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HEDTED [6,7,8,9], NIBBEINZEDEA—N—7 1 v Mo THEDIE L WEERED I X
NHEGAVE NI L [12] BFHEIC L > THSRIZ R > T 5,

ZD7H APR Y —VoRHF I SNy F2 7005 MGE-T 201, A—N—7 4 v
PRy FRET A7, ZNOPEICIEL 02NN BHTHER T 206ERH 5. Lo Lo,
Ry FOMRIZAAPDORFOEETH S (13, APR V—ABKROAy F2MAT 2886, H50
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EHERT 71O REaRIPEL S, 207D APRYV—ILVEZHWALELTY, BT LLT NNy S
EEZZRNTE S LIF VAR, TNy Z2RMT 2120, A—"—7 1 v bRty F24EK
LiEwZ e, APRY—ABHNT 2y FOMERIA M ZHIRT 22 LD 2EY DHENREZ NG,
HIZICBAL T, A—"—=7 4 v bRy F2ER L5 APR O fTHIL T 5 [14, 15, 16, 17].
L2L, A=N"=74 v by FOREBREIELTETEST, F—1"=7414 v FD% W APR
V=NV DEBUTELELHEL W EVZ S,

Z ZTAMZE TR, RNy FiERa A FOHREZHINE L, APR Y — VB L8y F2IR5 5
LRI N—=TIT 2 FEERRET S, IRAIBOVBFEL Sy FOIN =706 1 DDy F %R Ui
RTLIET, ZOVN=TRET2MDOETD/Ny FRIEL OLEPICO VTS FEKHCHNITE 2,
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L, Ry FLERT AT OLTOMEMAILETT S, ZOFREHCT, Sy FOI7V—7%f79.

KWFFETIE, Defectsd] XvF<—2 [18] WD Math 7m ¥ =7 b DI APR Y — L %5 L T
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Xy FORH, T 83%, TIHMET 8T% HIIKFIRETH 2 Z LS o, 7, IS
TN —TOfERE HECHER L 72 & 25, PEMU EoEMICEWT, EMORL 25y F2lo 7
N—TIHMEST 22 LD TER, 3518, ERORL 2y FOFMHICEZ 58, BXOCHBIT A b
DEBREELE %y T DITEEREEDBIRIC O W THFAE L 72,

LI, 2 ficixfEdik s L<, APR 18y FHERa A PHIRICIAG 2274 77 %2 FH %582
THHAL, 3 fCRREFEICOCTHIT S, 4 fiTld, KA THREL 7 Research Question 12
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HElgoTwd, Ny FORT2ENNICHETHR S 2 DRIENEL, FREaRA2ETS, 22
T, APRY =M T 28y FIREBIL T 25808% <, RIBOBFEL Sy F UL LHEET S
EVIHIRENAT 2. APR Y — AT 28y FodhT, AKRDIRZFHOEZRO Ny F20 LD
DI N—7"ELTAPR OFMAFIHR T2 LT, MRATRE Ny FOHEHNNTE S LEFIIEZ
72. APR Y —VORHZERFEUCIRZBAZEEO Ry FOIN =20 EOWMO T, 207 V=71
BT 280 FOOEDIODVBTA—=N=7 4 v B ZHERT UL, ZO7NV—T DDy 54 [H
FRICA = N=T7 4 v b EI2DROD 570, D 3y FIIMRT 20N 225, Thbb, R
TRERYFOH%E, APRY — AV L8y FE>SRUIREZ #2280y FO 70— 7
HIK A CH 2. KED Sy FBHNSNEEAICELTH, W20 ED IV —FicadEltEn
E, FIHFEOMR 2 A MEKRIEICHIRTE 5,

DToK 11x, APR Y —LAHRREUCIRZEEG 2ROy F 2 8B L 2 HEBEOHI<H 5. SLiTht
%2 [19] 128 T, Defectsd] X F=—7 [18] Ic&F1 537 (Math 53) 128 L THE D APR Y — L
RUEHL-LIA, HED Ny FPRoN, IWhENI 8y FI2lE, ELw Ry F Lt —nN—71y
Ny FOMGREENDE, —HD Sy F2K 1ITRT, 1(a) I, BFEFIC L > THEIfTON
TBIEL T2 IE@D Sy FTh Y, K 1(b)(c)(d) EA—"=7 42 F%yFTHD. A—"—
74y by FiE, AV v Fadd I 558 rhs @ null F = v 7 2179 Bl rhs ZZH L Tw
278, 5T null 25 % % £ IS} NullPointerException 3% T %, MAKIC null %52 % &
#I4+ NullPointerException 23%4:§ % /%y FRMEHAER SNz, TNHD 8y FIF “X Y v F add
DB null %5 2 % L HI4 NullPointerException 235843 %7 R2 2o 8y FThH % &
W25,

D) BRAROIRZEENEZRFO Ny FEOEDD N —T L LCHHFZEICRRT S 2 LT, ERT
RERYy FORZEFTES, Thbb, H27NV—FIXBT 2,8y F23 “X Y v F add 51 null
% 5.2 % Lf19% NullPointerException %L T 2” A —N—=7 4 v F Xy FTH D I LWL
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public Complex add(Complex rhs)

throws NullArgumentException {
MathUtils. checkNotNull(rhs);

+ if (isNaN || rhs.isNaN) {

+ return NaN;

+ }
return createComplex(real + rhs.getReal(),

imaginary + rhs.getImaginary());

public Complex add(Complex rhs)

throws NullArgumentException {

+ if (isNaN || rhs.isNaN) {

+ return NaN;

+ )
MathUtils. checkNotNull(rhs);
return createComplex(real + rhs.getReal(),

imaginary + rhs.getImaginary());

(a) IELWEES Y 5

(b) A—r8=7 4 v by F 1

public Complex add(Complex rhs)
throws NullArgumentException {
- MathUtils.checkNotNull(rhs);
if (isNaN || rhs.isNaN) {
return NaN;

+ + +

}

return createComplex(real + rhs.getReal(),
imaginary + rhs.getImaginary());

() A=nN=T 4y +yF2

public Complex add(Complex rhs)
throws NullArgumentException {
- MathUtils. checkNotNull(rhs);
if (isNaN || rhs.isNaN) {
return NaN;
¥
MathUtils. checkNotNull(rhs);
if (isNaN) {
return NaN;

+ o+ o+ o+ o+ o+ o+

}
return createComplex(real + rhs.getReal(),
imaginary + rhs.getImaginary());

(d) A=N=74 v by F3
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3.1 XRTv 71 :KBINYFHETFTAMNIA—MNER
2TV 1-1: TANRA—NER

ANELTHEZoN7: APRDPEIIL %8y F pr,.py 22 NUFIUEIERTID 7 0 777 L% LTl
ML, &Toy F206 HE7 2 MEREMiZHWTTF A P24 — b 2EKT 3, BERENALTFAL A
A= ZEZNETNt, .0ty £T D, 22T, APRVBIELLY FALTERNRICT A Z2EKT 3,
Bl Z1E, »SvF 1 TlF ClassAd, 7$v F 2 TClassA, ClassBA#BIELZET 2. ZOHATIE, <y
F 1, 2 DIlij/5T Classh, ClassB ZMNRE LT A MEHBERT 3.

ATv 7 1-2 : flaky test DF v ¥

RIZ, BRI N/ET A AL — Fdiflaky test ZETPEIF = v 735, flaky test £ 1%, FU
7ur 7N, FAUETRETH 21606 T, FTT5CCT A FOREDENT 2T AP TH 2,
flaky test IZPAFICHEHZE L 52 2T A P TH B I BRSO NTED 20, AFHEOGRMEIMET T2
TR D 2720, AT v 72 CHEETT 2T A MLOMORL., p 23t KHENBET AT —A
teij WRIML 72858y, ZDT A M7 — A% flaky test ThH 2 LHIWi T 5. HABI7 A bAERESMIE, AN
DTAT LT L L) BT AN 2NN T S, LEX>TEy FIEHSDLSER L2 TDT A
Ny —ZAIEHT 213 THL, ZRUCHBEDSTRKT 2T A7 — A3, FTOIAL IV 7k
THREDET % flaky test TH D EEZHNS,

3.2 ATYTF2IERTRANENY FOEERET
2Ty 7 2-1 MEDEVWEEIERT R ~DERE

HEh 7 A FEREMIC X > TERINDE T AP AL — DI, Ny FIKZIRZBLDELD
FRIATI, THOLETONAy FOERT 2T AT —AVERETZ. 20—HEK 3 ITRT,
INSIEABT A MERY =V THEBICERIN T A M —2ATH 5, K 3(a) 1k, 1 2¥ v A1k
LEERIZCZDA VAT Y ADT 4 —)VEDEZERT 2T AL 7r—ATdH%, APRY—)Lick-
T74— )V FOPHIERa v A 7278 OEF S Tb UL, D%y F b U EITHE
Ehs, 3D, 77ADAVAY Y AUKICa Y A LT 7 I null 2T 2 LIk > THIA
NullPointerException DFALEZMET 27 A M r—2AThH 5. ZoOHITHFERIC APR v —)Lh3a
VAN Z 7 INTHED null 2o GBI ATH L Cug i, Eooty FHETRER
BRICICRZ EEZ NS, K 3(c) &, TAFXY Y FHIC assert X3V EDHHEL R WHITH %,
CDTANr —RARBINDBFAEL 2GIRD, EDXy FHRKT 2 T ik,

CHLET AN —RRZETONNy FONERT 5720, 7V—MUcel&FE5 LRy, MiEoKe 7



@Test(timeout=4000) public void test®38_Arja_0_seedl() throws Throwable {
OpenMapRealVector openMapRealVector@ = new OpenMapRealVector();
int int@ = openMapRealVector@.getDimension();
assertEquals(0, int@);

}

(a) WIHHEZ WIS 27 2 R — 2

@Test(timeout=4000) public void testll_Arja_101_seedl() throws Throwable {
DiscreteDistribution<String> discreteDistribution® = null;
try {
discreteDistribution® = new DiscreteDistribution<String>((List<Pair<String,Double>>)null);
fail("Expecting exception: NullPointerException");

catch (NullPointerException e) {
verifyException("org.apache.commons.math3.distribution.DiscreteDistribution"”, e);

(b) NullPointerException ZHIff ¢ 27 A 7 —2&

@Test(timeout=4000) public void testl9_Arja_0_seedl() throws Throwable {
HypergeometricDistribution hypergeometricDistribution@ =
new HypergeometricDistribution(2938,1264,1264);
hypergeometricDistribution@.cumulativeProbability(975);

(c) assert XFEL BT A B —2A

X3 Zn—7MbicFESLEwT R

ANTr—=ATH5, LL, TILETANr—ADEFICH BRI/ ZET 5, MAEFETIZBWT
i, Ny FOBLTTAIDFTIND D, iHEORT A B —ADL CHHHET B854, % OFEST
KRB RICRVRZET 2, 220, 2HLETAMN —A2FORET LI LTk, HAFT
R D HIK % X 5

CDRATy 7T W OBEZ M 4 1R, ifEDRNT A N r —AZKET 27012, NT%2E&
AEZREO 70 77 0 20T 5. N7l 7 02O TETDOT A M r —A%2FETL, B
LT A M7 —AZMMEOBE T A P r—RA LT 5, Zhud, N72E&G 7077 5 THERT 5T A
Fr—21%, SNy FOFRHEE ) FLEHTETCOLRVERZIONDI DO TH DL, NT &L v TN
Xy FHEAFEAD 7T T T L%, APROANELTEZLT AN AL — FOREVRLE S L)
WERR2BODECEZRD, LarL, HHERLAZTA M —ACBLTELLD 7R YT L0 HET
L0 ZELIEFZDORBBODELRIITETE ST, o Sy FFARIGEET 2 HifE DK 7 2 b
7 —ATH B AR,
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Lol [
OO0OX XOX
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HEETICFA

4 fHEDET R+ DfEE

ATv 7 2-2 BEXET

A5y 71 CHEER LT A M E APRDHAL 728y F 22 TOMAGLE CHEICETL, #
REGRT 2, BKNICK S FOX I nxn DRELT, 2y F L HBERT A b OFEITRERL G
N5, KFo “OK” I3, IKEFENLT ANy — A% & CTEB, “Fail” 312 E07 2 7 —2R1C
KLzt z2RY, £ “Fail” TROFEIMIRB LT A7 FRAET AN r—2%25R7, Bz,
A-tcl LWV RFUI T TR ADGER LT A D teg ITRRL7Z E2EKT.

3.3 RTv 73y FDYIL—Ft

25 72 CHIMEETOREN S Ry FOIN— T3 F 275, IV—7fcid, Sy F p &
TARZAA = by, .ty DEEZHVGS, CHUIHAETREROSATICNIET 2, 22T, pr, ot D
TA N ETRERO—E %, RO ICFEH LR p, & p ORBMT ETA N —AB—HT256LE
#T 2. pp &y DT A PETRRD BT 25586, pp & p BRICIR2 B ORHEE RO 8y FTH
2 EHET S, FAUIRZEBOZEOCy FThHiUE, AT A FOETHEPIEONSGOTH S, &
B, pp £ DPEVOTAMGEMRT S EIZEZERL TV, pp & p T A FETRRS—
TBD, pp & p BAOCOT A MGEE L RWATRBESHEET S, LrL, AT v 7 1-2 T flaky test
DBERIT pp D3t [EBET 2 2 E2MAL TS, XoT, pp & p DT A FEFHERR K TH
Epe & p PEHNDOT A MOGERT 22 EBHRIEEI NS,



t1 to t3 t4
Fail
=l p oK oK e oK
Fail
=lp oK oK e oK
Fail Fail Fail
Elpe (Atcd) | (A-tct, A-tc3) Gl (A-tc1, B-tc2)
Fail
=lp4 oK oK e oK
l Sy F EEFR N OEFEETY L— Tt
t1 to t3 t4
Fail
=l p1 oK oK e oK
Fail
2
=lp OK OK ) OK
Fail Fail Fail
Elrs (Atcd) | (A-tct, A-tc3) ol (A-tc1, B-tc2)
Fail
=lp4 OK OK Ate2) OK

5 Ny FOMAETE V-7

BAEINIC T A B EIRERD T 200 FOESGERETHEL, ZV—TL7 Sy FE L TRERZH
NI 2, K5DHTIEpr & po DT A PFEFREREP KL, INSEBEC V-7 ICHEINS, —K
ps & pa DT A PFETFERIIZNFTNE L > T0 DB, pyld, Kt DREIZ pr, po EEILUTH B, t3
TORBLZT AN r—ADERL 570, WO/ V—FIcashs, ko, Hhxnhz s n—713

{p1.p2}s {p3}, {Pa} D3 OTH3%.
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4 Research Questions

REFLROFZIT)I2H 72D, DUT 4 2D Research Question (RQ) % #E L 7.

RQl: BREFERICLDERINRE/NNY FHISEDEERLTEIN?

ANELTHZI Sy F8E, BHIND3y FOIN—THOBRICOVTHET 2. AJ1ty F
BEMNTN—TEPRLC THIUL, Ry T ORI A MFAKI kv, REFERINy F2H 25—
ERED 7NV —7TBICHETE 2N E2RL, R I A P2 THS 2 L2RTRD, Ry FH
L CEDRED N — TRk 2% HET 5.

RQ2: REFZERBERB/INYFEA—N=T 1y NIy FEZZNZNRIOT I —TFICHETE DN ?
(IERRDEZ B/ FODREIFFIRED ?)

APR FJHEBREFHEZAM L Tty F 2R T 256, £/ V—706RE Ry F2 1 2O Z
DIy FOREREAT . ZDID N —TRENIERD L) 02 ET 20121, &7 V— 7%
RTBETDONRYy FWIERELEZA—N=T7 4y P THEIEBBETH S, RICOEDDTIL—TIC
Ry F LA —N=7 4 v %y FHRIEL 7256, EIRL 7y FI2X ) 7V — 72k R3]
EDENT 206 TH5. 2O RQ CIHIREFEOEMEEZ R T2, HHINLEIN—TPETIE
fREIZZA—N—=7 49 bRy FOARDPOHEIN T 02 HETHET 5.

RQ3: EROERRGZ/\Y FRROREICHEZSZ 25 I3H2H?

N ORERBEIEE, BIENKRDO 7T 7S5 LD Y 7R o 80, S v—FAicigss b
ABZDEIDERET S, B, FROELZ 8y FHHMORE & DBEIZ O WTOHT T 3.

RQ4: 7 A M DEREHISIERDORR S /Ny FORBMAREE LWL Yy VICHEZEZ 5D 7

fLR7 T XLz BB 7 R AR 2285801, 708 MR 272017 A b
DARIC 30 M DFATHE & D 21] 3D 5. — T, RETREFT A MEREBBUCHH L 72517
K239 %, 22 TT A MEBROREI L2, ERORL 8y FIEOBREE LAY v 22l
EL, KRDD DRI T 2 B2 HET 2, FICRETRICE TRy FORKLTT A D
BR2AT) 120, BT 2T A L OREHIL S A s, 2070, FOBRBETRERN S 5 BEINEEY 2 1]
BEMED & 2.
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5.1 EBRHR

FHF R 1% Defectsd] X F+v—72 [18] ® Math 7u ¥ = 7 MZ&HEN S N7 APR %]
Loy FThHsb, APR Y =AM L7y F L LT, Durieux 5 D%ATHI%E [19] ©
WRTER LIy FOT=F Ly FIE2FHLE, Zo7F—%+%y bk, 11 o0 APR vV —
Vo[22, 23, 24, 25, 26] ZEH L TEBR SNy FRIERINTE D, 1 DONNTIR L TEHED Sy
FWERI N —AbEEN T 5, KiHliFEERTIE, Defectsd] d Math 7’rY = 7 FZEWWT,
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7%y FROEFHT 4,230 @72 - 7=,

5.2 RERRE

REFETIIAB T A PAEKY — v & LT, EvoSuite [28] ZFIH L 7z, FEETH 7 EvoSuite ®
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DR =Ry FORHREREZIBL, v FOLF—N=74 v POHFEEZHET 2 FIEEZREL
7z [44]. Haoye 5 \3EBDO T 7L 2 M\ THERFEE 21T\, BERT [45] 28 b T\ 7 &
DI 72 [46]. Csuvik 61, FHIETNWMICEGZ 28y FORBIGTIEIC K 238 B FRIREEEICS 2 % E
COWTHHAEL T3 (47, 721, BHEE 22 FEERINCOIE T 22807 -2 L LT, IE
fREIZZA—=N=7 4 v b DTN DBTONI Ny FRBETH 5,

EfE 8y F 2R 5 Fiicid, DiffTGen [48] 3% %. DiffTGen (3NN 7 2 &L 707 7 506 T
ALr—RAZERL, Ny FOBHAECHREPELRETA N —A%2F5. ZOT A Mr—RITK
L CIEf@ Ry & APR BBy FOM G2 EITL, 206 OFETHREVPEL UL, APR ER Y F
A —nN—=7 4y +THDLEHMT S, ZOficd RGT (Random testing in Ground Truth) [49]
278y FEHETF R H 5. RGT &1, By F25 HBERINIT A AL —FTHD,
RGT IZRKT 28y F2A—"—=7 4 v F 4T 2. Ye 51F, Defectsd] N> F<—7 [18] LD
UL APR 23 L7208y 5%, RGT 2Tl 7 [29 X512 Ye 51%, QuixBugs N F
~—7 [50] Ic b FtRDFEERZ 1TV RGT OFARIMEZ i L Tw 2 [51].

By F2 v wFiglE, N7 APR 28 L TR S RAIO Sy FOFHTIICERITH D,
APR Ml D 8y FHER 2 X F 2 HIEWTRECH 2. —F7, IR Sy F2 v 2 FEIIER Sy 72
AT 28E L, APRTAZZEIEL 2Oy F25{i T 200513 TE R, Lo L, APR Ot
REMED BB & v Btk e, XD HEERZH 2R [29]. APR AL 78y FOHERE
flilick, A—=n"=721v by FOEREELZHFHTHUETE 3,

ARRRETFER ERHOMGTOMEZ WL L T2, 1B Sy FORMOGA, RETEICLIVRFON
P2 N—TDOHRM SRy FEDEDTRL, 208y FIZOWTHER T2 LICE VIERTRE Ny F
DEDNAY T 5. IEE Sy TR O G, RETFHEICLVBONL I V—TITo0T, EESy FL
AU 7NV —7Dy FIRIEL Wy F, By FERBZTN—T DRy FIE3A—N=7 47 FTH
2 EHBINICHBICE 5. FRC, REFERRERT A 2ELE2 Oy FL6TAMEERLTVS
720, %FIZRGT ZHOIAFEDRA— =Ly MIA>TWE ERAD I ENTES,

Sy F AT % T 278 bbbt T\, Le 613 35 AOBHFE 2 #EFE L L, Hijic Sy F
DM 21T > 72 [52]. % OFMAGHR % HVC, Diff TGen [48] ¥ X U Randoop [30] DfEHR L KL, A
BRI T EORE % J4 L 72, Shangwen 513\ 2008y FIHlEM 2 IEEL, 2h 5 DRIHIc>
LTHEL 7 [11]. ZOME, 7RV x2 bR APR V—LOFEILED, A—nN—7 1y FhRyF
2R R FEOZ L, HROFiTFEE2MAGbE L L TH—N—7 4 v by FE2FAL
I AZELTWS, 7, HVREEZAE T2 LI2XD, BOBET Sy FEHERTZS LD
RT3,

APRDMNIL 728y F 2D DICBAT 228 b T T %, Wang 5 1& APR £ Sy F & R
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DFFZ DT - TABIE Sy F ORI, BWNAEVEZ I L TWw3 [53]. I HINTOREE 4 —
N=7 4y FOEEEFEL, BIETRETEPL AT FZEL—N=T7 42 PLPLT VI EHHL
72. Yang 51, IEL WSy FEF—nN—=7 24 v L7y FI2H 5 ZNENDEHDREGLEDE D
ZIA L7 [54]. FAEOKE, MRy FEF—N=7 4 v F LISy FORICIIAEEFDE D
L, sz TRy 72 HEWICHETE 2 a2 R L 7.
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8 HEMNE

R TIE, APR M L7ty FolERa A Ml E Hiviz, RNy F2R2 BT/ v—7
b3 2 FEERBE L. REFIETE, HBT A MEREHRZHCTE Sy Fo6 T A 2AERL, 4
THORy F EER LT A D OAGHE THEICHET L MR 2 Tz, FHligERzT-
TSR, RETFIRBMERTRE Sy FHE VT 83%, T 8T% HIIETE 7. 7, 28 D&M
TIERD Ny F eI —N=7 49 PNy FEHD TN =TT D 2 LN TE,

SBOMAFEE LT, EOIN—TBED A —nN=7 4 v b2 LT LAREI R D, F72
HBEIN—=TDHRTED Ny FRBRINHERTREDPZIERTELLICTLIEEZEZ TS, O
NoDHEREAMHFZIIRRT 2L T, HRDIA 2SI SICHIRTE 2SS 5. N2 HET
572012, FEHREEOEL ML, BXOIRRTRERy FEBEIRT 272012, 70— TELEMR Sy
F O E 2 52 2RO AN Z2EZTe 5, FBOIHTICOWTIE, AWHE Tl 78 DR
DI, WEENRZIERT 2 2 L8y FHEANHOSER M) 7 2A0ZLbEET 2 2 L 2BETL T
W3, AT, AWFFETIE Defectsd] Math 7’0 = 7 M L COAREREZ T 7225, 2SO
VIR =B THEBRETOESEE R T I L L SBOMETH B,
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KRR ZTIICHD, TEPpOHRD 2 G2, WA E L CIHE £ L MRS #dzic
DX DEFHHL BT ET, HFRICE T S THREMACODRRL RETREBMERICRD L, #IchD
MNEITIVE LK,

RIFROMEEETL, FIRBL» DT8R CHEZHE £ Lk, MEABHMEBEZ I CEEh Lk
FET. FRNBICET 2% S CHEDIRE E CEHRETRNZHY, FIch 3L ) T vE
L7, TIREEE F LAARE, SBONEDRICKR S LHEELTEY £7.

AREFFEICBIL T, RO AMELSE TN E s ERE»ONMER TS 2 THE £ Lk, WA
BOCECEHR L B ET. £72, MERERICOVTOML 2 IR HE REMMIC 2D $ L7,

WIS 2 FICED 212H 72D, RALGIXEB L0 LOSELTHE £ L - FBMMikBOBASE
Wrm, BFEEMHEEOMAE FIRIGEC SR L BIFE 3. REBMERICRD £ Lk,

RIS 24 5 TS 2THE £ L7, KRBORYRFABEHRBIAMEN 2 Ea—s 3 A 2 2
YL BT HIERRR 2020 AEAREAE O H RIS, W LEEZK, FAHRBREK, FRAREZNK, 2021 45
BRI, R LK, FEEEWRK, FR)INFR, FEELRE IR CESHR L B E T,
HOZHE0R2 6T, HROMENDED A b REMIRICARD £ L7,

MR T 2 kD A% & THEATROM A ZH XA THW 7, KRKREREBEREIA 7R 2
Y Ea =Y A T AEIEL A 2 O WIEAR, FHEHEFK, R, FiEEKic
DD SEHHL LT, EHos» T, BLOMEAFTICETORL RIN#H2 O 2 2 EH
TE, FWICERERMEEFEZRL L TEE L.

DHEANEZ IS L TR E £ L, RIRKEREREREIANIER 2 v Ea— 83 4 20 AWK
AT 1 o AR, [WTBERRI, WIETRER, FEAR K, AaHESR, AGAHEK
FIESARE G, KK AR T el et ft 4 EoFEEK, FABIRK, F/NHTRK, FT
HIGHRIG, [ARAIRMG, F&ERERICH BB L R £ 9. SRR o MR icd SRNE
EhHLHI T FE L,

RWFFICE S £TIT, G#l58, HHE, FERETBMERICA D £ L RBORYIERE LA Rel A m, B
L ORBER ER EBE B AR OB A 1, Zo82 0 CLh ol L EiFE 7§,

I, SNFETO 24 FBRA RTITXACHEE, HFELTHWARKBEIC LX) EEHWZ L
ES

30



SE R

[1]

[10]

[11]

Brent Hailpern and Padmanabhan Santhanam. Software debugging, testing, and verification.
IBM Systems Journal, Vol. 41, No. 1, pp. 4-12, 2002.

Tom Britton, Lisa Jeng, Graham Carver, and Paul Cheak. Quantify the time and cost saved
using reversible debuggers. Technical report, Cambridge Judge Business School, 2012.

Luca Gazzola, Daniela Micucci, and Leonardo Mariani. Automatic Software Repair: A Survey.
IEEE Transactions on Software Engineering, Vol. 45, No. 1, pp. 34-67, 2019.

Martin Monperrus. Automatic Software Repair: A Bibliography. ACM Computing Surveys,
Vol. 51, No. 1, pp. 1-24, 2018.

Edward K. Smith, Earl T. Barr, Claire Le Goues, and Yuriy Brun. Is the Cure Worse than
the Disease? Overfitting in Automated Program Repair. In Proc. Foundations of Software
Engineering, pp. 532-543, 2015.

Zichao Qi, Fan Long, Sara Achour, and Martin Rinard. An Analysis of Patch Plausibility
and Correctness for Generate-and-Validate Patch Generation Systems. In Proc. International
Symposium on Software Testing and Analysis, pp. 24-36, 2015.

Xuan-Bach D. Le, Ferdian Thung, David Lo, and Claire Le Goues. Overfitting in semantics-
based automated program repair. Empirical Software Engineering, Vol. 23, pp. 3007-3033,
2018.

Matias Martinez, Thomas Durieux, Romain Sommerard, Jifeng Xuan, and Martin Monperrus.
Automatic Repair of Real Bugs in Java: A Large-Scale Experiment on the Defects4j Dataset.
Empirical Software Engineering, Vol. 22, No. 4, pp. 1936-1964, 2017.

Kui Liu, Shangwen Wang, Anil Koyuncu, Kisub Kim, Tegawendé F. Bissyandé, Dongsun Kim,
Peng Wu, Jacques Klein, Xiaoguang Mao, and Yves Le Traon. On the Efficiency of Test Suite
Based Program Repair: A Systematic Assessment of 16 Automated Repair Systems for Java
Programs. In Proc. International Conference on Software Engineering, pp. 615627, 2020.
Yingfei Xiong, Xinyuan Liu, Muhan Zeng, Lu Zhang, and Gang Huang. Identifying Patch
Correctness in Test-Based Program Repair. In Proc. International Conference on Software
Engineering, pp. 789-799, 2018.

Shangwen Wang, Ming Wen, Bo Lin, Hongjun Wu, Yihao Qin, Deqing Zou, Xiaoguang Mao,
and Hai Jin. Automated Patch Correctness Assessment: How Far Are We? In Proc. Interna-

tional Conference on Automated Software Engineering, pp. 968-980, 2020.

31



[12]

[13]

[14]

[15]

[18]

[20]

[22]

Manish Motwani, Mauricio Soto, Yuriy Brun, Rene Just, and Claire Le Goues. Quality of
Automated Program Repair on Real-World Defects. IEEE Transactions on Software Engi-
neering, 2020.

Zachary P. Fry, Bryan Landau, and Westley Weimer. A Human Study of Patch Maintain-
ability. In Proc. International Symposium on Software Testing and Analysis, pp. 177-187,
2012.

Shin Hwei Tan, Hiroaki Yoshida, Mukul R. Prasad, and Abhik Roychoudhury. Anti-Patterns
in Search-Based Program Repair. In Proc. International Symposium on Foundations of Soft-
ware Engineering, pp. 727-738, 2016.

Ming Wen, Junjie Chen, Rongxin Wu, Dan Hao, and Shing-Chi Cheung. Context-Aware
Patch Generation for Better Automated Program Repair. In Proc. International Conference
on Software Engineering, pp. 1-11, 2018.

Qi Xin and Steven P. Reiss. Leveraging Syntax-Related Code for Automated Program Repair.
In Proc. International Conference on Automated Software Engineering, pp. 660-670, 2017.
Xuan-Bach D. Le, Duc-Hiep Chu, David Lo, Claire Le Goues, and Willem Visser. S3: Syntax-
and Semantic-Guided Repair Synthesis via Programming by Examples. In Proc. Foundations
of Software Engineering, pp. 593-604, 2017.

René Just, Darioush Jalali, and Michael D. Ernst. Defects4J: A Database of Existing Faults
to Enable Controlled Testing Studies for Java Programs. In Proc. International Symposium
on Software Testing and Analysis, pp. 437-440, 2014.

Thomas Durieux, Fernanda Madeiral, Matias Martinez, and Rui Abreu. Empirical Review
of Java Program Repair Tools: A Large-Scale Experiment on 2,141 Bugs and 23,551 Re-
pair Attempts. In Proc. European Software Engineering Conference and Symposium on the
Foundations of Software Engineering, pp. 302-313, 2019.

Qingzhou Luo, Farah Hariri, Lamyaa Eloussi, and Darko Marinov. An Empirical Analysis of
Flaky Tests. In Proc. International Symposium on Foundations of Software Engineering, pp.
643-653, 2014.

Andrea Arcuri and Lionel Briand. A Practical Guide for Using Statistical Tests to Assess Ran-
domized Algorithms in Software Engineering. In Proc. International Conference on Software
Engineering, pp. 1-10, 2011.

Matias Martinez and Martin Monperrus. ASTOR: A Program Repair Library for Java

(Demo). In Proc. International Symposium on Software Testing and Analysis, pp. 441-444,

32



[23]

[25]

[26]

[27]

[28]

2016.

Yuan Yuan and Wolfgang Banzhaf. ARJA: Automated Repair of Java Programs via Multi-
Objective Genetic Programming. IEEFE Transactions on Software Engineering, Vol. 46, No. 10,
pp. 1040-1067, 2020.

Thomas Durieux, Benoit Cornu, Lionel Seinturier, and Martin Monperrus. Dynamic Patch
Generation for Null Pointer Exceptions Using Metaprogramming. In Proc. International Con-
ference on Software Analysis, Evolution and Reengineering, pp. 349-358, 2017.

Thomas Durieux and Martin Monperrus. DynaMoth: Dynamic Code Synthesis for Automatic
Program Repair. In Proc. International Workshop on Automation of Software Test, pp. 85-91,
2016.

Matias Martinez and Martin Monperrus. Ultra-Large Repair Search Space with Automatically
Mined Templates: The Cardumen Mode of Astor. In Proc. International Symposium on
Search-Based Software Engineering, pp. 65—-86, 2018.

Victor Sobreira, Thomas Durieux, Fernanda Madeiral, Martin Monperrus, and Marcelo
de Almeida Maia. Dissection of a Bug Dataset: Anatomy of 395 Patches from Defects4J.
In Proc. International Conference on Software Analysis, Fvolution and Reengineering, pp.
130-140, 2018.

Gordon Fraser and Andrea Arcuri. EvoSuite: Automatic Test Suite Generation for Object-
Oriented Software. In Proc. Symposium and the FEuropean Conference on Foundations of
Software Engineering, pp. 416-419, 2011.

He Ye, Matias Martinez, and Martin Monperrus. Automated patch assessment for program
repair at scale. Empirical Software Engineering, Vol. 26, No. 2, 2021.

Carlos Pacheco and Michael D. Ernst. Randoop: Feedback-Directed Random Testing for
Java. In Proc. Companion to the Conference on Object-Oriented Programming Systems and
Applications Companion, pp. 815-816, 2007.

Wishnu Prasetya. T3, a Combinator-Based Random Testing Tool for Java: Benchmarking.
In Proc. International Workshop on Future Internet Testing, pp. 101-110, 2013.

Pietro Braione, Giovanni Denaro, Andrea Mattavelli, and Mauro Pezze. Combining Sym-
bolic Execution and Search-Based Testing for Programs with Complex Heap Inputs. In Proc.
International Symposium on Software Testing and Analysis, pp. 90-101, 2017.

Pietro Braione, Giovanni Denaro, Andrea Mattavelli, and Mauro Pezze. SUSHI: A Test

Generator for Programs with Complex Structured Inputs. In Proc. International Conference

33



[34]

[40]

[42]

[43]

on Software Engineering: Companion Proceeedings, pp. 21-24, 2018.

Claire Le Goues, ThanhVu Nguyen, Stephanie Forrest, and Westley Weimer. GenProg: A
Generic Method for Automatic Software Repair. IEEE Transactions on Software Engineering,
Vol. 38, No. 1, pp. 54-72, 2012.

Yoshiki Higo, Shinsuke Matsumoto, Ryo Arima, Akito Tanikado, Keigo Naitou, Junnosuke
Matsumoto, Yuya Tomida, and Shinji Kusumoto. kGenProg: A High-Performance, High-
Extensibility and High-Portability APR System. In Proc. Asia-Pacific Software Engineering
Conference, pp. 697698, 2018.

Dongsun Kim, Jaechang Nam, Jaewoo Song, and Sunghun Kim. Automatic Patch Gener-
ation Learned from Human-Written Patches. In Proc.International Conference on Software
FEngineering, pp. 802-811, 2013.

Kui Liu, Anil Koyuncu, Dongsun Kim, and Tegawendé F. Bissyandé. TBar: Revisiting
Template-Based Automated Program Repair. In Proc. International Symposium on Software
Testing and Analysis, pp. 31-42, 2019.

Jifeng Xuan, Matias Martinez, Favio DeMarco, Maxime Clément, Sebastian Lamelas Marcote,
Thomas Durieux, Daniel Le Berre, and Martin Monperrus. Nopol: Automatic Repair of
Conditional Statement Bugs in Java Programs. IEEFE Transactions on Software Engineering,
Vol. 43, No. 1, pp. 34-55, 2017.

Zhongxing Yu, Matias Martinez, Benjamin Danglot, Thomas Durieux, and Martin Monper-
rus. Alleviating patch overfitting with automatic test generation: a study of feasibility and
effectiveness for the Nopol repair system. Empirical Software Engineering, Vol. 24, No. 1, pp.
33-67, 2019.

Fan Long and Martin Rinard. An Analysis of the Search Spaces for Generate and Validate
Patch Generation Systems. In Proc. International Conference on Software Engineering, pp.
702-713, 2016.

Manish Motwani, Sandhya Sankaranarayanan, René Just, and Yuriy Brun. Do automated
program repair techniques repair hard and important bugs? Empirical Software Engineering,
Vol. 23, No. 5, pp. 29012947, 2018.

Jinqiu Yang, Alexey Zhikhartsev, Yuefei Liu, and Lin Tan. Better Test Cases for Better
Automated Program Repair. In Proc. Foundations of Software Engineering, pp. 831-841,
2017.

Barton P. Miller, Louis Fredriksen, and Bryan So. An Empirical Study of the Reliability of

34



[46]

[48]

[51]

UNIX Utilities. Communication of the ACM, Vol. 33, No. 12, pp. 32-44, 1990.

He Ye, Jian Gu, Matias Martinez, Thomas Durieux, and Martin Monperrus. Automated Clas-
sification of Overfitting Patches with Statically Extracted Code Features. IEEE Transactions
on Software Engineering, p. 1, 2021.

Jacob Devlin, Ming-Wei Chang, Kenton Lee, and Kristina Toutanova. BERT: Pre-training
of Deep Bidirectional Transformers for Language Understanding. In Proc. North Ameri-
can Chapter of the Association for Computational nguistics: Human Language Technologies,
Vol. 1, pp. 4171-4186, 2019.

Haoye Tian, Kui Liu, Abdoul Kader Kaboré, Anil Koyuncu, Li Li, Jacques Klein, and
Tegawendé F. Bissyandé. Evaluating Representation Learning of Code Changes for Predict-
ing Patch Correctness in Program Repair. In Proc. International Conference on Automated
Software Engineering, pp. 981-992, 2020.

Viktor Csuvik, Daniel Horvath, Ferenc Horvath, and Laszlé Vidacs. Utilizing Source Code
Embeddings to Identify Correct Patches. In Proc. International Workshop on Intelligent Bug
Fixing, pp. 18-25, 2020.

Qi Xin and Steven P. Reiss. Identifying Test-Suite-Overfitted Patches through Test Case
Generation. In Proc. International Symposium on Software Testing and Analysis, pp. 226—
236, 2017.

Sina Shamshiri, René Just, José Miguel Rojas, Gordon Fraser, Phil McMinn, and Andrea
Arcuri. Do Automatically Generated Unit Tests Find Real Faults? An Empirical Study
of Effectiveness and Challenges. In Proc. International Conference on Automated Software
Engineering, pp. 201-211, 2015.

Derrick Lin, James Koppel, Angela Chen, and Armando Solar-Lezama. QuixBugs: A Multi-
Lingual Program Repair Benchmark Set Based on the Quixey Challenge. In Proc. Inter-
national Conference on Systems, Programming, Languages, and Applications: Software for
Humanity, pp. 55-56, 2017.

He Ye, Matias Martinez, Thomas Durieux, and Martin Monperrus. A Comprehensive Study
of Automatic Program Repair on the QuixBugs Benchmark. Journal of Systems and Software,
Vol. 171, p. 110825, 2021.

Xuan-Bach D. Le, Lingfeng Bao, David Lo, Xin Xia, Shanping Li, and Corina Pasareanu. On
Reliability of Patch Correctness Assessment. In Proc. International Conference on Software

Engineering, pp. 524-535, 2019.

35



[53] Shangwen Wang, Ming Wen, Ligian Chen, Xin Yi, and Xiaoguang Mao. How Different Is It
Between Machine-Generated and Developer-Provided Patches? : An Empirical Study on the
Correct Patches Generated by Automated Program Repair Techniques. In Proc. International
Symposium on Empirical Software Engineering and Measurement, pp. 1-12, 2019.

[54] Bo Yang and Jingiu Yang. Exploring the Differences between Plausible and Correct Patches
at Fine-Grained Level. In Proc. International Workshop on Intelligent Bug Fizing, pp. 1-8,
2020.

36



