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BA 7 EAN. B IReG4ES. 49/(&7%4?%%?4‘: BAR &R 6Bl T AL Ty R ARABAE A S AR ATAL 2, R A
)ﬂ T BARED 8993I0 5 AT &, FRAE faks BB TG AL\ G AR ARADIE SRR 27 A 6 R ARG P AR, LR
ARG, BESMARF IR T TRAES 58 Z ARG KA, Rl —F AT RARBY RAZ 809 ek
F’(ékl? FALT ik, VARG ILHE X R AF &R PATIE AT &2 B F 5 R E L I B 8 i e 45, H) R
FALAER EEXARX ETXFGREE, ARBIATF 8 X 92248 L ERwmk ERAT RS, FEUAA
RIBZENAGF AT EZ NS KRB T EAEE R, FI@AERDE f AR5 F 1 6935 g, i Ik
E‘in’fklza A% F % FlowLocator. SEIeaAT4 R A 526 IR B /4R AL T KA, % 7 ik AL A ML Top-N HE
VR BER R Y BIAHEL B 2R
%ﬁiﬂ Bera AL, AR, 158 R; EE G HEA ML
HEES XS TP311

T M e, W T Br, SRR, TR SR AE B K 40 KL R BB E A T VR B AR, 2022, 33(11):
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Fine-grained Bug L ocation Method Based on Source Code Extension Information
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Abstract: Bug location based on information retrieval (IR) uses cross language semantic similarity to construct a retrieval model to locate
source code errors through bug report. However, the traditional method of bug location based on IR treats the code as pure text and only
uses the lexical semantic information of source code, which leads to the problem of low accuracy caused by the lack of candidate code
semantics in fine-grained bug location, and the usefulness of the results needs to be improved. By analyzing the relationship between code
change and bug generation in the scenario of program evolution, this study proposes a fine-grained bug location method based on source
code extension information, the explicit semantic information of code vocabulary and implicit information of code execution are used to
enrich source code semantics to realize fine-grained bug location. Based on the location candidate points, the semantic context is used to

enrich the code quantity, and the structural semantics of code execution intermediate language is used to realize fine-grained code
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distinguishability. Meanwhile, natural language semantics is used to guide the generation of code language representation based on
attention mechanism, the semantic mapping between fine-grained code and natural language is implemented to implement fine-grained
bug location method FlowLocator. The experimental results show that compared with the classical IR bug location method, the location
accuracy of this method is significantly improved in the Top-N rank, mean average precision (MAP) and mean reciprocal rank (MRR).

Key words: bug location; evolution program; information retrieval; semantic information; pseudo-siamese network

FERAFIUH TF A, Ry 0y o BT R R I TR) BEAT SR B 52 07 18 = IR AE T A, P b R oF SEPLAR
PEBRRE o A7 A IO Pl B IR 15 384T B 0 0 ), S SO 7 A SR R B AN B 2 T P 1 7 R T 2
e b TR AR G A R ) Sh RE B K, H AEBRFE IR T (bug report, BR)HUN LG K A 3 S AT Hiid
B

FERA A TR o, b 5 R AME SE S50RE 9 N 1) SRS 0 1 A 2 —P I Nguyen %8 APIZE 2011 451 i
H K f7 B R & (information retrieval, TR) A (K14 il 73 M B A Y I 28 g 52 2 AU P, JF IS 44 3E LDA (latent
dirichlet allocation) = #UAL /Y 5 o7 ik B L5 2 T-FE e ik (0 sl Ak B2 1« T RE P LA B T 75 5 AT A i
AGFEE RO EL, T TR (8RB 52 7 5 2 BRI > . ik HE . Al R ko, 8 £ B b 5 107 AUk %
AR BT IR B i LA SR SO M e e B 4R 55 ol AR 5 VR AR T i AR B 5 5 10 ¥ SR K R,
BT B R TR CAEIRACRSD T BEAT B R B R R R RTTVAR A R AR R A B AR, AU
U BOR, AT o PR, 1 SO S IR 7 AR SRR AR AT RE B

H R EG TR B 5 AL FUIE R AU AT G ) GERE  ACRS A2 BB W45 i /e AN A5 B, BR A2 A CRS
B0 KR m e b g S o, R AR G0 S AP A YL R Pl B VAR AR G Py 5 Fe RS VT8 ), SR A
i ik A AR (word embedding) 42 4 17 35 (token) [1] (19 J2 6 R PV s v if k. AEL H AR SO TR 44
TR i e iy 44 ) BT B, SRR B B S R AR S A R AR T S T 1 v SO R B DA 3
TR 5, KA 35 1 D0 2 SCASHEAT o SCHR R, R ACRS AR FR N T i 44 3V 5 ke i b AR 5 2 1)
(¥ SCRVCUPE AT B B i i, BOAIDAE B 9 e oz P AR o SR B 2, RS T SUAR B B A A2 DU 3838 ST X
gy, PAUL H AR IR (8 b 58 R0 5T 2 Bds S AR SCPRRLIE R, TN, 12285 7 4 R GO T AR 3L A 26
AEORLRE ) I T 50 S W b EAR B ), IS TR B AR I R EE S5, B AR A8 SN DL B AR ELE LA
TERE AL HRT IR B 58 A0 S8 R B 219 U THT 52 30 45 A v e 10 — D T, KL
AL, AN AL BASCRE e SRk B 18 SR s T B N 55— T, AU 4t mT i 0 R B o7 L, R /> 5 i B o7
HIRAF S, 5 BB ORI S AT AT B Z SRR, 1318 N B3 Hf DOt Gl B 2t A7 Bk L 1B R

T REARARFE TR e 5 LRI 9T 32 20T AR 1)l 75, Bl AR S8 (000 B2 K 40 4k, B R R By 5 Aok ik
AR R ACRD 2D, AR Gk il A R, AR LB AR VAR B ORI, 0 A A o 55 T P
T P gl TR e A AR ) AR FEE AR [ 0 7 SCRT DX 2%, SRS IR Sl S A7 T SRSl A K AN HERR, D5 £
SRR R PR AR SR AN AR s BB, B ACRD R AR RE K AR AL, R A i AR IR R 7R AR T SOR K s
{2 M R ] e G B N5 B 78 AR5 IR T 5l LU Rt 7 e ARI A5 5, 08 00 IG5 8308 g Aok 2 AR I f) i
SCRTDC a3 B =, AR 0 0 40 RLIRE ok 63 2 A7 915 ks 5 A 1 3 AR B B EAT AR AL, B E ST R 2K J5 AR 5
AR TE AT, ST 8 LT VE (K AT R T 58 SR B i BB e, Tod b R s e Ot 55 e A8 S A SR (K il B 15 0

BEREES VAN R, A SOR AR SR I 78 AR 5 LR PR B, RVEDW AU G 8 W 5 S, (45
Ja SEIRFAE ST BAT S 2 (0 AR AR R, SRS G U B BBy 78, H TR IR § e A7 77 i T30
o 2K TRk AR S AR e e A AU YE T, B T R R R S IR R, R R )
BB R, EZRY R T ik T, o DUk B R 2 0 A Ak 0 M DL ARRS i CRBLT A B
SRIE TR T, SRR 2, ARHDTE 5 M ALA AN T8 AR B4 L R B0 b 1R, i B
A7 FIEACHD PAT P 458 A 75 58, FLA DG 59 A7 2 WA 7T 32 1) P 4L 2 5 AR 1 S B A OG0, B R
BRI A A0S N T R BB ZR F AR 5 AT S A SCIR T R Tk I ke R, LA T T
BB A RAT B e, DLORIRACRD 3 78 6 0k sl AQRD R (K T5 7. S AR e AR Jye 4 se ACRS AR B, sl e ok A HY
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N ST AL P F) ] 575, ASSCRASREER B A S A5 L 07 5K, A B X Pt e AU B, A Rk 1 o ik i
AT, LB TR RIS R, ST 40REE 1 B € A, AR SOOI 78 AE AR A6 3 57 R IR B 2 A6 i)
7, R P RS ) AR 2505l (diff code) -ty i B 7 75 ) 10 9% A 5 AR S A7 M 32 e, DR b sl 8 A7 1 326 BB
s EL.

BEXFER 24N ), A SCAE B T ARG R SCRAEAS B EEA L, B RAZ A AT RPERE R, R
P PAT R A TP A7 A ) 5 AU D RETE SCH S RO B, SEBUACRE AR B B R 2Ry 78, AT A A0 fik e A QR
SCATIX 43 HATAR) TR i B 5 77 R AR AT O 7 4™ 78 3038 SR B, AR 4Rk B2 AR A A Fh i DL S BRAT 250
5 A2 AT, CREARRE A D Al SOA HEAT A PHL o A 0 20 A QRS o SCh 2K 0 M A B AR ) 7 SOAN S 5 3R 1
SRBEA T SCLL SRR A AR OG5 B 3G, IR S i AR AT G515 3L i T D RE R SR ELH S i AN 4
BEEH, BT BT VLM (abstract syntax tree, AST)MARILIE 5 45 H9TE X5 IhEEHGIA B ARG 55 SLEG M
UL G AT AR 7T 3 () 2L P R, AR e A R e s 67 o 6 SCIBE 2l R A5 280 5 AR TS ARAT o TR 5 1
SERE XA R A w TS B, (A gR B AR Bt — DS Bl T ORI gy, AN SCHR T R AR T
R AU PO AR PAT o 18 T8 5 45 M A R AT 18 SOy R I T vk, A A B v T AR B AR T S AT X 43
P, FEACRDRL B A0 A IR BE Al b 52 5 T BB s A (¥ s

it LR 20 B AR AT R PSR 2. T Linux WRETTZE, B e AQRS Bt 2 AT 35 AL
K1 AT 2 23504 Intel (K 3KE)) 1000 2 Freescale YK Al bl A A% 18 A0 AE I 1) B R A o 7 2 (R kB, 9 34
S PERE P AR, SREAILGIEL, BTGB B AR 5 R o SOMRABL. USRS A BE 20 #r, ISk B 0 T 1R) —
RYEE L AP, APL I Z HORIE S AL B R AR IR AU, fi Sk B (0 R P AT B AR 10 AST P S A AR 81,
BT i i s % £ D00 o 1) AT B 422 T SCARAULEL SR B SR AT ), 249522 el T Linux WARZ ARSI T S 2, 5 50 %
ALERZHCR IR, DR, 20 AR AT Hp IADTE 35 S A 1 SO B 5 R B L G 3 1 SCA R ) A A e R AR DR A
/linux-3.5/drivers/net/ethernet/intel/e1000/e1000_main.c
static void e1000_receive_skb(struct e1000_adapter *adapter, u8 status,
__lel6 vlan, struct sk_buff *skb)
{skb—protocol=eth_type_trans(skb,adapter—netdev); if (status &
E1000 RXD STAT VP) {
ul6 vid=lel6_to_cpu(vlan) & E1000 RXD SPC_VLAN MASK;
— vlan_hwaccel put_tag(skb,vid);

+_vlan_hwaccel put_tag(skb,htons(ETH_P_8021Q),vid); //fix this bug
}

napi_gro_receive(&adapter—napi, skb); }

K1 e1000 BR) A7 [F) FE AR ™ AE R BB

diff—gita/drivers/net/ethernet/freescale/gianfar.c
b/drivers/net/ethernet/freescale/gianfar.c
index 5155544..2375a01 100644
——— a/drivers/net/ethernet/freescale/gianfar.c
+++ b/drivers/net/ethernet/freescale/gianfar.c
@@ —2731,7 +2731,7 @@ static void gfar_process_frame(struct
net_device*dev, struct sk_buff*skb, if (dev—features &
NETIF_F_HW_VLAN_CTAG_RX &&
fcb—flags & RXFCB_VLN)

0 — vlan hwaccel put tag(skb,fcb—vlctl);

1+ vlan_hwaccel put_tag(skb,htons(ETH_P_8021Q),fcb—vlctl);

— O 00NN WA W —

(=]

—_— =0 0 1 Nk W~

K 2 Freescale X3}l 7] % #E 7~ 2E O Bl [

BEXFES 3 AN, W R e RN S S R K I, WP B AR RR PR, RER B SRVE AR
) R e 20 7 K 5 e s SO 5 1 F0 DR I, L 22 ORI Rk B 0D AT i O R, AT 45 SR S R L
G, R THACH T] PR MR OG 28 5E ASL SR BE 67 . A SO 9 A 28 eI ok R v ) AR J3E 0 e oz ) i, 60—
AR T A i R o B 1 L3t A ol 0 G ZR B4 A A 9 3 () 3 5 AT 4 3R, 3 e o 07 80 SR I3 e e B 5%
W SCHOGH TR 3, 20 mish B ok U5, FTRK T 4000 JSE R B 5 (0 R SCPF S 3 T PR A AR e S B0 o 2 4
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B ERE S, 7058 AR RE A AL I Bk b, DASR A DG M ARTE B A b 8 i 4 AR, W Bk B i S 4R T ik
FATINEI M SAERI S L, (RIS, DU SO OC 3R OCTR T 5 BB A7 B AH OC I AR AR B, A 28k 4y B )5 4 1) 7
FESE TAE.
AR SCHR R AR R A R T, 2 G AR I S A e AL ARDAR E VE L 3R T B AL T U AR
T ARVCAE OB B 456 AR AT v 1) 28 DL G5 A1 SCF 5 AR AT R A5 5 == 1 40 s B 50 B o 7 77 92,
8 5 A0 0 8 e B A IR AR M. A SCTE AR BT B 37 s ke s B2 b, DURSCAS BT diff code 154 @ A7 U, $2
H DL O BT AL BN S AT B AR I 7 U R fAg &, P S LB FEHIREOCR N B3, B A7
XM diff-bug-link(DBL), LAR A # A0 R AR BUE 0 8 A7 45 R, ¥ kL e % ml T R A7
B EHBME B, 4561828 (commit) {5 B 400 8 AL ah Fa. [RIIN, AN S04 AR AR & 70 25 (R R 52 M O R 48
WA G5 A v S, 38 s A 72 D0 WL G i A 1] 300 110 4 R DG IR, T AR 5 g S TR ] ) 1 S I T R e,
FwE AR HAT RS B, AT 76 AN RLEE AR (8] (35 SCRT X 43, A SCR 5 T 1 A8 ok 8 18 55 1) 115
NS, RUFHAS 7 206 PR 5 I SCHEATHR I, IR Dh 28 4= 9 4% (pseudo-siamese network, PSN)Z215i
PR B 2% 20, FI BB b AR TE T8 S IE DS 58 CRAEAE A, 58 BN RL 5 e B 2 A7 v (1938 Xt
TEAT S PR 05 55 I 05 28 S I, AR SO 58 A ) R A 4 Dy A IR, R I A, SIS BT T S T e e 5 B AR A R
B SE A PRARRD B R A B H 1, 52 TE % FlowLocator JE{v 7 5.
AR T IEAE % Jena, Mahout 55 JAVA il H 150645 L 3b 47 5256, FRATTHI 5L L6 45 JRAE 5L FlowLocator J&
— PR YA BLURT R MR T, SR TR, AR SR Tk A DU LA
o RICHEH T —Fh g B H B AL TR AR IRV SR AR B A U7, R S T SOM B et S
SRR R B LA AR AT ) 5 A S S AT B AR, 4 B A7 5 hIROR O 28 100 A7 A% 3 s500E SCAR SR AR
B A DAy e B e 7 A5 06 AR, S LA 8 2 A7 Ji s oA AT 1R 7 m B RIS 9 78, 8 X b AR
TG, S A RR W B E B AR AT R L N TR 48 IR B & A7 1R ST Gokr B i AR T AT $— A
Hga g, It HA 7 B AT e
o RSCAR T A A R R B AL TP AR PAT R S R R 5V, 7R B AR RV E R AT B
filh b, AT PAT H RE MG B R g AS TR X, A B U ALEIZE T AST fi#t by s
DAL b g I 3R N, M Attention Tree-GRU B, $5 iy T 4IRL 3B ARAD 1B LI X 40 J& . A
SORVE HARE F 5 AU TE T AR SRR IE 25, A PSN HEZE BUGR fE 4R 5 b ) B ARG 5 15 U IE R
ARG SCRAEA K, & B IRAN B ARTE F SAADE 5 R LR B, $8m T 5505 5 08 SO i i
.
o RICERILT — AR EEER R E AL TR, 1% T HEGE RO OC &R, S R A B AR T O B A
A R ok B SR R B AL R R, RN RPN AR Gl SRR I E 7T A A P 2 T
P b, ARTFER T LS IR S8 AL 75

A 1 A GAANR B B R STAR S TAE S 2 W vk bl 5 5. BB R LRI A 3
B 50 E A AR R I E ) L WURERS S . TISERR AR . ST AR ARG S EORE R 4 TSI B DA 45
HEAT VRN 53 BT S 3 G5 52 J5 3 5 4 S0 O R — S WF 90 A BEAT 2.
1 fxIME

SR P I B 5 7 I A, — L 0 B 3T A S AT ) TR . R T TR R 8 R AR B
SePE AR, R AL > AT B W A A T T, SEBLBR B IR R FRTE S R AR i T SO,
T SO, 52 B0 e B A 1 IR . ARSI 9 i 7 vk 1 92 R B TR, B s 7 AL 3 4 A 5 A7 &5
BT AR S SR R WL Sk 4 o G T A DRAIE 52 (LR S BRI FL I, g A B A e R A IS B
(K05 A7 465 A DRIk, AT AR B AL 2 52 (L 09F T (W U0 A1 50) S AR 73 M Jr ik (WF U7 A 50 P 7, X i
A AT 047
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11 EFEERENBEEN

BB A L e B A A R A R A SRR IR EERT T IR BB E L ORI ST B TR 2 SIS AN
SR 1) D TR A A N B i KR R R B AR S R 45 S SRR A5 B, DAMERRERBR 0T HEIR (S B
FEH IR G55 B R oR . FRP MM 5% 2R T 90 25 7 VA A v 5 7 S 2 S 824 e, RO i iR B
T o BT B AR 2> 2OV S ph, R T TR A 5k o 5 V7 A1 9 3 3l o Sl o 52 3 4008 o 1) R TR vk, A T
AR TR SCBEZ 1) B, — 5T, BB WE ST R BB B 9 78 A0S X, Zhou 25 AP T BugLocator J5ik,
A & 1E B ) 228 RIS 2R (e VSM) 5 418 52 R R 4R 1 B AR ABLRE 4523 (SimiScore), 0BT IR AF 12 5 i B4R 35 1 AR
SRR P SO AT HE . Ye 45 NWIE 4248 1000 B b (6 A 2818 515 R AN RTE 23 3k, MR PR3k T TR b s 1
F R TSP () . Lam 25 N PUE R BE 2 ST BOR, $EH T — Floke R BE 41 45 10 4% (DNIN) &5 rVSM HH 45 & (¥ )7 7.
rVSM AR Bl B 4R 45 A5 SCAE 2 TA) SCAR A A4S AE, DNN T2 ST BB R 55 rP IARSE, IG5 S5 otk &
SCRS R H AT R A v I AR AT AR e BORTE R AR SR, R 25 A2 S [R] g ] YO SO 2E S . Sy — T, A
TIF FTIR N F25 90 40 L JSE RS ) Y1 1) OO 2 8 S, Gk B9 78 AR A5 R R ) H Y. Xiaol VR 8 P F AR i w3 Y3
SR A LR I 72 S il R, S A AR B S B ARE F Y IR AR, SRR B E A2 10 H KL ST
UG 28 R A G R TR BRI 22 R, 2 B0 B B BRI, s CAMEAT RLRE A4k, R HL&5 R T v 2 1)
BE. A SCAOGEARRITIC B EAE R, RN RAZ IR AT 5 B, 7Ry AR B = AR B i
NS, DAE B 6 7 ST B8 5 A8 . AR SO E A7 45 ARG AT Bz e /» T4 48 IR S04
BB T 7, TR, SR T I A A
12 EEW

16 42 S LT 9 2 TR E 5 b SRR e B 5 07 B M6 52 I 90 1A L. 0 218 A el SSUIIT 9 R ) 0 s 4 25 S AR
AFALPE X 95 SCAFHEAT HE 4, RIS T AH AR H S AH SCAR A SR AT HE Y, JF 48 & B AR AR (5 B sl e 5
5 8 Bl e SR ) ot A v, AR IR ACAS AR fh A5 B AR R IR . Thung 25 APV 1k 3 1) A A RAS 4R 2T, 4540
D S0 AE Kt Hh U T RS R AR AR A AR L, W3S IR S S 1 B A R RE R 4L, Rodriguez 256 AP0V e 2% 7t i
JRZE WAL AL, B 35 8T R A AR IR Bl T e 2 T T IR I G G B B, T A BT TR 3 O T S A
AT, IEFIRAE IS H . Lawall 22 ACURBL: 9KEh B4l 7 A B BB 75 B2 45 S 24 commit 42 BUH B & &2
E R, g A IS (E S & A 4, R PQL(patch query language)®¥ i) 4% commit 373 2K 2 AH
BT 0SB BN A8 52 SO UL RSl AR SE B HE A L s A R RE S AT AR R, B A AL
PRI AIF 77 138 AT IR K i, HEFRAR B ar M J5 ZLR AN 0. AR5 16 R DU AN, DURE P4 B AR OG5
ST 70 5 A7 A5 e s ARG B, A AR RS A B, A B4R I E S SO HER PR B . ARl
L RE 2 A7 B B R SRR b, R B AT S AOC R AR B, R T Sk A AR A IS B
13 REFIHAHTFREBHFEL R

FEIEF IR MOBRE 2 EWF ST R, TR SRR SE H AT P e 22 4 0 5 0100 R B 2 SR T b
B0 AR R AE 2 B, 7R R B T000 7 1, R0 FH 2t 5 S 1 SRR G A0 L 3l iy e ARRS B A 155 I T A7
E B B R 36 B 4482330 e B A I 7 T, 2018 4F B WORI R BE 2% > J7 VAT T IR R I 524 Li 25 A
FEH, AT RIS 2% S BOR S SBE R M T TUAH 45 &, %FF CWE-119 & CWE-399 Wil SEHL T JE T35 2% S £
AR AR, TR, BERLF TR R, WE¥ICENAE AP SR AQH k41037
FEFF [ 8l A U340 R FR ARG I U VA 45 R R 2 2] D7 AR AR R B L R 2 ) S T, Ay B 0 M AR
FUEAE P9 AR AN S R s T AR T ROR SRR

2 ETRARBEYT RESBARNEREEMSE

AT QAT YRACRS A JE AR JEL AR AI0KE 2 SR B 32 127570 FlowLocator FIWFFEENHL AT 5, RHFFTHESL AT
RO, 0T B R e v B S A TSR R TTVE AT S A
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21 ARHFNEE =
6L 0 B 58 7 AEAE IR 3 AN R 1) RURT LAV ZE Dy, 78 ORI HE G 1 250k 2R 110 ] IR 38 o 5 A FH ki R
e 2 —RACRIIZ 5T, S kL EE 404 8 2 3 B A R H e R A R 1) AR ) L, A R G R AR AR R T Tk
PRI SRR 2 10 £ BB AS, B RAT SO 7 AR RO ke, AR R RE A Ak 4 I AR A 2R T A
&, WAL R, HRTWBRIE RSt T KRR N IR SR R R E R, 3300 H Ak
ARUAL FEARRD S Ak 3 e, BB A P2 AR AR AR 5 B I H I ARAR SR I34 HHS Ar HT e T BB SR U T RS i)
)72 AR, AR 65 05 5% 4 BT (change impact analysis, CIA) ™47 A TA& S A B BRFafr B 55
WA R[] () 22 AR AT 08, P IO — BUEl R A BRI R OO R R, 5 B AL A OC A AR
KR Th R T SR LA TE AR, BE RSN Bkl 2 5 BRI )3 S 5 A 6L DRk, DARRAS 1a) /) diff
code 1l AL I, R4 diff code 5 bug [A] 1% RGH/MUMEL RG], — @R LoD T i T 5 0K J /N
T 5 S0P g 0 B 50 o R ) 8
[N, 7EAf5E diff code 77 5 st G, A7 (B AT AR M RNE T X4y, R A% G RHAE 73 A 5 v
AN R R A R oy R, — 5T, o b B, SRR RO AT T SO e B o 1 SCAH
2%, DRI A 3C AR ) ) 1 77 QR OB B 5 07 J m SR BRI B S, i o 384 AR 1 1) 5 A8 R ARSI 1R X
SAEAE R X AR 75 R B 0 AR AT /N T AR S TR BRI 58 A B SO oR BE AR RS AT L. S —
Jri, RS S B RS PAT VARG B, A R AR AT T B 2 45 T 5 G
F IR U R A ARG, AR T B M R R AT LA B9 a5 B 0 B . Ak, A SCR A Hh Rl R 5 i %
TEVE T AR ID REAT AEAT, 75 ZREUARHE rhii] 1 358 L RIS, $REX AST 7 A5 (8] ¥ 52 1A 5C & AE ) B A B \
I —38 4y, Wik ezl G IR P 4 M 4% (gate recurrent unit, GRU)TY fi 8] (3% 82 7 3 S oH 5 o, SEPl 25 &
VB) & K A5 B R DGR, DUREYA 3 00 1) 5 X el 2y T % 5 ), s 2810 O R Ak ARS8 40 1 JE T LD, v 4 R
il I A7 R AE AT
I Ja, Wik rHr R, FEITAE SRR T O B = AR 2 4. AR ST DASE T S 3 AR 8 O 3 M g i A B
3, 7R AE B 7 2SR R A BB R R B DG R, B A 45 R EE T 5 B A DG AR RS AL,
BRI AAEAS AR R A R 2k EAS S BRRA. RIS, T 2 07 B i B FL A ARORE B R AT 3R G R IR, A
i B 1 58 HE 8 S SRR T Ak H
22 FEHER
FlowLocator Jji&MAESL & 3 s, %73 3 BB 1WiiE B HE By b B AR AT Rtk
5 Y B B SRR T R o B
o LN BYEEEY R AR AR E CRI T Y R BB e Ak AR R, ORI BT R R
ORI V) T v SE I E L B 1A B 78, R BR i SCHR 35 1) V) (backward slicing) ff) 12 1%
Pe. FEUbELA b, X T 2 B O E, X 2 ALE AT A AT Bl LUl R, 452> DBL A
/i DBL Forest.
o ARIBPATEIMER BH 78 A T SEIRARLFEEACHY &5 1035 4RI, ASCHET AST XA HAT Hp (8] TE 2
HEAT AR AT, 8 Ik I ORI O BR, DA 2 ) LA S T AR RS v % 70 28 ) 00 & IR 1R SR B, A
1& Attention Tree-GRU, iid B3 GRU Jik )= £t A& % 77 AR WA 4540 (5 2, X 39 7 A5 L)
H .
o B WURAIEI R E: O T SIUARETE T S BRI B AR E A G, M IS A R A, AR
FIFH PSN HEZE 43 Tyl 4 BER B R 5 1 B AR E S RIEAHS 1 ARSE S, A BERT SR E B ARE 56
S, DLBRFA IR AR TE S5 SO BT S SCRAL A %, M ek 2> V8 5 22 57415 SR W08 S 9 n) i, A
YA B B SCIR) [R] I SIS 1 5 1R V8 S Ap
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i Drata Preparation ] s,
[ Explicit information i

1

1

1
I exXpaNE onp I
I F I
| Iy conunits between previons |
| commits version and this version :
! - ™ - ! |
I SZEZ , ff code — DDL !
: (Hnﬂ\nle | ] 3 <bug report,dff codes — & :
e n o 3
! |
i _ O & _
| bug report ‘ () !
d |
! |
! J]. ﬂ 1
! l
1 DEL Forest i
! — |

o -

: — BE core ",»_‘L"O‘?_\ :
: senlenees 0 ()‘,At) :
| Mew buz report — i - !
! |
! |

! Semanfic s (T r"} —

1 { )_.(

' Acqisition o P, (-; ;,. \_)—‘ _,(’3
b . ) e TeaeT - /

{Hucklen infoim al on T — -

' , —

1
I

expans on} )
I - BERT Aftention Tree-GGRIT

........................................................

3 R TUEACE YT A B AR AR P R B 5 07 5 2 HE S

221 CHE X BHEE RS R

1) git JRAS [R1 R 22 RRCAS T 1Y) 38 G0 40000 1) 1 s

BTN Bk AT T R Go M i P (system  dependence graph, SDG)HI#4id, SDG A& H#iid &4t 4 4
216 6 PR 5 28 T B B0 26 R 1 — il R B PR b TR TR AL R S WS, FE B i i R h, R EREUR R diff
code JIT {EMIYEARTD IR BEUEAT it WA RIW. {2 H A5, H 5250 H 51 commit XER K, %141, hadoop Wi H C&H
23 410 ik commit, EACARAARZ . 1 R AEA A HRZEHE T URACHS 2L et N 1Y) SDG, Jf#EAT Mg, <55 ik
KN A, FBOERFTCEIBAT. AP —Fh 2 T FROA [0 i 2h 2R U RS SR U7 v, M 2 iR N 1) SDG. #H
BT FH I SRECH A, A Sy m] DA AR A8 oo 14 A

BATERER 2 WA 2 0] YR AR 2 55, DA 2 o A0 g W) ) 48k 5 o, ST TN R BHR A2 1 it (R, AR 4
Pr—A~ SDG WIHE:Aih b, A8 AR 2 T8 1) 22 e ARRE TR AN M RAS T 11 SDG, AT fi# 4 DBL SREGS 2 (1) 2 i
AR AL B ) . FRATV IS T B AR AR S A K . SDG. 4 75 TEHEAT IRCA G 4 i, i g e S 4 AR SR B S
AR A, BT ARS, TR IE T H SDG. Bk, BATE I FEHER T, TE R ECRI SO 1AL &
B2, FHREF RS, Wi JavaParser™ %t Java B HEATMENT, 75 UMM A BB R AT LR S, T8 b e )
WA SR, G ST SCAF 5 R B TR TR OC 3R DA KRR B 2 TRV I DG 3R, I 0B A Hh R B8 SDG.

AR SCHE 2 FAS SDG oyt B FERE b, 56 TR R i R0 U PR HE AR 0 B O EA T S Ui U . (RS B
R AR TR R (1 i L, AT 20 e N SR I e e 8 A (1 AR

2) BT TR SCARABUEE 1R SR R R i B AT i 42

ASCUARA B diff code 15 A58 A7 B as, K F XU D) R 1) 75 SORECS /8 7 B s QA bR 30, Mg as )
FImEREGHEHERE R IUKGBEZ WS, g, 5y m ) F (forward slicing) 1 AL IE4T B A J7 M, HATH
X Wy 2% F(if-else, while 55) BRAG PR IL £ (switch S5) I, [k A= £ ). (H b T B0 B 2 i 1e 2 K
RF L, SIS BT TPREAT IS 10 DR T B A e A Sk B R ARAT B AR DRI, S D) R B AR R B R, TR TN
AT R I A ZR IS, Al DU s e B R B A, 42874 o 1) R AT Wl e R 1
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AR SCHE T ACRS Y 5 R BRI R AT B AR I PR, BISR T RS S Ok B A 1 SR AH ABL 1 S I S 1) )
Fe, ARAERIUINH v #5420 5k LA A 26 190 DRIk, A SO P S8 R SO s B A o i T (M A ik, LA
T SCARAAME S BB A 45 AR o0 AR ARSI R B, AR D i 2 D) R v i et o ORI o R 440 Sl B i 75 38 S5 A
BRHCHRLEETY SDG 5 fUHE SURUME V5, SE48 5 V) v A%, 8 36 08 SO B S50t I 1R 2255 1 i i Ak
FEFTIE AT 0RO R B AR W, ) I SCORT AR e AT BRA P HEAT WS 20 AT T 110 I AR 0 K

HT2RmEAEE SDG KW C s, JATEAL S A % (selection)s ¥ 7K (expansion). A (simulation) & [9]
l(back propagation )i F2 (1) S 4 = % SL12 AR A A0 45 R A A% 1) b B & 4% X [F] (upper confidence bounds for trees,
UCT)IEFE 7= 25 BE ML AR AR [0 A e SR I 2, 1 2 i S IS I A i W AU A2 5 I RS &5 BR SUAR
T SCAHIPEGE S cosine similarity TH5), R, FIH AR (DBIE T )2 %7 5, EVIIHESHER BRI

TR LR i, FEE M T 2.
_ QW) /21nN(V)
UCT = N(\/)+c N (D

o, v AT B VORI A QM v T AU AT AR RS (I, RIVEL S A s B AR T AR A
BR SCAR ]88 SOMBLEE s NQV) R M 5049 U 0 IR © O & S 5 (IR AR 22 50 (i B % ).

BT UL R RR, AR SC5E e ARk WP AR B AR, KT AN BB R R SRR R S R 2 A,
K H DBL Forest 5.2, i3 M #8075 SUOCHE DBL, & 3 22 T4 K OCBR A (1 B 1.

3) DBL Forest #4J#

DBL Forest 5248 1 FH ¢ R 5 MMk R 56 24~ DBL W45 9F, —J7 i, ST 247 2 A0 i i 3k
ATHAE DR, 75— 7 T, W I 2 PR AR /D S SR B N E ST R U R B . AN SCAE TR BB R 2 AN
LR TG OLNT, 7550 RIS AR B BE Gl |, X 24> DBL #E47 3 1- AST AT, BRI S/ R 3k709 5,
T G A A7 E DBL 76 SDG H AR AH R 47 &, 3743 DBL Forest; FIBT, XF#rskE AST AR 4 i ¢
RBIR, Gt B R 22 A SOl A B N P AR A AR B, ORAIE AR A G AR L S N, R 1) R AT AT A0
KA (I E 4 JiR).

DBLI(V1.12-filel-line32) ~ DBL2(V1.12-file7-line17) DBL Forest

Kl 4 DBL Forest 14 &t i 4 &l

222 RAHHATREME B R

RAGTCE MM RGNS ARG F KA, X3 A% i DLZe M O R A A, 1 A2 B AT $4 HilA f
HARMG I R, AR GE MRS 2 S R AR A XS AR 45 44 (ARG B AT 4 0 A3 AN, Tai 25 AP R 78 A4k IE
A SR A AR 1 GRU R — b LA A R SRR G s VR M 4, LA B N ) AR AR A
FIE B IPLEREE D). (R H AT 3T GRU B IK 2 45 1 & — A2t B (linear chain), X T8 421450
B S B E — MR PN, A GRU SRRl 1 &5 & i e 5 0 S0k, 3 sesh Bl 31 805 X %
GRU ¥ A B E AL < R T Attention Tree-GRU, S22 AR AT 1] G Z M Se B e RREL, )] 45 HiE X
$E R AR 1 SCRAT A= B R A 12

T 5, ¥ DBL(3 DBL Forest)®| ] AST (i) 5 AT b, thT7E491E DBL(EK DBL Forest)id 2
BT Z A SDG W7 s EAT T hash AR, PR UG A SCO@ i P ) 39 S B0 AST B - i[RI, 6 %0 R o,

© PEBEBPHIFST  hip:/www, jos. org. cn
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M7 BRER 51T A AL BT A, DGR A, SR T 1 hash)HEAT 7A b O ST s n i oA —1). dmfid e ils, g
5 AU hash S5 AT AR B, A4 G2 I hash (BB 4 Ok S AT (E, K 124 SRR N RSB DML G RN
14k, 7E DBL(E{ DBL Forest)f4i id #2 H R HUCREA 1 s i, BRREAN 9 05 A 1) B AR TE 500, G 1E
i BEA. REE. BERE, ENBRT SRR,

BAVACTDfENT e AST 23X, R8s b3 #2 v B 7 17 A5 20 545 s RIS s ] IR 20 R AR T AR 1Y
IRIREE R, 25A R TP, SU% GRU 5 s (B I 800 Gk, TE ik Attention Tree-GRU 2. XA AU fif v T
GRU H5 8 52 77 4% () e 51 4 B A% 3% B 461 ) ) 723, AU VF GRU A 3 B M 2 AN B e IR B &, S Frid iz e, 3%
Hi A T AR 25 44 7 S HR IR

7F DBL(ZX DBL Forest)f#t T f)— 1~ AST 1, Ay 2 it B A 4 20 I 4% LA 4 o Ah B i N (BB AE) T 4R )
e 77, BIVEEHC A 3 b i R 8 BB N . AL B | AN RN, A A AR B S RORAH R T AL, R
A7 e TR BURFE A, a1 Bk, W TR —N9 g, i Sn, #foE A 12N IR OC 7715 A1,
B EE | AT 2 BOECIR 45 (hidden state) 5 K hy. Attention Tree-GRU #5875 FE U F .

N
z, :a[wmxj +3 U%h, +b<z>] 2
I=1
N
f :a[wmxj +> U"h, +b‘”J 3)
1=1
_ N - - -
h, :tanh[rj 0 Y UPhy +WMx, +b<'“)J 4
I=1
- N
h=(-z)0h +> 7z 0h, )
=1

Horp, hy R BRUZARES, x 0% SRR, Z, 1, Flj 439 Jg B 1] (update gate). AV [ (forget gate) FlFTic1Z #
Jt(new memory cell), W, U 4 B2 0+ E— 2RSS I AR, b IR E, ol sigmod PR%L.

i3 7 GRU LAY 5| B 7 ML, AR SCLL AST 45 A 0GR el GRU Fy 4% S IR SR, AR IS DG I OG
FRAMAN RO T B B . A2 22 s () (R B VR AR R (T A AR AT A5, T UL E o 8, ST R
B Ak B R TR T A BN SRR, DRk, BRI S T R R OC R, T B3 GRU Hdh A A& iy 1) SO
G, AU T AR S IR AT 2% ), O J5 08 SCHIRSRT B4 B0 v 4 1 000 S
223 TR SRS R R

R TIEE S I8 X225, A IR Attention Tree-GRU ZREU B IE X, FIH BERTPU3RE BR R iE
FIEX, JHETF PSN HELLF S b 138 T8 e FACHDE SCAE S, Jr v ELR il s BroR, AR E OB 7
PR IO SO VA ), 7E TR Ik R v Ak B B S A PR A

Task revocation failure could introduce
remaining unclean tasks......

Bug Repaort

.:T)/______ <BinaryExpr-plus> <AssignExprassign> <=ROOT>

-] a £ <ExpressionSt mt:-l

racsionSimts l'
¥
) » [GRU [ GRU |- GRU 1 GRU 1 GRU | GRU}» GRU
i e
— 5
[ l 3

Attention Tree-GRU

Bl 5 BT PSN HEZE (K R AR 1Y
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AR SCHH PSNHELE, DL A= M 4% (teacher-student network) f 7 2 il g 85 15 5 HVE X8 v0 o) 80, RIS 35 SCIF)
AR AR B R T B ARE S LT IR S, IR E I X . fERN A PSN i R, R AEEE
(fully connected layer)X A2 i1 B 4815 5 5 AARE 515 SCGRIE AT 45 M — Bk, ¥ P05 1%t 4 B 3047 Rl 4k,
H G4k loss M AER SN, SLILEE L (cross-modal ) [ W B 24 3.

1) Loss BTl

21 ) 4% (Attention Tree-GRU)SC) I Zk H b5t Fe/MGIL S EM N 4 (BERT)TOERI AN C & 1) T,
embedding FIEHIH S(C)5 T %=, B

min L(T(1),8(C)) ©)
PR B P B0 2 0 By — 0 A8 S K, 1 28 AR (7).
N
L(T(1,).8(C,) == SIS (C)logT(1) + (1= S'(C Dlogd~T*(1 )] ™

j=1
Horp, N O REASR, S'(C) A TU(1) R s 4 JBE 74k i RO 2R A 4 .
T g $ 18, 48] Dropout®BENL FFE GRU BRITHEAM N, I g4 Ok B B Ak VI A .
2) ARACLE VA SR s
HENRRBY B, ASCK TR DS FEFAL A AR RS ) =0/ 28 8, Jf LAl SEFE T HE T, R4 e ixiek
TR IS DL, A5 T softmax 23 R8T B AR2E, %40 8887 1E(SY(C), TV(1)) A 1] 1) R 5 (distance) A A1
(angle). ZRME U172 (8)—~(12) 7K.

h=S(C)oT () ®)
hi=[S'(C)-T (1)) ©)
he=a(WPh,-Whh+b™) (10)

P, (Y| {x};) = softmax(WP’h, +b'”") (11)
Yi = arg max Py (Y {X})) (12)

Serb, by, b A R, h A G R KRR, WO BCEE AR, b oM, x, y b Bt SO0 AR, 9, b U RRAE
3 XWigit

R PE Y BGAIE ) A, B S0 B A SRR SR v R, AR R B bR B v S G B E SR, A AT
SRR AR IR IR TR A S R AT A T
3.1 ke

A SCAR S PO B b5 et LT S2 3 08, BIATAG W T 4 /> [a) L

e RQI: H5Z I T15 B R B I 2 A7 7 A0 LE, FlowLocator J5 vk & 15 38 i w2 A7 MERfI M2

1% i) A 7E M R B0 48 7, FlowLocator 55 Lam 25 AR HY 20 e (1 3 T+ IR Bl B4 72 47 7 925 1) 45 S ok fe
PEZE SR AR TR b 58 A7 AT 26 g (R HE R M DR A Fi AT, B Top-N HE44 (Top-N rank). P HJHEff %
(mean average precision, MAP)FIT-34 {5 £ HE 4 (mean reciprocal rank, MRR)XJ 77 vE HEAf M EAT VPAY.

e RQ2: FlowLocator J5 &, 3 78 ARSI 2 AT JE K T 72 A7 45 R v 2k %) 536 T a1 ] 2

FlowLocator X H2& T35 LR m U) v 5 a4 2 A V5 B, A TS AT IR BB e it oe
2 RACHE P 7 Bk AR 7 28 BT s e s A e . SR, MER MRV 4R bR S RQ1 M),

e RQ3: FlowLocator J7 ik, 47 78 ARG AT Ko AT TR T 17 45 S HE A 4 11 5% i Gt 2

FlowLocator J5 38 i 42 2 J7 ML A4 i A8 By N\ [R) 1) G BBR, & T Attention Tree-GRU #EH!, R A ARTE AT
Hp L 3 45 M 15 BT FE AR E SO B, AR T AN A P 3] 39 ) B bk G AR BN ] GRU A5 58 0521 % 1L A 74
AR RS R, R E At Kb, dEfEIrNfeds 5 RQ1 AH .

e RQ4: FlowLocator Jj i 1 15 SCIJLS S X T 7 A7 45 AL HE1f 1 5% v 1 £ 2

© TEBREEEEIEDT  htp/ www. jos. org. cn
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FlowLocator >R F % T PSN HE 42 (1175 SCIMLIR S Se B A, MRS T4 g3 T TR AR I 2 7 7 VR 25 TR
FHZE 42 W 4% (siamese neural network)%5 17 SCHLST 5 i, FlowLocator j& 47 45 & 15 B A s m e afp k. Hod, o
e AT R 4R 5 RQL AHIA].

3.2 BUBEME

AR FUSET H AR 35 b HEAT S8, 4 T 38AIF FlowLocator J7 i1 SE Br 3 {H B [ 58 4 b i ok, D
1 Hbase, Flink, Mahout 5§ 7 A JF U5 H 20 e 1 2048 4 T, 3d e TR MR it [ o o) e B 41 o5 R A QRS AR B (gitlog) 4%
{5 BT e szi. Bt g ik s prig.

(1) BRECEAHD SO I FFIEIH AR P b SR S50 7% IR ACRE SCfF, A SCRIA SVN LA K git TH
RICIFACH H .

(2)  TCHUERREIR S P28 A USRI BB BRI R 48 TIRA _F3RE 7 AN T00 | ok i Bk B 4R 5. 10k, |
RE B IEAIR A (status) . T (type) b F R S (priority) It b 28 50 P B B I 1, BRI A o HL 2 20 4K
R A, E BEEERE BRI MR 15 1 2 45 (summary) . #i8 (description) Fl Az i (title)iX 3 /7Bt
I 2, 1E BRI B RE S R N ARG S, B, S T PRAE 256 16 7T 35 52 P 0 ] 369
AR SZZ FIEP A LA F i B R A g e AR T S RT3 T R B AR 7 A S5
R 3 4 B 4 5 (bug number) B8 % HE At HbooT 0 SR H B9 URARTE A& i Sk i S FR AR 5. 7E LR I,
PEAEAE T B A I B 45 97T bR, 0T i K iy BB 2, ASCGE I rVSM ZRER top-3 I B AZ 0 ).

(3)  FALERBEAAH AR B A Bk, ARSCURHUE B s FIE AR SO i) Tog H &, M log H
EHE T 3RE bug number XF N commit lRA S . ZJ5, M log H & ik % bug number A BT A A
(H A8 S 8 ph 3 B 4 ), R SZZ ST 3RAF RS I diff code(RIBRIAAL ), HEAT N TEUESS,
HAE N J5 2242 B DBL (#1146 AL A, AR TCH R ¥ BR SRIUE S B, BHE S commit MUA . diff
code 7 & Ky B0 f5 B, 1FA1ER B A 1% bug number St 4 T 3 BRIEARN. 25, R 2.2.1 9507
i& J7 ¥ E B DBL Forest(8¢ DBL). ¥ bug number. DBL Forest(8X DBL). &M 4 HS4T & 37 = Ju 4,
WA, TR R, KRB B R A 58 A I (8] BT — 5 I 8] 38 1) o 3 A RS 1 Dby % 2 (4 S0k %
B 200 NEEB). 2 1R T ASCORE RIS 7 AN TTIRIH 815 B

K1 HEEFL
i — /15 AT HAT DBL (or DBL DBL (or DBL it
ok RS iﬁ é&i VERIE M Forest)yPH)  Forest)PHS M BRI

- - Yok FRIGAT S QA AT 5 ] T i
Flink 13 522 71 865 1478 240 228.011 12.601 223.544 5147 2010/12-2020/02
Hbase 5071 59771 1093178 264.472 11.273 238.053 9971 2007/04-2020/02
Jena 13973 58 540 939 413 134.104 8.573 121.344 885 2012/05-2020/02
Kafka 3481 24 473 404 339 247.234 12.934 218.024 3871 2011/08-2020/02
Lucene-solr 12 507 79 058 1 883 020 221.763 12.852 343.651 3642 2001/09-2020/02
Mahout 2 080 8392 180412 245.971 17.322 432421 775 2008/01-2020/02
Pig 2 456 17 105 400 735 224.881 12.713 230.984 2577 2009/03-2019/07

3.3 IR REIFMIEHR

33.1 %

LamPURH] rVSM B DNN B8 e 3y 1) i3 SCHDUPE, R 22 46780, DAy B0 A7 s 437 B 4. Xiaol®™
FEF H pr IS 565 300 AL 2 B0 2 1) G A - i D 2R 44 (encoder-decoder), F) F LSTM A5 #Y fiff e i M 22 57t 1) it
SRR 52 A0, Deshl7 R Bi-LSTM B AL A B0 i B 404, LAZE A= ) 44 () T oS DT SO, FH 1 B b 725 o %
SENLSE TAE. A UL B AT EL AR, e Lam®), Xiao®™ 1 Desh”.

332 VP dEbs
ASLFIH Top-N HEA ~ “PIIHEM R FI P EIECHEA X 3 A TR 6B 2 A7 408 1) 48 B UF 0 i b AT S50 45
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WS, PLRPEN FlowLocator J7 v RIMESS.

1) Top-N HE44

I Bl B AT o0 R A8 L A B 8 AR L LA 3R [T 5 SR NN Ay B AR BO A B 0 b . i NS A 45 R
TS —A AR, BIIA k) BRI g e e AL, BT N HE R R AR K, 1 MR B A 5 VR IR T A e e

2) “FEIHER A (EH(MAP)

FTRNS AT G B AR BEAT YR ARG 58 A7 5 HEH R (0T (. MAP {5 B T B 5 A7 5 iR 70 A e B b v
SELPRACHE PREEE, Jorh, X B AN Gl b 8 AL 1) S 30K B (R ol AvgP) it 2 X (13) T 7R

Ang:L 5.k
| R|ici rank,

Horp, REEBIR— KRB 2 AL HE 4 IE A AARRB AR &, RIS IE 2 AL I RARRE AN 4L, rank R 28 kAN IE
iff 58 AL R AR A I HE AL T I B AR Y MAP Qi 2 (14) Pk,
Q AvgP
i 1Q]
Horp, Q M BB & A S, QR Q Tk Pk 5 4L B, AvgP; KI8T j /MBI R & 1158 A7 7 B0k FEAR.

3) PR 40HE 4 (MRR)

71 IEAff 2 A (PR AR DA B HE A8 B0~ 394, MRR B0 -5 75 VA AER 2 IEAH ¢, MRR -5 WA X (15)
J7s.

(13)

MAP =

(14)

1 & 1
MRR=— 5)
[ Q= rank

Hrp, Q Bk IS, |QER AR Q H kPR S IS H, rank F7n & 5 i A6k FAR 1 5 Ho6 B R AR5 52 A
(AR R
333 Hkw

ARSI WG B PR AL R AR Apache TUH 1 10%20 85 /E AR 4E, %43 % (learning rate) ¥ E 4 0.01, #4L
(epoch) & & M 10, 154X (iteration) % 324 100, dropout L3R K& 0.1.

ARSCEIGAE LN ECE 1 6 AL FIEAT: i E R 4L Ubuntu 16.04; GPU: GeForce GTX 1080 Ti cuda9.0.

4 SKBWERKRSH

41 RQIMEWERE ST

ARATIAELE R — %4 4E T, FlowLocator J51% 545 3.3 F PR 2 9L ML FE T IR BB 2 7 7302 e,
A BRI T SO SO 22 TR SR A P Rl O 4 R MER L. AR SCAE L Hbase SEERARTHH MRS L, @
I SEEG A T S MAP ST VRN SRAR (NS 3.3 W AT RISE I 45 R, WnEk 2 FIIE 6 Bk,

5 LamP#{ e, 78 Top-N rank (n b 1,2,...,20) L, FlowLocator #2558 A7 AEME 0.110-0.361 (FHXT4R &
182.4%—554.8%); £ MRR _I, FlowLocator AH %25 188.6%; 7 MAP _, FlowLocator A% $275 285.0%. Hitt
AT 0., FlowLocator 77V HIMERVE m T LamP R 53k, Hith, LamPJ5 b BACTE AR IRAT Byt BefE B, 7RI 515
TS SOMAPE I R, 51N BB 4 2 100 SCRH AU S AT S s A% 4y 2. 7T o VSM BEARY o A5 dle o
IR K AR AT ] I ] (1 SCAAR A, tVSM T 55 B 45 17 B (9 B BB Y, 6] A N 1 A BT ARG Ak A 1) R
[ Py ) BB AR, I FLLAE ) B IR AR BLSE e o vl SCIRARARLRE, 240 bR SOWE S0 S ME A Pk 1R 5 ), g 7 M
1 ZA%; 17 FlowLocator J5 i 75 41000 BEARRS AN SOR IR IR AT B, [FIBF3REUEE T AST S MBa k(5 &, K A
R H 5 RRSE 5 40 2= S A 31, SR B (R A7 7 9045 B 6 0 10 GRU B8 JE i AL, D% bR Sexd s
RER R, B E SRS B 2 ER i e AL T, DR AT T L I i R
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22 AR R 1 B MAP M MRR S246 45 B

Model 1 2 3 4 5 10 15 20 MRR MAP
FlowLocator 0.141 0.172 0.203 0.234 0.234 0.438 0.453 0.547 0.202 0.154
Lam' 0.031 0.031 0.031 0.047 0.047 0.094 0.109 0.188 0.070 0.040
Xiaol?* 0.016 0.031 0.063 0.063 0.063 0.125 0.156 0.203 0.053 0.054
Deshl®”! 0.063 0.109 0.125 0.203 0.219 0.250 0.391 0.423 0.124 0.110
0600
Gy
TN
0.500 M —<— FlowLocator

—F— Lam

Top-Nrank
%}
b
f*\;
a
X
Jr

0.200 S Ahpepp O Xiso
& ;O S
& & A A AAB o o ,
n_mc]x/x_ S SR ey Desh
W0 R &
0.000
1 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ko IouE B 1 fIAT N HE4L s 45 2R

5 XiaoP®MHILL, 7E Top-N rank (n K 1,2,...,20) L, FlowLocator $& & A7 MR 0.125-0.344(AH X2 15
138.4%—781.3%); 7 MRR I, FlowLocator #1527 281.1%; f£ MAP I, FlowLocator A% % 185.2%. itk
Al W, FlowLocator J5 v (IUEREPE & T Xiao®8 K5 vk, JLrh, Xiaol7 90 b Ik B 4 45 rb 1 S 4838, 7 g ok
e S APT SCRYR IR, BEF LSTM A5 Y K 2 A - it A ME 4 5 {07 i B, LSTM 3 FH 1 Ak B 265 K A A 50
P AE oL, KT KIS B U I A B AR, T GRU AR LSTM [ —FhAs ik, B S N {8, %cd &
DR, IR ST B O IR, A THUE RN EAE L. T AR R R T B AT T BRI ik,
4 AT /b, FlowLocator e 7 VERA I 5 T- 35 T LSTM 77, 3F H 55 FlowLocator A1 ., Xiao®8 Mk i T- %1
PETRAL PSRRI AT, WIR, 5k 2% T AR S M5 B, 0 T4 N B 7o % 10 ¢ R 2 17 245 &,
5 A HERR PE K T FlowLocator.

5 Desh®# Lk, 75 Top-N rank (n 24 1,2,...,20) I, FlowLocator 4% & & 7 #ERABE 0.015—0.188(HH % 4% &
6.8%—123.8%); 7 MRR _I-, FlowLocator A%} #2 %1 62.9%; 7 MAP |-, FlowLocator # %} 42 40.0%. Hittnl I,
FlowLocator J5 i fIHERAPE &5 T DeshP ik, b, DeshP 75 0 DUB B3R 75 S bt i) Je AXRD AST 15 BAE N
i, JETF Bi-LSTM B A BE AR TE &5 MAVISE 5. Bi-LSTM T A LSTM 55 [/ LSTM & hnfe — L 4k,
IS LSTM B0 2 RS FE R v . 5 LamPH Xiao®8 AR L, DeshB®719% & T 4815 B s BT T & A

gERL R, R S HE T AT T . {05 FlowLocator A L, DeshP AR $RHL T 4863 AST 15 8, (HX4F T4
MG E ) 5 R A BN A W1 UR TR m 2k, DAZE A 48 R — 850tk 1 Sk s AL BRAR IS 5 K BARE S, BT W
FE X RIE T A =R, AR PEAL T FlowLocator.

Z¢ L TIR, FlowLocator 77 A% T B BT IR $ [ @ AL 5T H ROR 847 8 NN 7k, 7EBL B 3 AR ix
VAR AL S L I, ARSI B R U AR TR G TR G5 A 5 7 10 SO ORI (AR S 5 36 04 4 v - 3
ATHAT SCAARELATECR 223.777 4T), ASCEIL TR T3 12.610 AT 19ARAD BE T HEAT IR BE 5 B o A7 TAE,
I B5 HAT AR 2 10 IR b e A 5 EAE LB T 5 LF IR8UR.

4.2 RQ2AIKILER K57

T VRN A SO AR T A U IR T A 45 RERPE R, AR A T XXJ([’TEJJ)#H’J
FlowLocator J7i%15 3T G AL 7 59 7810 FlowLocator J7yAE25 314047 52 7 45 S UER VEVE Al A S0/
Hbase 5T H 8RR BTS20 160 0E, R Z b 0 G B 77 X, ERIFA AT H— B0 2 ml
AT S, AT A MAP SEAER PR PR SR AR (LI ES 3.3 TR MR A5 IR, WK 3 Tk 4.
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3R 2 BT N A SR g R

Model 1 2 3 4 5 6 7 8 9 10
FlowLocator 0.192 0.269 0.317 0.377 0.401 0.441 0.479 0.501 0.510 0.522
FlowLocator-{UHY 7 0.014 0.027 0.057 0.059 0.064 0.068 0.074 0.090 0.119 0.119

Model 11 12 13 14 15 16 17 18 19 20
FlowLocator 0.534 0.540 0.549 0.560 0.581 0.587 0.590 0.601 0.610 0.621

FlowLocator-{UHY 7 0.120 0.122 0.134 0.141 0.144 0.153 0.158 0.170 0.189 0.199

F 4 BFA R 2 () MAP % MRR 528645 3

Model MRR MAP
FlowLocator 0.314 0.211
FlowLocator-{{i% )7 0.051 0.049

S5 25 R, FlowLocator SR 5 T8 LU DI 7 Xy smAE VA B, 7EH0 [ A AT 40T (20
7). M TSR A7 515 72775, 75 Top-N rank (n 24 1,2,...,20) L, FlowLocator $i& & & 7 #EAf
0.178-0.437 (AT 212.1%—1271.4%); £ MRR _E, FlowLocator 1% #&7 515.7%; £ MAP _E, FlowLocator
FHXS 2 5 330.6%. FlowLocator i it AST #7119 1% X SRBUB L g N, 7EARRD )T 5 104 78 7 20 R o0 AR AT S 4
EEpiRdh s, S8E BRER/DN. AR TIE XA 727, Wil g ihuEl, &1 AST
il BT 25 SR HCIR] T [R] (#7555 0C &R, FlowLocator A4 T 4578 tp{y £ (] ¥ DG IBE 7 X, AR 40 58 A AR 4R mOIREUAH 56 &
A B, FEX Y 75 B R, MR TEERARIE I 7R, FEEimiEat: EA T RgUR.
4.3 RQIRIEWLR K5

KT VA FE AT PAT B AR SRS S8 A AR PR P S, ARTHS R SR N ] GRU BB R R AR,
AR IRAE (S K 1075 505 FlowLocator HEAT XS B, ACSCAE [ — SAEAF B 72 77 0T, LA Hbase S HfF
HK K S ERATIRAE, JF4y 75 MAP SEHERPEPP O SR bR 2R 3.3 W PTid)Mse i 45 R, WK 5 M3k 6.

R5ORAUERE 3 FHT N HEA SR AR

Model 1 2 3 4 5 6 7 8 9 10
FlowLocator 0.141  0.172 0203 0234 0234 0297 0313 0375 0406  0.438
FlowLocator-GRU 0070  0.125  0.25 0172  0.172  0.72 0219 0219 0219  0.234
FlowLocator-$5 W17F  0.047  0.047  0.053  0.091 0091  0.104  0.112 0136 0155  0.160

Model 11 12 13 14 15 16 17 18 19 20
FlowLocator 0438 0453 0453 0453 0453 0484 0517 0531 0547  0.547

FlowLocator-GRU 0.250 0.250 0.250 0.250 0.297 0.328 0.359 0.359 0.359 0.359
FlowLocator-F7 iR 4 0.175 0.175 0.183 0.183 0.192 0.204 0.223 0.230 0.237 0.237

6 WA A 3 f) MAP M MRR 5246 45 B

Model MRR MAP
FlowLocator 0.202 0.154
FlowLocator-GRU 0.112 0.090
FlowLocator-#5 iR #F 0.080 0.067

ML 45 Bk | FlowLocator 2% ] Attention Tree-GRU #4Y, AH b T 8 ] GRU #5884 A7 AN Ak BEAC D ¥
AR FlowLocator J77%, £E Top-N rank (n 4 1,2,...,20)_k, FlowLocator & & & 2 R & 0.047-0.310 (A X &
A1 36.0%—-283.0%); 7F MRR _I, FlowLocator AHX 42 80.4% /2 152.5%; #£ MAP I, FlowLocator AHX}$2 5
71.1% 5% 129.9%. FlowLocator 1% T-H N Fl GRU ALBE AST {5 /8, I FH AT 75 J LA D sl 0 v 4545 2 4
RIS, 5 B R AN A, FEAEAR Y A R AT AL . FlowLocator A4S T RIS AR N5 B, 7R
T NTT, 5T AST AT IRBURRD AT ) JE X, 9 ACRE 8 U5 B &. [F, FlowLocator 3 J-71 & )
HLH b B ARG AT P (R e S5 M5 S, ST U ) GRU R sl AL AR D AR IR (5 2, 76 e A v i b
BAHTIFNHR.

TEAHD B B/MR G OUT, AT LA g 7 248 T ARAD o R 38 B R, SRR AT P AT v ) T 2 45
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R SCTT DA iy A0k B e A e e, Rk, 78 Bk s iR NS AR IR 2 s X, A B T3t T IR ShFg
SE AL 7 VAR AR FE ARRD L A PR v A
44 RQANKREERE T

T B AIE T SIS SR s o 5 A HE AR P I B, AT SR S R T IR SRR i A 7 DT i X
HOL B SR G, A DR IR T S SR AR TR A N B — B 0, 5 FlowLocator J7yAHEAT 6 LLsI6. A SCEAL &
Hbase 2501 B MBS LtAT TS2I0I00F, FE4H TR S MAP SAEF VT F8 br(an 58 3.3 F9FTid) sz
ek, WA 7 FEK 8.

£ T BRI A 4 FOHT N HEA S0 45 3

Model 1 2 3 4 5 6 \/ 8 9 10
FlowLocator 0.141 0.172 0.203 0.234 0.234 0.297 0.313 0.375 0.406 0.438
rVSM 0.055 0.080 0.113 0.117 0.117 0.154 0.170 0.186 0.197 0.205
LSTM+Encoder-Decoder 0.039 0.043 0.049 0.053 0.053 0.069 0.071 0.087 0.093 0.105
Bi-LSTM+SNN 0.063 0.109 0.125 0.203 0.219 0.219 0.219 0.219 0.234 0.250

Model 11 12 13 14 15 16 17 18 19 20
FlowLocator 0.438 0.453 0.453 0.453 0.453 0.484 0.517 0.531 0.547 0.547
rVSM 0.205 0.224 0.224 0.224 0.224 0.261 0.269 0.270 0.274 0.279
LSTM+Encoder-Decoder 0.105 0.114 0.114 0.114 0.114 0.126 0.137 0.154 0.194 0.194
Bi-LSTM+SNN 0.250 0.266 0.359 0.391 0.391 0.391 0.391 0.406 0.406 0.423

28 WFIA 4 () MAP 2 MRR 528645 3

Model MRR MAP
FlowLocator 0.202 0.154
rVSM 0.090 0.081
LSTM-+Encoder-Decoder 0.074 0.063
Bi-LSTM+SNN 0.124 0.110

S5 45 R, FlowLocator R I3 T PSN #1315 UL SR 0%, AH LT rVSM ZE WL 5K, 7E Top-N rank (n
5 1,2,...,20) -, FlowLocator $2& i /& 7 #ET JE 0.015-0.380 (FHXS#27E 6.8%—341.5%); & MRR _I-, FlowLocator
FIXT 3R R 62.9%—173.0%; £E MAP L, FlowLocator #1%} 4% i 40.0%—144.4%. FlowLocator 1% T rVSM W5 5
e, Z S AERE AARE S MABEEIE N, U ARIESE X SRIBIES RIMEAk. 53T LSTM 1
Encoder-Decoder 77 %A Lt., FlowLocator A 77 %2 JEAT R b B4 T0O6E 18, T8 SCHIe S M Aff 6 AN 52 T 4 B 5040 14 52 .
FHEL T2 T Bi-LSTM 1) SNN Jj i, FlowLocator 5K H PAZR4E 4%, B HARE & RIEME AR SE R, WEAEE
BHREA R, VLSRR SR B AR TE T LARDTE S, A TSR A —BULTE U R Tk, SHA
MR B T8 AR R, B TS E S SO IR . [N, FlowLocator J7 VAT tVSM S5 i SO S,
16 2 A AEA M b BT B O
45 BHEZME R
H T, FlowLocator J7 &I 4K HAA — w2 BR Al
o JNEARERANT B TR A commit B G M EINFER. TEIRAEACS TR R, FEERAH diff code
BEBCRMTE L. B 58, X FlowLocator [F15VERCH ™ A48 jglly, %45 04z {i15 DBL Forest #4 i 75225
FE L AL E S RIME R G 0, TTRE S BB S S R N . AT, BB sl A R i 1 i, DBL
(8% DBL Forest)[i] H A5 5 2 4040 (1) 0] fe 48 5, 1517 5 25005 A5 5] 50k 04 038 SCARALME 38 oK, %t
FlowLocator & o #EAffi P 7= A= 1 s i il 2 388K
o FIEATRCME B P R Ok T vEMEfE A BR ). FlowLocator J7ikEE T SZZ SLiEMEBELE, Szz
SR Z NI H Z AR RE M, BT AR ZER A, 0 Tk AU R A KT, B AR
23 FRAR.
XA b ), SRk mT RE SR AT O i R
o e, EEXTAMTEUN. 0T 5 I O AR R P, commit AT AR EE, XTSI R A &I
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AU B RAT TR, HETR A TS5 commit FiE, AR % FlowLocator IS HE 2% ok 72 s /D 7] ¢
BN AL B RS, G5 E A IRAAS YE . RIS, %) T DBL(2X DBL Forest) i) 4 B4 3k B AR AL
BER BB, — 510, A R AT DAAE AR SO 3R 1t — 2048 1 3 1 SUMRUPE U 7 503, SR A3
A AT A 10 7 k> AR BRI E S S — L, 3G OO Btk B A2 3, A T RE I i B
7 A D B A v A B AR (R ] DX Ak, T i AR AT [R] (R S22 e, e AR A 1 U

k.
o EFXFAEEEM, Xt SZZ FVET I REIR AL, W LA AR i FlowLocator [EARE, R A
vt PR AU

5 RES5RE

ASCHRE T IR ACRS 3 e A B AT 1 4i0RE LIRS B e AL I, B 17— Pl 37 5T 3 TR SR R 1 40 kR
SRR TE LV, R AE AL RERE AR AR K FE Al b v 45 SR MR L. T I RO AL i e OGRS, DA A AT
T3 AU I B ) AT B AR, 38 B0 W A VR SCRAERE SR H I, I, DU AT b ) U4 1
S SR A AT B PR A5 B, Sl 2 AR 18] fr) i SCT D), BLZE A iR T8 3 Ak B B 1 15 b B 984 5 2
VAT AR TE 515 X, AR SR S 7 UM G B RS 5 M AR IE 35 1) 1R T8 SUBRAN OG R, SEBLAIAL L 1A i B
SJEA.

AR YA T A LSBT AR AR B A, DGS9 S R B RBP4 U7 5K, o
TR SRR W R R, SCIL T GRBE R A R (A B T ROR, EAR AR EAS E, MGl e B A 1) 1 2
X R B A A e R SR T P A e R TR ) SR IR R EAT SR 2 IR 5.

References:

[1] Li XZ, He YP, Ma HT. Defect comprehension research: Present, problem and prospect. Ruan Jian Xue Bao/Journal of Software,
2020, 31(1): 20—46 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/5887.htm [doi: 10.13328/j.cnki.jos.
005887]

[2] Yu K, Lin MX. Advances in automatic fault localization techniques. Chinese Journal of Computers, 2011, 34(8): 1411-1422 (in
Chinese with English abstract). [doi: 10.3724/SP.J.1016.2011.01411]

[3] Nguyen AT, Nguyen TT, SI-Kofahi J, Nguyen HV, Nguyen TN. A topic-based approach for narrowing the search space of buggy
files from a bug report. In: Proc. of the Int’l Conf. on Automated Software Engineering. 2011. 263-272. [doi: 10.1109/ASE.2011.
6100062]

[4] Ye X, Bunescu R, Liu C. Learning to rank relevant files for bug reports using domain knowledge. In: Proc. of the 22nd ACM
SIGSOFT Int’l Symp. on Foundations of Software Engineering (FSE 2014). New York: ACM, 2014. 689-699.

[5] Lam AN, Nguyen AT, Nguyen HA, Nguyen TN. Combining deep learning with information retrieval to localize buggy files for bug
reports (N). In: Proc. of the 30th IEEE/ACM Int’l Conf. on Automated Software Engineering (ASE). Lincoln, 2015. 476—481.

[6] Xiao Y, Keung J, Mi Q, Bennin KE. Improving bug localization with an enhanced convolutional neural network. In: Proc. of the
24th Asia-Pacific Software Engineering Conf. (APSEC 2017). Nanjing, 2017. 338—347.

[7] Xiao Y, Keung J, Mi Q, Kwabena B. Bug localization with semantic and structural features using convolutional neural network and
cascade Forest. In: Proc. of the 22nd Int’l Conf. on Evaluation and Assessment in Software Engineering. 2018. 101-111.

[8] Ye X, Shen H, Ma X, Bunescu R, Liu C. From word embeddings to document similarities for improved information retrieval in
software engineering. In: Proc. of the IEEE/ACM 38th Int’l Conf. on Software Engineering (ICSE 2016). Austin, 2016.
404-415. [doi: 10.1145/2884781.2884862]

[9] Guo ZQ, Zhou HC, Liu SR, Li YH, Chen L, Zhou YM, Xu BW. Information retrieval based bug localization: research problem,
progress, and challenges. Ruan Jian Xue Bao/Journal of Software, 2020, 31(9): 2826-2854 (in Chinese with English abstract).
http://www.jos.org.cn/1000-9825/6087.htm [doi: 10.13328/j.cnki.jos.006087]

© TEBREEEEIEDT  htp/ www. jos. org. cn



4024 AR 2022 % 33 A% 11 A

[10] Zhang Y, Liu JK, Xia X, Wu MH, Yan H. Research progress on software bug localization technology based on information
retrieval. Ruan Jian Xue Bao/Journal of Software, 2020, 31(8): 2432-2452 (in Chinese with English abstract). http://www.jos.org.
¢n/1000-9825/6081.htm [doi: 10.13328/j.cnki.jos.006081]

[11] Le TDB, Thung F, Lo D. Will this localization tool be effective for this bug? Mitigating the impact of unreliability of information
retrieval based bug localization tools. Empirical Software Engineering, 2017, 22(4): 2237-2279.

[12] Pearson S, Campos J, Just R, et al. Evaluating and improving fault localization. In: Proc. of the IEEE/ACM 39th Int’l Conf. on
Software Engineering (ICSE). IEEE Computer Society, 2017. 609—-620. [doi: 10.1109/ICSE.2017.62]

[13] Le TDB, Lo D, Thung F. Should I follow this fault localization tool’s output? Empirical Software Engineering, 2015, 20(5):
1237-1274.

[14] Lucia, Thung F, Lo D, et al. Are faults localizable? In: Proc. of the Mining Software Repositories. IEEE, 2012. 74-77. [doi:
10.1109/MSR.2012.6224302]

[15] Parnin C, Orso A. Are automated debugging techniques actually helping programmers? In: Proc. of the Int’l Symp. on Software
Testing & Analysis. ACM, 2011. 199-209. [doi: 10.1145/2001420.2001445]

[16] Motwani M, Sankaranarayanan S, Just R, et al. Do automated program repair techniques repair hard and important bugs? Empirical
Software Engineering. 2018, 23(4): 2901-2947.

[17] Wei HH, Li M. Supervised deep features for software functional clone detection by exploiting lexical and syntactical information in
source code. In: Proc. of the 26th Int’l Joint Conf. on Artificial Intelligence (IJCAI 2017). 2017. 3034-3040. [doi: 10.24963/ijcai.
2017/423]

[18] Duan X, Wu JZ, Ji SL, et al. VulSniper: Focus your attention to shoot fine-grained vulnerabilities. In: Proc. of the 28th Int’l Joint
Conf. on Artificial Intelligence Main Track. 2019. 4665-4671.

[19] Alsulami B, Dauber E, Harang RE, Mancoridis S, Greenstadt R. Source code authorship attribution using long short-term memory
based networks. In: Proc. of the 22nd European Symp. on Research in Computer Security. Oslo, 2017. 65-82.

[20] Xu K, Ba J, Kiros R, Cho K, Courville A, Salakhudinov R, Zemel R, Bengio Y. Show, attend and tell: Neural image caption
generation with visual attention. In: Proc. of the 32nd Int’l Conf. on Machine Learning (PMLR 37). 2015. 2048-2057.

[21] Do LNQ, Kriiger S, Hill P, Ali K, Bodden E. Debugging static analysis. IEEE Trans. on Software Engineering, 2020, 46(7):
697-709. [doi: 10.1109/TSE.2018.2868349]

[22] Zhao MM, Li TH, Alsheikh MA, Tian YL, Zhao H, Torralba A, Katabi D. Through-wall human pose estimation using radio signals.
In: Proc. of the IEEE Conf. on Computer Vision and Pattern Recognition (CVPR). 2018. 7356-7365.

[23] Wang KC, Wang TT, Su XH, Ma PJ. Key scientific isues and state-art of automatic software fault localization. Chinese Journal of
Computers, 2015, 38(11): 2262-2278 (in Chinese with English abstract). [doi: 10.11897/SP.J.1016.2015.02262]

[24] Le TDB, Oentaryo RJ, Lo D. Information retrieval and spectrum based bug localization: better together. In: Proc. of the
ESEC/SIGSOFT FSE. 2015. 579-590.

[25] Lam AN, Nguyen AT, Nguyen HA, Nguyen TN. Bug localization with combination of deep learning and information retrieval. In:
Proc. of the IEEE/ACM 25th Int’l Conf. on Program Comprehension (ICPC). Buenos Aires, 2017. 218-229.

[26] Saha RK, Lease M, Khurshid S, Perry DE. Improving bug localization using structured information retrieval. In: Proc. of the 28th
IEEE/ACM Int’l Conf. on Automated Software Engineering (ASE). Silicon Valley, 2013. 345-355.

[27] Zhou J, Zhang H, Lo D. Where should the bugs be fixed? More accurate information retrieval-based bug localization based on bug
reports. In: Proc. of the 34th Int’l Conf. on Software Engineering (ICSE). Zurich, 2012. 14-24.

[28] Xiao Y, Keung J, Bennin KE, Mi Q. Machine translation-based bug localization technique for bridging lexical gap. Information and
Software Technology, 2018, 99: 58-61.

[29] Thung F, Le XD, Lo D, Lawall J. Recommending code changes for automatic backporting of Linux device drivers. In: Proc. of the
IEEE Int’l Conf. on Software Maintenance and Evolution (ICSME). Raleigh, 2016. 222-232.

[30] Rodriguez LR, Lawall J. Increasing automation in the backporting of Linux drivers using Coccinelle. In: Proc. of the 11th European
Dependable Computing Conf.—Dependability in Practice (EDCC). 2015. 132—143.

[31] LawallJ, Palinski D, Gnirke L, et al. Fast and precise retrieval of forward and back porting information for Linux device drivers. In:

Proc. of the Usenix Conf. on Usenix Technical Conf. USENIX Association, 2017. 15-26.

© TEBREEEEIEDT  htp/ www. jos. org. cn



gt F A TFRABSY R GO Mm% 4025

[32] Zhang J, Zhang C, Xuan JF, Xiong YF, Wang QX, Liang B, Li L, Dou WS, Chen ZB, Chen LQ, Cai Y. Recent progress in program
analysis. Ruan Jian Xue Bao/Journal of Software, 2019, 30(1): 80-109 (in Chinese with English abstract). http://www.jos.org.cn/
1000-9825/5651.htm [doi: 10.13328/j.cnki.jos.005651]

[33] Allamanis M, Barr ET, Devanbu P, Sutton C. A survey of machine learning for big code and naturalness. ACM Computing Surveys,
2018, 51(4): Article 81.

[34] Zhen L, Zou DQ, Xu SH, Ou XY, Jin H, Wang SJ, Deng ZJ, Zhong YY. VulDeePecker: A deep learning-based system for
vulnerability detection. In: Proc. of the Network and Distributed Systems Security (NDSS) Symp. San Diego, 2018. 1-15.

[35] Zhang C, et al. Automatic parameter recommendation for practical API usage. In: Proc. of the 34th Int’l Conf. on Software
Engineering (ICSE). Zurich, 2012. 826-836.

[36] Raychev V, Vechev M, Yahav E. Code completion with statistical language models. ACM SIGPLAN Notices, 2014, 49(6):
419-428. [doi: 10.1145/2666356.2594321]

[37] Bhoopchand A, Rocktischel T, Barr E, Riedel S. Learning python code suggestion with a sparse pointer network. arXiv:1611.
08307, 2016.

[38] Iyer S, Konstas I, Cheung A, Zettlemoyer L. Summarizing source code using a neural attention model. In: Proc. of the 54th Annual
Meeting of the Association for Computational Linguistics (Vol.1). 2016. 2073—2083. [doi: 10.18653/v1/p16-1195]

[39] Yin P, Neubig G. A syntactic neural model for general-purpose code generation. In: Proc. of the 55th Annual Meeting of the
Association for Computational Linguistics. Vancouver, 2017. 440-450.

[40] Rabinovich M, Stern M, Klein D. Abstract syntax networks for code generation and semantic parsing. In: Proc. of the 55th Annual
Meeting of the Association for Computational Linguistics Vancouver, 2017. 1139-1149.

[41] Allamanis M, Brockschmidt M, Khademi M. Learning to represent programs with graphs. In: Proc. of the Int’l Conf. on Learning
Representations. 2018. 1-17.

[42] Kim S, Jr. Whitehead EJ, Zhang Y. Classifying software changes: Clean or buggy? IEEE Trans. on Software Engineering, 2008,
34(2): 181-196.

[43] Wu RX, Zhang HY, Kim SH, Cheung SC. ReLink: Recovering links between bugs and changes. In: Proc. of the SIGSOFT/FSE
2011 19th ACM SIGSOFT Symp. on Foundations of Software Engineering. 2011. 15-25.

[44] YiQ, Yang Z, Liu J, Zhao C, Wang C. A synergistic analysis method for explaining failed regression tests. In: Proc. of the IEEE/
ACM 37th IEEE Int’l Conf. on Software Engineering. Florence, 2015. 257-267.

[45] Thung F, Lo D, Jiang L. Automatic recovery of root causes from bug-fixing changes. In: Proc. of the 20th Working Conf. on
Reverse Engineering (WCRE 2013). Koblenz, 2013. 92—-101.

[46] Sliwerski J, Zimmermann T, Zeller A. When do changes induce fixes? In: Proc. of the Int’l Workshop on Mining Software
Repositories (MSR 2005). New York: ACM, 2005. 1-5.

[47] Rungta N, Person S, Branchaud J. A change impact analysis to characterize evolving program behaviors. In: Proc. of the 28th IEEE
Int’l Conf. on Software Maintenance (ICSM). IEEE, 2012. 109-118.

[48] Roya H, Peter B. JavaParser: A fine-grain concept indexing tool for java problems. In: Proc. of the CEUR Workshop, Vol.1009.
2013. 60—-63.

[49] Mark H, Robert H. An overview of program slicing. In: Proc. of the Software Focus, Vol.2. 2001. 85-92. [doi: 10.1002/swf.41]

[50] Silver D, Schrittwieser J, Simonyan K, et al. Mastering the game of Go without human knowledge. Nature, 2017, 550: 354-359.

[51] Tai KS, Socher R, Manning C, Christopher D. Improved semantic representations from tree-structured long short-term memory
networks. In: Proc. of the 53rd Annual Meeting of the Association for Computational Linguistics and the 7th Int’l Joint Conf. on
Natural Language Processing. Beijing, 2015. 1556-1566.

[52] Cho K, van Merrienboer B, Giilgehre C, et al. Learning phrase representations using RNN encoder-decoder for statistical machine
translation. In: Proc. of the EMNLP. 2014. 1724-1734.

[53] Elsayed G, Kornblith S, Le QV. Saccader: Improving accuracy of hard attention models for vision. In: Proc. of the Advances in
Neural Information Processing Systems. 2019. 700-712.

[54] Devlin J, Chang MW, Lee K, et al. BERT: Pre-training of deep bidirectional transformers for language understanding. In: Proc. of
the NAACL-HLT. 2019. 4171-4186.

© TEBREEEEIEDT  htp/ www. jos. org. cn



4026 BAUFFIR 2022 5% 33 5% 11 8

[55] Chen R, Liu Y, Jia Z, Gao J. Isolating and understanding program errors using probabilistic dispute model. In: Proc. of the IEEE
37th Annual Computer Software and Applications Conf. Kyoto, 2013. 633-638. [doi: 10.1109/COMPSAC.2013.102]

[56] Zhang W, Li ZQ, Du YH, Yang Y. Fine-grained software bug location approach at method level. Ruan Jian Xue Bao/Journal of
Software, 2019, 30(2): 195-210 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/5565.htm [doi: 10.13328/j.
cnki.jos.005565]

[57] Deshmukh J, Annervaz KM, Podder S, eds. Towards accurate duplicate bug retrieval using deep learning techniques. In: Proc. of
the IEEE Int’l Conf. on Software Maintenance and Evolution (ICSME). IEEE, 2017.

[58] Borg M, Svensson O, Berg K. SZZ unleashed: An open implementation of the SZZ algorithm—Featuring example usage in a study
of just-in-time bug prediction for the jenkins project. In: Proc. of the 3rd ACM SIGSOFT Int’l Workshop on Machine Learning
Techniques for Software Quality Evaluation (MaLTeSQuE 2019). Tallinn, 2019. 7-12.

M HR 32525 Sk

[1] ZElesi, BESF, oK. SLREIRMOTIL: DUR. MBS R, AR5k, 2020, 31(1): 20-46. http://www.jos.org.cn/1000-9825/
5887.htm [doi: 10.13328/j.cnki.jos.005887]

[2] B, MREBF. AR E SRR TE R EE . THENL2AAR, 2011, 34(8): 1411-1422. [doi: 10.3724/SP.J.1016.2011.01411]

[9] iB4Enk, JEREE, XUREAR, ZEEME, BRAK, B, MRS BTE R R EG T O: mEL HEES PR, R, 2020,
31(9): 2826-2854. http://www.jos.org.cn/1000-9825/6087.htm [doi: 10.13328/j.cnki.jos.006087]

[10] k=5, MIEERE, E%, SLWINE, BUE. B TE BRI A BoR DS F2# 4R, 2020, 31(8): 2432-2452. http://
www.jos.org.cn/1000-9825/6081.htm [doi: 10.13328/j.cnki.jos.006081]

[23] Esewl, EFFEE, /A, BRFE. B 08 A B R ) AR . TEEIPLAEIR, 2015, 38(11): 2262-2278. [doi:
10. 11897/SP.J.1016.2015.02262]

[32] akfd, 3K, KBk, RESCE, T THE, B, 20, Sk, BRIRIE, BRALAT, 5. BF NP IR, BAEAR, 2019,
30(1): 80—109. http://www.jos.org.cn/1000-9825/5651.htm [doi: 10.13328/j.cnki.jos.005651]

[56] FK3C, 4= AR, AR, et T O R AR BB B R T VR AR, 2019,30(2):195-210. http://www.jos.org.cn/
1000-9825/5565.htm [doi: 10.13328/j.cnki.jos.005565]

FERRE(1992—), &, i+, FHFFH BHF@1962—), B, #tL, PR, WL
R FE T 43 W B B 5 7 c A S, F BN R 4wk A, BaFL
o i .

W E1993—), B, Wit TR
WAFET o #r.

SEKR(1972—), %, W+, @B,
LB TSI A R HT, R L4

© PEBEERKCEIFR  htps/www. jos. org. cn



