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A Convolutional Neural Network Based Learning Approach for Bug Triaging
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Abstract Due to the unavoidable bugs appearing in the most of the software systems, bug resolution has become one of the most
important activities in software maintenance. To decrease the time cost in manual work, text classification techniques are applied to
automatic bug triaging. In this paper, we present a new automatic bug triaging approach which is based on convolution neural network,
namely, (BT-WCNN). Firstly, the word vector representation of the text features in bug report is carried out by using Word2vec method.
Then, the convolution neural network is combined with batch normalization, pooling and full connection approach to learn from the word
vector representation of bug report with known fixers. We empirically investigate the accuracy of automatic bug triaging on three large
open source projects, namely Eclipse, Mozilla and NetBeans. The results show that our approach can effectively improve the accuracy of
automatic bug triaging.
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Fig. 1 The Overall Workflow of BT-WCNN

TEZRREY, FATE S MR A6 ) SRR i
BEERGPBCERNER: CREE A
W, KR FZBEEIRSIBEENR.
Bl J X Lk R a6 A5 SR T IR oy KA (BT
WONND (ISR %dfE . 1 %% BT-WONN A )B4 o5
T FRASE H S 3 SCAAE B AT SUAR TR BE .
. FfE. i1 TFAk. Word2Vec, 04—
st BRI — AN SORFERE o B 5K X 28 SRS
MENIZRBIBRM Mg i, FEB R I 2%
BRI, SRR A B 4 R v R AR AE, S
53N MR AE (bR 208 1 B B 2 I 26 1 )11 45
SRR AT . FE TR B, 25 & — T
PSR g i 5 B, oH LA N B 2 o (5 AT LA )
— AN ZEREIR S B R A
3.2 FRBEIR 5 TAL ERAEIR

B2 — ANPGRS BRI, FRE AR
LU —ANRFORIRA G S AR EIFR
N R X AN 2 B (45 B RAR X B . XA
e AL XL B B L RR RO VE AR A

A IR 30 0 SR B O HEAR IO BAT (5 B X T Bk
e SO B B A AR A A
ANERMIYERE, TR, P R BRI R 5 SO
Bt — M ER R4 . X BRI SR
TALHET7 12 (BOW) REAE — EFESE L yi e 1 IX A~ i)
B, DT AL SR R IR SO
TRAL L B4R -

GNA e i A R AT R A R BRI A 75 1R S
KRG B — A S . B
T e T A TR IS, bs fALE 5,
B R IX A5 5 00 73 FAL ST STk SRS A
KG FRFEB NG T8

FAFH: BRBGIR S SO BB i
W @A AR FHARIE AR A )
To FEGRBER S HISCAT, — X HRIRAE S5 o 0T
BRI 2 A B B, o
“the” . “in” Ml “that” o iXLL{aJ A7 % Hh
H B 2 ad PR R A P i M, AT AN 43 2B 5
FPERE ST . Rk, fE RIS SR,



S HLE: —MET RS WL B 6t GRE 587 &

BB 5 A

R T I E K SRR R
— MBI RIERRNER. EERES
AR AR A 2 A A R R IE . Fan:
“computerized” , “computerize” , “computa
tion” #EAMEMIEAEAS “computer” o K
IMf#EF Porter stemmer [14] J7 k¥4~ 5
BN EATE .

Word2Vec: Jy 1 Riial T4 Ja il Am A £l
e L AT o Ay =Y SR B M 2 9 A o ]
. — A D (One-Hot) 2&—FhA 3 i) %
15770013, 15, 16].{H&Z, HT—hrf %4
Gib ERENLIY, XS EE R T RICZ 1S
B b, B TRNEERR, WAk A i
X R ) A g — AN FERE RIS, A XA
T RE b e A . AT Word2Vec W]

LA BUR YL IX A 0] #. Word2Vec @I il 2k m] A
(a) BRERAE

BRI

d=200

Creating
New
Report
Fails
or
Causes

(b) L

Exception

AR AR B — A i e i ok, —
ANGRBE R A2 B 22 A1) ) B B ) 4R R, X
AR E TR BN UER, N TR
e ERNSEE, RATEL BT E W 2SR R A
Bl 75 19 SCAHFAE . bh e Eclipse %5 N
212801 ) ok B 4 75 FO AR /& “ Creating new
report fails or causes exception” , AB4 1%
B B e 5 B B R ) B ) AL W0 R T ORT R
(Word2vec 4EFERN 5) -

Creating -0.0086 0.0205 0.0115 0.0859 0.0628

new 0.0216 -0.0401 -0.0611 -0.0838 0.0611
report 0.0746 -0.0836 0.0728 -0.0014 0.0150
fails |=|-0.0518 -0.0978 -0.0782 -0.0807 -0.0230
or 0.0482  0.0948 -0.0947 0.0840 0.0614

causes 0.0770  0.0004 0.0197 -0.0396 -0.0174
exception | |-0.0126 -0.0067 —-0.0720 0.0725  0.0604

3.3 HIAHZ M LEIRER
BREEAR S IR B B bR R A ET R B R S B
A E I R ASCHI 5348 IS B

(c) fEH AL

(d) itk

K2 BRI EERPHES

Fig. 2 The Overall Workflow of CNN



B XX & F xx H
XX 5 XX F

B F
COMPUTER SCIENCE XX. XX

Vol.xx No.xx

B AFEEMERILRGEE . UG R &t
B 75 AL PR DAL B 2 5 AR A FE R« 3K
ATHE B AR PR R BSOS BB R LR B A
BB PR, BRI 25 B
ARICAAE B BRILFAE BT & 2 R e
B RTEM EEHIIT R 2B o R L]
2 pR, BEAHE () BB, () FHEE, (o)
A, (Dwth, (o) %, (f) & 6 4
el

LA 2 9Bl i SedCEhBa i s SCARFEREAE
BN N TIREARFM LRSS, BATRAA
[7) 2% 1) RUBE R AR A SN B SCAHE B AT AR
#AE, WA 2. () BRRIENR. KB
JG . FTRAMS B EA AN EE SUE S RE R & Can
Kl 2. (b) FRAERED , SXERHE R RS T AR
EreE R A, AN E R LS
(BN X T3 BRORFALE [ B (6 — 4EEAT AL 2 (i
B 2. (o) MMVE TR o X — DA R ERAE
[ — 2 B A s B G A S B S, AT SE A
R TR 2 152>, EARZ SCHkF, BN Xt
Ve RERIARTHE ] CiE I IR 45 LIER] . BN 2
Ja, BATRA ReLU vl ek £, 1% $n] LA
BEGAR R T BRI AR P OB B R . B, TR
AME R Bt E (&l 2. (d) prs) , Jdd
P ERAE SRR () B AT P4, S PR R )
BORIME, XA R AR 7 Bl ) 2. (e)
PHEBRIERURIERL &5 2 DHEE R, JHER RN
FREm R EA 28 N EFER, JFHiZAE
TER— g ERRA (A 2. (F) &k
15 EERRKRHAE AN A sof tmax JZ K%
N R B AR 1y 4 R
TRk, RS AR v, Hh =, v
v, ey v, ¢ RFRBIANE (BATTEEARTT

REMENLEINFED |, WL w0 HY, v =
L, KPR 7 AN R R REARE T2
i REIMEER, i=1,2, -, co RUNAHE 4 SERR
MR- AAMREE =G o e, v
ve) s AR 0 2% ) 3] B A R — AR T B
t), AT BERIXFA
FIREES, FRATRAA SRR, 2R 8nT DL &
VARl T ZI[Af) Kullback-Leibler Divergence

(KL BERD e E e B (U T

T:(tl, ty ote, L 00,

c 2
Loss(V,T)=-> t logy, + A|W||
i=1 2

Forr, |I-l122 L2 EERI, AJE L2 IER TR A4k
B P AL E KN, BATESUR R AR AN L2
BRI EER N T B A IR . YIZas
W2 R HRAL B AR R deME VAL T 2 TR EE S
B
w* =<;ivrg minLoss(V,T)

Hor, WRMZEIZE, XA R A8 B
AU B2 B 7 V2550 5E ko
4 Wt
4.1 SEI6 H iR
RICEICT 3 MR, IF B RS T
VR I H AR S5t R . TUH 4 BRI
Eclipse [1], Mozilla [2], NetBeans [3]. ft
A (R 25 A I HL T IO ) S B 3 ¢ R G v 3R
WCE (g o FRAT I Ak B ERBE RS o H AR S 2
FIXED, H[i/& CLOSED, RESOLVED, VERIFIED [1)&kFf
Wit WTFE 1 FIH T8 AL R A%
o R —FIRE R BUH AR, B
et (RpRC I I], SR BRI IR 2 R, BRI
st o RS ) AR B, R AR T AR TR
FIHE .

T AT, TR AR BREG R S



S HLE: —MET RS WL B 6t GRE 587 &

WA (bR MEgig) , P R#EF. XA
BRI SOR AL BT LT 73 6] i AR
e, Az [4]. sehh, BAWRS TR XD
T 10 KIIFR A i e 7= (5,6, 7, 8], HF HIk
IR 7B E L 2GR 50% TR D AN
AR COF 10 RO, BABED R I A
RPAT IR -
R ERERSTHR

Table 1 Statistics of Collected Bug Reports

B

er wAzm  me T, TEE
A

Eclipse %ﬁfﬁi}ﬁ;ig; 39669 40938 771

Mozilla EﬁijfZ?;;’ 15501 18793 1022

NetBeans igggﬁ}ﬁ;i;{ 19149 19451 265

S A 1) AR LS, 9147V, A SCHBE
SriR#E (assigned to) MIARZEIE A IEHE
o JEHSGCER 5] RIS 5, R R R
B R BT TE R ORI R #E R
THRMARR, SRR S, IR ST
FRE R 3 FIHHE MBS —E . 7E
Eclipse ", 31.15% M BRFEIR H M0 IRS T
“webmaster” , “platform—runtime—inbox” ;
TE Mozilla i 13. 14% MR B4 5 4k 0 IR 45 T
“nobody” ; fE NetBeans H1 14. 06% ) Ff R 15
WML T “issues” o HTXEALFRIFIERSK
MRS, ISR T X EpE RS
4.2 TWIGE

T AL 3 5, AR I TG
(1) 77 12 0 0 B 43 o AR e s A 1O B e
6], I 80%fE AL, & 20 EAMREE. &
5650 PR 2 AR VPR S AR, B P00 1 8l
FITA MR B (1) L) o S eh ()RS 552 7 TOP-1

F| TOP10 HOAERAZ, (TOP-k AIEESLEREIMIT
REFRGEHEFH k W) .

AT L R RS 2 T AT
ANTC B T 0 A I v U T R R
ARG PR IRCR AT 10y BB AP DL
i (NB), ZTECANR U7 (NBM) . SERFIAIE
Bl (SVM), HiE4F (KNN), BEHLB (RT), ik
W (J48), I [13] 42 i) DeepTriage J7ik.
TR B R E 7. DREX [10], DERTOM [12],
LDA-SVM [11], LDA-KL [11].

ARG R T TensorFlow S8, Xk
() REE S 2 R B Weka [21]523.
DeepTriage f&{fiFf TensorFlow SEHl. MBS
VT i 2 AR A LDA {8 Python SZPE
KUK ZHKESEFEIRR. L. £
TensorFlow SEBLAISERM T &R HEAT i,
SRMECE Y NVIDIA TITAN X, HAt ()75 7 &
KMl CPU $147, 12470 CPU 4 intel i7.
4.3 e L]

RQ1. i F 2 AR A 2 X 248 SR AT Sk B A 5 23
KRB AAT?

oG, AR VERAT T L RERTE 3 ANk
Xt R b — e R A W TR . ACER
W 7 ANEEAEG W EX % TR AR
B BT RRN 6 M REIK.
NB, NBM, SVM, KNN, RT, J48 Fl Xi [13] #2& i #
DeepTriage J7¥%, I FH XU 13 W 24 it 4k i)
TR SRIURFAESR 35 (1 SCARRAE, 53— 7 TH R
A1) 0 A ) 2% S HURR S8 I 20 1R I R 3 T B AR
fiE, 545 P R B i 5 EAT A B 4R R

RQ2. HALGA MBI, Tl Tk
PERE AT 2

ML G T, A B 2 SR AR
1%, UL IR 2 (KR S0 D38 G e B 7 12 3047



i

BREE UK. Wu [10J4H T DREX J5i%, 1ZJ5iE%
TEES KIS SRKARGR IR & FAR U AT R 5 4
I BT VAR BEAT SR IR 5 73R Xie [12]4R
7 DERTOM, 8 A = BUAE B Sk xof fih B i 75 40 IR
TFRNR .
ALDA KL J7i, %5102 53 il 45 6 SCRF IRl BopL
AR AR AT BR B 1 T 7 IR ITF RN B

5 SEILER

RQL. i FH 25 A o 5 1 4 SR AT B R 255 43
RSB AT?

FEH—DWETTI T, AT BT-WONN Ailf%
GEA B SR ME T AT X EE (NB, NBM, SVM
KNN, RT, J48, DeepTriage) , KI&{F BT-WCNN
TIER G IR AT 2 IRFI R R W ATH) . R 2-4
JE7R T BT-WONN FlI 7 FhA7 i & i 3 07 V5 1
top=1 #| topl0 MIHERIZ . £ 2-4 b, X TH—
AT BRI R % R A e e i %, 3T
MR~ Eetn, 7E5€ 2 7 BT-WCNN 7E Topl0
6L R IRELT 0.5337 MHERGR, HAL 7 Ff
W TE R, FATIE 0. 5337 I

M 24, FATRT LU BT-WCNN J5 7% 1)
HERA AN T30 Ah 7 R IRA I —E 1R
Fre 7 FhIEMERVET, NBM TR T B e
. 7R 2 1) Eclipse WiH S, AT LLRI

BT-WCNN 435It NB, NBM, SVM, KNN, RT, J48

Somasundaram [11]#&H 7 LDA SVM

DeepTriage J7iEfE Topl0 FiRTF T 92.99%,

21.8%, 99.90%, 92.99%, 63.71%, 25.44%. fEF
3 M Mozilla BUEH, FRATATLLKIL BT-WCNN 43

@ B NB, NBM, SVM, KNN, RT, J48,

DeepTriage J7VELE Topl0 EIETFT 31.24%,
16.2%, 88.47%, 80.49%, 81.90%, 50.56%,
18.20%. EZ 4 If] NetBeans TiH v, RATALL

I BT-WCNN 4»JlEt NB, NBM, SVM, KNN, RT,

J48, DeepTriage Jj ik fE Topl0 L 7T
27.90%, 23.1%, 66.52%, 70.60%, 70.56%,
45. 43%, 2. 76%.

# 2-4 1, A1 BT-WCNN JjE7E NetBeans
00 AT R e R 20 JIR TR SR R P A 0 2 ot v
Mozilla BEATHREETR & 20 IR UM ER AR (LI F
k. FATEL T3P, KM Mozilla JiH
N BIRENEOR, BTINARIT K#E B2, T BT-
WONN {73 R E R RN 2 5, BhAfe
TRIEIMARITT R, R T H AR B 7k
A IRV £ i) AL

& 2-4 th, FATATLAAF 2] BT-WONN J7 4%
Xof HUA M B R R v T VR A SR R R YR T
AT DLSRAF R AR R . (R A A R & e e
o B TR SRR R T IR BEAT TN, O T 4t
BOAIE BT-WONN J7 itk Re, (ERTIUIRE 2 o, 3K
ATTHF BT-WONN AN LR s WL G B D5 vk kAT
XTEE

#2  XT Eclipse BiH, FAWEIEMEIIENLE topl-topl0 HIHERHZE
Table 2 Top-1 to top—10 accuracies for BT-WCNN with baseline approaches for Eclipse
Eclipse BT-WCNN BOW+NB BOW-+NBM BOW+SVM BOW+KNN BOW+RT BOW+J48 DeepTriage
Top—-1 0. 2520 0.0374 0. 1029 0. 0006 0. 0396 0. 0374 0.1144 0. 1247
Top—2 0. 3508 0. 0374 0. 2428 0. 0006 0. 0396 0. 0374 0. 1489 0. 1959
Top—3 0. 3970 0.0374 0.2973 0. 0006 0. 0396 0. 0374 0. 1573 0. 2657
Top—4 0. 4328 0. 0374 0. 3295 0. 0006 0. 0396 0. 0374 0. 1865 0. 2887
Top—5 0. 4603 0.0374 0.3519 0. 0006 0. 0396 0. 0374 0. 1883 0. 3160
Top—6 0. 4834 0. 0374 0. 3704 0. 0006 0. 0396 0. 0374 0. 1885 0. 3376
Top—7 0. 4988 0.0374 0. 3836 0. 0006 0. 0396 0. 0374 0. 1900 0. 3567
Top—8 0.5124 0. 0374 0. 3981 0. 0006 0. 0396 0. 0374 0. 1937 0. 3743
Top—9 0. 5236 0.0374 0. 4086 0. 0006 0. 0396 0. 0374 0. 1937 0. 3877
Top—10 0. 5337 0.0374 0.4174 0. 0006 0. 0396 0. 0374 0. 1937 0. 3980
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Table 3 Top-1 to top-10 accuracies for BT-WCNN with baseline approaches for Mozilla

Mozilla BT-WCNN BOW+NB BOW+NBM BOW+SVM BOW+KNN BOW+RT BOW+J48 DeepTriage
Top-1 0. 1244 0. 0815 0. 0906 0. 0226 0. 0509 0. 0460 0. 0997 0. 0826
Top—2 0. 1909 0.1143 0. 1463 0. 0226 0. 0509 0. 0460 0.1334 0.1383
Top-3 0. 2254 0. 1369 0. 1833 0. 0352 0. 0627 0. 0582 0. 1477 0.1728
Top—4 0.2491 0. 1578 0. 2045 0. 0352 0. 0634 0. 0582 0. 1547 0. 1986
Top—5 0.2693 0.1749 0. 2233 0. 0387 0. 0662 0.0613 0. 1599 0.2251
Top—6 0. 2826 0. 1868 0. 2404 0. 0397 0.0672 0. 0624 0. 1624 0.2411
Top-7 0.3017 0.1976 0. 2551 0. 0397 0.0672 0.0624 0.1652 0. 2547
Top—8 0.3171 0.2129 0. 2669 0. 0397 0.0672 0. 0624 0. 1693 0. 2648
Top—9 0. 3300 0. 2265 0.2780 0. 0397 0.0672 0.0624 0.1704 0.2749
Top—10 0. 3446 0. 2369 0. 2889 0. 0397 0.0672 0. 0624 0.1704 0. 2819

F 4 YT NetBeans HiH, [FHNEIEMEIIENTLE topl-topl0 MIHERHR
Table 4 Top-1 to top-10 accuracies for BT-WCNN with baseline approaches for NetBeans
NetBeans BT-WCNN BOW+NB BOW-+NBM BOW+SVM BOW+KNN BOW+RT BOW+J48 DeepTriage
Top-1 0. 3554 0. 2157 0.2917 0. 1478 0.1184 0.1184 0.2163 0. 3484
Top-2 0. 4802 0. 3041 0.3972 0. 1478 0.1184 0.1184 0. 2783 0.4742
Top—3 0. 5436 0. 3649 0.4311 0. 1478 0.1184 0.1184 0.2979 0. 5387
Top—4 0. 5893 0.4039 0.4612 0. 1548 0. 1251 0. 1251 0. 3069 0.5747
Top—5 0. 6266 0. 4359 0. 4847 0. 1548 0.1254 0. 1257 0. 3170 0.6157
Top-6 0. 6539 0.4572 0.5091 0. 1585 0. 1302 0. 1307 0.3212 0. 6461
Top-7 0.6811 0. 4825 0.5273 0. 2508 0. 2202 0. 2205 0. 3621 0.6733
Top-8 0.7111 0.5018 0. 5447 0. 2508 0. 2202 0. 2205 0. 3933 0. 7069
Top—9 0.7273 0.5195 0. 5627 0. 2508 0. 2202 0. 2205 0. 4084 0.7112
Top—-10 0. 7489 0. 5400 0.5759 0. 2508 0. 2202 0. 2205 0. 4087 0. 7283
RQ2. SALGA B EMEL, B b DREX, LDA-SVM, LDA-KL, DERTOM Jj % f£
PEER AN ? Topl0 E3RTFT 25%, 14.59%, 40.97%, 29.67%.

FESE AT, JRATHE BT-WONN 7592
A4 0 B R UE T iR EAT X EE (DREX,  LDA-
SVM, LDA-KL, DERTOM) , SREGEFAT BT-WCNN Jy
JHIMERE. R 5-T J&7x T BT-WCNN J7i% A1 DREX,
LDA-SVM, LDA-KL, DERTOM J53%[f) topl %] topl0
MR, KEIE 2-4, ST —THRAMEE
IREITESAR I TR, BRATH I 2R

M 5-7 1, FRATAT LUK I BT-WONN J7 i1
HERIRMINTF DREX, LDA-SVM, LDA-KL, DERTOM
THEA N —E iR, (ER 5 ) Eclipse TiH
o, BRATATLAREL BT-WCNN 23 7IEL DREX, LDA-
SVM, LDA-KL, DERTOM J5¥%i7E Topl0 E#&F+T
ER 6 1

Mozilla "', FRATTATLARIL BT-WCNN 43l Lk DREX,

35. 6%, 13.58%, 21.35%, 23.10%.
LDA-SVM, LDA-KL, DERTOM J5¥:7E Topl0 42T+
T 19.16%, 6.46%, 6.34%, 10.26%. TEFR 6 [

NetBeans I H /1, FATATBLA I BT-WCNN 435

27T, AT I T B T3 120) Tk
IR I S S HERS %, NetBeans T H AL T
Eclipse Wi H, Eclipse T HEMT Mozilla i
Ho Sboh, STHCAME %, Tl I GE
WA MIREE Y HET R m TR R E k. X
R AR T H B A ORI R,
B 7 AT LUK T BN BT A AR B, T
AW ETTERAENGARAE € 2 f5, ToiETH
AT R
RQ3. 8 AN IR F) 3] 1) B R OR TV, K 4

PERE M A ] 2

FEIXANSEEG - AT U AR AN [ 3] ) 3 R Oy
FER A TR 2 SIS o EIX A SEIR h FRATT 43 )
i word2vec Jrik&i& CNN(BT-WCNN) il one-
hot i [ 74 & C\WN. % 8-10 JE/RT BT-
WCNN 7341 one—hot+CNN 5% topl | topl0

eI Z. £ 8-10 1, X TH—17MEAER
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Table 5 Top-1 to top-10 accuracies for BT-WCNN with baseline approaches for Eclipse
Eclipse BT-WCNN DREX LDA SVM LDA KL DERTOM
Top-1 0. 2520 0. 1366 0. 1469 0. 2054 0.1234
Top-2 0. 3508 0. 1988 0. 2582 0. 2516 0.2179
Top-3 0. 3970 0. 2421 0. 3090 0. 2894 0.2762
Top—4 0. 4328 0.2797 0. 3450 0. 3246 0.3129
Top-5 0. 4603 0. 3070 0. 3769 0.3514 0. 3424
Top-6 0. 4834 0. 3365 0. 4044 0. 3763 0. 3681
Top-7 0. 4988 0. 3563 0. 4266 0.3928 0. 3895
Top-8 0.5124 0. 3699 0. 4409 0. 4082 0. 4046
Top-9 0. 5236 0. 3824 0. 4543 0.4273 0. 4209
Top-10 0. 5337 0.3935 0. 4698 0.4398 0.4335

6 X F Mozilla Wi H, [FIJCHEEFEME LN topl-topl0 FHEREZR

Table 6 Top-1 to top-10 accuracies for BT-WCNN with baseline approaches for Mozilla

Mozilla BT-WCNN DREX LDA_SVM LDA KL DERTOM
Top-1 0.1244 0. 0878 0. 0854 0. 0673 0.0718
Top—2 0. 1909 0. 1526 0. 1380 0. 1261 0. 1289
Top-3 0. 2254 0.1822 0. 1857 0.1714 0. 1693
Top—4 0. 2491 0. 2028 0.2188 0. 2059 0.2004
Top-5 0. 2693 0. 2240 0. 2436 0. 2324 0. 2289
Top—6 0. 2826 0. 2380 0.2634 0. 2544 0.2470
Top-T7 0. 3017 0. 2491 0. 2822 0.2721 0. 2676
Top—8 0.3171 0. 2606 0. 2965 0.2916 0. 2847
Top—9 0. 3300 0.2732 0. 3091 0. 3077 0. 3031
Top—10 0. 3446 0. 2892 0.3237 0. 3240 0.3125

R T KT NetBeans HWiH, [FJCUEEIEHET LN topl-topl0 HIHERZR
Table 7 Top-1 to top-10 accuracies for BT-WCNN with baseline approaches for NetBeans

NetBeans BT-WCNN DREX LDA_SVM LDA KL DERTOM
Top-1 0. 3554 0.2729 0. 2945 0.1672 0. 2396
Top—2 0. 4802 0. 3675 0. 4000 0. 2438 0. 3529
Top-3 0. 5436 0. 4348 0.4701 0. 3150 0. 4065
Top—4 0. 5893 0.4724 0.5215 0. 3630 0. 4429
Top—5 0. 6266 0. 5083 0. 5540 0. 4059 0.4710
Top—6 0. 6539 0. 5360 0.5818 0. 4415 0.5032
Top—7 0.6811 0. 5537 0.6031 0. 4668 0. 5206
Top-8 0.7111 0.5736 0.6241 0.4929 0. 5380
Top—9 0.7273 0. 5879 0.6379 0.5091 0.5574
Top-10 0. 7489 0. 5992 0. 6536 0.5313 0.5776

ANEIEIRAR e I HERR SR, IR B .
M 8-10 , FATATLUABL, BT-WCNN 77
% AL T Onehot+CNN J5 ¥ . 7 Eclipse,
Mozilla, NetBeans JiH topl0 fJUERi= E BT~
WONN YA EE S 5T Onehot+CNN J772: 24. 29%,
4.87%, 8.29%. KA one-hot & TiLH, &
A B R 1] ) B B R A, B R RN, X
HBERT EFXEE, JEHMET word2vec J7
FER 2 A BAREHATUIZR, one—hot IEAL
D713 R BE TR AT R AT AL, B
WA FESCAE REM T word2vee /o FTLA
HAET BT-WONN 7572, f#H] One—hot+CNN 7734,

LA N 2% MAFH one—hot 28R 4 15] ] B B
B, BRI E R EEAD . NRIGER P HIGIE T
XA, f#FH BT-WONN 7 vEfPEREEE L One-

hot+CNN J5 L 4F .
2% 8 {# F AN ] 1) & 5 ¥4 B topl—topl0 FIHERA R
Table 8 Top—1 to top—10 accuracies for different

word vector method with baseline approaches

. One—
Eclipse BT-WCNN ot +CNN
Top-1 0. 2520 0.1973
Top—2 0. 3508 0. 2949
Top—3 0. 3970 0.3128
Top—4 0.4328 0. 3394
Top—5 0. 4603 0. 3536
Top—6 0. 4834 0. 3619
Top—7 0. 4988 0. 3867
Top—8 0.5124 0.3918
Top—9 0. 5236 0.4193
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Top-10 0. 5337 0. 4294
R 9 BN IR i 17 BT EERTEE topl-topl0 FIHERfE

Table 9 Top—1 to top—10 accuracies for different

word vector method with baseline approaches

. AN One-—
Mozilla BT-WCNN hot+CNN
Top—1 0.1244 0. 0816
Top—2 0. 1909 0. 1569
Top—3 0. 2254 0. 1967
Top—4 0.2491 0. 2076
Top—5 0. 2693 0. 2357
Top—6 0. 2826 0.2519
Top—7 0.3017 0.2718
Top—8 0.3171 0. 2835
Top—9 0. 3300 0.3011
Top-10 0. 3446 0. 3286

2 10 {3 AN [ 3R] i) 2 5726 G topl—topl0 frIHERfZE
Table 10 Top—1 to top—10 accuracies for different

word vector method with baseline approaches

. One—
NetBeans BT-WCNN hot+CNN
Top-1 0. 3554 0. 3049
Top—2 0. 4802 0. 4462
Top-3 0. 5436 0. 4876
Top—4 0. 5893 0. 5391
Top-5 0. 6266 0. 5618
Top—6 0. 6539 0. 6029
Top—=7 0.6811 0.6379
Top-8 0.7111 0. 6661
Top-9 0.7273 0.6793
Top-10 0. 7489 0.6916
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