COSTA 160 0 227 11.0 29 0 31 30.4

all examples LinkedList + HashMap

Won Termination Competition 2012

Termination graphs facilitate and simplify complex analysis

http://aprove.informatik.rwth-aachen.de/eval/JBC-Cyclic
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