48

BIG DATA RESEARCH A#ifE

BFASRNARLEHE
R PE IR S E RS R R

12 12 12 12
L FRRAT RNRE SHEORR, TLI8 Bt 2100235
2. TFRNHr R E R H R S8 = (B RURE) , VL8 m 210023

{3

ES

G434 A doi: 10.11959/j.issn.2096-0271.2021004

Big-data based intelligent bug triage techniques
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Abstract

Bug triage aims to determine the priority and repair measures and is critical in ensuring software trustability. However, in
the increasingly popular open-source projects, due to a large number of defects and lack of organization and management,
it is challenging to triage all the bug reports by hand on time, making big-data based, automated and intelligent bug
triage urgent. An intelligent bug triage technical framework based on industry and academia’s cognition was proposed,
and three key tasks: bug priority classification, bug assignment, and bug reassignment, were identified comprehensively
and systematically. Related technologies for the characteristics of open-source projects were proposed. The preliminary

experiment results show the reasonableness and effectiveness of the above techniques.
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HHEL 7T, R FH SR (A0 P05 0 24 SR A5 dx
JETRRAS, DR FRE AR ST 24 B N B] 1R
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HE LR GRR, MR ER 7R
ha= forward(ha,, his,) (3)

Horr, forward 3R 7RI i A 952 (A I8 R
PR 24 s MEETREEICFIKE; ha), |
RIRE M- 1B 0TS N 5 B AL,
HAE R forwardfi 455 ; his  FIR
FMFEEINF; ha BRI R E WK E =
BERHE RN, TR S RIS E
FHIEZTR, #ha=ha, .

(3) i B RHIE Rl

17 2 AR AIE R 5 K SO R T 2 AR AE L TRR
TG KT S B R RS — R, SEFEHEAT
Je SR, B

h=ht@®ha (4)

Horr, htflhasy B8 3CRE BRHE, IF
KT S B RIE s h R R RS Iy
iE; @R RNFHERLG 0, & P BRI
Go FEAERR G B R 1B W R I PFEE . JTTEH
FEIN . TC 2 [RIFH SR SFH 5y fa FR i Oy ¥ AR
SR AR [m) S AH H 2 M B AR e 2R
(B FE I T ¥, DM LR 35 1 IR AR IR B
Z ] 52 M T AR B T .

M () 5 e, P43 BRELS 75 i 7
() v J2 AR AIE B T B A& 1 5, R 18
TOMAE e R BRI TR TR
Fo KR EE -2 v T 42 i 2 2 58 ik
WS, ATERIR

d = argmax(dense(h)) (5)

Hr, hrmRl G E =2 RHE, densey 4
R, Hoim 4 <5 [F T o A& 1)
H & D|; argmax 3 7R W £ M B 5 1Y

HEE ; dFRIEE UL E 5.

PP B YN 2L F0 P A 4o
YIZER 43, KO EPRIC IR i B e R 2 K
FARVE RN, X Eedh fE i B S E L
B E N THUE R EEE, JFr B
PENEISYY Y & =R SIS it i
5 S [F A RO 2R, 58 OB RL I 25 o
W EB 43, oy AT A Bk i 2, DAK PR
1B B R Ge P A B T A B IE Bl sk, WA
REIEF ST R E .

EHF T oh—LSTMp (one—hot LSTM
with pooling) BISZILT B IR B E 73R TT 2
DeepTriage, FHE K AT EEIN T H A E
i R AR RN 2, IFia e T 2 AP ARHIE
G TT IR G5 5

T B UETT R A R0, s BT I
HEclipse. Netbeans. Mozilla. Redhat
VB 5236 0 52, K ol B 41 45 2 HEC R () HE
F, 33 N1 1y, B BT n A 1 S )1
A Fn+UnE RIS, H£3ET10%
S, FEXF LIS R i A #4577
ESVMEN | Yang &5 A KL T 32 s Y
A e R 1 Uy R AR (DU TS
HYang) . TopicMiner M T MZOE K %l H
J7 ks EHBGERIEE (accuracy) RN TEAL
feRo

LT IF A5 BRI 5k B 4 IR O
DeepTriagef Top-1HEMZEILE2, 20
RN I B A SR 0 G, A 7] 36 7 126 B
AIRFEE T ¥, S8 25 5 R, SO0 e Bk
F, DeepTriageff) Top- 1M AER S

®R2 BEFAXBERENVRIEDIRDER Top-1 ERE

SLIG IS G SVM Yang TopicMinerMTM DeepTriage
Eclipse 28.05% 32.12% 36.89% 41.66%

Netbeans 29.32% 35.29% 42.37% 49.30%
Mozilla 20.43% 26.06% 29.04% 32.32%
Redhat 22.76% 39.83% 45.91% 48.58%
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BUH A RS T, SR SE R T B
FE T A A R T 1SL 58 il ik B 2 52
1, SO R B FE IR T3 95 B B AL
MOHE.

4.3 BTHRBFEHXRBHRIEES TR
hiE

5k B3 T 43R 1 A A AR 7 B AR B 5T
TERF R, T ETTRE . NAT
I B A3 URAE 55, 5 B P A IR A0 S RS A%
B Htos(F A, tosHH EEE M A& B
FLA T 5 1 4 R KT, S Az B HoAh I R
TG AT R 2 (A A5 o< 22 F
TEEA e R, HEMMAF ST E R
FHFHDIRMES Nk, EFRHT— 5
Tt ds . b ds (encoder—decoder) 4
TR0y ki Triage K fi ok B ald, DL
[F] P AL e B i £ SR B IR S T R 2 (W]
HIEIER R,

AR TT P A AR B AL I A
tosHAS N R AL I RE , TSR TIT K35 1A 11
G s G BT B BE P IR I, o
FH M A1 2 A5 B AR BT AS | A% 32 7 A1) 1Y
WRAE, J 45 & T0 BOHE 47 AE 2 1] 7900 A 2¢
MDA TR o 1 ok Rl 50 7 X R B A%
B R AR, BT R A HIR, A
THRE PG SIRWER R, L EFHE
AR BRI AR B G R rbr . BhfE RS
(238 7 Bl tos, TRl ZRTE 4 LS, (#1753
S(br,tos)=d€ D, HH, DFE/RIFIIHIT
RAE LS tosRIRMBRPETE AL E 1A,
HE—DNRENTERE LR T,
KT EUEE LG, tosHia T A& #H £
IRSEHE B R AT 75 IR A Gk
fe, MR TCEE e B E iR E, WE
T EAR E AR TR IR E

BT IR 355 ok 2R I R B IR T
E TR AR BT 7R . BAKT F, A145

SN OIS 3%, EAR B
IR br R ; Q1% 15 Fr 51 gt i, 5
PR B i o A A e i A, i i T 2R T
HXFEIHREFE R R QIR EH
PRI, 55 G SOARIRHE | A8 3R SRR AT
TCRER AL, LR HT SR A
UM AT IX 3 ER 4 A T RN A

(1) SCAR Gt a

IS i i e SR FH OB T A7 B A 25 0 2%
e A R 6 A 7 SCARARRAIE o DX T B B 43
UK, AL B H A AR R AE RO,
FFIC 5 s [ A B3 J IR AR ALE, AT R
TR
(state,, [htht,, -~ ht,]) = encoder(br) (6)
Horf, br=(r,.t,, .1 ) RN GRFE LS ST
Gt ht IR S M B R AT, X 2
LR I 5 e B MU T3
state K78 58388 e IR ESF A, Hrp
B FOFR TN S g IR IR A

(2) BB B il

3 A7) i i s >R IO B 22 9 s
T o JUAR D 5 A0 AT A 5 Do 5 A AT B P 41
SETUE IR E BL E AR, #3 TR
TR AIAE WIC ZR o 95 j IN 2 o e A T
R, A BB T A TR SCARRRIE . j - 1
IZIBREIRAS L j - INZIW TR TR
AR
(Statej, dj) = decoder(statejfl, [ht,, ht,,--,
ht,l. 4, ) (7)
Horh, state,. d 5 IR/ A ARk
& W THEIFR . state VIR
N gtk s e I i R AR5 ORI IR IR A
XA -2 Ge BT R IR R HIR £ <start>
HITT ¥, AR B B R 1R 22 R i
REEN, BT AR SE WA B
I, BN SR B i 2 A0 3 R Al BE A S
SAGHAEI, IS R — B S, BB
RFFFHNE R AVEFIR E R T <end>,

FE I AR, R SR I R LA
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BOCREHIE . BARTT N s 25/ - 1
N2 B B R A, BT o B SRR AR AR I AL
L, FFIBOR A, AIERIR
c;=attention(state, ,, [ht ht,, =~ ht,]) (8)
Hr, o IR I ZI By SE B B FE R 5 SO |
N ICHRHIE.
(3) FFRFHE YA s
TR E A R FHHE T 4 1B #2210
G377 Hol NELAE 4 N 2 B9 S
IOCRHE . AT R B AR A RIE, AR B
Fea i 2 B PR ST B REAIE . TR
d= recommend(c,state ,m) (9)
Horbr, m3R 7R TCBAR AL, AR (e 1
FRHIIR N Z A T oo BUE A R B A
HR B OR AR, R T AR R N 21 T el
FHAR R TeE A R i m
REA R AL FE YN 25 L S0 7 4 35 0o
YIZRER 43, B VARG Bk B 4 2 K ZCH8 70
B, E IR I 2 4 R 47,
IR SH [ 2, % E AR HIUEITREN
ks, BRI SR AL AE | AR
G0 2 AR OO AR BN SR iEe | 15 3
PSR A i Estate; Hk, HREGTEUE,
FAF BN TR T A m s Fc ), K ST R i
NTFR & WA R, AT A5 3] 9 75 (1 3 72
fEHEE.
EHEFET It ds | fAD B DS
T R IR T i Triage, FE K EE
FE TRl B 2 T A5 TR 38 1 i R AR
RIS R, AN T IR S A AR, 45
B R B T 93Uk B ZI ) SCAR BTN SCREE L %
R AR JTEIR AR, BTN A

TFE#E
R ik
SCAR G
[htla"',ht,\]
ﬁ SCAHFAE
e B SO RRH

FRHEN

| B
Iy | RS |

B5 BEFFREEHXANREEIIRSENIERRE

rEEE.

Y B AUETT ¥R RO, 5 BT IR I
HEclipse, Mozilla, GentoofE A 256
5, R FAREAU 7 (8 14T 56 UEAE A ik 7
W WA SO 2R TT S VMY | BT
FERSIHLE G IR 2 44 DBRNN+A
JrkEy BTSRRI M 45 1 T CNN
Triager®WERXf 77 i BUfEMH R E
REEAEFERR

FET IR S W O< ZR BB 3 IR T
WiTriagef Top-1HEWIZE RS, INAFRR
SEEG NG, BRI R R T . R4, SREE
HE— 2P 5 UE T B B T 4 IR A T 19 43 IR
HEWRZE, iTriage@]1 TR HE—IR T IRAT T
MHERGZ, iTriage@?2. iTriage@355 5
FRFE IR HE IR IR (RIS IR
HEUR) MR EE, LI 45 R R,
iTriagef— IR IR M AN R E A T
AT, R THIERENAEH R RE
A B BAERE S EE—Ik. & kT
SYURH, WERRSRAGE 8T, R TR

&3 BTFARBEMXANREGEDIRIIER Top-1 AR

SLIGN G SVM DBRNN+A CNN Triager iTriage@1 iTriage@?2 iTriage@3
Eclipse 28.06% 28.71% 28.92% 47.86% 54.15% 62.33%
Mozilla 20.43% 20.74% 20.83% 37.31% 42.31% 44.68%
Gentoo 22.76% 24.71% 24.99% 48.58% 56.33% 58.58%
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B i e AR T TR B A SR 5 S A R
P, RSO BB IR T R A R
LA

5 £FiE

AR TN B A B P AR T
BORMIMEDR, 456 TR H I A, FERIH
S BRGSO EAN S, & T
GRIE £ STHIAR AR B 5 A, 150 i i T
T 34 S B T 5542 tH T AH Y (1 F S AL 5L
AR BT R o ST Bk B 4 e Ot
T O ¥ BT OT R E i B A BB
URTT T I35 A5 M 5% 25 10 Bk 5
IIIRTT e

T T PP 00 Y 5t B i o TR B A
o TR B B P 0 IR B2 AR B T 5 H 2 4
ML, TS AT V2 1] 78 5 S SN A B 4347 A0
TS, e s 1 35 o 8 e e o Y A )
Som Ay, AR FEE -5 sk FE A S AAC
(BRI AP SR EI SNV &= na RIS 3/
[RT T $i v B TR ROV A R 45

SENM:

[1] XIE T, ZHANG L, XIAO X, et al.
Cooperative software testing and analysis:
advances and challenges|[J]. Journal of
Computer Science & Technology, 2014,
29(4): 713-723.

[2] GUO P J, ZIMMERMANN T, NAGAPPAN
N, et al. Characterizing and predicting
which bugs get fixed: an empirical study
of Microsoft Windows[C]//The 32nd ACM/
[EEE International Conference on Software
Engineering. [S.l.:s.n.], 2010: 495-504.

[3] JEONG G, KIM S, ZIMMERMANN T.
Improving bug triage with bug tossing

graphs[C]//The 7th Joint Meeting of

the European Software Engineering
Conference and the ACM SIGSOFT
Symposium on the Foundations of
Software Engineering. New York: ACM
Press, 2009: 111-120.

[4 7ZOU W, LO D, CHEN Z, et al. How
practitioners perceive automated bug
report management techniques[J]. IEEE
Transactions on Software Engineering,
2020, 46: 836-862.

[5] ALENEZI M, BANITAAN S. Bug
reports prioritization: which features
and classifier to use?[C]//2013 12th
International Conference on Machine
Learning and Applications. Piscataway:
IEEE Press, 2013: 112-116.

[6] SAHA R K, KHURSHID S, PERRY
D E. Understanding the triaging and
fixing processes of long lived bugs[J].
Information and Software Technology,
2015, 65(C).

[71 PODGURSKI A, LEON D, FRANCIS P,
et al. Automated support for classifying
software failure reports[C]//The 25th
International Conference on Software
Engineering. Piscataway: IEEE Press,
2003: 465-475.

8] KANWAL J, MAQBOOL O. Bug
prioritization to facilitate bug report
triage[J]. Journal of Computer Science
and Technology, 2012, 27(2): 397-412.

[9] TIAN Y, LO D, SUN C. Drone: predicting
priority of reported bugs by multi—factor
analysis[C]//2013 IEEE International
Conference on Software Maintenance.
Piscataway: IEEE Press, 2013: 200-2009.

[10] UMER Q, LIU H, SULTAN Y. Emotion
based automated priority prediction for
bug reports[J]. IEEE Access, 2018, 6:
35743-35752.

[11] UMER Q, LIU H, ILLAHI I. CNN-based
automatic prioritization of bug reports[J].
IEEE Transactions on Reliability,
2019(99): 1-14.

[12] VALDIVIA-GARCIA H, SHIHAB E.



TOPIC @&

61

Characterizing and predicting blocking
bugs in open source projects[C]//The 11th
Working Conference on Mining Software
Repositories. New York: ACM Press, 2014:
72-81.

[13] JIANG Y, LU P, SU X, et al. LTRWES: a
new framework for security bug report
detection[J]. Information and Software
Technology, 2020, 124: 106314.

[14] YANG X L, LO D, XIA X, et al. High—

impact bug report identification with

imbalanced learning strategies[J]. Journal
of Computer Science and Technology,

2017, 32(1): 181-198.

REN H, LI'Y, CHEN L. An empirical study

on critical blocking bugs[C]//The 28th

[156

International Conference on Program

Comprehension. New York: ACM Press,

2020.
[16] MURPHY G, CUBRANIC D. Automatic
bug triage using text categorization[C]//
The 16th International Conference on
Software Engineering & Knowledge
Engineering. [S.l.:s.n.], 2004: 1-6.
ANVIK J, HIEW L, MURPHY G C.
Who should fix this bug?[C]//The 28th

International Conference on Software

[17

Engineering. New York: ACM Press,
2006: 361-370.

[18] TAMRAWI A, NGUYEN T T, AL-
KOFAHI J M, et al. Fuzzy set and cache—
based approach for bug triaging[C]//The
19th ACM SIGSOFT Symposium and the
13th European Conference on Foundations
of Software Engineering. New York: ACM
Press, 2011: 365-375.

[19] YANG G, ZHANG T, LEE B. Towards
semi—automatic bug triage and severity
prediction based on topic model and multi—
feature of bug reports[C]//IEEE Computer
Software & Applications Conference.
Piscataway: IEEE Press, 2014.

[20] XTA X, LO D, DING Y, et al. Improving
automated bug triaging with specialized topic
model[J]. IEEE Transactions on Software

Engineering, 2016, 43(3): 272—-297.

[21] LEE S R, HEO M J, LEE C G, et al.
Applying deep learning based automatic
bug triager to industrial projects[C]//The
2017 11th Joint Meeting on Foundations
of Software Engineering. New York: ACM
Press, 2017: 926-931.

[22] MANI S, SANKARAN A, ARALIKATTE
R. Deeptriage: exploring the effectiveness
of deep learning for bug triaging[C]//The
ACM India Joint International Conference
on Data Science and Management of Data.
[S.l:s.n], 2019: 171-179.

[23] ALKHAZI B, DISTAST A, ALJEDAANI
W, et al. Learning to rank developers for
bug report assignment[J]. Applied Soft
Computing, 2020, 95: 106667.

[24] ZHANG T, CHEN J, JIANG H, et al. Bug
report enrichment with application of
automated fixer recommendation[C]//
IEEE/ACM International Conference on
Program Comprehension. Piscataway:
IEEE Press, 2017.

[25] SUN X B, ZHOU C, YANG H, et al.
Developer recommendation for software
security bugs[J]. Journal of Software,
2018, 29(8): 2294-2305.

[26] YADAV A, SINGH S K, SURI J S. Ranking
of software developers based on expertise
score for bug triaging[J]. Information and
Software Technology, 2019, 112: 1-17.

[271GUO S, ZHANG X, YANG X, et al.
Developer activity motivated bug triaging:
via convolutional neural network[J]. Neural
Processing Letters, 2020, 51(3): 2589-2606.

[28l BHATTACHARYA P, NEAMTIU 1,
SHELTON C R. Automated, highly—
accurate, bug assignment using machine
learning and tossing graphs[J]. Journal
of Systems and Software, 2012, 85(10):
2275-2292.

[29] WU H R, LIU H'Y, MA Y T. Empirical
study on developer factors affecting
tossing path length of bug reports[J]. IET
Software, 2018, 12(3): 258-270.

[30] XIA X, LO D, SHIHAB E, et al. Automatic,

high accuracy prediction of reopened

2021004-14



62

BIG DATA RESEARCH K&

bugs[J]. Automated Software Engineering,
2015, 22(1): 75-109.
[31] MI Q, KEUNG J, HUO Y, et al. Not all
bug reopens are negative: a case study
on eclipse bug reports[J]. Information &
Software Technology, 2018, 99: 93-97.
BLEI D M, NG A Y, JORDAN M I, et al.
Latent dirichlet allocation[J]. Journal of
Machine Learning Research, 2012, 3(4-5):
993-1022.
[33] ASUNCION A, WELLING M, SMYTH P,

et al. On smoothing and inference for topic

[32

models[J]. arXiv preprint, 2020, arXiv:
1205.2662.

[34] DENTON E, GROSS S, FERGUS R. Semi—
supervised learning with context—conditional
generative adversarial networks[J]. arXiv
preprint, 2016, arXiv:1611.06430.

[35] SALIMANS T, GOODFELLOW I,
ZAREMBA W, et al. Improved techniques
for training gans[C]//Advances in Neural
Information Processing Systems. New
York: ACM Press, 2016: 2234-2242.

[36] SAHA R K, KHURSHID S, PERRY D
E. An empirical study of long lived
bugs[C]//2014 Software Evolution

Week—-IEEE Conference on Software

Maintenance, Reengineering, and Reverse
Engineering (CSMR-WCRE). Piscataway:
IEEE Press, 2014: 144-153.

[37] JOHNSON R, ZHANG T. Supervised and
semi—supervised text categorization using
LSTM for region embeddings[J]. arXiv
preprint, 2016, arXiv:1602.02373.

[381 YANG Z, YANG D, DYER C, et al.
Hierarchical attention networks for
document classification[C]//The 2016
Conference of the North American Chapter
of the Association for Computational
Linguistics: Human Language Technologies.
[S.l:s.n, 2016: 1480-1489.

[39] CHANG C C, LIN C J. LIBSVM: a library
for support vector machines[J]. ACM
Transactions on Intelligent Systems and
Technology, 2011, 2(3).

[40] SUTSKEVER I, VINYALS O, LE Q V.
Sequence to sequence learning with
neural networks[C]//Advances in Neural
Information Processing Systems. New
York: ACM Press, 2014: 3104-3112.

[41] BAHDANAU D, CHO K, BENGIO Y.
Neural machine translation by jointly
learning to align and translate[J]. arXiv

preprint, 2014, arXiv:1409.0473.

(1992- ), 53, TR ARl - SHORRIE AR, FREHIT T D TR S R BT AT ¥

(1975- ), 53, T, MR A RALR A SRR RS RS0, FBRTTET A0 & ALl

£5%/N8

2021004-15



TOPIC @&

63

(1975- ), 55, L, ARSI STHURL 2 SRR R FIBUR, FEITFRITEAMAXRS . DR S
M, BN S5 E

(1963~ ), 3, ik, BROA T ENUR A SHORRESZ, [WHE S0, bbbk, ZEHIFTTN
BRI, BN ST,

K FEEHA: 2020-10-20

BE1EE: X5, xsqg@smail.nju.edu.cn

ESWHE: EHZEE SR RES I E (No.2016 YFB1000800) 5 [HZE ARl #E & BT H (No.61672274, No.61702252) ; {Li
A EEIHT DI E

Foundation Items: The National Key Research and Development Program of China (No.2016YFB1000800), The National Natural
Science Foundation of China (No0.61672274, No.61702252), Collaborative Innovation Center of Novel Software Technology and

Industrialization of Jiangsu Province

2021004-16



	4--# .pdf

