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Investigating the Correlation between the Amount of Change in Source
Code and the Amount of Change in Execution Trace for Java Programs

YuMma Fujsiwara!l TeETsuvAa Kanpal Kazumasa SHIMARIZ KATSURO INOUES

Abstract: In software development, source code is edited on various scales, large and small. It is reported
that large-scale editing tends to be related to bug embedding. However, we can consider the cases where the
amount of code changes is large but the program behavior does not change and minor editing significantly
change the program behavior. Therefore, the effect of the amount of change in the source code on the pro-
gram behavior is uncertain. In this study, we investigated the relationship between the amount of change
in the source code and program behavior in Java programs. The change in program behavior is observed
from the changes in four metrics extracted from execution traces of the target programs. We found that the
amount of change in the source code and the amount of change in the execution trace has a correlation in
some cases, but metrics that have a strong correlation depend on the project.

Keywords: Execution trace, Dynamic analysis, Program behavior

1. 1RLsic MOREMTDON TS, WERELZEMT 570D, N—
¥ a VS A7 2 (Version Control System: BLT, VCS)

Y7 R THRECBENT, NAZEERKEEDOEM, £ EAHERTVS. VCS ZHWEY 7 b 2 7R
REDA LR EDOHEHTY — 23— FAKRNI T HH TlE, Y—Ra—FOLERAHPMERTE 2. XLLED
MASNTT 0 Z sHtEkaE D IZE) < RS 5 7=,

PN TP 2 V77277 A MRS EHEINTNS, LrL, T
Osaka University N R Fo o ~= 3 -

2 e PR R SR E_’S?/Lﬁ MBI EBDERY, Turo A@%@ﬂ@xﬂi?
Nara Institute of Science and Technology BT 2 23 TERV. HAREO TR ZEFHOZELD

ComE B o0, MESRET ZARESBD, VI Y=y

Nanzan University

© 1959 Information Processing Society of Japan 1



BIRLIEF RRRE
IPSJ SIG Technical Report

TAMDOREROATRMMERR T2 Z 2 3N#THS. F
7o, RHBRREIRFOEAA L E#HL TWS 2 Ebh
TW3 [5] —AT, Y—Aa— ROEHERIIKZVIRED
DAE Ui WEfe, i ZEEE P K& 2 b8
2HE[BHH, V—Ra—RFOEEROKEXN TS S
LDEHANEZ ZHBEIEN TRV, TS5 OHEET,
FREF LY —RAa—- FOLEEEOK/NMNEDLLT, Tur
7 LDEFOEICERT 2HENHZ. L L, RS
NI T T LADEEOEE R THRET 2 Z 2 Wi o
Y TH3. RICY—RAa—FOEFER Y T0 T LD%EE)
DZELERNICEEESHIUL, Y —Ra—FOZLHEENS
Tur o AOEHOLNEEL THIT SN TE, MRS
DOABEEEFHTE .

ZITAMFETIE, Y—Ra—FOZERr s a
DEFOZENRE 5OD Java 7Y =7 MR L THE
T5. Tur7L0EHOEEIE, TurT L0FETE
NEMEHNTHIETFL—RADE D LI, EROBIE -
RAEEL, XYy FOETEE, FETShiBifllams o
FRERGL, Tho0ERRFHET 2 TRHEL.

FABEDORER, V—2a—FOLHBLET L —2DE
LRI, 23 L HHBEBERY D 2 3R 53, HED
MDA THo/. £z, TrEX 7 a—RNOEHEREYE
FATFL—ROZLERM, 7Aa— FOLHER L ET b
L—2A0Z bR, BAMERBERENR SR o7
DEozens, Y—2a— FOZLEEESIHTLHETH
L —2ADZLRICHEE T TRTIERL, FEOEED
TaY el vVETHATHZ VWS Z e EHAL L.

DI 2 BT, AT RLREmMIICOVWTHRRS. 3
BETRAMAOFHENAESLHEFIRICOVWTANR, 4 ET
BESNEERICOWTERRS, 5 3ETIE, FHakEIcH
TRHEL, 6FETIE, ZUMOBEIIOVWTHENS. Ktk
W7 ETIIAIEDE LD 5H%OBEEBRRS .

de s
2. 8=

2.1 N=Pa3VERBRBIIATLA

V7 b2 7HFICBWT, HREDBIMRRMEE, <
T A= YAQELREZHNEL, Y—Ra—FAKRN
BeA BHBORENTOhTWS., b DRERKELE
Hy 220, SHOY 7 7 = 7HFETIE VCS 2305 L FIFH
INTVS. VCS kX, 7 7 A VOLEERREOMRTE, EH
BI5Y 7 027 THb. 77 AVONEE, WOHEH
EDEIIHE LD, RRIITIHETIRT 0, #@E
DHBEZN=JaryeEBELED, #EON-YaVIZEL
72D, BEDON— a3 DESERD ZEBARETH S,
REWZ VCS D 1OTH 3B Git DIFE, 7 7 A NADHE
HANEBIZ, VY —2a— FOMRERFTZHFEENES IS
BITBIENTES. GitDVKRI MU ERKRRT 4
TEZ29—VPRAD1OTH5 GitHub DA, F1D LS

© 1959 Information Processing Society of Japan

Showing 1 changed file with 3 additions and 2 deletions.

v -}~ 5 EEEEE src/test/java/it/mulders/mcs/search/TabularSearchOutputTest.java L,D

A @@ 61,6 +61,7 @@ void should_print_last_updated() {

61 61

62 62 // Assert

63 63 var table = buffer.toString();

64 = assertThat(table).contains("27 Aug 2021 at 02:08 (CEST)");
64+ assertThat(table).contains("27 Aug 2021 at");
65  + assertThat(table).contains(":08 (");

65 66 }

66 -0

67 + 3}

X1 23y MDY —Ra— KO EREF

[INFO] Results:

[INFO]

[INFO] Tests run: 56, Failures: ©, Errors: @, Skipped: @
[INFO]
[INFO]
[INFO] BUILD SUCCESS
[INFO]
[INFO] Total time: 5.218 s

[INFO] Finished at: 2022-05-23T23:52:49+09:00
[INFO]

X 2: 7 A FDOFER

2, BRTOEFEINLT 7 4 LVOR, BIMEN1TH,
HIBR XN ATBIR D, K7 7 A VOEHEEFHSTHERTE 5.
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474 PEINTEBD, RTHANLT7A4 bENSY—Ra—F
MHIBRE N, HETAA T4 &Y —Ra— RANBMNX
Nz nahs.
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DEHIWTHS. Java THAET XA N EHEET 27-2DDT A
TFAYT T —LT7—27D 122 JUnit B3H%. JUnit &
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e D RKan kT wni [13).
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*1 https://github.com/mthmulders/mcs
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commons-lang 6,787 8,072
commons-collections 3,712 16,922
commons-codec 2,234 1,336
commons-csv 1,789 437
commons-cli 1,161 438
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0

+ double a = 0

- dint a =0

@0

+ sum += a

N J
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22T, ZROZREBOEELZHIGT 5.

ZER DA DOZLRICONWT S RO EH E 5 L
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V—Ra— ROEHER L ET L —ROE{LREDHEMEER
WOWTHHEATH D, BAMERBEFRECEIE SR,
V—2a— ROEHEZEEZICOVWTS, vy M e
WEAT L —RXDZE{LEZ R % £, commons-lang % R\
T, ZHozREBoZ(vE, KARBOZEE, XYy
F OETEE O Z A E DB BRI L TV 5.

HEnozehs, V—2Ra—FOEFRLrETFL—2X
DOZALERNIIIAERBEFREITR NS, Y—Ra—FoD
EEREIDTLIFET L —ROE(LBICHE LW
Wb, Fie, ZREBOZNL, RABRKOZE, XV v
FEATEIEDOZE(IZ, YV —Ra— FOZEEEIIN UL
1B TRT Z e BT h 5.

5. EZR

Y —Ra— RFOEHR & FTXNBHGSORERD
ZLERICOWT, HEBEGRND 2 & EZ TV, 5D
DFRY T ID53B2o00FaY 2l FTIRIEFLACH
EZLEWSIERMELN. 202 ehs, BROBE
HPY —2a— ROBEIREMHRINCGHEEDRVAED
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YV —RAa— ROEHER L FET ML —ROE{LEMICOW
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# 2 V—Ra—FOEHER (1) & FT b L —ROZELEDHBIRE

v FEfT X BlHlmS O ZR OB ERL 3 (L AW~ XYy FEITEE
RO LR DZAE DZEAE D2
commons-lang 0.577 -0.011 0.536 0.042
commons-collections 0.025 0.306 0.318 0.303
commons-codec 0.834 0.658 0.605 0.806
commons-csv 0.637 0.214 0.094 0.087
commons-cli 0.110 -0.015 -0.014 0.01

£3 V—2a—NOEHEE (2) L FEIT L —ROZE{LEDHE R

%

Snves 4 T BHlms O ZRDOBIRERL L COLAWNITEIE XYy FEATEE
R OZLE DR DR DR
commons-lang 0.610 0.173 0.586 -0.195
commons-collections 0.051 0.267 0.278 0.263
commons-codec 0.812 0.765 0.722 0.763
COmMmons-csv 0.672 0.243 0.120 0.111
commons-cli 0.112 0.000 0.000 0.015
MZOWTHEZITIR o122, TELFHEAEEEEH

K4 WE7 7 ANVDEBROI Iy M

. Jaxypa—F FAbPa—F
Javzs 4 O B DB R DfRE
commons-lang 23 15 12
commons-collections 13 21 16
commons-codec 24 16 10
COmMmons-csv 12 25 13
commons-cli 22 10 18

n&x7 ha— ROEHEEDLFET L —XDELEE Tl
TERHREEDLRHSZ. DX, Y—Ra—FOLHEERE
CET ML ABOBERIE e Y 27 MRFTH B0,
BEMER ROl o7 u Y 2 7 MIZOWTIEBEDRFIC
HHTZ2REEMDLDH 5.

FRRENFERHS, X7 ra—RFOADOEHEE
LEIT LR EDOMHEBEEFRE, TAFa—-FDA
DEFEREFET ML —ADZ{LEDHEABEZRIKE L &
BoTWBIENTND. ZOZens, TRXY Fa—
FOAERELZGEL T AL —RFOAEHREL -5
BT, 7ol I r0EHOENKREL BRIy
5.

BT, R2eR3IZHETH L, RIWKCBIF2HETH
L —2DZ{LE & ORI OMED, &2 1CHARTEEN
W IIZIEDWT WA Z N Thd, ZOIZehs, Y—2X
a— ROEHEIZBWT, B - HIER - THE 2 VS IFREHE
BTHBZehEZILNS.

6. ZUMADER
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F, BB, FESBERYICE->T, Ef T L —20
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Tuyzr MInTid RIICh o THEEMHIT - T
WERES R TS 2V THY, FROLDOERFH 03I v

© 1959 Information Processing Society of Japan

TWRWAEY, V—Ra— RFOEENERLET L —RD
ZALIR D 2355 2 ATREMD B 5 .

¥/, V-Ra—RFOEHEEY git dif a~v> FEZHL
THELTWS0, aXY MORERD Y —2a—FD
ZHEBYLTEENATWS. axXy MiFus s LA0%EH
W E LR 52770, ET ML —2A0Z g e D%
2EZDETEEEITRETERVDIOLWVWR S, SEIY
BLBLEL250a3IvbDSB, 183y MZaxXy O
ENREENTW aX Y NOREBERRLZET, V—
Z2a— FOEER Y ET ML — R0ZE{L R oBEE IS
WTELD R SN2 AREMD D 5.

X BHIFAT L —RADEMBEDORBIIEWT, rnro
LERTHILZ{LREZRD TV R 120, BER LB ZIT
RoTwiwv, flziX, ST h8lllmsoEROZE
{LREIZBWT, vl 7 2 EERICH 3 8BS ORED
2Oz, BlOBRGTOREEED 2 O~ 7256, Z(tE
X0¥XHR5. 77 ANHMRPRAY v KA E DR
BTS2 T, FEITPL—ROEA I DBHIZH, V—
Za— FOEER Y FET L — 2ADZE(LEDOHEBBERICE
bR SN2 A[REMED D 5.

AWZETI, TA ML — MIXHT 27025 LD%EE
DEEBRHILTWE., TRAMNIANL y DB+ o7
BE, 7ur 7 A0EHOEEIEL BETETHLARY
AJHEMED ®H B, Singh ST A Pa—RDOIANL v V%R
HELTBD, TRAMPEBEINTNS 0SS F7rY =z b
32T PEDIIGT A b AL » D1 41.96% TH o 1= L i L
TW3 (6. SEOFAENRICEHALTT A Fa—FOHN
Ly VRIFEHLTORWS, WET 7 A VEDEL 28
DT Aba— R LT EDREDMZON TV
Ehs, TAMAL— FERGHEHEFATFINRTVWBIHEEIC



BIRLIEF RRRE
IPSJ SIG Technical Report

x5 AHEINA—-FOFBEI DY —Ra— FOLER (1) L ET L —RDZLEDHBRE

ST e Faves b %ﬁéﬂhf:‘éﬂiﬁﬂﬁﬁ%@ %’éﬁ@?ﬂﬁﬁl 9223(0)1:(:7\?3( Ay F%ﬁﬁ
PR O L L& DZALE DL E DL
commons-lang -0.124 -0.084 -0.083 0.114
commons-collections 0.798 -0.109 -0.321 -0.102
A=T 870 =Tl YO commons-codec 0.289 0.122 -0.112 0.290
COMMONS-Csv 0.573 -0.034 -0.016 -0.166
commons-cli 0.287 0.225 0.192 0.270
commons-lang 0.367 -0.24 0.671 -0.337
commons-collections -0.011 0.318 0.331 0.318
TArIA—=FDAH commons-codec 0.812 0.973 0.953 0.976
COMMONS-Ccsv 0.069 0.043 0.033 0.043
commons-cli 0.984 -0.102 -0.115 0.000
commons-lang 0.770 -0.098 0.510 0.168
commons-collections -0.262 0.180 0.663 0.005
JuXr ba—Ke7Aba—F commons-codec 0.977 0.981 0.980 0.290
commons-csv 0.583 0.121 0.069 0.072
commons-cli 0.019 -0.082 -0.082 -0.065

K6 EHSINa—FORBEILDY —2a—FOLEHER (2) £ F1T b L —ROZE{LEDOHBIRE

ST — K RS Tuves 4 FITE fﬁf:%ﬁ?ﬁﬂ?ﬁ%@ ZR OB p (LW Xy REATEEL
R OZLE DE{LR DEfLE DZALR
commons-lang -0.037 0.078 -0.076 0.108
commons-collections 0.724 -0.220 -0.348 -0.246
TaXxs ra—-rok commons-codec 0.435 0.237 -0.077 0.435
€COMMOoNs-csv 0.727 -0.069 -0.200 -0.200
commons-cli 0.505 0.444 0.400 0.488
commons-lang 0.383 -0.204 0.706 -0.302
commons-collections 0.041 0.339 0.350 0.388
TAMIA—-FDH commons-codec 0.783 0.950 0.936 0.949
€commons-csv 0.094 0.077 0.063 0.078
commons-cli 0.918 -0.042 -0.045 0.060
commons-lang 0.787 0.143 0.551 0.207
commons-collections -0.242 0.054 0.594 -0.124
Jagxy ra—-Fe7FAra—F commons-codec 0.992 0.994 0.991 0.277
commons-csv 0.624 0.151 0.113 0.115
commons-cli 0.020 -0.065 -0.065 -0.050

B MERERICZ > TS EEZI TV S,
7. FLHLSEDRE

AT, Y—RA—FOLERELFITFL —RADE
{LEDBEEMIZOWTHANZ /2, EBD Java 7175
2N LT OREICOWT O 2177 o 72, FHBEREL
PHOWEZIHMETE, Y—2a— FOEERLFIThL—2
DOELRBICHER RN 2L, Y—Ra—NOZEHEED
BT LDBEFT L —ROE(BRICEE LRV L EHL,
WZL7 E/2, V—Ra—FOEERZTRXI ba—FKD
ADEHE, 7APa— FOADEH, WHOEHIIHFHL,
FIT P L —ROZE L OEMEICOWTHTHEEITR -
7o FERE LT, —#RBEREER AR50, 7
DX 7 ba—RDAREELTAPa—FDADHEELEYL T
&, Y—Ra—ROZLHERLFET ML —ROELREB DB
P2 BERZ e oT-.

AFETE, V—Ra—FOEFERICERE2 LD, &
BIZY —Ra—RFOEFENRIERHL, YOX5REEDN
a7 AOEIIKERFELRIETOIREDFEY

© 1959 Information Processing Society of Japan

EDTWEZW., T2, ZBEIOZIKE VRIS
BEERTHRT 2 LB EERTOIV -, TurJL0%E
B OZLDALRIT S Y — L DOIER 2 E SR OHE Y
LTEIToN3.

HEF

AWFZE1E JSPS £ JP18H04094, JP19K20239 DB
KEZIFTZHDTT.

BEXH

[1]  Arnold, R. S.: Software change impact analysis, IEEE
Computer Society Press (1996).

[2]  Beller, M., Spruit, N., Spinellis, D. and Zaidman, A.: On
the dichotomy of debugging behavior among program-
mers, Proceedings of the 40th International Conference
on Software Engineering, pp. 572-583 (2018).

[3] Hassani, M., Shang, W., Shihab, E. and Tsantalis,
N.: Studying and detecting log-related issues, Empiri-
cal Software Engineering, Vol. 23, No. 6, pp. 3248-3280
(2018).

[4]  Jiang, S., McMillan, C. and Santelices, R. A.: Do Pro-
grammers do Change Impact Analysis in Debugging?,
Empirical Software Engineering, Vol. 22, pp. 631-669



BIRLIEF RRRE
IPSJ SIG Technical Report

[5]

(12]

(13]

(2017).
Kamei, Y., Shihab, E., Adams, B., Hassan, A. E.,
Mockus, A., Sinha, A. and Ubayashi, N.: A large-scale
empirical study of just-in-time quality assurance, IEEE
Transactions on Software Engineering, Vol. 39, No. 6,
pp. 757-773 (2013).
Kochhar, P. S., Thung, F., Lo, D. and Lawall, J.: An
Empirical Study on the Adequacy of Testing in Open
Source Projects, Proceedings of the 21st Asia-Pacific
Software Engineering Conference, APSEC 2014, pp.
215-222 (2014).
Lewis, B.: Debugging Backwards in Time, CoRR,
Vol. ¢s.SE/0310016 (2003).
Murphy, G. C., Kersten, M. and Findlater, L.: How are
Java software developers using the Eclipse IDE?, IEEE
Software, Vol. 23, No. 4, pp. 76-83 (2006).
Pothier, G., Tanter, E. and Piquer, J.: Scalable Omni-
scient Debugging (2007).
Ren, X., Shah, F., Tip, F., Ryder, B. G. and Chesley,
O.: Chianti: A Tool for Change Impact Analysis of Java
Programs (2004).
Shimari, K., Ishio, T., Kanda, T. and Inoue, K.: Near-
omniscient debugging for java using size-limited execu-
tion trace, Proceedings of the 35th IEEE International
Conference on Software Maintenance and FEvolution,
ICSME 2019, pp. 398-401 (2019).
AR, AR, EEK, HLWE REMViewer:
BREIEIT SN Java XY v F OEITHERAIHULY —
L, av¥a—& Y 7brv=xy, Vol 32, No. 3, pp.
3.137-3.148 (2015).

R OSS BHFRIC B 3 R e AN v ¥ DB
WES RN A > 7 7V — > a Y OBENENGE, Bt
AL, A RBIRBIEARANT KRR (2017).

© 1959 Information Processing Society of Japan



