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7O R EHFREIENDEEBIZEBRLT-
Java 709 5 LEGRD ST

AlE LY N 2D R B R R seRethd

WE‘MWTi T 4=V RBLIOA Yy RIZH LTCT 7B AEMTAEETHILT, AT 27k

HWHEZHIRTHZENTES. LL, BEFEY 7 MY = 7SI EBROFBEII S L BRI A
<m%éﬂf“é?&txgﬁ%#gﬁﬁfﬁé_&#ﬂ%hfvé‘*ﬁf,%ﬂ%@?ﬁﬁx%%%
OEIERBUC SV TIE, BRSO TTOR TR, Z 2 TAZETIE, Y7 MY =T BEEOEREE %
BL LT, BRIRT 7 AMEMTIKT DEFEEEDOFATHEIZOWTHNT Lic. xR eE 357 —%
I, %ﬁ@?&kx%%%ﬁﬂi@M/~w%#ﬁLT%f®7O®Jmafm9:&b#%@%bt 9
WEATOICHETZY, EEINTWDLT 7 & AEMF & EBROFMFMAICESE, 74—V FBIXURA Yy
Fa& 3ARRE~HELZ. &6, A=Y a VR 5ikEE %%% PEE T L2 6 DD 7 N —T~ L o5HH
L7z, ZORESE, @RleT 78 AMEMiTOKRPEE, BEISNTEOEEMEINTND I & E2HER L.
—J7, —HBORHHOMBE 2T 7 & AMEMiTIZOWTIL, FBRoET Y7 MIBWTEENTHhI
TWDHZ L wHER L.

F—TJ— K 77w REMT, Java T 0T L, BB

An Analysis about Accessibility Excessiveness
of Revision Histories in Java Programs

Abstract: Developers can declare access modifiers for fields and methods in Java, and this lets them limit
access scopes for fields and methods. However, existing software has a lot of fields and methods that have
access modifiers whose access scopes are larger than actual ones. On the other hand, it is not clear how often
these access modifiers are modified. In this study, we analyzes how often developers modify excessive access
modifiers in software update. We get data of analysis subject from existing seven Java projects by using
a existing tool that detects fields and methods with excessive access modifiers, by extension. Moreover, we
labeled fields and methods as three states by the combination of declared and actual access scope. Then,
we also labeled state transitions of fields and methods between old and new versions as six states by their
behaviors. As a result, the tendency was confirmed that most of the excessive access modifiers were leaved
and not touched. By contrast, some kind of excessive access modifier was confirmed that they were modified
in all of intended Java projects.

Keywords: Access Modifier, Java Program, Revision History
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V—Aa— RHOERIBIOAY v FH, Y—Ra—FK
DFTXRTOEGHNLSRARRRETH D &, BIEW2AR
BHORRNE 2 5FREMER & 5 [1]. Java T, ZOMEE
ERRTL2FELELT, 74—V RBIOAY vy RIZKLT
7R AMEMiTEESTHI ENTE D, BIREL, @R
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TR AMEMTEEST DI LT, REHFHIER L TV
WREYIRT 27 A% KRR T 5 2 EBTE B [3][4].
UL, < OBBENREDLL Y 7 b THBIZBWT
i, BIRESEN T — /L FBIOA Y v ROFIFRIIC
BT 2R ELAE T ENEELY. ZOMRE, EEOF]
HFFH L 0 HINWEFHO T 7 & 2 EMiT 2B EMICES L
TREBWEbLON, ZOFEHRVETIHENHD.

FTex ORI N —T7TiE, @EDOWIZE 2] IZBNTT 7
+ 2 & imEER Y — 1 ModiChecker % Bi%E L T\
5. BEfF Java 71 ¥ 7 MZ%F L ModiChecker % 32T L
TAER, BREIL o> TNDT 7 B AEMTNEEEFEEL T
WBZERRERENT. — ), Tu/ T AORRBEECE
WC, lEZReT 7 B RAEMIT N EDX A I T TIEIESN
200, HOIWVNHMEESNTIEVFITLONE NS Z &
WZDOWTH, IBEIZOPATHOIL TR,

FZTCTARIZERTIL, Java 7 v 7T LOBRRERIZRKBIT
5, BRI T 7' AMEMTIIRTT A IETEMEEOEITHEEIC
BT 20 &iTo7. SR e LIcOEBEFED 720
Java 7y =7 FTHY, ZHICk U CHEREILES -
ModiChecker Z#FEIT L CEONT=T —X ZFH L1=. oW
BIFHINZY, BEEESNTWDHT 7 & 2 EMT & EED
FIRAHRICHESE, 74—V RBLXUA Y v F& 3IREEIC
SELE. &b, N—=Ya Uk D REERIZOW
T, BBOWE T LIT6 2D N —T~ESHE LT,

IO DBMEIESE G TR, BRRT 7'
ZMEMITORFE, BESKTEOETEHRBEBINLTNEZ
LR L. — 5T, —MOFEOMERE T 7 & 2MEA
FAZOWTIE, 7oD Java 7 u P =7 hETIKBWTEE
PITHONTWDE Z & xR LTz,

DI, 2 B CIEARMIRICBE S 2 HEEEZHT 5. 3ET
TEARIZE TIT - T2 0 OFET DD Tk, 4 FECIEoHT
FEROFER ERERICHT 2B E%21TS . 5 ETIXEENE
IZOWTIRR, 6ETE LD EABROBEIZ OV TRAS.

He B2
2. 8=

2.1 TYUEREHF

Java DFFEHAETIE, 74—V FBLUBRA Y v RIZk L
THENHDT 7 AGBAEHIRT 2EM T2 E5T 252
ENTED., INETIVRRABHFLES MHLT7 7 A
B8 7 % 1 72 WGA (default) #5025 &, Java Tix 4
HIHOT 7 v AHIREZRSZ LB TE D (R 1)[5].

T 7 AMEMiTAEUNCRET D LT, BREIELT 1 —
NRBLRA Yy RITKT 2527 T 2406 O EHND
TUEESZENTE S, Zhiah 7TRvMELEMDY, 7
Vs MEMT T I TOFEERWEED 1 oL ST
W5 [6]. LaL, EBEOY T by TEEICEONTE, %
74—V RBEORA Yy NIZxT D E&072 7 7 7 A
DREH e FEFa—T 4 v 7 2BBT2HGR3H5. 5

© 2013 Information Processing Society of Japan

x 1 T EREMTOREE

7 7 AMERT T AR T HEIA
public A TOE
rotected B LUy =PI BT 5
P BLOAHOY T2 5 2
default BE LR Uy — RS 5
private HHELREILTZ A

W 7RI R Cl, a7 7 A XD & RV iR
MHEDT I Y RAZHFAT LT 7 AMEMTRRES LD Z
ERBHY, ZOZLENAREEDRRE 2D RN D D.
HELTWD A Yy ROHBEICK L CRFIZRT 7 22 E
filfi 2R E LG Al 20 9 2REDF & LT, LITIC
R AX ZAVTHAT 5.
public class X {
[/l 74— Ry OFHIEIT null.
private String y = null;
/] 74—V Ry llEERETD.
/] 7T ANADPEIFHIND Z L A2 RRE L TV,
private void methodA( ) {
y = "hello";
}
!/l 74—V Ry DLFINEZIET.
/] 7T ANANEIFHEND Z L A2 RE L TV,
public int methodB() {
return y.length();
¥
/] EORESNTZT 4 — IV Ry OXFFIREZIRT.
/] 7 TGANNEMEEIND ZEEBELTWD.
public int methodC() {
this.methodA();
return this.methodB();

7IAXIE, By OXFIRERSTLZ L4 HE
Liz2 ZATHD. y DXFHREZRET 5121 methodB
ZIENHTMEN S AP, v IZIIPHEE LT null MEA
INTWDHT, HEEZERT D72DITiE
(1) methodA ZFFOMH L, v IZXFINERAT 5.
(2) methodB #F-OMH L, length X Vv RIZL bV y DX

FHIRZRGTD.

EWV ) FEE T LERDH D, ZOFIEEFEITTH70IC
methodC AHE SN TEY, BA%H L methodC 237 7 A
A BIHEIND Z & ZFE L TT 7 & A ERfiT % public &
LTWa. L»L, ZOHITiEmethodB ©7 7 & A&hf T
& L TiRo T private TIZ72 < public A EINTLE-
TW5. ZhiCk Y, methodA ZIFOHJHTIC methodB
ENEHOLEBEFOHT I ENTE S, 29 LIS
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= 2 AE OfJH

ab public  protected default private No Access
public pub-pub  pub-pro  pub-def pub-pri pub-na
protected X pro-pro pro-def  pro-pri pro-na
default X X def-def  def-pri def-na
private X X X pri-pri pri-na

e FHA R BESENTWDT 7 & A EMT-
boATEA PV ERRCT 7B R ST S HiH

W% Licsa, y 23 null OIREET length £ Y v RE M
3 Z Lz b7, filFh NullPointerException 233429
L. ZOBIO XD IR E T DIRERK & LT, Bl IEE
BT 7 & AHFHNARIER L 72 DICE E/IIC public 2 52
LTBEBWEbOR, BIESHTITEIHITTLED 2N
Ezohb.

2.2  Accessibility Excessiveness

AWFFETIE, Java DY —Aa— NRHCES ST 1 —
RBLORAY Y RIZHL, EESNTWAT 7 & A Ef
T LEBRIIFFOH SN TV D HIM & DERERBT 5720
\Z Accessibility Excessiveness(LLT AE)[2] Z 5.
728, & AE OARRICHOWTE, HEE[2] LR db
DEHND.

AE3E 20X IIoEn5. Pl 57 14—
RIZX L CES &N TWD T 7 & A ERF7 public Th %
DITXF L, EBIZT 78X SN 5HiPHDS private Y TH
LG, TDT 4 —)V RIZE 2 DN pub-pri DIREEIZH
D EHIRT.

T4 =N RBEOA Yy RO, E53NTEINDS
MDEBICIZE DB LT 7B ASRAEVLOBFET S.
AT, IV EInbHT 7 A S ikEE
(No Access) IZOWTHEET D& &7 5.

AT FBNTIE, pub-pro, pub-def, pub-pri, pro-def,
pro-pri, def-pri @ 6 DDIREEIZHOWT, BEIFEEOME L T
WBHT 7B AR LD HIRWT 7 B AERiTRNES ST
WDIREE L AL, Zhbxd AE ThDH L EHRTD.

B, R2IZBWVWTx ERRINTWSEITICHAYE T D
L, EEITa NS TICk T - L TRHEN D
72T, AW TITZE L.

2.3 ModiChecker

TRV MROT 44— REBXOR Y v RICKT %)
T 72 ARFEAOHEE SAET D7D, Fox iTimEOHYE 2]
WZBWTT 7 & 2EMR T EEPER > — /L ModiChecker
ZBA% L7z, ModiChecker i%, Y —A=— REIZX LT,
T RRAEMTOES LT 4=V FBEOAY v FOHS
HOR L2 FRIIfAT 5 2 12k v, AE &7 > TV HA[EE
HDOHDT 7 AMEMTEHFFO7 4 — LV RBLXOA Y v K

© 2013 Information Processing Society of Japan

FHMHT 2. ZoORREIR 10X cFEREND. K1
3 %I H (Current Modifier) MEHTREE CTEHS S TWDT
7 & ZEMiT %, 451H (Recommended Modifier) 23
FRFTIZ X 0 B L7 RBR O T 7 ' AFHIZE-S EE 72 T
7k AMEMiTFE2RT.

ModiChecker ®BFIZ LV, Y —AFIHHFIXAE &72o
TWHHREMEDH D7 4 — LV RBLURAY vy RO~ &,
TNOOREEDT 7 & AFIIZIESWIZEY R T 7 & AE
i FICBT D RERG BT 5N TED.

3. TUtEREHFDERES

74—V FBXORA Yy RIZR LTEEOT 7 & AHH
WHIL 727 7B 2 EMi T2 EET 52 &%, BREOEE
LCWARWT 7B RZL D AREGEERRIC LT A LI
ORNL. Tihbb, T/ RAEMTFEEUICEETH D
L, BRERY T N 2T ERET D OO EE I TE
D—o>ThHbHEVZD. L, HEDOY 7 by = TR
RHTB TS, BHEOEM LR SI2fky, BEERET
DT 4=V REBIORX Yy NIZBET 2@ 787 7 & X#HiH
ERTHIZEIINETHIONEFTHS. FEEE, Ant
RJEdit @ 1 3=V 3 ZBWC, AE THDHE IR T 1 —
NRBEOAY Y RRZHAFEL TND Z L BRI T
W3 [2]. —5T, AE Th 27 7 & AEHTOEERIIC
DOWTIHE, WEISP BT TR0,

F T, RHFFETIIEAED Java 7 =7 Faxfg s L
T, BIED Y 7 b U = THFIZB W TT 7 ' AMEMT D
EEEN EOREITHOIL TS DNZHONT DS 21T -
7o BEGHTEITIICYS T 5T, LUTFOMFRE (research
question) Z g% E L7-.

RQ1 7 7 & A EHiFOIETLEIEEIT EIE EOMEE 1T
LI TNBDH
RQ2 AE OFE T & (TETEHEDOZEIIFEET D D)

RQLIZDOWTIXT 7 & AMEH T OB IIZDOWT,
RQ2 122\ T AE OFfHH = & DEERIICOWT, 1
FROMtg s LicJava 70y =7 hOENR—2 g |2
BIDIETOT7 4=/ FBLOA Yy REtRE L TE
EZIT o7z,

3.1 SR ELfzJava TRAP Y F

A B D5 HT T, SourceForge.jp[7] 2254 W v\ — RH]
78 Java 7 V= 7 hOHFND I AN—T 3 VRS
<, BRBEAENLDE 7o 0x% s L=, oo
MEpLLle7uny=r bO—RE2RIITTRT. ok, K3
FORFEHFEIZ OV TIE, SR RONA=Ta D) Y —
AR ZRIZHRE LTS,

3.2 TA4—ILEREEEUVAYVY FOREDSE
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I'\é| ModiChecker E‘M‘
Input |C\antiapache-ant \

fieldname | Declaration Class | CurrentModifier | Recommended Modifier | protected | default | file name line column

[TEST_BUL...|org.apache.tools.a... |public private Cihanf\ap... |24 5 -

xloc org.apache.tools.a... |protected private Cihanf\ap... |30 5 =

[TEST_BUI...|org.apache.tools.a... |public private Cianf\ap. 5

perms org.apache.tools.a... |default private C:antap... 5

width org.apache.tools.a... |protected private C:antap... 5

RESULT_... |org.apache.tools.a... |public private C:antap... 5

initAllDone |org.apache.tools.a... |protected private C:antap... 5

UNUSED  |org.apache.tools.a.. |defaul private C:antap... 5

INTEGER _|org.apache.tools.a... |defaul private C:antap... 5

FLOAT org.apache.tools.a... |defaul private C:antap... 5

LONG org.apache.tools.a... |defaul private C:antap... 5

DOUBLE  |org.apache.tools.a... |defaul private C:antap... 5

CLASS org.apache.tools.a... |defaul private C:antap... 5

STRING org.apache.tools.a efau private Cianf\ap. 5

FIELDREF |org.apache.tools.a... |default private Chanf\ap... |33 5

METHOD... |org.apache.tools.a... |default private Chanf\ap... |33 5

INTERFA... |org.apache.tools.a... |default private Chanf\ap... |33 5

NAMEAN. org.apache.tools.a... |default private Chanf\ap... |33 5

UTF8 org.apache.tools.a... |default private Chanf\ap... |33 5

crc32Table |org.apache.tools.bz .. |default private Chanf\ap... |33 5

tstamp org.apache.tools.a... |protected private Cihanf\ap... |34 5

zfPrefixAd... |org.apache.tools.a... |default private Cihanf\ap... |34 5

DEFAULT ... |org.apache.tools.a... |protected private Cihanf\ap... |34 5

COMPILE... |org.apache.tools.a... |public default org.apa... |Clanfiap... 5

JBOSS_DD |org.apache.tools.a... |protected private C:antap...

TEST_BULI... org.apache.tools.a... |public private C:antap...

resources |org.apache.tools.a... \default private C:antap... 9 —

TP — e I 0 = d

® Fields Result ' MethodResult ‘ ChangeAccessModifier ‘ ‘ Undo Changing |
S
® 1 ModiChecker Ot GL3% 7~ i H
£3 iR LETaYes B
74— K Ay R
Tk AEHIF T 7k AMERF

TaTxl | N=VarEs AN=UalH EBHEL EBHEL BHFEHIA ()
Apache Ant 1.1 ~1.84 23 80920 185156 2003~2012
Areca Backup 5.0 ~ 7.2.17 66 131170 258748 2007~2012
ArgoUML 0.10.1 ~ 0.34 19 85038 252130 2002~2011
FreeMind 0.0.2 ~ 0.9.0 16 8676 30048 2000~2011
JDT Core 2.0.1 ~ 3.7 16 134374 240726 2002~2012
jEdit 3.0 ~4.5.2 21 50626 99008 2000~2012
Apache Struts 1.0.2 ~ 2.3.7 34 104218 274271 2002~2012

£ 4 T AEMA OB AW L DIRIED

public  protected default private No Access
public pub-pub  pub-pro  pub-def pub-pri
protected X pro-pro pro-def  pro-pri
default X b'e def-def ~ def-pri
private X X X pri-pri

DEN—=T g NIBITDHT7 4=V RBIORA Y v KOREE
WCOWTHHEITo T2,

ZIZTIE, Y—Aa—FREOT7 4=V FRBLOAY v R
IZOWT, BEENTWAT 7 A ERiT & EBEDOT 7 &
A & OMAEDEICL Y LUT O 3REICHEAT S (&
4).

WY EBEOT 7 v RAEEICAILET 2 2 EMTRES
SNTWDHIRKE (£ 4: AHEaEL).

AE FEBEOT 7 ¥ AFEIC A CRER T 7 & AR
HEINTWDHIREE (F 4 HKEEL).

TA4—IVEEBLOA Yy FRNES SN U

WBER, Iavz NNOEINL LT 7 EANRRS

ITWZRUVVREE (R 4 IRIKEE ).

No Access

© 2013 Information Processing Society of Japan

3.3 N—=Ta REICHITHREBBONEE
MBI CERLZ3RBBIY, Yoyl "B NN—=T g 0

Ty TEINBBEZ, VI B TR EOEREIZL 5T

BIOREE~ LB LTZD, [F CREOF ORI/ F — 2~

CEBLFEVTA. 74—V RBLIRA Y v ROAR: -

e, 23— a VI TTIRIEEDOEEN A Lo 128586

BRIZEDDE, TI7RRAMEMTD 23—V 3 VIR

LIRIEERICIE, M2 AT I8EENTFETH. Zhb

18 FEEDBERIL, TOMWE T LIT6 DI N—T BT TE

L., K29o [720) &, 8L d7 41—V B

FORA Yy RRBHDEN—T 3 NZBWTIIEE L TV

ZEERTIETHDS. £, 2L 25 L) ~DE

BlZonTid, REBEBRZOLONREEL TV R2NLD L

L, REFFRICEBOTITEE L2,

AEBIE @Y Zmh-> TR D KT ab,e D 3 DN
HMT L. T RRAEMTOBE, HH50ET A
HHOFEIZ LY, 77 v AEMFREY 2L O~E
BALT 5 L5 BB EET. 2B, allonTid—
CarvTT 7B RAEMTREESNTELDODHRE
®GLeT 5. UBTHNT D e & ilZOWTHIARRE
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T 5.

AE 4  TAE] (267> TS KD def O 3 503
VI D, T ERRAMEMT, HOHWET IV EAFEEOE
fRICL Y, 77 vAEMTN AR L7205 X5 BB %
5.

T EREKR [No Access) (ZM7hy-> THUND KA g h,i
D 3ONFENTD. T RvABHiT, HDODWNIT /&
AFFADOEANZ LY, 74—V REBITVORA Y v K~D
TIRABHERT D LD BB ERT.

TA4—ILE/ Ay R [72 L] oMo s KAk
D3ONEYTE. BRA=Va VITHEELR M- T
T4V RBIURA Y v KA, HiA—Ta BT
B END L5 BB R T

Ta4—ILE/AYy REIBR T2l IZmds THOD R
Flmmn,o ® 3 290%%4 925, [BXX—Va VIIFELE
T4V RBIURA Yy KA, Hi =Tz BT
Hibk S n & 2 BB a2

Zibi L [EEY)), TAE], TNo Access] HHEHE~LL—
TITBHRAIp,qr D3 ONFEYETDH. 23—V 3 U]
TT 7 B AMEMTR L OT 7 & AHBE O G HIZ B
WDIRWE D BB LR

ap

e.q Q)

2 Juv=zs 2 3=Ta VRICBT DT 7 ' AMEAT OIRRE
BRI

3.4 SHFIE
A B OSHIFLL T O FNETHEME L 7=,

() st 7Tye s "ofk R X—T 3 ViZx L
ModiChecker #E4TL, =T a T EDET 14—
NMEBIORXA Yy ROT 7 & AMEAMiFE SR
DT —H DRIz csv 7 7 A NVELERT D

(2) BNR—=Va v hOEELARNT =L FBLUA Y v
RO—EE2BST 5. BEEOHEICIE, 74—V KD
BEIET 4=V R E Ry =%, XYy ROGE
IZA Yy R4, Rolr—V4BLOV 72 F ¥ D%
s

(3)2. TR L7 4=V REBXUAY v ROZNA—T 3

© 2013 Information Processing Society of Japan

BT DT 7 AMEM T ES WA perl A7 U 7 R
WXV —2D csv 7 7 A NVITIHRET D
(4) 3. THRUG LT — & & R\ CKMHT 51T 5
B, FIHKAED ModiChecker I AE TH D 7 1 —/L
FBLORAY vy ROZLEHTIET 250, AFFRICBWN TR
T I AMEMTRBEYITHDL T 4 — NV RBIORA Y v KE
BEMNGIED DL, FEiHEH & LT ModiChecker 73
W7 4=V FEBXOAY vy FHEFICHAITH L1
WEEIT T,

3.5 NIERE
ARFFRC R D T EREEIC T 2 EHIZLL Fo®@ b .
e OS : Microsoft Windows 7 Enterprise Service Pack 1
(64bit)
e CPU : Intel(R) Xeon(R) CPU E5507 @ 2.27GHz
2.26GHz (2 7=t v )
e RAM : 24.0GB
e Fclipse classic 3.7.2
e JDK 1.7.0.07
e perl v5.14.2
Fl, S DRERITY 7 b Y = 7 OB B L
—ODY T M =T N—=T g VNIZOEHR/ANTH 60, &
KTHI 360 PRREETH 5.

4. SHHEREER

#7aYxr MZBWT, RQL T, 338 CERATT-
o7 7 AMEHM T OFEEEN TN TN EORRERAE LT
DINZDWTHEFHZITo72. £5, F61F, KFEEENE
BEAKICEDBEEIZONT, 74—V FBLUAY v
ITNENDEERLTWA. RQ2 TiX, % AE T Th
COREEESNTNDDNNIOWTERHEIT-72. F7,
# 8L, WEIRT U ' AMEHMi T ~DIETEMEENR T 4 —/L K
BLOX Yy RZENZENIZOWT EDREIThN T DHE|
BERLTND. F, P IN/A] T2 —va UM
WBW TSR AE R~ HBL L ool 2R T

4.1 RQ1l: 7YV EREMFEEMT (F1—ILF)
RQl: JIL—T IR o HER
F5EHEIZ, 74— FOT V& AEMTEEIZONT

6 DD I N—TZNENIZRA LN DB OSH%1T 5.

AEBE 2T 2%GELTUL, £27r Y= MZ
BWT 1% =220, ZA—FNTHDE, bD [AE
—Y]] 1Z2WTC, Areca ZR< 6 7Y =7 MIB
W a,c I TR 2.6~28 [0 HEEE TIEIERN TN
TWbHZ ENbsd.

AE %, 7O tERXER BRI TLIEGE LTL, 2
IN—7ceTa vy MTBWT IR0,
TN—TNTHBDE, 1D No Access 76 DIERIL,



BFRLEZHRIRE
IPSJ SIG Technical Report

i 5 74— ]\\\0)/{‘—“\/“3 ‘/F'uﬁ%i%@ﬂﬁ\ (%)

Ant Areca  ArgoUML  FreeMind JDT Core jEdit Struts
a #Y—wt) | 0.02 0.01 0.03 0.12 0.02 0.02 0.01
b AE —b] | 0.16 0.01 0.42 0.31 0.30 0.15 0.28
¢ No Access —ii# ) 0.02 0.01 0.05 0.07 0.07 0.05 0.01
d HWE— AE 0.04 0.04 0.04 0.38 0.22 0.09 0.14
e AE — AE 0.07 0.01 0.04 0.17 0.12 0.02 0.07
f No Access > AE 0.00 0.01 0.02 0.01 0.01 0.02 0.01
g i E)— No Access 0.03 0.02 0.19 0.21 0.06 0.07 0.05
h AE — No Access | 0.03 0.01 0.07 0.02 0.05 0.03 0.03
i No Access — No Access 0.00 0.01 0.05 0.00 0.00 0.00 0.00
j e L—iEdl | 6.41 1.45 6.84 22.59 4.08 6.16 5.57
k 72 L— AE 1.41 0.55 1.56 7.13 1.79 1.78 2.52
1 72 L— No Access 0.21 0.07 1.38 3.27 0.24 0.81 0.59
m -7 L 2.03 0.66 4.05 7.28 0.80 3.48 2.67
n AE =72 L 0.46 0.27 2.20 2.80 0.78 1.07 1.14
o No Access —72L | 0.13 0.03 1.36 2.04 0.09 0.58 0.22
p Zib7e L (#Y0) | 71.42  65.50 58.72 35.85 64.98 63.67 50.34
q Z{t72 L (AE) 15.28 26.74 12.26 12.99 22.72 16.22 29.00
r k7 L (No Access) | 2.28 4.62 10.72 4.75 3.66 5.79 7.34
K6 AV ROA—Ya UEEEEHS (%)
Ant  Areca  ArgoUML  FreeMind JDT Core jEdit Struts

a T 5] — I ) 0.03 0.00 0.03 0.12 0.02 0.02 0.00
b AE —jit) 0.10 0.03 0.12 0.26 0.22 0.16 0.07
c No Access —i# ) 0.13 0.07 0.26 0.36 0.24 0.13 0.09
d WWE— AE 0.05 0.02 0.08 0.13 0.13 0.15 0.04
e AE — AE 0.06 0.00 0.05 0.09 0.12 0.03 0.03
f No Access > AE | 0.08 0.01 0.03 0.04 0.03 0.03 0.13
g J#E)— No Access | 0.07 0.05 0.25 0.34 0.13 0.19 0.05
h AE — No Access 0.05 0.00 0.06 0.03 0.05 0.05 0.01
i | No Access — No Access | 0.01 0.00 0.02 0.02 0.01 0.00 0.00
j 7e L— ) 2.31 1.10 3.63 12.34 2.48 3.85 1.96
k 2 L— AE 1.08 0.28 1.06 2.10 0.78 1.38 1.52
1 72 L— No Access 4.44 1.10 5.48 17.41 2.71 3.32 5.73
m HWE—7 L 0.54 0.63 1.88 5.41 1.04 2.12 0.73
n AE =72 L 0.28 0.19 0.84 0.68 0.46 0.86 1.08
o No Access =72 L 0.95 0.71 3.44 9.72 1.27 1.85 2.99
p ZAb7z2 L (#Y)) | 2646  44.30 28.44 23.29 38.83 38.58 19.16
q k72 L (AE) | 12.89 11.88 8.92 3.10 11.22 14.02 11.07
r Z2{t72 L (No Access) | 50.47  39.64 45.42 24.55 40.27 33.24 55.34

fill 2 IREED & DB LR THBUBEE R D72 2 &R RHREVKIB3~ITNZ LD L. BT nY =7 MIB

DD, WCEY) (p), AE(q), No Access(r) DB HHLAEE

Ta—ILE/ AV RIERL BRI 528G L LTE, £ DIEO.
2~33% & LD D, TA—FNTHDE, &Fa =y RQ1 : &

MZBWTERENEY) (j), AE(k), No Access(l) D
JEZ HHBUREE D3 .

T4—ILE/ Ay FEIBR 2EICHT 556 LTE,
1I~12%% 59 5. JA—TANTIE, &27rv=7 b
B TEBRTAEY (m), AE(n), No Access(o) DI
(BB DS S,

TGl BECHTEELLTUL, 6 7V—TDOHT
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T A=V RICBT DT 7' AMEMFOLEBEICZONT, B
LEL AbNTeold T8 L) IZET2p D TE{kZRL
(#Y))) Thoto. o, [T 40—V R/ AV RIER F
THjo 72 L—y) ZHENZVEIAR 6.

INBEDTEMNS, T4 —b RIZEWNS ARz I
UCIEREND Z L%, —EEble 7 7 & 2 a7
BEEahd e, ZOBREMICOIZ> THHINIGAEMRE
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&7 AE THDL7 41—V ROBEERE (%)

Ant Areca  ArgoUML  FreeMind JDT Core jEdit Struts
pub-pro | 0.0055 0.0000 0.0013 0.0000 0.0150 0.0000  0.0038
pub-def | 0.0038 0.0017 0.0195 0.1607 0.0076 0.0078  0.0036
pub-pri | 0.0024  0.0005 0.0379 0.0073 0.0269 0.0070  0.0013
pro-def | 0.0254  0.0023 0.0149 0.0000 0.0068 0.0326  0.0267
pro-pri | 0.0112  0.0002 0.0177 0.0000 0.0085 0.0045 0.0118
def-pri | 0.0157  0.0000 0.0365 0.0063 0.0060 0.0077  0.0021

£ 8 AE THH AV v ROBEERN (%)

Ant Areca  ArgoUML  FreeMind JDT Core  jEdit Struts
pub-pro | 0.0141  0.0000 0.0119 0.0398 0.0074 0.0083  0.0077
pub-def | 0.0091 0.0026 0.0132 0.0606 0.0279 0.0121  0.0056
pub-pri | 0.0038 0.0028 0.0112 0.0169 0.0098 0.0111  0.0007
pro-def | 0.0153  0.0000 0.0160 0.0000 0.0054 0.0000 0.0142
pro-pri | 0.0046  0.0000 0.0113 0.1325 0.0038 0.0037  0.0100
def-pri | 0.0000 N/A 0.0066 0.0000 0.0141 0.0015 0.0015

WEWZ 5. —F, FOMO T A—TOIREEERIZ VT
EREIToT- 56, TAEEIE] TAERA) 177 8 AWHK)
DX D77 72 AFEOEACI,E O REBE O & D
&, [Z4—=nF/AY Y FHIER] X577 44—V FZED
HOPTHEBRT HHE OREBEBROE N L R HEIAIH
b, ZDOZENE, 74—V RORBATEREESND LD
BB EITIE, T B RMEMi T DEETIE RS 74—V R E
DLDONERINDZENEZNT LEZRLTND.

4.2 RQLl: 7YV EREHFEES (A VY F)
RQl: YIWL—TZELIZR OB ER
F6EIEID, AV Y ROT 7 AEMTLEBEIZONT

6 DD Y IN—FFNEIIUT RSN BB DT 41T 9

AEBE 2RIz 2E5GELTE, &27rY=7 M
BT 1%, ZA—FRNTHD L, ¢ ® No
Access =] 2%, b ® TAE —@#y)) A% S L<L
IERREVEE CTHELL TWD Z &R 0n5.

AE %, 7UEXER SFICKTLIEEGE LT, 2
ITNn—7HceTe vy MTBWT 1%ITH =720,
TN—TWNTHDLE, dg DEYIN S OEB M 2 4K
RN B DB TORMBBE N D 2N LD
N5,

T4—ILE/AYy FIERR 2RI 256 LTHE, #
2~R2% % HD D, FTNV—THNTHD L, jEdit #x<
6 7Yy MTBWT, BN No Access(l), 1#
8] (j), ABE(k) OMEIC B 2 .

T4—ILE/AYy FEIBR 22546 LT, #
1~16%% 5. Z7V—7NTiE, jEdit #H< 6 7
0 el MW TEBRN No Access(o), Y] (m),
AE(n) ORI HIBUBE 2 &,

L 2ficHT2EE&ELTE, 6 7 —TF 0
ThbHREWR 51~96%% 5 5. 7 —TINTIT,
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Areca & jEdit TIL#Y] (p), No Access(r) DIETH %
PIAN X, No Access(r), 1t (p), AE(q) DNEIZ AR
JEME,

RQ1 : &%

AV RIZBT 57 7 & AMEHiT-DEBIZOWTIL, &b
200N TZEER LI IZET 2 r O 2172 L (No Access)
THY, W Tpd [E{k72 L (b)) Thote., [74—
VR Ay RIER I8V T H RO R S 4, jEdit
TWHEEN R 5N DU TIL, o @ 72 L— No Access] 7%
m O [7p -y % ER-o7z.

INHDZ LD, Ay RIZOWTIE, 1ERRFERDD
FIHEN T2 b0 L0 b, (ERRERTITHENEE > T
Wy, FIHT A0 A Y v RREEER S LT a0
LODIFINENZ ERNbNnD. £, OO IN—T
DRREBELIC DN TEREIT o I2E, 7 14—V R LRk
W2 TAEEIE) TAE A T7 7 2 AWK T T 01—
JVR/AY y FHIBR) OBBRLWMENICHD. 2D &
&, 74—V RERIERIZ, A Yy FORIRFIENERE SR
LEIBRGHRITIE, AV Y RZOLONERINDZ LM
LN LERLTND.

4.3 RQ2: AEBERRDOAHEER (F14—ILF)

74—V NIZRT 5 AE OEEMEE MTON D EIEIX
RRTH 0.16%TH Y, KEIEERLESNTHRY, &
WO ZERBETOND. K AE JLomER TN L,
pub-def, pub-priiZ&7 v =2 T, pro-def, pro-pri,
def-prilZl 7wy =7 FafR< 6 7'r =7 FTEEFE
PITORTND ZENDND.

EoT, B 525D AE 1225\ TE, ModiChecker @
%Y =N ERNTT 72 AEMiTOEEEZITH Z &1
XV, BRICHBENERST Z LI DT 7 B AMEM TEIE
VEE~DIR N T D ENFARTHDL EEZHILD.
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4.4 RQ2: AESERRDODIEER (A VY F)

T4V RERREIZ, AE THDEAY vy RICXT5HT7 7
T REMTAEEFEENMTONDL Z EIHIFEALERY, L
FTERETOLND. Tz, £ AE Z LM E LTI,
pub-def, pub-pri {22\ Cixe&7 w7 T, pub-pro,
pro-pri (IZoWCik17uv=s FaR 678y |
TEEEEMTON LIS 5.

£oT, ZNBH 4250 AE 2O\ TIE, 77 & A EHT
WRIPERRHY —VERIAT 2 2 L2k 57 7 & REMTHE
EAEEDa R MHEAIFFCE 5.

5. BAEMR

T 72 ZMEMiTF OFATICE LT, Fex OWFZELARTNIZ V<
DONDOWFFENR IR EF TN D.

Muller (% Java 7 7 E AMEHMiF 52T = > 7 T 572D
NA b a— FEFTFREZREL TN D 8. LarL, /A b
a— RICKT B HTE, TS ARHCBENME D 7 4 —
JWRRRAY y ROEET, KR TITolo o7y —A
a— RIZxT 20T & 133 LB R U RICIE R B 72w,
F£72, Muller DA TIET = v 7 L7 7 & 2EfMT- 1T %)
T DML SN TRV, —J, ARIFFECIIBEF D%
DYT7 =TI L TERE LT =2 2T, 5o
26 DT ERIT > 7.

Tal Cohen [FEHDOYV TNV RA Y v NIZBIFDET /&
AEMT OO A& LT [9]. £72, Evans HIXFHT
EATIC K D% = U 7 ¢ MagstE o #F98 L 7= [10]. =
OO CHREL 72> TWD T 7 & AERiT- D ES I
L Tid Viega bIZ X > TilEam ST 5 [11]. Viega bid,
private IZT REENRZO LI ICEFT SN TV RWNA Y
RRT 4 —)b RIZDOWTEE % 7Y —)L Jslint ZBA% L
TWb. —F, RFFE T, private 7217 TR < ETO@E
RI72T 7B RAEMT 2GS E LTS, 77 & A EH
T OEESH R E LTS RIZOWNTIE, /NED O
ELEERS D [12]. ZOWMEOHIETIE, Java DY —A
a— ROBELMEEHET 572000 FED—D2 L LT,
T AMEMITOESENHANLITWD.

6. FTLHESHBDERE

RFFETIL, BEFDO 72D Java 7Y =7 h DL/ —
¥ a % LT ModiChecker 3T, BGETE /=7 4 —
NRBRIOAY v RIZET L7 7 & REM IOV THHT
BITo12. ZOREE, KD AE Lo TWHT 7 & A E
fifiTiE, BREINDZ L1TRL<EOFE FHE I LN
Abhiz. £, —EOEED AE THL7 4 — /L FB &
PR Y RIZHOWTIE, 720 Java7 ey hETIZE
WTIEEMTbILTWA Z & 2R LT-.

LSHOBEE LTE, 778 AEMiTOBEESY 7 b
U7 DREIN LICEOREFETL0NETET DL L
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BDEFOLND. £, AT 00 TlEs—Y 3 VRO
RIEEBER L OV AE OB EHIZET 5 EIG D K/MZ20n
TLOFHEEIT> TN, MRHICHIEETTV, R
WCHBENMIET DN E I DERETD LD 2 L%
bhb. EbIZ, FBEBEMTONZZOEBRNEZFEL <
FRDZET, T RREMTOEENHERIND T 4 —
VRBEOAY v RICHBRIZRER 0D bONFET D
PE D PEFAE LTV,
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