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Bug Triaging Approach Based on Recurrent Neural Networks
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Abstract: With the increasing size of open source software projects, assigning suitable developers for bug reports (i.e., bug triaging) is
becoming more and more difficult. Moreover, the efficiency of bug repairing will likely be reduced if the bugs are assigned to
inappropriate developers. Therefore, it is necessary to provide an automatic bug triaging technique for the project managers to better
assign bug reports. Existing work for this task mainly focuses on analyzing the text and metadata in bug reports to characterize the
relationships between developers and bug reports, while the active level of developers is largely ignored. A shortcoming of these methods
is that they may lead to poor performance when developers with different active levels have similar characteristics. This paper proposes a
learning model named DeepTriage based on the recurrent neural networks. On the one hand, the ordered natural language text in bug
reports is mapped into high-level features by a bidirectional RNN. On the other hand, developer’s active level is extracted and

transformed into high-level features through a single directional RNN. Then, the features of text and developer’s active level are
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combined and learned from bug reports with known fixers. Experimental results on four different open-source data sets (e.g., Eclipse)
show that DeepTriage has significantly improved the accuracy of bug triaging compared with existing work.

Key words: bug triaging; recurrent neural network; deep learning

KIS RAE T H 5 5 Al B A8 i R 4 (bug tracking system), SEFEIBEE R BEA NN A IR T — N
ot 1) SR T A R R L RN A i B T AT HL R W U O R TR Y A S e R T AR T
T IR AL TR B CA A 6, D 3R AR 1 4E 5 42408 T 8 R 2 17, Bugzilla. JIRA . mantis 55— R 51 6 fE 1B R R H#
BE TR .

23 R B AR R AT B R IR R R RN BN B (R T R I B DT ) N Bk B AR L O
OB PEAE I TT A SR — A A R BE IR 5 15 8 TT 38 I 1L R 0% b kB 23 IR (bug triaging) AR T, Bk BE 23 IR 2
IR 3 R IR 0 8 S e ORI R OR W R i B R T B AR 22 A Eclipse I0H PB4 R R
91 Bk FEH & . i Redhat T H &4 222 2 2 (FERR 1) 55—y, KRIH (WA R 54 a4 7 2 K=
(¥ JF & # %t T Eclipse,Mozilla il H . f7 B1d 1 800 4 JF & # 2 15 B b 15 52 1 T AE U g 3Ry N R EAT B
I3 UK, TG B 23 11 FE R HE 1IN 18] A0 N 7 B

Table 1 Number of bug reports in large project
F 1 ORMIUH i SR BE i S
i H 44 %% JE IR [] (4F) e B AL 5 PR B 5 B (R)

Eclipse 15(2002~) 500 000 91
Netbeans 16(2001~) 270 000 46
Mozilla 19(1998~) 1380 000 198
Redhat 16(2001~) 1300 000 222

Uik T AR 2017 4F 6 4 AT I H (R Bk B o5 Bk DL R I
K LA 1 38 RS 0 AR Sk o A o B

T R — ) 8, [ BB 2 IR NS T AR B B o IR e 2% ) P s B, B B BT I i AR
F I R A A AT B R 5 o 00 SCAR B 2 — TR I A D, SR [2,3] 55 18 T Jh) o 2 ) A A
(vector space model)3e R B &, J B BB 4 2 10 SCAS Ho i 28 7 D B R B0 1) i SCRR[1,4, 513 AR T T
A L) P B ] A SO I H IO K SO R R O AR AN TR T BT 1 43 A 1 . 5 A BB AR 4 A A A A
P T AT 0 70 B0 A5 I, A —Ph o0 B0 20 o] 00 A i B3R 5 (0 — ANy B B = i PR HRE R &K
A, PSS B I BT DL R R SR AT W B R I I 4 2 1 U7 SO B SCHR[1LATR T Ik 24 gk
B T B BhERE TR R R

SR, E 1T BB 2 IR B AR AR AP ARG — 8 TN L, BRI AE 4 R LA J7 T 8 58, A B o 5 1
SCEE TR A T S 70 3R 2 TR R AH LR, T 3R T KT TR AS [R] 2 S 8800 AS 2 SCIRAR 44,0 BA 1) Bk B 23 IR 5 v 48
WA 2 R ] IR IR AR I8 R, O AR K 2 2006 1 0 JF R 38 6 B B2 1) 25 18, A 7 Sk L A AR VR AE 1) FF R # 1E
ATH IS IR T I KDL 2. 6 1 JB2n T Eclipse il B H Il — A~ FL 52 &4, Xenos Al Stephan /& ¥ 4 FF & #,
PAMA JIDT MKW EREZIL3% 4,294 IDT HS<H S IR & B ok i 8 % X LUE Bl Xenos I8
Stephan 14 53 M %% Xenos F1 Stephan 16 52 7 52 AT LR BLFE 2016 4E 6 F t4i)~7 H vy, Stephan AFRE EX T H.
BET 24 IDT WERETAE R 9 H~10 H,Xenos T 5 A0 BR. A 1, — AN R0 6k B 40 YR 7 V27T BAAE 6 J1~7
H ¥ IDT 40U K [ 43 IR %5 Stephan, il 9 H~10 H N 43Jk4%: Xenos.

Zr IR 1) B A SCHR T — T 2 SR A R R RS IR E BB 43 UK 5 7 DeepTriage.

o WS T SCA I I 4 L DeepTriage A T 801 41 P18 190 2% &5 £ i Ak 1) 75 2 oh-2LSTMp!®)i%

JVE R AN B AR TE & SCAR P B J 24 AE, 97 BLAE SCAR /S ) B A5 31 T 8 R IR
o LUK FRATTHLER BT e AE A R 18] X 10) 3 35 A ] A6 B R (B X 30 H 6 B 18 1) 2 SRR B Z200)).
LT SO B AR SR AE LARE— 25 % 0 45 38 118 52 8 I B B 4R 15 A8 o T b S TG R 1R R 0 BE AR
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S 0B Sk B RE 6 21— 52 A RS B A ]2 T LA 125 18 \DeepTriage WSCAR I3 2 it T T R H 1B 2
T 290 53, IR A 20 SR A N B B i) A7 A 2 9 2% v DUAS B T R 3 0 R 1 i R AR AR A
o IxJri,DeepTriage H5 P12 R AL BEAT il & BN 21 73 S8 3% rpy S [0S 38 548 08 s B 4 & 1) O o ik

AT T

496237 IDT Debug sarlka.sinha 202214 1OT Core  register.eclipse

496482 DT Core  markus_keller 5 50 10T Core | sxenos

496545 0T Core | stephan.herrmann 502271 JOT Core Olivier_Thomann

426574 JOT Core | stephan.herrmann 292277 JOT Core | sxencs

498879 0T Core | stephan.herrmann 502350 10T Core register.eclipse

496591 JOT Core register.eclipse 502635 10T Core | sxenos

4965896 JDT Core | stephan.herrmann S02655 1DT Core | sxenos

496675 JOT Core | stephan.herrmann 202701 20T Core | $xenos

496542 I1OT Core | stephan.herrmann 502843 10T Text b.michael

497044 10T Core | sxenos 502871 OT Core  register.eclipse

497144 JDT ul register.eclipse S02884 IDT Core | sxenos

497168 JOT Core | sxenos 202999 JOT Core | sxenos

457218 10T Core  jarthana 503118 JOT Core  sasikanth.bharadwaj

437239 DT Core 503149 IOT  Core | sxenos

497245 DT Core mateusz. matela EG34814 I0OT Core | sxenos

497355 JOT Core | sxenos 504003 JDT Core | sxenos

407368 10T ur noopur_gupta 204031 JDT Core

Gaii AT [ e st S e Ty 204040 JOT Core  Lars.\Vogel

437518 IDT Core | sxenos 5040465 6T Core jarthana

497003 JOT core 504473 10T Core | SXenos

497698 JOT Core  register.eclipse 204502 0T Core | $xenos

497719 DT Core  manpalat 204575 10T v ma.becker

497879 DT Core saslkanth.bharadwaj 504657 I1OT ut ma.becker

497945 JDT Debug sarika.sinha 505318 0T Core | sxXenos

497996 JOT Core | sxenos 505319 10T Core | sxenos

498084 1OT Core register.eclipse 203321 JOT Core | sxenos

498113 DT Core 505608 I1OT Text  daniel_megert
2016.6.16 ~2016.7.19 2016.9.26 ~2016.10.10

Fig.1 Developers’ active levels may be different during different periods in the same domain
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X F X EEJ5V:(SVM. Yang. TopicMinerMTM), 73 BIE T T 17.82%,9.64%F01 4.4%.
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o KM oh-2LSTMp )7 23 SCAIEAT R AE HlE 5l B 40 35 (K SCAR MR R - 1 R0 5 il s i) I A AE 3
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R ] 7.

o HEH TN IF R KR R R A A R L, BUIE I B B AR P 2 DUR O e B3 1 T R R
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1 JSAEFH R 23] S0 B 4R 45 1 SOAR AT U0 A o T 2 1) A 8350 4, 7 45 2 O 2 v A4S 3 T A8 5 A, e B b 2
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HZMIRR TFRE TS S R b P (0 47 €0, BUR 454 10 B RIS RS . S 585545 5, DUIRTS T I 1) 45 2R
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Cubrani¢ 25 A\ 9 se42 7 0A 210 7 R, 3 228 ] Naive Bayes(FM25 UL 397) 5 v Anvik 268 A WIHE SC
Ay HAE E22 T Naive Bayes. SVMGZHFFII B C4.8(— Tl vk e b 73k ) R fiff v iX — ) {1 Tamrawi 45
ANAR T Bugzie, K I HOMI SR R & & 224710 J7 " Naguib 25 A48T E 5458 LDA, 76 002 1) b
BB R S 5 I R WAL, I HLAR I & 00 D0 SEAT i R 23 TF 8 1) i €0, 3 () ol Ay e B i o5 HE 37 T R
Yang 25 ANVMBAf T 5 U, DLAR A BB AR 15 10 32 00 A Xia 25 NV T TopicMinerMTM #5571 7F LDA
R At N T A R A0 R B S 1 2 AR A (R R ST S e B ) e, AR A B B ) A R A A
TN A Z AR T SCA A R F SR T Ok G 0d@ IR U, 75 R T SO ) B I ) O R T 4 2 Y 4% 1)
A SCAAE B RHE, B 4 T B S TF R 8 IR

A8 DA ) T A Ap 0 30 th 4 8 AE B B 2 R Y. Yang %5 A5 i Se 4l LDA e B i 4 75
) 2 R, e A FH o B A5 B s 5 2 T SRS 0 5 A — B e B R o F A — B0 R 4R R A A AL
BB A, T T3 S A ABL ) ol B A0 o5 M 4 38 IO JF R 1B Xia S5 A TAEM M2 H T TopicMinerMTM, 7E 3k
AR 5 1 32 S BT T R A 2 T O R R S R A 1 LA, AR e B N 3 U S 3 R T
R Yang 177 i 1o 3 A 2 R Ak 2, T e S T N A I T R I B LA 2 AL O R Xia
W JTETE 2 % TF R F A A BLEE ) I 00 ) T bRk & P IRG T B B B il P EEm 2 MIT R B (B EHE
BN, o 7 B B A ). A SC R T R4 tH T T R 1 R B R & 78 22 44 T R R D A A I 48T 1) T B T
B VE R I T 8 AN RE % 35 B X 43 68 00 AT I I 3 1T B B 1 SR S L i 55 Bk PR 4R 45

TG EAIE S Al HARAE R AT B 36k B 73Uk A% 128 K] (tossing - graph)$ifiid T 4107 R & L& E S,
Kt ol B 1R A A 336 4 A O R 0 17 P Jeong A5 A P A5 33 11, LA AL 43 Uk 14 1 %) Bhattacharya %5 A 7E
Jeong 25 N\ FFER T BEAT U0 A0, T 3L 20 M7 4 75 22 8 M ) A4 32 B 1k — 2D A db T 3 4 IDSL IR — 4 T4, 4%
A T I H FARE R AR AT B I £y VRl I AR T B R A A B IR R — AR R A IR ) R S
PEAT A . ARG TERE, LAR B A3 1 T e 5 11T S A 0 A e A £ A B A R S TS A 1 G I
SIREER.

2 Fa&FIR

2.1 RN ML

PEIAPPZ M 4% (recurrent neural networks, K RNN)JE % [ ] H T4 227 51 40 (1938 5 2% SRR T K 3l ot 5 %
25 E TS S (B AR TR 1,1 RNN 58— IR Ba & JE i 845 A5 U A AN LR E— IR B 3 J2 4
SAH G T8 X b 7772, RNN R T 5 45 SRAT B4 T 3042 2 107 JLIR &5 S HF R

RNN ;& A 7EA 7 s B gb AT 2% S e v, {82 RNN (45 f w7 e H Re T BE B 100 9 B Z10 (0 12 58
R 2T 0T B A 375 AR I AT A AZ 8 A RO (n 1] 2 B 7). K S 3913 42 M 4% (long short-term memory, {& #X LSTM)!®
FERLJE — B RNN A 44 308 3 B 53 2% 1) 45 ) SR B S ST A0S Tn) 0, LR U7 TR I 17 22 i TR 1) 74 L R ) 0
Sy 15 1] (forget gate). %A\ T ] (input gate) FI%T H 1] (output gate)ix 3 253X 48[ 1§47 T B 5% J, A IR )10 420K 76
R A N DU R T 5 R T P R TR A R AS R BT o AR 1 G R SE P LSTM BB B N A%
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l

[ sR ]

intersection lambda type incorrect

Fig.3 oh-2LSTMp structure®
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A T R AR ) A A ] S B L BORT e R I 1 R A R R D TR RO S A e T A A
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3 E-TEIRHHLE M 45 B R B 53 R

3.1 AEHEZR
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Fig.4 Overall workflow of DeepTriage
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Fig.5 DeepTriage structure
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2 Tr RN EHE S, D Ron F R B R G T 58 & Ik b &, UL t R 7m HSCARRRIE, hs 7R 24T I

ZITT R FGEN T FVRAE R T IF R # d @& LVF4 e 5
S(t,hs,d)=Wq(tehs)+bg (1)

Iorp e CR AL Bl B 34, B AR 2 ARG U7 2N Wy O — AT B ) &by b — AN 8 SUE, T B O BT S 5050
TR AR, EAAE 4 Wy A1 by,

DA by BEAith, T s SOME2E R 4

exp(S(t,hs,d))

zd,eDexp(S(t, hs,d"))

P(y=d|t,hs)= 2)

BTN ) B b ek Ecn ke
J=) . —logP(d]t,hs) ©)

BRI % 0o AE T SUARRFAE t KT 35 05 BR EE R AE hs (R34 5 7 20 AR ST FH A A 26 I 4% 23 0k 79 P o A 6 AT
FEC LA 3, LA X0 76 EA A1 28 000 2% il B SCARARR AL, LA S 1) 8 B ot 22 00 2% 41l B R 2 17 K P88 R A

T PR AR O BEAS JZ IR AT A 4.
3.3 WIANERE

FRAE RN T R T 309275770 oh-2LSTMp B A 77 20, T db, 17 s 48 52 90 5% BAR AN J2& SCA R 3L 45
— TR R )R 43 AL F BB 4% 7 90 i SO A BRI J 2R 7 S48 S8 3 A5 B AR TS O T % J i 24
i N A0 20 190 28 e T DL RN 10 5 3 R — A S 0 g 15200t R DR — A S 1 5 5K e T R A
SCAKEER R A P L BE Y 4 N 7 2R 30 B I I DR SR A R 1 T O R G R AT N R
A K AZFE 0 B 1 FPIRAS m ko K AR IEAT G b, I HAEAT B, S U 1 A7 2% L i Eclipse 11 H
w5 496596 ¥k AR 7 (1 AR K “intersection lambda type incorrect”, i BRI K A {“java”, “incorrect”,
“intersection”,“lambda”,“type”} , B4 % 1) ) — 7 A 25 v] LR 7R A

x=[[00100],[00010],[00001],[01000]].

FF R W 4 fid 7 2R SCASAH ), OB R
3.4 FHEHEZE

1 ERFAE B O T AR SR N S (LA R RTS8 RNIN) 7 2K, 9028 75 & i N5 2 A0 P Rk A TR 2R 8L
RNN.UIE 6 B, 26 A0 kg SCAS i 2 FEAE A3 5 340 00k 335 K 258 v 2 R P R =K. AR 43 P 43> 136 1.

[ o ][ mae ]

A

Fig.6 High-Level feature extraction
Bl 6 )2k f

SCAS AR S U ] T SCER[6] T B Y A T VE oh-2LSTMp. &l i F J2 B R T 2 o Bin], 1 7 BSE TE %
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Fig.7 Top-1 and Top-5 accuracies compared with baseline approaches
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Fig.8 Top-1 and Top-5 accuracies for ten-fold experimentation
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