BAY 7 oz 7RIEZKE 34 BlAR (2017 £E) #EANE

FRy SELEONEMTZIEE BN E LEERE
BROEMEEE

ok N B H EE SR Bk

TNy ZET0 T T LEFORMD S ZDOFIK L 5o ARG 2 RE, BIES 2EETH D, TNy JIEEF IR
REGMEFTZRET B 72Dk 2 RETRREBR U SKEE LT, TN6DZIFANPENEZMRDES, Hx
IS LT Ny ZEEEIC L 2 F M2 D 2 RERFILOHAEZHIEL TV 5,

RE OEYINEZ TS 5 72D101F. FERIZBIT 2EEEDP TR ST LFEFORMOMREE & D & SIZHfR L T
WBDP SN U7 ECEBINR AT ZOIE#REZHET 2 BENH 5, ARX TR S LIERHEDEE
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Debug is a task to find the defect that causes a program failure, and to fix it. In order to find the defect
a debugging maintainer repeatedly makes, accepts, and rejects hypothesis based on their investigation of
execution points. Our research goal is to establish an experimental method to evaluate the relevance of
maintainers’ thoughts.

In order to achieve our goal, we need to make it clear how maintainers understand a program failure,
and to evaluate the correctness of their understanding in an objective way. In this paper, we propose a
dynamic analysis to materialize the chain of infection that represents a program failure in order to support

the correctness evaluation.
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BARICEL BIEIE (Coincidental Correction) [24] 1%
TR DHER Z HR S T 5, SWrE D ER R REE ks
Mo 72 FEATR RO ERT E CRENEHEL TWzhd U
NV, KD BENEEFTEZHMEL TORWBEE
DRRITDFRY (execution omission error)[26] % F
T 2RO THEETH 5 FITAS Gk S,
RECEHHIET B H (TusI VAN 1) 2H
WTRFEITDID L MRIZ K 2 EEIT & 28D
BAZHIT 5,

1

2 public class SomeClass {

3

4 private int _negative;

5

6 public int doIt() {

7

8 int ret = callMe (3);

9 int ret2 = callMe (0);

10 int ret3 = callMe(-11);

11 return (ret+ret2+ret3)*this.
_negative;

12 ¥

13

14 public int callMe(int x) {

15

16 if(x > 0) { //Must be (z < 0).

17

18 this. _negative+=x;

19 }

20 return x;

21 }

22 |}

Example Code 1 RT3 7075 A

ZOWHIET a5 ATIEY T A SomeClass WE S

INTWVWDE, ZDZ T AIEAY Y K dolt & callMe
FEELTWVWS, AV Y R dolt BIFOHEINSE L,

AV v N callMe 7%, Bl E$(3. 0. -11 2SI NhT=
FEOHE D,

AV v K callMe ZIAEHGZBLTWVWS, I— R
D16 fTHDERGABEDOEMAERNIF, A% x <0 T
HERELIAN x>0 2HoTWSE, AVYNR
doIt S D=FEDIFUH L ORERITET I DE- 7
FMRTEZEL TOE A, ZORFICE T 256MId =z
NENEZ->TWAS,

FEHE LT3 %2572 8ITHDIFOH L T, Ak
FHINBIETThdro7z1 VARV AL negative
DEREFINT VWS, TOM™SMDEHEIZLE ST
BEEMBFEE L TWD, I DGO FEE D IE R 72 R K
Thb

Bl EW0 &G R 9THOMOH L TIHEBRIZ K
BIBENEHNT WS, ZOIRTHLTIZZIDA Y AX
VAZEROEIEEFR I NG, ELWI—RTEA
VAR Y ABEHOMEITER T NI D T I HIEAR
HEREFFTTH S, ZDESI2a— FORELES
MEFEINZROIRE (ZDHEIE callMe D51 x
D) 12 & > THEHAREGEIPETINTEARDE
IR AUHMENBONDIELD D,

FEE LT-11 2527 10 FHOWRUH LTI
REFTOBMODPFELT WS, ZORTH L TIEA
REHINDEREAS VAR AEBOMENEFR SN
TV, TNREMAXDEFTVR->TEPNH
BITHB, TDOAY Y RETRIZA VARV A
negative IFAKZ S HIRNESEHRAIN TR
FWTREVHEAEL TNV,

BHOFKERIBT UL T OBEBITIBG O HF % E
U3 LIRSV, Filo 847H L 10 f7H T
OHE N7z callMe DEFTIZ & o TEELFEEL TV
B0, FEOH U DK D HIZAREARY OREE 215
WEDIZAREGEEREMETHD, TD2H callMe D
FETEEWETIZIFCHINMOETOAEED
RO ANRDDREETLEZONBIELLEDSLR,
INRINSDAY Yy RHPFPHINTEDR Y [EH
BRIZRAINE R TIHBELNFEEL TR VWE
RT3,

—H. AV Y dolt DEFTNE HITHEA, 1117
HTHEPFHINTEIMEE UTHRTE LANZES



Source Code
(ideal)

"""" Execution Trace
(ideal)

Failure Materialization

Source Code
(defective)

Infection Rules

* Comparison of sources and traces
* Detection of straying in:
* Execution Sequences
* Referenced Values

Execution Trace

(failed) Materialized

Infection
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EARHAINTVS, #ERE UTAESIC L 583
X ED callMe U U TEAT S Wiz b 43 I8 dn 47

&L EERRT @ OETIC & o T3 2 5
1275,
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IZ &> TEOIZYMZF LKL, LALERMES LD
BIDRT &S ICHEDORGOMHIZH £ 012 B
THBH7D1Z, TAYHEHANTAT Y TEITF UM
5RO E MR T 5 & 5 B R TIRISIEEHESE
HThD, ZYHFTMO MR ETELIET 27200
FERBELEINT WS,
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4.1 FEOBE

BUHER % 13 F & 32 W B I & BB OFBOEL
DFHMI S 2 FEBRFEEHFTTH B, ERFIEITIZZ
WiEIZ L 2HEBREETLSOEPUZBEL T, ZOR
WD ZEYME: % BT B HENE END, RO T
% E S 5 72 DI IFERR 2 W U TR W EIT & 5
OFRMEMRU, RSN U TEBNG T —
BT D W FUA O Fhi & AT 2 BN H 5, LA

XMW ERRT 570275 Ll Java SEEIZE - T
Eaméﬂfb‘é*ﬁ@&*ﬁm’é‘éo

B3 TR &SI TB ST ARTHICRT S
B OEEUIIIEFE ICEMCH 0. IR 5K
BDEME FEETHWT 2 HIIHERN T, Z
DIHEZ RIS 8 7 DIZ A~ KRB DERIE (Failure

Materialization) & WX 2 B KRIT FHEE2EAT
%, ZOFIRITFETIER2PBICHAELZ ML —
ALY =V 9] ZFIAL T3,

IR DERCDOE 2 /RT, KMDEKRL
WBIRTH 7B Y I LDFEITIHLT, £2ZITEEND
BETHE L CTREEDRRBEL TV DI P EPERET S
FHEENE LTWS, ETERICEDREIZL > TH
ROEFEMERINEETH S, BXIEI S5 LT
IN/EROHEBE OV 2 ML T D - DIT PR
Bll (Infection Rule) & E®H 5,

KBMDERTIEZHILRDOEFRIZH NS 7DD
REEEETZHT0TI08, TOREEEEIEL
FRAIZEfI N T WA HEHET 5, AESG%:
BT 5%EBRTSTOY S L (defective program) &
PR, £/4FDY —Aa—REZDEFTEEINEN

BRT3Y—RO— K (defective source code). 2T
E1T (defective execution) LIS, FI-ALEELEZE

EL7=7arIh 20V —RA3— R, KFETE
INENEZRETOY S L (ideal program). B
NEY—23— R (ideal source code). BBNEELT
(ideal execution) LWL, FATBHFITLH B NEET
WA U ANREZoNTWEHDET S,
HERETVT T LEREEGEALBRVEDIRE
V—AA—REZDOHBIREETHER (FL—R) %
RET2HDTH L. KBMOEKIDOEANLEH
X, T30 70V —A3— RN EFHEREE
BRETOT T LDY —AT— N EETHER % LR
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B (Materialized Infection) & WX,
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ZORHFEIIAEEI—-NIZEEND
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i A E NN [ AEAE 3 (VAN AN
Straying: ADFHIIREGMEAICE ENLVEE
DY & o TR L IFEA DI IZ R TSN T
WEHEEKT S,
MTHTHT T LATERFINEMHEARE T —
RMEFEINEFTTET ideal IZHFHEIND, ideal
BT 2ama B UTCELU TUTORM %2~ 3H
HRDSND -

Infection Rule 1 (Ideal Statement Ezecu-
tion) ideal \ZHFHI N B XDFELTIZE S
NEFTILAENLMAXDOEITE —xf—1T%¢
IR S N e S, WaDFET 1T
WIGT BARKD T 0T LOMAETE id(I) &
$THE. T EAd(I) BRENETNDOREUR ED—
A ORUHiRICHEL, MXERE UTRL
WETRITNERS R\, ATE TSI hE
FoaRETurss nernEehilEoRNE L
UTRBILAIHT, [ 2 a0EFREY d(]) %
HELFITREIZ—BLU T ARITIER S 2w,

#NdY —A3— FNOARESMHEATIEEEREY —
Aa— K& EORBIZ & > TRERKS, £oT
WA X DFEITH Defective DENIEY —AT—FOD
FHOMEHIZ L > THRETE S, ZNELFORHAE
L Calikd 5:

Infection Rule 2 (Defective Statement Ezxe-
cution) REGHDZEEND. HVIFFAEEGH
73 DO—E % E M DEITIX Defective 123 H
EELTN

straying IZ M I N7 XD ETIIARE R
EETD O DB, BIBERERIL TWD, BHL
72 Ay RIFOH U R REDIIC & > TEIT S Wb
BXBEBGERET B, BB straying s X2

U T RIS R B HEB DALY 5,

Infection Rule 3 (Straying Statement Exe-
cution) HBWMHAXDEIT (RET D) DAY Y
FEEONHE U s 3 etk dn sy (C) DEITITHRAFET
5 L{ET B, C D Defective \M& Straying
IZAEEINBEE,. R IE Straying \ZAFHI NS
A= CANCYAN AN

JERDSTEEE ™ 5 DIRESE U 72 OV U R S iz
Lo TEMTINDIMAEXDATH S, WO LHS5D
BHIRP DA T L BIZET IR I N
5OREOH U X 43Ik iz B9 2 R HRILER T h v,

Java 7125 L TlE expression DFM¥ expres-
sion statement DT & o THil Def-Use[23]. &
SIZA 7Yz MEWEFEIZEAZ aliasing [15] (2
Lo TTF— 2D T 2RI NS, clean
4 XIZE £ 5 expression ¥ expression state-
ment (ZBI U CRECBET AU TOREHEZEAT 5:

Clean: expression @ FLAfli X expression state-
ment HRIT DMHEAEREL TORVWEERT,

Latent: expression @ #FiffiX> expression state-
ment BRILT DENPERLTVWED, zEE
BORNEETTHONDGEDLHEUTHELHE
~Y,

Infectious: expression @ FF flli ¥ expression
statement OEPELL TE Y, HEREELTL
B> TWEHERT,

BERNEEGTEENDFEITTERSREINLED
A PGP 25 X556, HEAMEIZEL TIEEH
WIZHBRTHIER WV, UL LARPSTHHIZZENZT RO
EITTH DD, A7V 7 FVEALOBBKRIZEL TIX
B3 UEHPTIE AR, mi#H OISR E TR
. RTCHFEATEESHINDE ATV 2 MZEL
TUTOEH#EEAT 5:

Definition 1 (&5t 7Y =2 ) Fur 7 A
FEITTERINDEA TV I b obj X LT,
obj ZHERBNIIHIO TSRS 2@maE T DE
A LR,




obj T A TU I LEFTERINE AT
VI M I% obj DEAN, 1T obj 2RHT S
expression & e &9 5,

A ID ideal TH Y. id(I) WD expression
e WRETE2ATV 0 b obj T35, id(])
M obj’ DBEATH DK, obj’ 1& obj DR A
7Y 2 MERE (a candidate of corresponding
object) TH D& E D,

obj BM—DHIEA 7Y = 2 MeEdli obj’ A
TBW, obj’ % obj OXGA TV 7 b LR,
corr(obj) L EKFLT B,

WIEA TV 2 NERWAEIZL ST, MTHET
EELZREFEITORTUTO & S IZEDO)EREGEZ
EHT S

Definition 2 (fHDXTIG) #8T % F1THIZSR
SNBMEE v ARDFETTSHINSHE
ERBT D, LTFOES SO M %23
IZ v & v IX[FEf (equivalent) TH D L EFHL,
v=1 ERFELT 5,
o v &V IFEARETHD, v=1"DHKILT 5,
e vV EHAUMOA TV NTH Y,
v’ = corr(v) ALY B,

clean BMEIXZ DT — R EZHATE T — X DFNHK
DB KA T T IR EINTVWEHERT, Z0D
MWEIZLLFOMANZ & > THRIEX 5!

Infection Rule 4 (—#%#y7%: clean ff) fr XX
FIZEEND expression (1272 URFIEH. 7
TABE, A VARV ABE, B EKZDS]
EIRS ) BRET BHITLLFITBAR B 034 T
7= INBHEIZEDHEIZRY clean TH 5,
o ZTDMWMHLH ideal TH Y,
o cxpression FIZEHEENDBETD expression
MRET DD clean TH D
o ARDELFMETH S

Infection Rule 5 (clean 7EI1EMH)

0T AER A VAR Y AR, BIIEHED
2% KRBT B expression (& EFLDHIK % 572
U. D2 OEBRRLFIEREANDRAMwmIZH
U TR ORI 2 7- T HEICFDGEITR -
T clean &2 5,

o RAMBNIZEENDLETOD expression H*

RIS BMED clean ThH D
o RAMEN ideal TH 5,

At last, we introduce a rule to specify latent and
infectious values: H#(Z latent & infectious (2R3

B E BN B

Infection Rule 6 (dirty 7ff) [ %3 T% 71
75 LB B ideal HMHXDIAT, vE TIT
HEND expression (e) BWRIAT DML T 5,
id(I) el LTV 22875875, vDe
TDOSIED latent TH DG, vV TRITN
X258\, vD e TORMEM infection ThH 5
Bih. v=o TRUNIER S0,

BITTEIHTHALZT S I a— K (Trs
FLVAN D) ICALT LKA ZEHT 5, Db
TIEAY Y F dolt W-OHE LIXHIC ideal TH 2 LAH
ET D,

if XDEERDPTES>TVWELOTHAI 2 L ZD%k
X DEFTIEAT defective TH D, TN LB 3 A
VAR ABERITNT B RAXIE R T straying (25
Hanbd, —J. doIt NT®D callMe DFFUH LI,
doIt 7% ideal TH B O BIAI 1 12X > TLT ideal
kb,

callMe AIFUHI L 7z doIt DR D fHId Bk D&fsr
2 ARA7 U TR, &5 T doIt OIFUH L 7S ideal
THHEDHA 412X >TZDEDEIL clean & 72
%, —J}iT callMe IZ &> TRATN S negative D
fEIZHAN 3, BRI 4, BHT 6 12 & 5 T infectious & 72
%, doIt MK Y fHH [FIBRIZ infectious & 725,

a5 L 2122 5 A SomeClass DH 5 —DD
AV w R doItAlt RINTWVWE, ZDAY Y RA



—

TONOHU callMe(-1) & EROREAD 7, &K
KTHNIEEFE XN D% D negative DIENETH X
NV, o TIZDAY y FIFUH LIz < kX
(return statement) TERE N TV % negative DIH
IEHA] 4 HHI 6 12 & o T infectious & 725, ZOD
HHITIFERIZ EDEIERIC L 2BEPREINT
WHHITHER L T,

public class SomeClass {

public int doItAlt() {

callMe (-1);
return this._negative;

— O © 00N Utk W

Example Code 2 AR{TODRYFI

4.3 BEETI

depends | &
ValueReference depends Statement
ReferenceType: riype ExecutionType: exec ———=3 Infection
Position: pos

equiv

value depends

Value Assignment

depends

entrance

Control

2 RBREETI

Br3EMMEEI N ERE 7 I AME LTETIVE
LTW3 (X2), ZOETFTLVEBREETILEMATH
%, YT TIVIT A DI TISE (9] THAFEL 72 b L —
ADETNEIIRT D TERIN TS, ET LA
D2 7 A Statement IR XDFETEERIL TW5,
a4 (if & switch ) KO A Y v RIFUH L
X2 DY F ADTAHLY T A ControlStatement & L
THSbI N B, X512 Java RARBEMNES T DFISS
WIRDE D M TH Z DRI R A XDEITE LT

ControlStatement IZ &> THREII 5, Statement
DJEME exec IFA X DEGIZT 2082 RBT 5,

27 5 X Assignment ZRTERL. 75 ALK, 1
AR VAL, F U THAIERZORAZ MG T S
DTHb, 77 A ValueReference I expression ¥
Wik expression statement & U TRE I NAHEDE
B 2% KB T 5, ValueReference DJEM: rtype
& pos IXRBBUZHET 2EDO S L, BH2ELGS
XUITE T 2 EDA#E %K T, ValueReference 7*
L2 AND T T A Value ZB|INZHEZDEL D
ERILTVD, 4.2 HiTERS N/ EOFRENE
HBE equiv & L TREINTWS,

L3 D7 T A% 5 SBEE depends (EHITH DKL
BIfRP T — 2 DIRIFBRZ RBIL TV, Zho Dk
TEBAFRIZES 4.2 BICTEAUZZERHAZ b L — 2D
BRICHEHAT ISR IANESEROKREICHHT 1
%, 7 7 X Infection I& defective B\ & straying
2 N5 Statement &, latent B\ infectious
23X 5 ValueReference & DTN 5,

4.4 7ZILITYXLAL

Source Code
(ideal)

Source Code l

(defective)

Comparison of Source Texts:
Common Lines (ideal or straying)
Different Lines (defective)

Materialized
Infection

Source Code
Ba (defective)

Comparison of Traces

Execution Trace
(ideal)
Execution Trace

(defective)

Tracing Ideal Statements Straying from
Ideal Control Flow

* Value Equivalence
- Tracing Chain of Infection

* Infectious Data Flow
* Infectious Object Creation

Returning to
Ideal Control Flow

3 ETDLH

BERAIBBETET0 07 L0EGPLK 21L&
TEBINDT—REERTE2T VTV AL EBE
FeEhThH L, BrBRTHELZMEDO ML -2
ERET7 V=LY =9 EHNTTH T T LD ML —
ARERKT S, KM =A% Java DA T — Ny



4 (byte code instructiom)]Ll DET 2D D
Thd, 2 @ Statement [FEBMDNA b3 — Ry
TIZEK > TERINTVWS, P —RAZEANAS ba—
R &K 2 EDO R SHEBIBRAEHINTE D,
Z 45 DY ValueReference 2 EEL TV,

ML —=ZHDANA b 3= X O 4 RS R
fRIZIIRE DR EIZA WS 72 D T — X &8
T 572 DILIEA (extension point) B FOFE X
TWd, A XDETLMEOSROEME 2RI TS
T—RIFIDREREAWTHEET 5,

T T XLOREEN 3 RT 12, AT LT
ALF OOV —AI—-NOFHDIEEE b L —2A
DB D D DNHEFREN» SR E N5, V—Ad—
RE2HET2HMIIRTE 0500y -2 10—
ROREEHD DRETH D, IRD b L —ADLLEHE
BT, ZOREAHRIOEREGEIRNE IV —R%
FALCHRTHMRETLMEE T S,

MTHY —A32— FOREAERD ORELE T,
EFNEFNDY —A2— ROXFH 2T 5, ZDOM
HUZHE > TITRAL TAE AR E T 5, Java
® byte code [ZIXEMEME U TITHREVHIN TS
D, ZHNIZ&->TEITINE NS b a— Fapm e ma
X ZATRALTHIGMN T 53,

N —ADHBERETIEZ DD N L —2ADNA b
I— F@pz—2—DlHICilS, ZOMMERIEES
WD DMILERRIZ AEIX v, BT ERAT ERILN SR
WhED SN D, NElENz—D2HDLEERETIX
ideal T A X &2 FHKT BN b I— P ZiEHL
BROMAXDETEHET S, 5 —DBETI
defective B\ & straying ZRaA UK T 281 b
I— RaFOFEFIT L 2RBEOEH BT 5,

RIZHBARIZ LS T BT T LDFEFTIE ideal 2247
DEITIZE > THIIEEI NS, defective 7231 b I3 —
RaRPEITENED. HNE=2D b L —2DMT
BB RIEPNETINDE D, B d A v RHGERZ
NDRHIERDBINB S, DIKERITEPAY Y F

&

11 72EUARy 72 BET 26 0RBAINTE Y, B
FREBOHARAMET — ZEAFBERICHEEI T
%,

T2 FMICBIL Tk [10] 2 3K,

DIFCHUD5ET (BB T T) U 72 Rt
THDREHEOFAUET U 7B 2 HRT 5,
IR L TV A 5EI ideal 72 XD FEITOFHBICHE
%5, NU—ADHIRIZES S HDNA S I— Ry
SOEEZETUSNIRETRT T 5,

ideal M A X DBIFTIE, HTDH L —ALED
RNE MV —ADOMDME XD 6% MRS 5, ME
WATV 7 NOERGHTH2HE, ElIhd =
DX TVl MIE 4.2 HiTERE L -FAMERRIZ
H5, ZOFRMEEKREMWTABOMEOSE%E /3E
T2,

AL DB TIX defective 8\ X straying 74y
XERETHNA PA—-F@FIZLBT—& 70—
OFEEEHL, A7V bOEREZTRT 5, H
BHEN7z ideal DMEXIZE DI NS DIEDSIRI
latent B\ & infectious 120 HEI B, I HIZHEBHN
EPL—ZDNA b= Faadillh A5, ideal
R X OBHIIE S F TICETINEAC A v
ARVA|D T ABEANDRAZFHET S, ThoHoD
RAFERTBETTEITSI NG o7z THRbh/z] &l
TERZFEREL T 5, ideal A XDEBIT, Mt
TEIEBNEETOMAXNID Kb KA
&S 2, ideal 2B TORAMDSIIE
latent 2\ i infectious IZ M EHI N5,

5 i
WAABTHMLUEZLSIZ, MTH T 5L0
REAED LY — A 3 — NA L0 B U7 O Hris
& o TEEINS, &> THRELED DR ELH I
XEFIDEE T VTV XM EETREL T W5,
F720 3HTHALZHIDO XS ICREEDBIEN B
MTHDGEITIIR VA, FHEE (refactoring) [3] A°
BBERGEIZZOHES ERLATPRVEIIES
IZFEIns,

ez DL —RTEETNTOBERITHD L TIRE
S MAXEEBTEN1 I — N OETTH S,
LoTANA ba—Fms eV —AI— NhDmEX%
ST RRBREL 725, TNy HOEETEAREMNIC
[ URERAES 5 [19, N b — F@awidfrEs
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DM DN A TWRWEGE IR~ DEfEDFELE
FRTEE VD E LRV, Z 5 TRWESIZIZME
FREDSREEIZ 22 2 HA T I NS, HENTIEAW
P BAEY — A3 — N o E#E2 2T (72l
R=270 7T LK U TAREEES ORFE XD T
H#ETH 5,

FEREEINZERIE N V- R EHVTEEINS,
Fx Db U —AHMKFBERICBET 2 1FREEATVS
F-OEMNBRTO ST LOETFT N L —ARBRIZE Y
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> 9 (Back-In-Time Debugging)[18] DFEHIZEET 3
LD ABEMIZFAIUMEZIEZA TVWD, RAITBIEZ
OFEIZELTT I 7T —aR=A% W7k %
BREFTH 5 [12][13],

6 BEEHR

TNV AEEGLY T MY 2T LY —IVOEREE
WREES 5 L CHIFEIEER (Controlled Experiment) |35
PR E R R 2T, U LARh S hlESEER O R IX
¢méM6v—W®§%ib%¢¥%£W’”5ﬂb
DWE DERIZKE AT N5 ] HeM 2 iR
K, fERE UTHIfFE AR AR Sy, 5
W FEBR O TIE 2 M A AR X 307 o f Bt A il 4 52 B
K BEHE WEHREDE LTS 6] .
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KO EREZBD S ELHENARETH 2 L DRE
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AL % R BT DA AEFEET 2720101
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TP O N R TH 2 LW HORHE EHRICH
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FHD 0 IZIEBME TNy R T U 7257
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Lo TWENEDPERTEIZL T, e DY
MEDNA 7 A ZHELY —IVOREIPIEBR RS &
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S U7=Fn o S BEMTOFEMA TTREIC R 5 & &
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7 BbhyiC

KX TIET /N TR 2 BWI IR 2 4T,
W O BE OB % G S 5 72 o O BEREREl &
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72o RIMOEMRMIZT T T T LETORBUTIRT 2 i&
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T — 2L N B G O I R E O YT & B
2RI 2720 DML e L CRIAI NS, ARFRX Tk
KMOEMEEHKTE2=Z20FEHL LT, K E2H
ET DB, BYPOHPEERRT LT —RXDOARXET
by BT O T L3 ) XL & HHT 5 LT DR
St eI R U 72,

Acknowledgment

ARHZZIZ AT DB % W T T S iz SRR
BRI EPRIRAIIEEF (No. 15K12009). H# (B)(No
16H02908, 15H02701), F# (A)(17H00731)

ZE X #

[1] Agans, D. J.: Debugging: the 9 indispensable
rules for finding even the most elusive software and
hardware problems, AMACOM, 2002.

[2] Fix, V., Wiedenbeck, S., and Scholtz, J.: Men-
tal Representations of Programs by Novices and Ex-
perts, Proceedings of the INTERACT 98 and CHI
98 Conference on Human Factors in Computing
Systems, CHI 93, New York, NY, USA, ACM, 1993,
pp. 74-79.

[3] Fowler, M.: Refactoring: Improving the Design
of Ezisting Code, Addison-Wesley Longman Pub-
lishing Co., Inc., Boston, MA, USA, 1999.



[4] Karahasanovié, A., Levine, A. K., and Thomas,
R.: Comprehension strategies and difficulties in
maintaining object-oriented systems: An explo-
rative study, Journal of Systems and Software,
Vol. 80, No. 9(2007), pp. 1541-1559.

[56] Ko, A., Myers, B., Coblenz, M., and Aung,
H.: An Exploratory Study of How Developers Seek,
Relate, and Collect Relevant Information during
Software Maintenance Tasks, Software Engineer-
ing, IEEE Transactions on, Vol. 32, No. 12(2006),
pp. 971-987.

[6] Ko, A.J., LaToza, T. D., and Burnett, M. M.: A
practical guide to controlled experiments of software
engineering tools with human participants, Empir-
ical Software Engineering, Vol. 20, No. 1(2015),
pp. 110-141.

[7] Ko, A. J. and Myers, B. A.: Designing the
whyline: a debugging interface for asking questions
about program behavior, SIGCHI Conference on
Human Factors in Computing Systems, ACM, 2004,
pp. 151-158.

[8] Ko, A. J. and Myers, B. A.: A framework and
methodology for studying the causes of software
errors in programming systems, Journal of Visual
Languages & Computing, Vol. 16, No. 1-2(2005),
pp. 41-84.

[9] Kume, I, Nakamura, M., Nitta, N., and
Shibayama, E.: A Case Study of Dynamic Analysis
to Locate Unexpected Side Effects Inside of Frame-
works, International Journal of Software Innova-
tion (IJSI), Vol. 3, No. 3(2015), pp. 26-40.

[10] Kume, I, Nakamura, M., Nitta, N., and
Shibayama, E.: Analyzing Execution Traces of
Failed Programs for Materializing Chain of Infec-
tion, International Conference on Big Data, Cloud
Computing, and Data Science Engineering (BCD
2017), ACIS, 2017.

[11] Kume, I., Nakamura, M., Tanaka, Y., and
Shibayama, E.: Evaluation of Diagnosis Support
Methods in Program Debugging by Trace Analy-
sis: An Exploratory Study, 15th IEEE/ACIS Inter-
national Conference on Computer and Information
Science (ICIS 2016), 2016.

[12] Kusu, K., Kume, I., and Hatano, K.: A Trace
Partitioning Approach for Efficient Trace Analysis,
4th International Conference on Applied Comput-
ing & Information Technology (ACIT 2016), ACIS,
2016.

[13] Kusu, K., Kume, I., and Hatano, K.: A Node
Access Frequency based Graph Partitioning Tech-
nique for Efficient Dynamic Dependency Analysis,
The Ninth International Conferences on Advances
in Multimedia (MMEDIA 2017), IARIA, 2017.

[14] Lawrance, J., Bogart, C., Burnett, M., Bellamy,
R., Rector, K., and Fleming, S.: How Programmers
Debug, Revisited: An Information Foraging Theory

Perspective, Software Engineering, IEEE Transac-
tions on, Vol. 39, No. 2(2013), pp. 197-215.

[15] Lienhard, A.: Dynamic Object Flow Analysis,
Lulu.com, 2008.

[16] Murphy, G. C., Kersten, M., Robillard, M. P.,
and Cubranié¢, D.: The Emergent Structure
of Development Tasks, ECOOP 2005 - Object-
Oriented Programming: 19th FEuropean Confer-
ence, Glasgow, UK, July 25-29, 2005. Proceed-
ings, Berlin, Heidelberg, Springer Berlin Heidelberg,
2005, pp. 33-48.

[17] Murphy, G. C., Kersten, M., Robillard, M. P.,
and Cubrani¢, Davor: The Emergent Structure of
Development Tasks, ”ECOOP”, Berlin, Heidelberg,
Springer Berlin Heidelberg, 2005, pp. 33—48.

(18] Ressia, J., Bergel, A., and Nierstrasz, O.:
Object-Centric Debugging, International Con-
ference on Software Engineering, IEEE, 2012,
pp. 485-495.

[19] Rosenberg, J. B.: How Debuggers Work: Al-
gorithms, Data Structures, and Architecture, John
Wiley & Sons, Inc., New York, NY, USA, 1996.

[20] Sillito, J., Murphy, G. C., and De Volder, K.:
Questions Programmers Ask During Software Evo-
lution Tasks, Proceedings of the 14th ACM SIG-
SOFT International Symposium on Foundations of
Software Engineering, SIGSOFT ’06/FSE-14, New
York, NY, USA, ACM, 2006, pp. 23-34.

[21] Sillito, J., Murphy, G. C., and Volder, K. D.:
Asking and Answering Questions during a Program-
ming Change Task, IEEE Transactions on Software
Engineering, Vol. 34, No. 4(2008), pp. 434-451.

[22] Storey, M.-A. D., Fracchia, F. D., and Miiller,
H. A.: Cognitive Design Elements to Support the
Construction of a Mental Model During Software
Exploration, J. Syst. Softw., Vol. 44, No. 3(1999),
pp. 171-185.

(23] Tip, F.: A survey of program slicing techniques,
Journal of Programming Languages, Vol. 3(1995),
pp. 121-189.

[24] Wang, X., Cheung, S. C., Chan, W. K., and
Zhang, Z.: Taming Coincidental Correctness: Cov-
erage Refinement with Context Patterns to Improve
Fault Localization, Proceedings of the 31st Interna-
tional Conference on Software Engineering, ICSE
’09, Washington, DC, USA, IEEE Computer Soci-
ety, 2009, pp. 45-55.

[25] Zeller, A.: Why Programs Fail, Second Edition:
A Guide to Systematic Debugging, Morgan Kauf-
mann, 2009.

[26] Zhang, X., Tallam, S., Gupta, N., and Gupta,
R.: Towards Locating Execution Omission Errors,
Proceedings of the 2007 ACM SIGPLAN Confer-
ence on Programming Language Design and Imple-
mentation, PLDI ’07, New York, NY, USA, ACM,
2007, pp. 415-424.



