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Fault Localisation

Locate Understand Fix

Fault Localisation an important step in debugging process



Fault Localisation

Production code
public class Math {

public static int square(int number) {

}

Test code

public class MathTest {
public void testSquare() {
int twoSquared = Math.square(2);
assertEquals(twoSquared, 4);



Fault Localisation

Production code Y, e N
public cass Math £ - Failing tests reveal the presence of

public static int square(int number) {

3 — fault in the code

s Package Explorer v JUnit
Um :
imished after 0173 seconds
Test code Finished after 0,173
. uns: 2/2 8 Errors:
public class MathTest { Exos
public void testSquare() { - 1
int twoSquared = Math.square(2); - =
4 g:] com.ontestautomation.se r"‘uxm.r\h'r.’tn'a:ﬁ.l..lh']rrt .'1.sp L
assertEquals(twoSquared, 4); &-] testObjectMap (0,005 5)
} » o testGetlocator
} Fallure Trace

java.lang.AssertionError: Not yet implemented

at com.ontestautomation.selenium.objectmap.ObjectMap




ault Localisation

~

Production code

public class Math {
public static int square(int number) {

s Package Explorer v JUnit
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Finished after 0173 seconds
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testGetlocator

public void testSquare() {
int twoSquared = Math.square(2);

assertEquals(twoSquared, 4);

‘

= Failure Trace
java.lang.AssertionError: Not yet implemented

)

at com.ontestautomation.selenium.objectmap.ObjectMap
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Spectrum Based Fault Localisation

Production code
public class Math {

public static int square(int number) {

seee
ceve

Test code

public class MathTest {
public void testSquare() {
int twoSquared = Math.square(2);
assertEquals(twoSquared, 4);
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. g test
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Spectrum Based Fault Localisation
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Spectrum Based Fault Localisation
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P od ction code
fath {

Number of tests that do not execute the method

K‘ Number of tests that execute the method
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Spectrum Based Fault Localisation

Fault Locator

Method = (ef, ng ep, np)
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Math {

square(int number) {
! Coverage sing te: k
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MathTest { —— ———

testSquare() R —

Method = Suspiciousness [0, ]
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Spectrum Based Fault Localisation

Fault Locator
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Not suspicious at all Highly suspicious
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Passing test cases Failing test cases
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Spectrum Based Fault Localisation

Evaluation

Each case in the dataset contains:

* Program code with a fault

* Set of tests that pass despite the fault

* At least one test that fails to expose the fault

Dataset * A patch to the code that fixes the fault and
makes the failing tests pass
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Spectrum Based Fault Localisation

Evaluation
i _ Apply
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Dataset

16



Spectrum Based Fault Localisation

Evaluation
Apply

Production code

Technique
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Dataset
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Metrics
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Spectrum Based Fault Localisation
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Test-to-code traceability
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Developer
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Test-to-code traceability

‘.,,..........

Developer

Production code Test code
public class Math { . . ) public class /,-,, et
public static it square(int numbgr) (] s ressmssmmmmmnossmms DB C iestSquarc() { :
— | int twoSquared = Math.square(2);
) assertEquals(twoSquared, 4);
}
}
}




Test-to-code traceability

Test naming conventions

Class Math . MathTest

Method square . testSquare
Production code Test code

pubhc class Math { pUth class MathTest [

public static ifit square(int numbear) { public toid testSquare() {
int twoSquared = Math.square(2);
) assertEquals(twoSquared, 4);
}
]



Spectrum Based Fault Localisation

Evaluation

Dataset

o

Metrics
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Case Study

Spectrum Based Fault Localisation

Production code
public class Math {

public ic int square{int number,

)

}

Test code

Coverage from failing tests

Test-to-code traceability

Production code

wiblic class Math {
static ifg square(int number) {9

Test code
ublic class .\1.!('\1‘\‘\1[
mabsbic €Qid restSquare() {

int twoSquared = Math.square(2);
assertEquald(twoSquared, 4);

p
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C a S e St u d y Spectrum Based Fault Localisation Test-to-code traceability
] i Test code
MathTese |

Dataset and Metrics — ey B

acc@n - Higher the better

Defects4

mean average precision - Higher the better

mean wasted effort - Lower the better

| 78 defects
from 3 projects
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Case Study

Protocol

Production code Test code

public ¢l
;‘U] IIC starnc

]

1SS .\Lllll‘ pu lic ¢las .\vi.l(hT&‘*!(

ifg square(int number) | prebbic €Qid restSquare() {
int ewoSquarsd = Math.square(2);
asscreEqualsdiewoSquared, 4);

}

)

Test-to-code traceability

Pt

Spectrum Based Fault Localisation Test-to-code traceability

Production code = m Production code Test code
publi Math { pL « MaghTese {
public static ifg square(ine numbar) § pobbic id testSquare() (
int twoSquared = Math.square(2);
) assertEquals(twoSquared, 4);
Test code > - . . )
" ) .

Calculate
Defects4] >

Dataset Metrics
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C aS e St u dy Spectrum Based Fault Localisation Test-to-code traceability

oooooooooooooooooooooo
Math { Math Tese |
square(int numbe) { testSquare() (
int twoSquared = Math.square(2);
) assertEquals(twoSquared, 4);
R I h . |
Test code

RQI. Relative Performance. Is spectrum based fault localisation
relatively better than test-to-code traceability!

RQ2.Worst Case Performance. Can spectrum based fault localisation
compensate in the worst case scenarios for test-to-code traceability?
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Re S u Its Spectrum Based Fault Localisation Test-to-code traceability
RQI. Relative Performance. } n} é e

Is spectrum based fault localisation relatively
better than test-to-code traceability!

Project Appeoach acc@l acc@3 acc@5 MAP MWE

MAP = Mean Average Precision TCT =Test-to-code Traceability
MWE = Mean Wasted Effort SFL = Spectrum Based Fault Localisation
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Re S u Its Spectrum Based Fault Localisation Test-to-code traceability
RQI. Relative Performance. | A ﬁ

Is spectrum based fault localisation relatively
better than test-to-code traceability!

\YEldq TCT SFL Lang TCT SFL Chart TCT SFL

Median : : Median , , Median

Distribution of wasted effort
TCT =Test-to-code Traceability

SFL = Spectrum Based Fault Localisation 2
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Re S u Its Spectrum Based Fault Localisation Test-to-code traceability
RQI. Relative Performance. | } A ﬁ i

Is spectrum based fault localisation relatively
better than test-to-code traceability!

Math TCT SFL " i PTI bette

sFL does
5\mP\

0.5 . Median ) i Median

Distribution of wasted effort

TCT =Test-to-code Traceability

SFL = Spectrum Based Fault Localisation 30
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Re S u Its Spectrum Based Fault Localisation Test-to-code traceability

RQ2.Worst case Performance.

Can spectrum based fault localisation
compensate in the worst case scenarios for test-to-code traceability!

Defect ID acc@1 acc@3 acc@5 Average Precision Wasted Effort

0.5000

0.2583

Performance of SFL for Chart project where test-to-code traceability fails
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Re S u Its Spectrum Based Fault Localisation Test-to-code traceability
RQ2.Worst case Performance. | } -} T G
Can spectrum based fault localisation

compensate in the worst case scenarios for test-to-code traceability!

Project  # defects without traceability # successfully treated

Overall performance of SFL where test-to-code traceability fails
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Re S u Its Spectrum Based Fault Localisation Test-to-code traceability

RQ2.Worst case Performance. | } -} P G
Can spectrum based fault localisation
compensate in the worst case scenarios for test-to-code traceability! __ o™ X

Project  # defects wjthaws" o

82

Overall performance of SFL where test-to-code traceability fails
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I a I(e away Spectrum Based Fault Localisation | Test-to-code traceability
. Production code Test code

Compare improved spectrum based fault localisation
techniques against naive approaches, such as

test-to-code traceability
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Summary

Spectrum Based Fault Localisation

Evaluation

Test-to-code traceability

Is spectrum based fault localisation relatively
better than test-to-code traceability?

Distribution of wasted effort

TCT =Test-to-code Traceability
SFL = Spectrum Based Fault Localisation

Developer
Production code Test code
i s Math MyhTow |
Dataset ‘ public » L squuectet numlyed) | b K] soneSquare) (
. vt eSS Mlarhsquandd I
' asserthguabdrauSuased. 4
|
|
|
Metrics
N
Res u Its Spectrum Bued Faut Localmason | Tese-so-code ufaceaiity Ta keaway Spectrum Bumed Fadt Locsinason | Test-co-code traceabiey
RQI. Relative Performance. A . f—— = — . e -

Compare improved spectrum based fault localisation
techniques against naive approaches, such as

test-to-code traceability

. @gul_laghari

@ http://glaghari.github.io/
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