Fine-Tuning Spectrum Based Fault
Localisation with Sequence Mining

Gulsher Laghari, Alessandro Murgia and Serge Demeyer
BENEVOL2016 - December 8,2016

) Ansymo —
Antwerp Systems & Software Modelling Universiteit
N\ /| University of Antwerp

Antwerpen



ﬁ
Overview




i
Fault Localisation

* 1!.
Locate Understand Fix

DN

Fault Localisation an important step in debugging process
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public void testGetMaxMiddleIndex() { \t '/ﬂ“¥ B l’» {
TimePeriodValues s = new TimePeriodValues("Test"); x Ll
assertEquals(-1, s.getMaxMiddleIndex()); . _—
s.add(new SimpleTimePeriod(100L, 200L), 1.0);

assertEquals(@, s.getMaxMiddleIndex());
s.add(new SimpleTimePeriod(300L, 400L), 2.0);
assertEquals(l, s.getMaxMiddleIndex());
s.add(new SimpleTimePeriod(@L, 50L), 3.0);
assertEquals(l, s.getMaxMiddlelIndex());
s.add(new SimpleTimePeriod(150L, 200L), 4.0);

*assertEquals(l, s.getMaxMiddleIndex());
ks

* Failing test in Apache Commons Math
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public void testGetMaxMiddleIndex() { \t_//r¥ B l’» {
TimePeriodValues s = new TimePeriodValues("Test"); ; ﬂ _
assertEquals(-1, s.getMaxMiddleIndex()); —
s.add(new SimpleTimePeriod(100L, 200L), 1.0);

assertEquals(@, s.getMaxMiddleIndex());
s.add(new SimpleTimePeriod(300L, 400L), 2.0);
assertEquals(l, s.getMaxMiddleIndex());
s.add(new SimpleTimePeriod(@L, 50L), 3.0);
assertEquals(l, s.getMaxMiddlelIndex());
s.add(new SimpleTimePeriod(150L, 200L), 4.0);
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* Failing test in Apache Commons Math
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public void testGetMaxMiddleIndex() { \t_//r¥ 4 U,, {

TimePeriodValues s = new TimePeriodValues("Test"); ; ﬂ _
assertEquals(-1, s.getMaxMiddleIndex()); —
s.add(new SimpleTimePeriod(100L, 200L), 1.0);
assertEquals(@, s.getMaxMiddleIndex());
s.add(new SimpleTimePeriod(300L, 400L), 2.0);
assertEquals(l, s.getMaxMiddleIndex());
s.add(new SimpleTimePeriod(@L, 50L), 3.0);
assertEquals(l, s.getMaxMiddlelIndex());
s.add(new SimpleTimePeriod(150L, 200L), 4.0);

tEquals(l, s.getMaxMiddleIndex());
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public void testGetMaxMiddleIndex() { 1 /F.L — ¥ o

TimePeriodValues s = new TimePeriodValues("Test"); ; Ll

assertEquals(-1, s.getMaxMiddleIndex()); —
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public void testGetMaxMiddleIndex() { b g _S
TimePeriodValues s = new TimePeriodValues("Test"); s ﬂ =
assertEquals(-1, s.getMaxMiddleIndex()); —
s.add(new SimpleTimePeriod(100L, 200L), 1.0);
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| Traces from failing test cases I | l lecesfrompasslngtestcases\HJ

,@/Number of traces that contain UUT
() Number of traces that do not contain UUT




i

Spectrum Based Fault Localisation

Fault Locator

Fault Locator
/ \

UUT = (es; ng ep, np) UUT = Suspiciousness

ey
V(er +ng)ler +ep)

—

SUSPICLOUSNESS =




ﬁ
Spectrum Based Fault Localisation

Fault Locator

Suspiciousness = [0, 1]

Not suspicious Highly suspicious
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Missing
[£ Package Explorer gu JUnit 53 |E| g

O o RE QR W EHY T
Finished after 0,173 seconds

Runs: 2/2 B Errors: 0 B Failures: 2

4 Fi) com.ontestautomation.selenium.objectmap.ObjectMap
g testObjectMap (0,005 s)
g testGetLocator (0,000 5)

< | i | b

=y

= Failure Trace o)
70 java.lang.AssertionError: Not yet implemented

= at com.ontestautomation.selenium.objectmap.ObjectMapT

methodl () {
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Finished after 3.603 seconds =
{al} ﬂ 5@ % -

Runs: 2/2 B Errors: 0 B Failures: 0

~ ™ com.example.helloandroid test.HelloAndroidTest [Runner: Junit 3] (3.768 s)
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= Failure Trace
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Improvement
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Further improvement!?

Example: Fault in Google Closure Compiler

Patterned Spectrum analysis

Raw Spectrum analysis

Wasted effort
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Further improvement!?

Example: Fault in Google Closure Compiler

Patterned Spectrum analysis |Raw Spectrum analysis

Wasted effort 85 532

Node.getLastChild()
NodeUtil.getCatchBlock(Node)
NodeUtil.hasCatchHandler(Node)
NodeUtil.hasFinally(Node)
Node.getLastChild()
tryMinimizeExits(Node,int,String)
Unique pattern of a faulty method in Google Closure Compiler only in failing tests

;
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2 Open source projects (88 faults)

Comparison of three analyses

Evaluation metric

Wasted effort

A

;



i
Preliminary Results

=3
@ 2 = By © - 2 & ~ - s o~

= e Patterned Spectrum Analysis . o =
= |+ RawspecumAnaysis | Project |FreeChart | =
LO © Sequenced Spectrum Analysis o)
o — o
< <
o — - o
< <
o — o
™ . (ap)
— @® -
S o — S
- — Top(10) Top(5) —
o —| 16 14 U R~
s 14 13 N
= — 16 15 -
o — — o
N N
o — ® o
h o ‘ B A
— ¢ © L
. L 2
Yo RN ©c ® e
— @ ® S ; -
® ¢ ® ®
— - e ® ® ® o @ @ ® @ o & ® * 3 s 8 ® ® e —
I I I I I I I I I I I I I I I I I I I I I I I I I I
* wasted effort - less is better Fault ID




i
Preliminary Results

- ~ =}
= £y = = @ 2 = By © - 2 & ~ - s o~

I S N N [ (NS NN SN NN SN N N (N N S N S S I I N I/]\

= e Patterned Spectrum Analysis . \\‘ —
5 | + Raw Spectrum Analysis Project |FreeChart [Y [ 5
LO © Sequenced Spectrum Analysis \ o)
o — O
< <
o - o
< <
0 — O
™ ™
5 5 - =
- —| Top(10) _Top(5)
L b - 16 14 LO
L N 14 13 AN
= _ 16 15
o —
(Q\|
L() —
S —
‘LF) —
— ® .
o X3
— - e ® ® ® o e @ ® @ o 0 ® * $ 3 ®
(N D D R R R N R D N R N B

* wasted effort - less is better Fault ID



IIIIIIIIllllllllllllllllI----____.

mmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

S — ° e Patterned Spectrum Analysis 1|.r_>
™~ + Raw Spectrum Analysis ™~
O Sequenced Spectrum Analysis
Project Apache Commons Language
o — b
S o
©
5 Top(10) Top(5)
= 57 54
S 55 53 ®
= 56 53 .
© _| | ©
N N
® L 4
L 2
R
.
® e o
" ® *
| 0"”0 ) ®
® y ss0000 O
A ssssesdssssssscssassseil 06960006660®oo @ooQo e . ° -

A
NN ¥ - N ¥ W e - 2 w9 2 © o 2 - x o M @ NN R T 0 - © ¥ Qs B DY ®Y QMmO Q9 ® QN Q TN AN N DX O DO O NN © Q
mmmmmmmmmmmmmmmmmmm

* wasted effort - less is better




i
Summary

——— I——
Spectrum Based Fault Localisation Raw Spectrum Analysis

Missing

—_— —_— et xplar | Pactags gt & ey GRS =o| T e = public void methodl(){
Frished after 3803 seconds @i Q T N e -
oo e — 0 Finished after 0,173 seconds methodA( )
Instrumented program Traces from passing test cases o
s L/'*_\LU — A ‘ e methods ()
e ccmap Obecibiop {if(condition){)
_] > > return
. ) : }
Traces from failing test cases — methodC()

Input Trace analysis Output

—
EE—

Previ Stud Preliminary Stud
reVIous tu y Patterned ‘ Raw ‘::,”m.;:w:XV::s:«::s,,.‘Xv.“::;;vs:ezsm::wﬁs‘e..;_s
Spectrum Spectrum [ENERERERNRNENENERERERNRNRNENENENNRNRNENENENNRERNRNENENRRNRNRE! -
Analysis Analysis - . e Patterned Spectrum Analysis —
~ + Raw Spectrum Analysis ™~
~——— © Sequenced Spectrum Analysis
Project Apache Commons Language
5 - o
i . £
H ® £ .
‘ . A : o Top(10) _ Top(s)
£ . . . . - [P~ B
E . - 2 57 54
L e T e L 3 55 53 .
’ : g ) = 56 53 .
o - Q - &
@ g 8 cE ° \
§ 5 6 § ) .
; ta ¥ § r
& " LB El >
e: . :% 51 Chart ‘ha R
e ime il M b
2 it . : * o. o
H s - . ®
vent A .00" o .
R L 2 S R R R R R LR . i e Y ’0 ':‘\."1
- o pooszenagsse®iiBiils, e (¢ -
- - (REARARERERRERARARRRER U B UARIRARRARARANEARRRRRRRRRRRRRRRRRRE!
* wasted effort - less is better

Fault ;



