Mining Temporal Specifications
from Object Usage




aspect)

crosscutting objects for better modularity




bug.aj

@interface A {}

aspect Test {
declare @field : @A int var* : @A;
declare @field : int var* : @A;
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Aspect| Stack Trace

java.util.NoSuchElementException
~at java.util.AbstractList$Itr.next(Abstractlist.java:427) ‘
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Aspect| Stack Trace

java.util.NoSuchElementException
at java.util.AbstractlList$Itr.next(Abstractlist.java:427)




weaveAtFieldRepeatedly

for (Iterator it = cl.iterator(); it.hasNext();) {
E el = (E) it.next();

for (Iterator 1t2 = c2.iterator(); it.hasNext();) {
E e2 = (BE) 1t2.nextQ);
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weaveAtFieldRepeatedly

for (Iterator it = cl.iterator(); it.hasNext();) {
E el = (E) it.next();

for (Iterator 1t2 = c2.iterator();<::>hasNext();) {
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weaveAtFieldRepeatedly

for (Iterator it = cl.iterator(); it.hasNext();) {
E el = (E) it.next();

for (Iterator 1t2 = c2.iterator();<::>hasNext();) {
E e2 = (E) 1t2.next();
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Preconditions

® |nvoking next() with no next element
violates a precondition
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Axiomatic Preconditions

/*@ requires propertylList.size() >=1
@ requires propertylList.get(0®) instanceof Class
@ requires \forall int 1; @ < 1 & 1 < propertylList.size();
@ propertyLlst get(l) 1nstanceof StructuralPropertyDescrlptor
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Operational Preconditions

public List getPL (Set ps) {
List 1 = new ArraylList (O;
createPropertylList (this.cl, 1);
Iterator 1t = ps.iterator ();
while (it.hasNext ()) {
Property p - (Property) 1t next (),
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Operational Preconditions

public List getPL (Set ps) {
List 1 = new ArraylList (O;
createPropertylist (this.cl, 1);
Iterator 1t = ps.iterator ();
while (it.hasNext ()) {
Property p - (Property) 1t next (),
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® Computation Tree Logic
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CTL Path Operators




CTL Path Operators
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CTL Path Operators
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Operational Preconditions

public List getPL (Set ps) {
List 1 = new ArraylList (O;
createPropertylist (this.cl, 1);
Iterator 1t = ps.iterator ();
while (it.hasNext ()) {
Property p - (Property) 1t next (),
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Operational Preconditions

public List getPL (Set ps) {
List 1 = new ArraylList ();
createPropertylist (this.cl, 1);
Iterator 1t = ps.iterator ();
while (it.hasNext ()) {
Property p = (Property) it.next Q;
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Operational Precondition

AF ArraylList.<init>

AF createPropertylList

AG (ArraylList.<init> =>
AF createPropertylList)

AG (createPropertylList =>

EF addProperty)




Operational Preconditions

® Describe how the state can
be reached

® Can be fully automatically
~ learned and used to check the
program

Operational Precondition

AF ArraylList.<init>

AF createPropertylList

AG (ArraylList.<init> =>
AF createPropertylList)

AG (createPropertylList =>

EF addProperty)




Tikanga

Kripke structures CTL specifications
{ArrayList.<init>}
TP AF Arraylist.<init>
Program et {addprope@ EF addProperty

{reapPropertylList} EF I"'eapPr'Oper"tyL'i.St

Ranked violations i Operational preconditions




Tikanga

Kripke structures

{ArrayList.<init>}

{createPropertylList}

Program ? {addpmpe"tm R EF addProperty

{reapPropertylList} EF r"eClpPr'Oper"tyLl St
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Kripke Structures

public List getPL (Set ps) {
List 1 = new ArraylList (;
createPropertylist (this.cl, 1);
Tterator 1t = ps.iterator ();
while (it.hasNext ()) {

i Property p (Property) 1t next (),r
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Kripke Structures

public List getPL (Set ps) {
List 1 = new ArraylList (;
createPropertylist (this.cl, 1);
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Kripke Structures

public List getPL (Set ps) {
List 1 = new ArraylList ;
createPropertylist (this.cl, 1);
Tterator 1t = ps.iterator ();
while (it.hasNext ()) {

i Property p (Property) 1t next (),r

5l Y\‘&

,_




Kripke Structures

public List getPL (Set ps) {
List 1 = new ArraylList (O);
createPropertylList (this.cl, 1);
Iterator 1t = ps.iterator ();
while (it.hasNext ()) {
Property p = (Property) it.next ();
addProperty (p, 1); {addProperty} »
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{reapPropertyLiSt}

{ArraylList.<init>}

{createPropertylList}
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Tikanga

Kripke structures

{ArrayList.<init>}

{createPropertylList}

Program jmd {addproperty} > | EF addProperty

{reapPropertylList} EF r"eClpPr'Oper"tyLl St
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Tikanga

Kripke structures CTL specifications

{ArrayList.<init>}

{createPropertylList}

AF ArraylList.<init>

{“ddpmpea EF addProperty
{reapPropertylList} EF r'eapPr'Oper'tyL'i. St
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Extracting
CTL Specifications

{ArraylList.<init>}

{createPropertylList}

Y {cddProperty} 2N N

{reapPropertylList}
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Extracting
CTL Specifications

{ArraylList.<init>}

LcreatePropertylist] Atomic propositions
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Extracting
CTL Specifications

Atomic propositions
ArraylList.<init>

createPropertylist
addProperty




Extracting
CTL Specifications

Atomic propositions
ArraylList.<init>
createPropertylist
addProperty
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Extracting
CTL Specifications

CTL formulas

Atomic propositions A nnayLlst nits
; S AF createPropertylist
ArrayList.<init> 2
. AF addProperty
createPropertylList = ;
ddp £ AF reapPropertylList
b AG (ArraylList.<init> =>

reapPropertylist
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Extracting
CTL Specifications

CTL formulas

AF ArraylList.<init>
{ArraylList.<init>} AF createPropertylList
AF addProperty
{createPropertylist} AF reapPropertylist
AG (ArraylList.<init> =>
AF createPropertylList)
:,H%tfgﬂdPﬁoperE2? }{,;ﬁﬁp;giﬂ:jv - AG (ArraylList.<init> =>

{reapPropertylList}
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Extracting
CTL Specifications

CTL formulas

V' AF ArraylList.<init>
{ArraylList.<init>} AF createPropertylList
AF addProperty
{createPropertylist} AF reapPropertylist

AG (ArraylList.<init> =>
AF createPropertylList)
RN G (Arraylist.<init o
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Extracting
CTL Specifications

CTL formulas

Vv AF ArraylList.<init>
{ArraylList.<init>} V' AF createPropertylist
AF addProperty
{createPropertylList} AF reapPropertylist

AG (ArraylList.<init> =>
AF createPropertylList)
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Extracting
CTL Specifications

CTL formulas

Vv AF ArraylList.<init>
{ArraylList.<init>} V' AF createPropertylist

X AF addProperty
{createPropertylList} AF reapPropertylist

AG (ArraylList.<init> =>
AF createPropertylList)
RN G (Arraylist.<init o
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Extracting
CTL Specifications

CTL formulas

Vv AF ArraylList.<init>
{ArraylList.<init>} V' AF createPropertylist
X AF addProperty
{createPropertylList} X AF reapPropertylist
V(WAG (ArraylList.<init> =>
AF createPropertylList)

| {heapPropertyLisf}
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Extracting
CTL Specifications

{ArraylList.<init>}

{createPropertylList} Gl speciﬁcation
v AF Arraylist.<init>
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Tikanga

Kripke structures CTL specifications

{ArrayList.<init>}

{createPropertylList}

AF ArraylList.<init>

{“ddpmpea EF addProperty
{reapPropertylList} EF r'eapPr'Oper'tyL'i. St
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Tikanga

CTL specifications

AF ArraylList.<init>

EF addProperty
EF reapPropertylList

Ranked violations B Operational preconditions




Operational Preconditions

AF countTokens AF StringTokenizer.<init>
AF hasMoreTokens AF hasMoreTokens
AG (hasMoreTokens => AG (hasMoreTokens =>
EF nextToken) EF nextToken)
AG (nextToken => AG (nextToken =>

EF hasMoreTokens) EF hasMoreTokens)




Operational Preconditions

AF countTokens AF StringTokenizer.<init>
AF hasMoreTokens AF hasMoreTokens
AG (ChasMoreTokens => AG (hasMoreTokens =>
EF nextToken) EF nextToken)
AG (nextToken => AG (nextToken =>

EF hasMoreTokens) EF hasMoreTokens)




Operational Preconditions

' (o100 | Operational Precondition |

EF hasMoreTol ens)
AF hasMoreTokens
| AG (hasMoreTokens =>
3 EF nextToken)

AG (nextToken =>

EF hasMoreTokens)




Violations

Operational Precondition

AF hasMoreTokens (tToken
AG (hasMoreTokens => AG (nextToken =>
EF nextToken) EF hasMoreTokens)
AG (nextToken => i o s Sl il
EF hasMoreTokens) i s e e i it




Violations

Operational Precondition

AF hasMoreTokens F nextToken)
AG (hasMoreTokens => AG (nextToken =>

EF nextToken) EF hasMoreTokens)
AG (nextToken =>

EF hasMoreTokens)
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Evaluation

® / projects examined




Violations

- Defects B Code smells False positives

Apache Tomcat 6.0.18

I
Act-Rbot 082 NN
I
.

ArgoUML 0.26
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Violations

- Defects B Code smells False positives

I
Act-Rbot 082 NN

Apache Tomcat 6.0.18 [
ArgoUML 0.26




An Aspect] Defect

for (Iterator it = cl.iterator(); it.hasNext();) {
E el = (E) it.next();
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An Aspect] Defect

for (Iterator it = cl.iterator(); it.hasNext();) {
E el = (E) it.next();
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An Aspect] Code Smell

List
-..7-4-':1" ‘
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ropertylList = new ArraylList(1);
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An Aspect] Code Smell

List prop tyLlst new ArraylList(l);
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An ArgoUML False Positive

public Object clone() {
FigObject figClone = (FigObject) super.clone();
ITterator 1t = figClone.getFigs().1terator();

- figClone.setBigPort((FigRect) it.next());
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An ArgoUML Alternative

public Object clone() {
final FigNodeModelElement clone = ..

final Iterator clonelter = clone.getFigs().1iterator();
for (Object thisFig : getFigs()) {
final Fig cloneFig = (Fig) clonelter.next();
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Violations

- Defects B Code smells False positives
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Violations

- Defects B Code smells False positives

Apache Tomcat 6.0.18

I
Act-Rbot 082 NN
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Operational
Preconditions

public List getPL (Set ps) {
List 1 = new ArrayList ();
createPropertylist (this.cl, 1);
Iterator it = ps.iterator ();
while (it.hasNext Q) {

Operational Precondition

AF Arraylist.<init>

Property p = (Property) it.next (); i
: i CaaIa: AF createPropertylist

Kripke structures

Program

AG (Arraylist.<init> =
AF createPropertylList)
AG (createPropertylist «>

EF addProperty)

Extracting
CTL Specifications

{createPropertylList} CTL specification
v AF Arraylist.<init>
{addProperty} » v AF createPropertylist
: (m (ArraylList.<init> =>

g . A C aterrop " |
W {reapPropertylList} } e A

Summary

CTL specifications

AF Arraylist.<init>
EF oddProperty
EF recpPropertylist

Ranked violations

Operational preconditions
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Violations

! Defects [ Code smells




