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void printOwing(double amount){
printBanner();

// BHD KRR
System.out.printIn(“name:”+_name);
System.out.printin(“amount:”"+amount);

void printOwing(double amount){
printBanner();
printDetails(amount);

}

void printDetails(double amount){
System.out.printin(“name:”+_name);
System.out.printIn(“amount:”"+amount);

}
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Fig. 1 An example of extract method refactoring
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abstract class Customer{ abstract class Customer{
abstract int culc(int value); abstract int culc(int value);

} double culcTax(int amount){

BlELEITH

class RegularCustomer =p{ return amount * 1.08;
extends Cuntomer{ >}
int culc(int value){ }
return culcTax(value); class RegularCustomer

1 extends Customer{
int culcTax(int amount){
return (int)(amount * 1.08);
} }
} }
class PremiumCustomer class PremiumCustomer
extends Cuntomer{ extends Customer{
int point; int point;
int culc(int value){ int culc(int value){
point += value/100; point += value/100;
return culcTax((int)(value*0.9)); return culcTax((int)(value*0.9));
} }
int culcTax(int amount){ }
return (int)(amount * 1.08); |

int culc(int value){
return ()culcTax(value);

}

2 AV N ELETFOH
Fig. 2 An example of pull up method refactoring
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public Tarentry(File file){
this();
this.file = file;
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‘this.inkName = new String éi?f'e'r( i
this.name = new StringBuffer(filename);
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1
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1 if(this.name.charat(this.name.length()-1) 1="/"){
: this.name.append(*/");
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public Tarentry(File file){
this();
this.file = file;

b= = == =p | Siring filename = normalizeFileName(file.getPath);
this.linkName = new StringBuffer("");
this.name = new StringBuffer(filename);
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1 if(namelength == 0

1 || name.charAt(nameLength()-1) 1= /)4
: this.name.append(*/");
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= = | private static String normalizeFileName(String filename}{
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Fig. 3 An example of impure refactoring
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Fig. 4 An overview of the proposal technique
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3.1.2 EERETORRITLYIY
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FE[& EF2EHLUABIZBIZAY Y FE[E BT 2EHL
7EEY, BIZAY Y RElEEIF2EALZBIZ AIIZA
Yy REI& EF2#EALZSAIC, AURREBIZZEDEN
TLESEAENDSD. RUREBIZN L THREEZFETT I
RIEEKTH B DT, 2HELBETHURRIZZE D E W
BE, TICTHREIBYLZLDPBETHS.
AWISETIE, VYV —Ad— ROy > (i L FRfiE 5 A
—E UG AT ERIT B0 2475 Z iz L7z, FElifED
KOFGIZETHEALZEBEY DT, Ny Y afBEDORDGIZ
DWTHHZIT Y. BRREDO Ny Va2 kDB
W2, 7Yz Vel —Aa—-REXFEHE L THEE
%, Java @ String 7 7 A® hashCode XV v RE&EU T
NIV ZALZHWDZETHAY Y afizGr.
XEFDE X F %

(50:517---751171)
TF* 9 & & hashCode DIHEIZ,
31" Lso + 31" 25y + ... + S5

TRIND. Java THEEWIZAVNSNTE D /Ny ¥ 2 Dfff
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3.2 BREFBEOREOEEHRER

BRIZE->TYV 77220 V7 BEFIVERINEZY —
23— F%&fgsd. ZIT, EREBEORE (BFEREI—-F) D
BEe, V7722 v 7 EES Z#E S 2 a1 0OREE (1HRK
I—R) OFER KT E20E S50 %2MWRT5. V772
2 2%, EULKBEHINSAREE2E225Z 81X
DS, RU G EEDREELAEZEZT5ERH 5.
EUKBEAINAZ L 2R T 2720 ICBHERERZ1T 5.
AWETIE, TRV MEBOT AN T — A &Y
5. HoUDHBEI—FOTFAMEREZHERELTEE,
BRBEI-NEOT A MERZIKT 5. #ERI/A LR
WBHIFZYV 7722 ) Y TRIRE UTHRWETEK T
5. RN —HIT GBI 77 7 &) VI ESREIC
®5.
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(1) BEREBEa—-NEHRa—FzEnTh b —2o VFNTE
#1923

(2) b= HALEDL =Ry a k1 ViR RETET 5

ENERDLET, BHPIA Y N EEHLZVDT, V—

AaA—=RiFb=2 5 UTHS. b= VHIRALDES

1, —BICIXEINfEb B L — Ry 2 R A R

DTNIT)AL%EDHEITRDT-.

ERERF LR, K7 740G onz) 770
) TEIEFIEIEY Ty 2 R VI EHEIZDWTRRE
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3.3.1 VY—ROA— K% =7 VHIZER

JavaV—A32—F%, AR—APTETCRYZZ & T
M= VFNZEBL TS, LT, KFOLSIZY—
Ad—= K95 =7 VHNOEBPITFONS.
[ﬁc‘:faiéJava‘/——X:l-—F‘ ™

class Exampleq{
void example(){

int a = 3 + 4;

}
}
\ J
N—=2 VF (B <KD
- 1 ( K4)D) ~
[class, Example, {, void, example, (, ),
{’ int’ a’ =J 3’ +’ 4’ ;’ }’ }]
),
5
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#F5 % DocumentImpl java

public class DocumentImpl {

protected Vector ranges;

public DocumentImpl() {
super();

public DocumentImpl({Boolean grammarAccess){
super(grammarAccess);

protected Object getUserData(NodeImpl n) {
(B

H

public Range createRange() {
LR

H

% DocumentTmpljava

public class DocumentImpl {

protected Vector ranges;

protected Hashtable eventListeners;

public DocumentImpl() {
super();

public DocumentImpl({Boolean grammarAccess)<,
super(grammarAccess);

public Range createRange() {
P

H

5 AUNREOY Y F I

Fig. 5 An example of matching between members

EOMHOAEE U T, XFBRMNDESS, b—2 VH
fLDFED, TRMEDEDDEXSNIZD, D55 =2
VBN OESEZRALUZEEE L TIIROEY THS.

V—Ad—FREZEETHE, NFRATELEELZITHII L
BN, oI, EMIEEAZHASLTLED &5
HREP LD P>oTUES L WH AL H D, UFHAL
TOESREEITDRP o7, £/, EoRHICZBWTZE
FRIAY MRS BHLTWS, fTHRATESZ L 5
&, BATOMBEIZ X > TEAE UL ERLR S H 0 L HES
NEUREMLVH B, Z D7D, RFETIE =7 VEAD
ZREBRUAALTWS.

332 XVNRORYFVY

FHRBEBEIZBWT T T AND A U NDJEFIEARETH
5. ARIFZEDESEITENT A U ANDIEF IEHRE L 732\
72, RVFUTUEAVUARITIZE D 2L >TWVWS, X
UNEY = NT B AL H BN, FHEENE FEEEOME
"o H 6D HEEERL .

SRVFUTDRIEIZODWTEHAETD. 5%, Apatch
Xerces 710 Y = 2 ;@ DocumentImpl.java 7 7 41 LD —
#TH by, HRPD DocumentImpl.java(BAKE7 7 1 )L A)
L BRRO M B L 72 5 DocumentImpl.java(BAFE 7 7 A
VB) TOXYF VI %2BIZRLEZEDTHD. FERRTHR
ENFZAVNELERT Y F UL TWT, £ TRVA Y
NIV FUTHFLERBA VNP PoTZEWVWS 2%
RUTWE, IVFUTURPOZAVNIZDWTIE, 2
h=ovile<xyF o7 UEEDELTHEKS.

2w F U ITHEORECSLEN, 74— RIZDOWTIE%
BID—8, AV vy RiZowTik&aiesI8io—Hic k-
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TiF>oTW5b. EizA vF—2o 5 AZELT, KEIXHR
BHZNERD A Y W RIZDWTR W F U T 2ITFO5RETH B
A, REIETIEENEERL, 7T A/ TIYYF VI U
%, AVY REEIZA VY F =T T AT ERELD L
S HEERIT-oTWA.

333 L—RUYadAVEERERW LN = VAIDE

pak:das

IO —DTH D L —R> ¥ a k1 Vil 6] 1%, 2
DOXFEHMNEDRER L2 RTHHMTH S, 1 XFE
DHIER, FA, BRO 3 OOBEEZMALGDYE, —HDX
FHIPSE D —FOXFEIN LT 5 72 O /NREEEK
WS, —IIECFEINCAW S NS IEEETH DA, A
BTCRIXFEEY —AT—RD M= VIZESHIATHERD
ZeT, b= HALOERERHLTWA.

4. HEHEAEER

=TV —ATaY s hTH3 Apache Xerces™
(SVN URY hV), Apache Ant* (Git VKR hVY) D
DAY MU S impure U 7 727 X ) VU IDE Fh B
520033y MEERL, AMEOFEEZEHAL .
iz, OV IRBV T TRV VITNEENE T 7
AINERERL, a3y MEICEHSINEZY) 77 22D 0
EMREUVTCERZT-72. ERT—2ER1LX20
WO THD. RPADID IE, (18D CommitID & Xk L
TW5a. $HIAE, SEHEFEI B2 7 AT KA L %R
LTWwa., D774V LT, AV v Rl E kT,
74— REIE LS, AVy il 7722 V7%
MNRE UTEBREIT- 72,

4.1 f&R
6 1%, EBRT — XU THEREIT - 2R OREER
BRI ITT7T7THS. TIZTIE, DocumentImpl.java ~A

# 1 Apache Xerces TOEMMNRT 71 )L
Table 1 File for the experiment from the Apache Xerces

1D &7 7 AN

1 DocumentImpl.java(CoreDocumentImpl.java)

* 2 Apache Ant TOFEBYRT 71 )L
Table 2 Files for the experiment from the Apache Ant

ID L7 74

Launcher.java

ComponentHelper.java

AntTypeDefinition.java

Main.java

Project.java

N | OO k| W N

TarEntry.java

*3  http://xerces.apache.org
*4  http://ant.apache.org
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Fig. 6 State transition diagram on searching

0.09460

FHEEZHEMALUAEE2RL TV, &UARERRIZZY
DEWREEZRLTED, RANIREBERZERZLTVS.
KH EZHR > TH 2 EFDOIEIZHER I Tb . UAND
BEIIFMEDMHE T, EAVNSIWIEEHI— R DES
PNENWZ EZERLTWS., EHFEBVWRTEBRTHEHAIN
V7 yoR)UIEERIDEBOTHS. 2T, #HH
ANEV Ty 2R TR, FR 74—V RE[&EEITFR
EzLU, MPBAV Y R & EFERLTWVWS.
4.1.1 FEVZFIIY) v TELTHREBEINEN—0 Y
BEERTHZ Y 7722 v IHBEFNZERE, )
Ty RV T UTHHEINEro7EZN%2IEY T 7
2R VITEFEUTCHREBLEZ. BV 77X V0%
S UTEN, HREhz b= BIERK4DED TH
5. EULKIEV 772XV VI THo-ERIZOVWTIE

42 EE

DocumentImpl (pull up method & pull up field % & L)
& Launcher, TarEntry(extract method % &%) (X L T,
EUL impure YV 7727 &V V%275 2N TE
7z. ComponentHelper {Z5xf U CTl%, 3 2DV 777 XY
VIDS5B20%MIETE, 1DERELTWE. T
1%, R U 7z extract method V 7 7 2 XV v 7S %
TRESEBMDBD 572720, HIUEE AmEINnTITY
Tr RV VIR ITFbNRP I ERREREEFEZ LN
%. AntTypeDefinition Tld, 2 D& % extract method Y
Tr7 2RV VIO AEBRHTE o7z, HIHE LT,
extract method OMH TITHIHWHEZ T 0y 7 2EEL
T, 8 U7 AR BINT 0, ERiciTbh/z) 77
RV NI T Ay 7 RBA TG LR WERE L Tw
TR EZONG., ZDD, V=N EB)T7 IR
VI DBITHREIEEA K E <7D, extract method V 7 7
RNV IBRAINGD Tz,

W OPRDT—=RIZH LU TRINTE 72V 7 7 7 &
VU H o720, FEBRT — R UTARIFEDTFEIC &
D, impure V 77 7 XV VT OMHEEITS Z N TE .

BRORER: AFERTIE, HEeT5a33I9 P77
ANWVEREL THRET>TWS. TDH, HRTE -
TREBEBUIFIE AR R R E XS TH o720, AR $T5a
IV MRT AN, BEHERDZ) TR U ITHBEKRIC

£4 VI IRYUTESELTEMENZN—2 Y

Table 4 Added tokens as non-refactoring differences

77 A correct add | incorrect add | &7t
“correct add”, “correct delete”, V7727 XY 7L LT DocumentImpl 12 0 12
BHEINBERETH > 7-EFHIZDOWTIE, “ncorrect add”, CoreDocumentImpl 621 0 621
“incorrect delete” & L TERLTWS. IS IZHEATHER Launcher 130 0 130
1o, ComponentHelper 313 119 432
AntTypeDefinition 123 50 173
% 3 DocumentImpl.java (ZEAI NV 772X V7 Main 1029 127 1156
Table 3 Refactorings applied to DocumentImpl.java Project 34 41 75
- - TarEntry 27 0 27
Fe | V77 orrV VT R—=y B AN
1 F Hashtable userData
2 M setUserData(Nodelmpl, Object) x5 HVI77rRVVIEFELTHIRENI F =2
3 M getUserData(Nodelmpl) Table 5 Deleted tokens as non-refactoring differences
4 F Hashtable userData
5 M getUserData(NodeImpl) 77 A collect delete | incorrect delete | &3
6 F Hashtable userData DocumentImpl 0 0 0
7 M getUserData(Nodelmpl) CoreDocumentImpl 47 0 47
8 F Hashtable userData Launcher 6 0 6
9 M setUserData(Nodelmpl, Object) ComponentHelper 233 110 343
10 F Hashtable userData AntTypeDefinition 0 46 46
11 M setUserData(Nodelmpl, Object) Main 2784 115 2899
12 M setUserData(Nodelmpl, Object) Project 3 35 38
13 M getUserData(Nodelmpl) TarEntry 10 0 10
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75 o TG A FBEMN SRR F o=l e R T E 0w
RN D B

BRICBIZ2EEREMYKRE: BERIEZEDEHEVR
e O HERBEETD DIXIEETH 5720, HEEIREIZ
7280 BVEGBAEIZENEIRD RLEEFT>oTWAS. L
L, M6DERES5 9LERGE 7, 10, 11 T, FFHfifE
MNERIZ—HUTWBIZEEDL S TRRLIRETH S &
Wiz, Zhid, E77ANVDIFARAUNFZ—HLT
WBD, 7FARXVNDNEFRPRRZDWEKRTH 5.
FEREEE R LW L2 WBE, 5 AAVNED B
FANZREVEAREZ, ZDD A TAHAY Y D EZ2ITS
WS HEREBEZ NS,

EMERSREITOIVAIVY . AWIETIE, REER IS
32V 772X TORKAREEDOKE, 7A MORKHE
a2 ba2FRL, BIEfERE 1EZIH 75222 LT0
5. RFRTHWAZERT—X T, 1EOTAMNIBL
Z 60 XL DOREDI DD, BERIZE T DREER B &
Z2MTHB I LITHL 30 fEDORE-B P ro TS, K
M CTREKER LD > TWEDIIRERTH 5728, HH
DR TEEMER 21T - T2 B G I ETHRMN 30 fF & 72 -
TLES. 272U, TAMDOEFTITLN ST X MDBF4/I
TWIEEIE, REERGICEEHREZTV, V7778
VM ORERN LEMAE I ERHRETH B EEZSNS.

5., &b

AL T, BREETIEL Y — 23— RESRHETES
MAEGDLEBLZ LT, impure V 7 77XV V7Ot %
Torz. BREDY) 77 27 X)) v ZHEEMTIX, S0
Ty &) IHARICERINTWEEEY, V772
R TUNOEEREH I N TWEERICY) 7727 &
VY T RET A2 DL, AFEOTEEZEATS
ZET, TOLD W impure V7 77 XY VTR ELER
F=EAMBHV Ty I RY) VT ERET BN TE.

SHBOMFEL LT, BHROWERNEITONE. £7,
SEEHALTWEWD 77 220 v ZRiEEE DB T H
5. REBRTIEAYV Y K& EFE 71—V K5 &L,
AV R ZBEHR LAY, AV y RERES%, Zhlsto
V770X THEREOEBMEZITD Z W EZ 6D, £
72, VI 72 R) IO E KEL LEEEIL, B
RCIIEREFDPREL R o TULEWTDRERIMT AR
W ARBIGE TR SEAT R R A2 M & e 9 ik 2 g2k
L7z, 5180 77 2 &) ¥ ZEi 05128 R RO N D
EMEATLHIE ML TVEZ L,

BEE ARWFFEIX JSPS BIAFE 25220003, 26730036,
15H06344 DBk % %1 7=,
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