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Repair Technigues Struggle to Patch Defects Correctly
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The Localization Error Problem in Automatic Program Repair
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Effect of Using SBIR on Repair Performance

395 defects from 6 real-world Java projects
available in Defects4) version 1.x

SBIR enables repair tools to correctly patch many new defects
without modifying their patch generation algorithmes.
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Effect of Using SBIR on Repair Quality

689 single file edit defects from 17 real-world
Java projects available in Defects4) v2.0

SBIR significantly improves the quality of more FL-sensitive APR tools.
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Effect of Using SBIR on Localization Error

689 single file edit defects from 17 real-world

Java projects available in Defects4]) v2.0

[ Arja ][ SequenceR ][ SimFix

localization error assessment

upper bound 36 24 32
l # of defects not correctly patched due to localization error l ¥ Lower is better
SBFL 15 14 2
Blues 21 20 19
SBIR 8 12 2

SBIR lowers the localization error by providing repair tools

an earlier opportunity to patch actual buggy statements.



Blues: Unsupervised, Statement-Level FL Using Bug Reports

R T [ oues |
Bug report - [ e index

Source

Code Files

Ranked Files

/ Structured N\

N Retrieval /
Parameters /

(k1,b)

Queries
1
'

" Structured Parameters
. Retrieval (k1,b)

Listof
Ranked Statements
per Ranked File

FastDateParser does ot handile whi

Parameters
(f, m, ScoreFn)

List of
Ranked Files

Bug Reports |

List of
Ranked Statements

Lang_1@ Q@ FastDateParser.java-387-266 1 0.916951 indri
Lang_1@ Q@ FastDateParser.java-3088-269 2 0.914638 indri
Lang_1@ Q@ FastDateParser.java-387-268 3 0.897916 indri
Lang_1@ Q@ FastDateParser.java-3088-270 4 0.782011 indri
Lang_10 Q8 FastDateParser.java-314-280 5 ©.757878 indri
Lang_10 Q@ FastDateParser.java-314-279 6 8.757878 indri
Lang_10 Q@ FastDateParser.java-3@9-273 7 8.757878 indri
Lang_10 Q@ FastDateParser.java-3@9-272 8 8.757878 indri
Lang_10 Q@ FastDateParser.java-304-253 9 8.757878 indri
Lang_10 Q@ FastDateParser.java-3@3-251 1@ ©.750024 indri

ranked list of suspicious
program statements

[1] Saha et al., Improving bug localization using structured information retrieval, ASE 2013



Step 1: Extract terms associated with Summary and
Description from bug report

Commons Lang /' LANG-831
&8 FastDateParser does not handle white-space properl

1 <?xml version="1.0" encoding="IS0-8859-1"?>
2|~| <bugrepository name="Defects41">
3~ <bug id="Lang_10" link="https://issues.apache.org/jira/browse/LANG-831">

v Details <buginformation>
e 0 5w — = <summary>fast date parser does not handle white space
Priority: = Major Resolution: Fixed pr?pet‘ly(/summa':y> .
At Versione None o ereione . <descr%pt10n>the 51mp%edateformat javadoc does not treat
: : white space specially however fastdateparser treats
'f;:i‘?’”e'“t‘@: :Z:z description single white space being any number white space

characters this means that fdp will parse dates that
fail when parsed sdp</description>

~ Description </buginformation>

The SimpleDateFormat Javadoc does not treat white-space specially, however FastDateParser treats a single white-space as 8~ <fixedfiles>
being any number of white-space characters. 9 <file>org.apache.commons.lang3.time.FastDateParser</file>
This means that FDOP will parse dates that fail when parsed by SDP. 1@ </fixedfiles>

11 </bug>

.. 12 </buerepositorv>
v Activity

All. Comments Work Log History Activity Transitions
Bug report
query

> 5ebb added a comment - 27/5ep/12 00:10 URL: http://svn.apache.orgfviewvc?rev="13907798&view=rev Log: LANG...

bug report



Step 2: Extract terms associated with Class, Method,
Identifier and Comment from source files

1~ <DOC>
class FastDateParser im 2

< 1+ <DOC>
3 5

) 4 2 1+ <DOC>

.I_ 5 2 2

4 ° 1+ <DOC>

E 5 i 2 <DOCNO»org.apache.commons.lang3.time.FastDateParser.java </DOCND>
. b = =} <textr

5
fast date parser, key value, strategy, copy quoted strategy, text
. strategy, number strategy, time zone strategy
. . ] </class>
serialVersionUID = 1L; 2 =
: 12 4 2 L <method>
- fast date parser, init, get pattern, get time zone, get locale,
ic final ConcurrentMap<lLocale,TimeZoneStrateg get parse pattern,
new ConcurrentHashMap<Locale,TimeZoneStrategy»(2); rT]GEtr]C)(j .
</method>
static final Locale JAPANESE IMPERIAL - new Locale("ja 15 <identifiers
I = T - - ] iz 17 14 fast date parser, date parser, serializable, serial wversion uid,

18 1z concurrent map,

locale, time zone strategy, tzs cache, concurrent hash map,
17 locale, time zone strategy,

Q .. L)
1% . . . . .
2 Oocale Japanese 1mperlia ocale sTrin a ern ime Zone
identifier 21 ¥ 18 locale, 3 perisl, locsle, string, psttern, t
22 £ 19 time zone,
221
a5 23 ., 2@
22 is ces
T S | </identifiers
=
L :4 22 - <comments>
' 26 :5 23 give, access, generated, pattern, for, test, code,
27 52 2 basics, compare, another, object, for, equality, with,

this, object, param,
obj, the, object, compare, return, code, true, code,
equal, this, instance,

LOo00
~l m

[RTRNVTRN SRS

= &

</comments>
< texty
</DOC>

[FTRNVTR SR S S ]
Lo o0

= &

Source file
document collection



Step 3: Execute IR model to rank suspicious files for
lven query

1 «<?xml version="1.8" encoding="IS0-8859-1"7>

2|7| <bugrepository name="Defects41"> BUg report
3 <bug id="Lang_18" link="https://issues.spache.org/jira/browse/LANG-831">

4~ <buginformation: query

summary>fast date parser does not handle white space 4
praoperly</summary:

<description>the simpledateformat javadoc does not trea

white space specially howsver fastdateparser treats

single white space being any number white space

characters this means that fdp will parse dates that

fail when parsed sdp</description>

buginformations

yedfiles:>

<filerorg.apache.commons,.lang3.time.FastDateParser</file:

ixedfiles:

summary

Execute IR model
eight times

description

Tougs
12  </bugrepository>
. S(d
1~ <DOC> »
2 <DOCNO>ore. apache .commons . lane3. time .FastDateParser . iava </DOCNO> ( ) qr
3+ 1+ <DOC>
4~ 2 <DOCNO>ore. soache. commons. lane3 . time.FastDateParser.java </DOCNO>
5 3+ 1v<DOC>
6 4% 2 <DOCNO>ore. soache. commons. lane3 . time.FastDateParser.java </DOCNO>
7 5 3+ 1+ <DOC> BM25 TE ED
B~ & 4~ 2 <DOCNO>org.apache.commons.lang3.time.FastDateParser.java </DOCNO>
9 7 5 3+ <texty>
4 «<classs

.
fast date parser, key valus, strategy, copy quoted strategy, text Oka I
strategy, number strategy, time zone strategy

e T : query representation

fast date parser, init, get pattern, get time zone, get locale,

13~ 11
14 12

P ®wa

o=

get parse pattern,

f : document field

13 17 15 13- <identifiers
20 fast date parser, date parser, serializable, serial version uid,
21 concurrent map,
22 locale, time zone strategy, tzs cache, concurrent hash map,
23 locale, time zone strategy,
i " locale, japanese imperial, locale, string, pattern, time zone
21 19 time zone,
. .. 26 24 22~ 20
|dent|f|er 27 25 23 21 </identifiers
28 26 24 22~ <comments>
29 27 25 23 give, access, generated, pattern, for, test, code,
38 28 26 24 basics, compare, another, object, for, equality, with,
31 29 27 25 this, object, param, S f'I
3@ 28 26 obj, the, object, compare, return, code, true, code, Ource I e

equal, this, instance, .
document collection
<f‘D0§itEXt>

(Rt

W



Step 3: Execute IR model to rank suspicious files for

given query

Lang_ 18 Q8
Lang_18 Q8
Lang_1@ Q@
Lang_18 Q8
Lang_ 18 Q8
Lang_18 Q8
Lang_1@ Q@
Lang_18 Q8
Lang_ 18 Q8
Lang_18 Q8

org.
org.
org.
org.
org.
org.
org.
org.
org.

apache.
apache.
apache.
apache.
apache.
apache.
apache.
apache.
apache.

. COmmons.

Commons.
cCommons.

Commons
commons

Commons.

commons
Commons

cCommons.
Commons.

suspiciousness
score

.time.FastDateParser.java 1 8.483753 indri
lang3.
lang3.
.lang3.
.lang3.
lang3.
.lang3.
.lang3.
lang3.
lang3.

time.FastDateFormat.java 2 ©.225249 indri
time.FastDatePrinter. java 3 8.217153 indri
S5tringUtils.java 4 8.21257 indri
text.5trMatcher.java 5 8.19477 indri
time.Dateltils.java & 8.173851 indri
text.WordUtils.java 7 8.164297 indri
time.DateParser.java & 8.158949 indri
time.DurationFormatUtils.java 9 8.14653 indri
math.Fraction.java 18 8.139247 indri

Ranked list of
suspicious
source files



Step 4: Extract 57 possible AST nodes from source files
and create a statement document collection

Lang 18 Q@ org.apache.commons.lang3.time.FastDateParser.java 1 8.483753 indri
Lang_18 Q@ org.apache.commons.lang3.time.FastDateFormat.java 2 8.225249 indri
Lang_ 18 Q8@ org.apache.commons.lang3.time.FastDatePrinter.java 3 8.217153 indri
Lang_18 Q@ org.apache.commons.lang3.5tringUtils. java 4 8.21257 indri

Lang_ 18 Q@ org.apache.commons.lang3.text.5trMatcher.java 5 8.19477 indri

Lang_18 Q@ org.apache.commons.lang3.time.Dateltils.java 6 ©.173851 indri

Lang_ 18 Q8 org.apache.commons.lang3.text. WordUtils.java 7 8.164297 indri

Lang_18 Q@ org.apache.commons.lang3.time.DateParser.java 8 8.158949 indri

Lang 18 Q@ org.apache.commons.lang3.time.DurationFormatUtils.java 9 B8.14653 indri
Lang_18 Q@ org.apache.commons.lang3.math.Fraction.java 18 ©.139247 indri
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Step 4: Extract 57 possible AST nodes from source files
and create a statement document collection

|Lang 18 0B org.apache.commons.lang3.time.FastDateParser.java 1 8.483753 indri |
Lang_18 Q@ org.apache.commons.lang3.time.FastDateFormat.java 2 8.225249 indri
Lang_ 18 Q8@ org.apache.commons.lang3.time.FastDatePrinter.java 3 8.217153 indri
Lang_18 Q@ org.apache.commons.lang3.5tringUtils. java 4 8.21257 indri
Lang_ 18 Q@ org.apache.commons.lang3.text.5trMatcher.java 5 8.19477 indri
Lang_18 Q@ org.apache.commons.lang3.time.Dateltils.java 6 ©.173851 indri
Lang_ 18 Q8 org.apache.commons.lang3.text. WordUtils.java 7 8.164297 indri
Lang_18 Q@ org.apache.commons.lang3.time.DateParser.java 8 8.158949 indri
Lang 18 Q@ org.apache.commons.lang3.time.DurationFormatUtils.java 9 B8.14653 indri
Lang_18 Q@ org.apache.commons.lang3.math.Fraction.java 18 ©.139247 indri

Ranked list of
suspicious
source files



Step 4: Extract 57 possible AST nodes from source files
and create a statement document collection

FastDateParser.java
AST node#

boolean wasWhite= false;

for(int i= 8; i<value.length(); ++i) |
char c= value.charAt(i);

if(Character.isWhitespace(c)) { 1~ <DOC>

_— i 2 <DOCNO>FastDateParser.java-308-269 </DOCNO>
'wasWhitef—f 3~ <identifier>
wasWh\te= true; was, white, was, white, true, regex, append
PR & EE 5 <id'&“‘ti':iét‘>
regex Repend({ " \\s*+"); )
_ & PPEnal )3 6 </DOC>
I.
continue;
} 1~ <DOC>
. o 2 <DOCNO>FastDateParser.java-308-270 </DOCNO>
washhite= false; - o Lkt s
= <lidentlirier>
switch{c) { 4 was,white
case "\'' 5 </identifier>
6 </DOC>

IfStatement node ConditionalExpression node statement
line# 308 line# 308 document collection




Step 5: Execute IR model to rank suspicious statements

for given query

1 «<?xml version="1.8" encoding="IS0-8859-1"7>

2|7| <bugrepository name="Defects41">

<bug id="Lang_18" link="https://issues.spache.org/jira/browse/LANG-831">
<buginformation:

3 -

a-

summary>fast date parser does not handle white space

praoperly</summary:

<description>the simpledateformat Javadoc does not treat

summary white space specially howsver fastdateparser treats
single white space being any number white space
characters this means that fdp will parse dates that
fail when parsed sdp</description>
buginformation:s
yedfiles:>

(jescripti0r1 <filerorg.apache.commons. lang3.time.FastDateParser</files
ixedfiles:
7Bug>

</bugrepository:>

Bug report
query

Execute IR model
two times

2 1~ <DOCx
E R 1~ <DOCx»
4 3. 5 e R
i
2 3. 1-<DOC>
5 5 4 2 <DDCNO>FastDateParser.java-2088-278 «/DOCNO>
= - |- <identifier>
6 < 4 was,white
5 </identifier>
6 «/DOC»

statement
document collection

T : query representation



Step 5: Execute IR model to rank suspicious statements

for given query

Lang_18 Q@ FastDateParser.java-387-266
Lang_18 Q8 FastDateParser.java-388-269
Lang_18 Q@ FastDateParser.java-387-268
Lang 18 Q@ FastDateParser.java-3886-278
Lang_18 Q@ FastDateParser.java-314-280
Lang_18 Q@ FastDateParser.java-314-279
Lang_18 Q@ FastDateParser.java-389-273
Lang 18 Q@ FastDateParser.java-389-272
Lang_18 Q@ FastDateParser.java-384-253
Lang_18 QB FastDateParser.java-383-251

suspiciousness
score

8.916951 indri
8.914638 indri
8.897916 indri
8.782811 indri
8.757878 indri
8.757878 indri
B.757878 indri
8.757878 indri
8.757878 indri
8 8.758824 indri

[l = I = B (o T W Y N Y gy

Ranked list of suspicious
statements



Step 6: Combine scores of ranked files and statements

|Lang 18 0B org.apache.commeons.lang3.time.FastDateParser.java 1 8.483753 indri F———— Lang 186 Q8 FastDateParser.java-387-266 1 8.916951 indri
Lang_18 Q@ org.apache.commons.lang3.time.FastDateFormat.java 2 8.225249 indri Lang_18 QB FastDateParser.java-388-269 2 8.914638 indri
Lang 18 QB org.apache.commons.lang3.time.FastDatePrinter.java 3 8.217153 indri Lang_16 Q8 FastDateParser.java-387-268 3 0.897916 indri
Lang_18 Q@ org.apache.commons.lang3.5tringlUtils. java 4 8.21257 indri Lang 18 Q8 FastDateParser.java-388-270 4 ©.782011 indri
Lang_18 (B org.apache.commons.lang3.text.StrMatcher.java 5 8.19477 indri Lang 186 Q8 FastDateParser.java-314-288 5 0.757878 indri
Lang_18 Q@ org.apache.commons.lang3.time.DatelUtils.java 6 ©.173851 indri Lang 18 Q8 FastDateParser.java-314-279 6 0.757878 indri
Lang_18 QB org.apache.commons.lang3.text.WordUtils.java 7 ©.164297 indri Lang_16 Q8 FastDateParser.java-389-273 7 ©.757878 indri
Lang_18 (@ org.apache.commons.lang3.time.DateParser.java 8 ©.158949 indri Lang 18 Q8 FastDateParser.java-389-272 8 8.757878 indri
Lang_18 QB org.apache.commons.lang3.time.DurationFormatUtils.java 9 8.14653 indri Lang 18 Q8 FastDateParser.java-384-253 9 0.757878 indri
Lang_18 Q@ org.apache.commons.lang3.math.Fraction.java 18 ©.139247 indri Lang 18 Q8 FastDateParser.java-383-251 18 8.750824 indri

Ranked list of
suspicious statements
per ranked file

Ranked list of
suspicious source files

Parameters
(f m, ScoreFn)

Statement,Suspiciousness
org.apache.commons.lang3.time.FastDateParser#3987,1.8

org.apache.commons.lang3.time.FastDateFormat#378,0.97222222232222222

Final ranked list of org.apache.commons.lang3.time.FastDatePrinter#511,8. 9444444444444444

suspicious statements

53}

(%))

org.apache.commons.lang3.5tringUtils#58685,8.9166666606666606
org.apache.commons.lang3.text.5trMatcher#95,0.3585885888833888353
org.apache.commons.lang3.time.Dateltils#353,0.861111111111111

org.apache.commons.lang3.text.WordUtils#122,0.8333333333333333




The number of
defects localized
within the Top-k
ranked statements

statement-level IRFL
technique used in
iFixR repair tool

171 Lang and Math defects in Defects4]) v1.0

4 Higher is better

¥ Lower is better

(171 defects) - hit@k EXAM
k=1 125 50 100 all k=all

iFixR 26 74 95 106 135 0.048

Blues 11 79 97 108 151 0.034

Comparison of Blues With State-Of-The-Art and Baseline

The fraction of ranked
statements that must be
inspected until finding a
buggy statement.



Comparison of Blues With State-Of-The-Art and Baseline

The fraction of ranked
statements that must be
inspected until finding a
buggy statement.

The number of
defects localized 171 Lang and Math defects in Defects4) v1.0

within the Top-k
ranked statements 4 Higher is better ¥ Lower is better

(171 defects) T hit@k EXAM
k=1 25 50 100 all k=all
statement-level IRFL iFixR 26 74 95 106 135 0.048

iFixR repair tool

815 defects from 17 projects in Defects4) v2.0

4 Higher is better ¥ Lower is better
(815 defects) hit@k EXAM
Does not consider k=1 25 50 100 all | k=all

anilla BLUIR 26 143 192 245 611 0.159

suspicious file scores
Blues 27 184 241 306 611 [ o0.111




Comparison of Blues With State-Of-The-Art and Baseline

The number of
defects localized
within the Top-k
ranked statements

4 Higher is better

171 Lang and Math defects in Defects4]) v1.0

The fraction of ranked
statements that must be
inspected until finding a
buggy statement.

¥ Lower is better

(171 defects)

EXAM

k=1 25 50 100 all k= all
statement-level IRFL iFixR 26 74 95 106 135 0.048
Blues 11 79 97 108 151 0.034

technique used in

For scenarios relevant to APR (k >=25), Blues consistently
outperforms the state-of-the-art and baseline.

815 defects from 17 projects in Defects4) v2.0

4 Higher is better

¥ Lower is better

(815 defects) hit@k EXAM

Does not consider k=1 25 50 100 all | k=all
suspicious file scores anilla BLUiR 26 143 192 245 611 | 0.159
Blues 27 184 241 306 611 | 0.111




How to Combine Multiple FL Techniques for APR?

<>
@ < >
U

| " Blues
Spectrum-based FL IR-based FL




RAFL: Rank-Aggregation-Based Fault Localization

<>

= —— papL 0

Spectrum-based FL IR-based FL

:

Super list that is
as close as possible to
individual lists




Key Insight: Formulate Rank-Aggregation as an
Optimization Problem

0: combined
ordered list of
length k< | L]

L;: i ordered list of
ranked suspicious
statements

=

£(8) = I, wd(8, Li

d: distance

Objective function function

defined in terms of the
weighted sum of distances
between the combined list
and individual lists

w;: optional
importance weight
associated with L;



RAFL: Rank-Aggregation-Based Fault Localization

Goal: Find a combined
list (6*) whose sum of
distances from individual
lists is minimum

6*: ordered list of
length k < | Li| that is as
close as possible to all Li

0: combined
ordered list of
length k< | L]

f(0) =

Objective function
defined in terms of the
weighted sum of distances
between the combined list
and individual lists

L;: i ordered list of
ranked suspicious

statements

=

d: distance
function

™ w.d(5, Li

w;: optional
importance weight
associated with L;



SBIR: Combining SBFL With Blues Using RAFL

<
@%@———-

Spectrum-based FL

Bug report

SBIR

RAFL

RANK AGGREGATION BASED FL

!
]

IR-based FL

Implemented SBIR
(using CE, Spearman’s
footrule distance) to
combine Ochai and
Blues and produce a
combined list of top-
100 suspicious
statements.



Performance of SBIR Compared to SBFL and Blues

815 defects from 17 real-world Java

The number of
defects localized
within the Top-k

The fraction of ranked
statements that must be
inspected until finding a

projects available in Defects4]) v2.0

Higher is better Lower is better
ranked statements T ————+— * Hig hd buggy statement.

(815 defects) o L@k EXAM

k=1 25 50 100 k=25 50 100
SBFL 88 408 475 549 0.287 0240  0.220
Blues 27 184 241 306 0.332 0.300  0.270
SBIR mean 101 419 489 557 0.256 0215  0.187 Coefficient of variation
(10 seeds) stdev | 7.60 501 540 422 0.006 0.006  0.005 _stdev (1 means 10 seeds’

cv | 008 0.01 0.01 0.01 0.023 0.026  0.028 V= hean results are tightly coupled

1. CombineFL (Zou et al., TSE, 2019); 2. NeuralBuglLocator (Gupta et al., NeurIPS, 2019); 3. DeepFL (Li et al., ISSTA, 2019)



Performance of SBIR Compared to SBFL and Blues

815 defects from 17 real-world Java

The number of
defects localized
within the Top-k

The fraction of ranked
statements that must be
inspected until finding a

projects available in Defects4) v2.0

Higher is better Lower is better
ranked statements A — f g " buggy statement.

(815 defects) o hit@k EXAM

k=1 25 50 100 k=25 50 100
SBFL 88 408 475 549 0.287 0240  0.220
Blues 27 184 241 306 0.332 0.300  0.270
SBIR mean 101 419 489 557 0.256 0215  0.187 Coefficient of variation
(10 seeds) stdev | 7.60 501 540 422 0.006 0.006  0.005 . stdev 31 means 10 seeds’

V= — .
cv | 008 0.01 0.01 0.01 0.023 0.026  0.028 mean  results are tightly coupled

SBIR outperforms SBFL and Blues corroborating existing research!?:3

on combining FL techniques.

1. CombineFL (Zou et al., TSE, 2019); 2. NeuralBuglLocator (Gupta et al., NeurIPS, 2019); 3. DeepFL (Li et al., ISSTA, 2019)



Performance of SBIR Compared to the State-Of-The-Art FL

The number of
defects localized
within the Top-k
ranked statements

334 defects from 5 real-world Java

projects available in Defects4) v1.0

) —— * Higher is better ¥ Lower is better The fraction of ranked
(334 defects) T hak EXAM statements that must be
family technique k=1 25 50 100 | k=100 inspected until finding a
SBFL Ochiai 30 168 196 221 0.254 buggy statement.

DStar 32169 199 222 | 0254

MBFL Metallaxis 40 154 175 195 | 0238

MUSE 26 96 104 118 | 0.193

slicing slicing-union 21 87 100 111 0.462

slicing-intersection 18 71 81 91 0.481

slicing-frequency 21 86 100 112 0.458

stack trace stack trace 16 28 28 28 0.663

predicate switching predicate switching 9 24 24 24 0.662

SBIR (RAFL) mean 48 177 207 231 | 0175 Coefficient of variation
(10 seeds) stdev 431 416 292 232 | 0.006 v = SHEV <01 means 10 seeds’
cv 0.09  0.02 001 0.0l 0.034 mean  results are tightly coupled




Performance of SBIR Compared to the State-Of-The-Art FL

The number of
defects localized
within the Top-k

334 defects from 5 real-world Java

projects available in Defects4) v1.0

ranked statements # Higher is better ¥ Lower is better The fraction of ranked
‘\ .
(334 defects) hit@k EXAM statements that must be
family technique k=1 25 50 100 | k=100 inspected until finding a
SBFL Ochiai 30 168 196 221 0.254 buggy statement.

DStar 32 169 199 222 0.254

SBIR outperforms nine state-of-the-art FL techniques by
localizing more defects and ranking buggy statements higher.

stack trace stack trace 16 28 28 28 0.663
predicate switching predicate switching 9 24 24 24 0.662 ‘ o
SBIR (RAFL) mean 48 177 207 231 | 0175 Coefﬁ:t‘ggf]"f variation
(10 seeds) stdev 431 416 292 232 0.006 cv = < 0.1 means 10 seeds’
cv 0.09  0.02 0.0l  0.01 0.034 mean  results are tightly coupled




Performance of SBIR Compared to the Supervised
Combining Method

The number of
defects localized
within the Top-k

815 defects from 17 real-world Java The fraction of

ranked statements
that must be

projects available in Defects4) v2.0

ranked statements _——_ 4 Higher is better & Lower is better flf]S(?eCtedbuntll
Inding a bu
(815 defects) \ Einspect@k EXAMinspect Statimentggy
technique k=1 25 50 100 k=100 Coefficient of variation
SBIR(RankSVM) 50 270 328 396 0.236 cv = ﬂ < 0.1 means 10 seeds’
mean results are tightly coupled
SBIR (RAFL) mean 101 419 489 557 0.187
(10 seeds) stdev 7.60 5.01 5.40 4.22 0.005
cv 0.08 0.01 0.01 0.01 0.027

1. CombineFL (Zou et al., TSE, 2019); 2. Fluccs (Sohn et al., ISSTA, 2017); 3. Trapt (Li et al., OOPSLA, 2017); 4. Savant (Le et al., OOPSLA, 2016);



Performance of SBIR Compared to the Supervised
Combining Method

The number of
defects localized
within the Top-k

815 defects from 17 real-world Java

The fraction of
ranked statements
that must be

projects available in Defects4) v2.0

ranked statements _——_ 4 Higher is better & Lower is better ]!.ns(?eCtedbunt'l
INaing a ou
(815 defects) \ Einspect@k EXAMinspeCt Statimentggy
technique k=1 25 50 100 k=100 Coefficient of variation
SBIR(RankSVM) 50 270 328 396 0.236 cv = ﬂ < 0.1 means 10 seeds’
mean results are tightly coupled
SBIR (RAFL) mean 101 419 489 557 0.187
(10 seeds) stdev 7.60 5.01 5.40 4.22 0.005
cv 0.08 0.01 0.01 0.01 0.027

SBIR using unsupervised RAFL outperforms SBIR using

supervised RankSVM, which is used in many state-of-the-art
combining FL techniques!?34,

1. CombineFL (Zou et al., TSE, 2019); 2. Fluccs (Sohn et al., ISSTA, 2017); 3. Trapt (Li et al., OOPSLA, 2017); 4. Savant (Le et al., OOPSLA, 2016);



Effect of Using SBIR on Repair Performance

395 defects from 6 real-world Java projects
available in Defects4) version < 2.0

SBIR enables repair tools to correctly patch many new defects
without modifying their patch generation algorithmes.

‘ Arja SequenceR | SimFix |
Using SBIR enables APR tools /Chart-12 ) 4 ) 4 I
to correctly repair 7 new Closure-78
defects that 14 existing Closure-86 Closure-86 Closure-68
techniques! couldn’t fix Lang-10 Closure-92

\Lang-ZO Y, \_ Y, \_ )
Using SBIR enables APR tools Lang-7 )
to correctly repair 7 new Lang-10 Closure-68
defects that they couldn’t fix Lang-59 (Uses Closure-92
earlier Math-35 Perfect FL) Closure-126

- J

1. Liu et al., You cannot fix what you cannot find! an investigation of fault localization bias in benchmarking automated program repair systems. ICST 2019.



Effect of Using SBIR on Repair Quality

689 single file edit defects from 17 real-world
Java projects available in Defects4) v2.0

SBIR significantly improves the quality of more FL-sensitive APR tools.

[ Arja ] SequenceR ] SimFix
32 32
208 *‘ﬁ 28 £28
ks 33% 2 8
® 24 @ 24 @ 24
© © ©
E 20 E 20 § 20
216 16 216
g g g
12 12 I 12% 12
8 8 8 8 8 8
g ol 5
0 0 0
Blues SBFL SBIR Blues SBFL SBIR Blues SBFL SBIR

FL sensitivity computed using approach described in: “Liu et al., A critical review on the evaluation of automated program repair systems. Journal of Systems and Software, 171:110817, 2021”



Effect of Using SBIR on Localization Error

689 single file edit defects from 17 real-world

Java projects available in Defects4]) v2.0

[ Arja ][ SequenceR ][ SimFix

localization error assessment

upper bound 36 24 32
l # of defects not correctly patched due to localization error l ¥ Lower is better
SBFL 15 14 2
Blues 21 20 19
SBIR 8 12 2

SBIR lowers the localization error by providing repair tools

an earlier opportunity to patch actual buggy statements.



scan me for paper scan me for artifact

Blues: unsupervised, statement-level FL using bug reports

ranked list of suspicious
program statements

&

[2]53he el Improving b loce suredinfarm

https://github.com/LASER-UMASS/Blues



https://github.com/LASER-UMASS/Blues

scan me for paper scan me for artifact

Blues: unsupervised, statement-level FL using bug reports RAFL: Rank-Aggregation-Based Fault Localization SBIR: combining SBFL with Blues using RAFL

distances individual
K
— «Y m
P J = . _ . _ . .
=REE e =R T - - 67 = argmin f(§) = arg min Zw[d(E,Ll)

IR-based FL

length k £ | Li] that is as
close as possible to all Lt

&

[2]58he el Improving bug lecalzstion using strussured infarmation revrisval, ASE 2043

https://github.com/LASER-UMASS/Blues https://github.com/LASER-UMASS/RAFL https://github.com/LASER-UMASS/SBIR-
ReplicationPackage



https://github.com/LASER-UMASS/Blues
https://github.com/LASER-UMASS/RAFL
https://github.com/LASER-UMASS/SBIR-ReplicationPackage
https://github.com/LASER-UMASS/SBIR-ReplicationPackage

(5.5 A l’@,/

scan me for paper

Blues: unsupervised, statement-level FL using bug reports

ranked list of suspicious
program statements

&

[2]58he el Improving bug lecalzstion using strussured infarmation revrisval, ASE 2043

https://github.com/LASER-UMASS/Blues

Effect of Using SBIR on Repair Performance

395 defects from 6 real-world Java projects
availabl Defects4] version < 2.0

SBIR enables repair tools to correctly patch ma
without modifying their patch generation algorithms.

Using SBIR enables APR tools
to correctly repair 7 new
Gefects that 14 existing
techniques’ couldr'tfix

Arja SeauenceR SimFix
Lang-10

Chart-12
Closure-78
Closure-86 Closure-68
Closure-92
Lang-20
Lang7
Lang-10 " ausme—gg
ses (osure-
Lang-59
Math-35 Perfect FL} Closure-126

Closure-86
1. Liu et al, You cannot fix what you cannot find! an investigatin of faul localization bias in banchmarking automated program rapair systems. ICST 2015,

Using SBIR enables APR tools
to correctly repair 7 new
defects that they couldn’t fix
earlier

(3
3 T
4 )

Contributions{g

Goal: Find 2 combined
list (&) whose sum of
distances from individual
lists is minimum

& ordered list of
length k £ | Li] that is as
close as possible to all Lt

5 combined
ordered list of
length k< | L;|

Lz i ordered list of
ranked suspicious
statements

=

—_ ym P .
f(8) =XiZwd ,LL
& distance
Objective function function
defined in terms of the

wi optional
importance weight
associated with L;

weighted sum of distances
between the combined list
and individual lists

https://github.com/LASER-UMASS/RAFL

Effect of Using SBIR on Repair Quality

689 single file edit defects from 17 real-world

Java projects available in Defects4) v2.0

SBIR significantly improves the quality of more FL-sensitive APR tools

Bis SR S8R e SBFL SR Goe Bl SER

= e g 224
$ou £o £
Bao o o
1 T £1g
L e = g
g g9 g
54 54 g
o o o

FLsansithity computed using 3pprosch dascrivedin: “Liu et al, A itical feview on the 2valuation of SULoMStad program repair systems. Jourmal of syt oftware, 171:110817, 2021

https://manishmotwani3.github.io/

scan me for artifact

SBIR: combining SBFL with Blues using RAFL

<>

&8 = DAFL 2
]

Spectrum-based FL IR-based FL

Implementzd SaIR

{using CE, Spearman’s
footrule distance) to
combine Ochai and

T et e "
combined list of top- "—_-
. —

100 suspicious
statements.

https://github.com/LASER-UMASS/SBIR-

ReplicationPackage

Effect of Using SBIR on Localization Error

689 single file edit defects from 17 real-world
Java projects available in Defects4) v2.0

Aria SequenceR SimFix

Iocalization error assessment
upper bouad 36 24 32
1 #of defects not o Vnecd\ patched due to localization error l & Lower s better

SBIR lowers the localization error by providing repair tools
an earlier opportunity to patch actual buggy statements



https://github.com/LASER-UMASS/Blues
https://github.com/LASER-UMASS/RAFL
https://github.com/LASER-UMASS/SBIR-ReplicationPackage
https://github.com/LASER-UMASS/SBIR-ReplicationPackage
https://manishmotwani3.github.io/
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