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Bug Report Reformulation Method Based on Topic Consistency Maintenance and Pseudo-
correlation Feedback Library Extension

LIU Wenjie, ZOU Weiqgin, CAl Biyu and CHEN Bingting

College of Computer Science and Technology,Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China

Abstract To enhance the speed of locating software bugs for developers,a set of bug location techniques based on text retrieval
has been proposed. These techniques aim to automatically recommend potentially suspicious code files associated with bug reports
submitted by users. However,due to varying levels of professional expertise among users,the quality of bug reports tends to be
inconsistent. As a result, some low-quality bug reports cannot be successfully located. To improve the quality of those bug re-
ports,it is common to refactor the bug reports. Existing mainstream methods for reformulation, which involve query extension
and query reduction,often face issues such as inconsistent query topics before and after reformulation or the utilization of poor-
quality pseudo-correlation libraries. To address this problem, this paper proposes a bug report reformulation method that focuses
on maintaining topic consistency and extending pseudo-correlation feedback libraries. This method consists of two parts:the query
reduction stage,which aims to maintain topic consistency through combining a concise problem description with keywords extrac-
ted from the text,and the query expansion stage,which involves using various locating tools(Lucene, Bugl.ocator,and Blizzard) to
comprehensively obtain a pseudo-correlation feedback library. From this library,additional keywords for query expansion are ex-
tracted to address the issue of low reformulation quality caused by the inadequacy of the existing pseudo-correlation feedback li-
brary. Ultimately, the outputs of the query reduction and expansion stages are combined to form the reformulated query. Through
experiments conducted on six Java projects,it is discovered that for low-quality bug reports that could not be identified among the
top 10 recommended files using the existing bug location method,21% ~39% of them can be located using the proposed reformu-

lation method,i. e. » Accuracy@10 and MRR@ 10 is 10 % ~16 %. Compared with existing reformulation techniques, the Accuracy@ 10
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and MRR@10 of the proposed reformulation method can improve by 7% ~32% and 2% ~13% ,respectively.
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Table 1 Experimental datasets
Project Queries
Asepctj 328
Lucene 402

Hibernate 594
Openjpa 233
Tomcat 296
Zookeeper 103

4,2 ZIGEH

ARSI A B RE M P LR LA ]

o] R 1 A SR 0 A ) R v P R Al 2

[ R 2« 3 R — 5 O 5 1 2 o) 40 va M g dn T 2

[ R 3+ kT Dh AH G S 158 2 7 JR 14 A 3 7 Jo 2k e A el 2
4.3 ELWIFHIRAE

BT VAL A S5 ik M BE L B AT E A Accuracy @ K,
Mean Reciprocal Rank@ K I Query Effectiveness X 3 /~$§
ok >F A 2 A SC T Ik 0 1 B8 L X S B 2 BT TR AG A
M e (A RS 3 AN TR FE AR Y BRI R I F .

1) Accuracy @ K , 3 7R ¥E 7 %% 3C A %1 2% o HE £ (9 AT £ A
SO B A — A B S R 3R, TOP £ (Y {E Bk, %
IRIZ TR K R Pk REAR AT

2)Mean Reciprocal Rank@ K(MRR@ K) , il & JI ok i &
K2R T 05 T 58 B — A48 AR R PR R 4 58 75 8 I 56 B AT
S5 SCAF A F B TAT 32 388 b e X A A 25 90 A9 BBt 5 S Y HE 2



Computer Science FHEHFIZ  Vol. 51,No. 7.July 2024

o7 T LR B P AT A IR 2

MRR= 1 EQ:‘ 1
_lelrank,

MRR (BB K, 75 3% 07 ¥ 1Y 1 AR AT

3) Query Effectiveness (QE) , & X k2% 1] i& [7] i 25 — 4
BERE SO HES S SR — AN HEZ Y effectiveness 47 BUBAIR , 1X
A ) BT,

(2)

5 XBWHER

5.1 AXRHMEMEM T AR
R T RIE 1, B R R A SCHR M A Bl B AR 4 A
RTESLIGHRAE s . B RR AR SO R 5 Y ATk i
BRI B A T 48 0 s Strict DL K5 AR SO A A IR DR B B
A 2R FF 4 )7 % ACERcomb B SZE6 45 X b, )5
30 ook LA 1) 2 1) 40 T J R AR SC O TR I A R

N 2 P AR SO L A B e A TR X T 6 A
W ML AR 57% ~67% W E M T B RS
BB SCIEHE S A TR TE LA 32 % ~ 42 % 19 T A T B I 4R
10 Bl B SO HE 4 R B L xSl 2 SR R I AR SR Y Y B
e 4 F AL 7 vk BE 5 $ T S0 50 B4 4 Bl R 1 SR
SCHHE

2 BRIGIRE EW A Query Effectiveness $8 b5 - i 45 3
Table 2 Results of bug report reformulation method on query

effectiveness metric

Project Queries QB (QE), (QE),
Improvement Worsening Preserving

Asepctj 328 176(57.0%)  129(41.7%) 4(10.3%)
Lucene 402 244(67.4%)  117(32.3%) 1€0.27%)
Hibernate 594 362(63.3%)  207(36.2%) 3(0.5%)
Openjpa 233 139(62.6%) 81(36.5%) 2(0.9%)
Tomcat 296 187(65.8%) 90(31.7%) 7(2.5%)

Zookeeper 103 62(64.6%) 34(35.4%) 00%)
Total=1956 Avg=63.5% Avg=35.6% Avg=2.4%

inge 3 g FATHE i i B SR 4 T A 7 L £ MRR@
10 fl Accuracy @ 10 #§ #5 L #H [t Baseline Fl Strict Dh K&
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M4 Y e 4 75 A4 5 35 19 Accuracy@10 F1 MRR@10 15
FRAr g 21 % ~39% M 0.1~0. 16, XSeLE BRI T A S
TR T LR T S B AR O R T . LU R
oSG Y Strict J7 7k A SCHR 09 5 6 12 4 S A IR TE Accu-
racy@10 Fl MRR@ 10 WiA~48 45 b4 el LI 79 ~12%
M 2%~5%, )5, %F ACERcomb 77 , A% 3CHT $2 Y i B4
45 F A JT AL Accuracy @10 Fl MRR@ 10 BiA~N$8 47 | 43
BT LA T 17 % ~32% F1 8% ~13%,

X3 BB S E A MRR@10 Fl Accuracy@10 F8 45 I AY 45

Table 3 Results of bug report reformulation method on MRR@10 and Accuracy@ 10 metric
. Baseline ACERcomb Strict Our Method

Project MRR@10  Accuracy@10% MRR@10  Accuracy@10/% MRR@10 Accuracy@10/% MRR@10  Accuracy@10/%
Asepctj 0.03 0 0.02 3.2 0.06 11.0 0.10 20.7

Lucene 0.03 0 0.03 3.6 0.11 23.2 0.16 35.4
Hibernate 0.03 0 0.03 2.8 0.08 14.9 0.12 26.6
Openjpa 0.03 0 0.03 2.7 0.09 19.8 0.14 26.6
Tomcat 0.03 0 0. 04 3.2 0.09 24.3 0.15 32.0
Zookeeper 0. 04 0 0.05 7.3 0.13 26.0 0.15 38.5

4 YR 1 AT LU B X T BuglD i 6272 Bk
et AR B ARG o S B TR A PR AR . AR Stricet
JTEX AT EA, B R A RE A TR,
ACERcomb J5 ¥ BEAT H A4 L 75 38 0 25 10 7 8 A2 0 ) i) 22 5
AR . R 4 YR ) 2 7T LR HL X T BuglD
9202 B BB 5, i B A 00 1 28 TR] A I TP S A AL A
RAF R I8 A 3% AR AR B A H RSO, M Striet AR S B9

AR AT LA B A A A R B T P e A i R, T
M ACERcomb B4 )5 A i) o AT LA B, 24400 46 5 36 £ 3% K
22 W P I AT 25 1 O AU RE R A0 I P BT S n T MR
AL Z T S X T 32 v B9 P79 1) L A SCHR M A e I 41 o S A Oy
AN A B T 0845 50 U5 A2 1) 5 00 4R A i 32— Bk
L%tk B A A A 7 R AR 1T 43 AH IR A G SRR AT LR
T3 S B el ) TR B A B T R B SE AL

F A WIS R EEAG 5 12 X B I 4R o A A 4] 5

Table 4 Examples of bug report reformulation by two different methods

T 1

T2

BuglD:6272

7 E : Hibernate-orm

% % 7] 4 3 : More logging fix ups

¥ 4 ] LK .

% 4 3 1. hibernate-core/src/main/java/ org/hiber-

BuglD:9202

2 1) AL A

nate/id/factory/DefaultldentifierGeneratorFactory. java
Strict: {ix log

ACERcomb:fix log bind collection

parameter type position

Our Method: fix log fix log log name bind cache fix

7 : Hibernate-orm
A 7] AL 4 # . NPE in OneToOneLinkTest on oraclel2¢

Stacktrace:java. lang. NullPointerException at org. hibernate. test. onetoone. link. OneToOneLink-
Test. testOneToOneViaAssociationTable ( OneToOneLinkTest. java: 76) at sun. reflect. Native-
MethodAccessorImpl. invoke0 ( Native Method) Output: 17:20: 44 587INFO Configuration: 709-
HHHO000221: Reading mappings from resource: org/hibernate/test/onetoone/link/Person. hbm.
xml17:20:44907 DEBUG SQL:104-drop sequence hibernate_sequence

18 & X :core/src/test/java/ org/hibernate/test/onetoone/ link/ OneToOnelLinkTest. java

Strict: person acquire alb node employe debug info walker sun reflet

ACERcomb:npe one one link test oralce stacktrace null point exception hibernate test one one link

one one link test test one one via association table one one::*++*name test queue remove entry

Our Method:npe one one link test oracle node employe factory join jdbc sql debug drop hibernate

table link factory connect driver jdbc
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Table 6 Results of query reduction strategy with topic consistency maintenance on MRR@10 and Accuracy@10

_— Summary Keyword10( TextRank) KQYW:;T;T;ZIRMO
MRR@10  Accuracy@10/% MRR@10 Accuracy@10/% MRR@10 Accuracy@10/%
Asepctj 0.09 15.9 0.07 14.6 0.08 18.8
Lucene 0.17 30. 4 0.12 27.6 0.18 35. 1
Hibernate 0.13 22.9 0.08 17.8 0.13 26. 2
Openjpa 0.09 20. 3 0.11 21.2 0.13 25.7
Tomecat 0.12 26. 8 0.12 26. 4 0.15 31.0
Zookeeper 0.19 31.3 0.12 32.3 0.17 10. 6
25 b TR A 32— P A A ) 4R U VR R L B # 7 Buglocator fll Blizzard ¥ Lucene J5 i B9 B P 45 R
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Table 8 Results of pseudo-correlation feedback-based query

expansion strategies on MRR@10 and Accuracy@ 10

Keyword5
Keyword5
(Lucene+ BuglLocator-

Project (LuceneCodeRank) Blizzard+ CodeRank)
MRR@10 Accuracy@10/% MRR@10 Accuracy@10/%
Asepctj 0.020 3.2 0.029 3.6
Lucene 0.031 3.6 0.032 3.6
Hibernate 0.028 2.8 0.033 4.5
Openjpa 0.028 2.7 0.031 3.2
Tomecat 0.036 3.2 0.041 5.6
Zookeeper 0. 050 7.3 0. 056 15.6
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