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Abstract: A code clone (in short, clone) is a code fragment that is identical or similar to other code fragments
in source code. The presence of clones is known as one of the factors that make the software maintenance
difficult. Refactoring clones, merging clones as a module such as a method or class, makes the software
maintenance more manageable. However, refactoring is modifying source code of which software working
regularly and, in some cases, introduces a new bug. Thus, developers need criteria for refactoring. Lines of
code (in short, LoC) that can be reduced by refactoring clones is used as the criterion. The existing study
proposed a technique to estimate reducible LoC based on analyzing the information and the amount of source
code of clones. However, we think that reducible LoC that the existing technique estimates is different from
actual value because the existing technique only estimates. Consequently, in this research, we propose a new
technique to calculate reducible LoC more accurately. The proposed technique performs a loop processing of
detecting clones, merging them, compiling the edited source files, and testing them. After finishing the loop,
reducible LoC is calculated from the edited source files. This paper also includes comparison results of the
proposed technique and the existing one. As a result, we confirmed that the proposed technique was able to
calculate more accurate reducible LoC than the existing technique.
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void printTaxi(amount) {
String name = getTaxiName();
printFare(name, amount);

void printTaxi(amount) {
String name = getTaxiName();

+ name);
+ amount);

print("name: "
print("amount: "
void printBus(amount){

—p String name = getBusName();
void printBus(amount){ printFare(name, amount);
String name = getBusName();

+ name);
+ amount);

void printFare(name, amount){
print("name: " + name);
print("amount: "

print("name: "
print("amount: "

+ amount);

B1 #vv Flbos
Fig. 1 An example of extract method.
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Fig. 2 An example of clone overlapping.
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1 if (a > b) 1 if (a > b) {

2 A 2 int temp = a;
3 int temp = a; 3 a = b;

4 a=b; 4 b = temp;

5 b = temp; 5 }

6 Y

1 - if (a > b) v

2 - A 1 - if (a > b) {
3 - int temp = a; 2 - int temp = a;
N - a =b; BN - a =b;

5 - b = temp; 4 - b = temp;

6 -} 5 Pa i

1 + method(a, b); 1 + method(a, b);
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B4 a—F127 2% A& - THIEATED R 2 5 i
Fig. 4 An example of different reducible LoC because of dif-
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ferent coding styles.
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Fig. 5 An example of clone detection.
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if (a > b) { XYy FRRUHLICER

: i : !
I 1
| int temp = a; i 11int[1 a@ = {a}, a1 = {b}; |
| a = b; . :I extracted(a®, al); i
1 b= temp; ! ila = ad[el; b = al[o]; !
1} 1 H I
| I 1
! f |
:1f x >y){ H ! i
| int temp = x; |1 1]intl] a2 = {x}, a3 = {y}; |1
Tox=y; : % extracted(a2, a3); |
|y = temp; ! x = a2[6]; y = a3[06]; |
his ! 1 !
I ! I |
v 1

______________________________________

AV PRk

\A 4

void extracted(int[] p@,int[] p1){
if (po[e] > pi[e]) {
int temp = pO[0];
pe[e] = pi[el;
pl[e] = temp;

X6 7u— EHOH]

Fig. 6 An example of merging clones.
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IZZENSDEHEZ AV Y FIZBIEE LTE 24, Mish
7oAy FNTIE, 518 L’C%i%ﬂf:ﬁﬂﬁﬂ@iﬁio %)
%*%%Kﬁé Ay RIFOH LIZICTE ORI ES O
0@%%%&%?6._hi%<ifi%iwlif
HY, EBICZOL)BRTIMETY 77750 IHirbh
5 eI,
Step 3: 70— %&EHLAV—XO—FOa2/N(IL
ETFX B
Step 2 TEH L7-#ER, fTHHI SNy —Aa—F
WCHLTIay A VETANELT) . HIOIZT N[ V%
T, TNV % ERIZT A M EAT).
ANETAINDEELIZOKIY LGS, BRI —

a N
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xR 2 EBREILBOMER

Table 2 The results of the experiment and the comparison.

R N REFIE [PREE S
TET M BRI OS iR CS | MR | G | AR CS | BIRTAETR
Ant 583 15 456 1h15m 155 1,246
jEdit 421 58 548 34m 91 494
JFreeChart 810 176 1,491 2h54m 250 1,963
JMeter.Core 103 22 65 12m 34 115
JRuby.Core 747 54 570 1h40m 210 1,142
Ad— & @R gy — 23— K& LCRedd b, 20 £ 1 EHGR
%, V—Ad— F2EELZMZLHOREIZL, KO ” Table 1 Experimental targets.
O—4ty M LT Step 2 580K, PAR RS/ AN WATEL
TUNANBHEVIETANDEL SR L 28 E, Ant 1.10.7 | 231,634
ZDV—Ad— FIFREEET, BRI LA LRk — JEdit 5.5.0 | 161,329
2a— FAEEANMZLMOREIZREL, kOro— JFreeChart 1.5.0 | 210,823
FR JMeter.Core 5.2 82,360
Y M LT Step 2 22 Bk D RS JRuby.Core 9.2.9.0 | 360,724

Step4: 70— zZ&HW LAY —Xa— FOFER

Step 1 T INT_RTHrza—rty MIxLT
Step 2, Step 3 DULHL% 4T - 72#412 Step 4 12# 5. Step 4
TlE, BINHEEZR Y — A 2 — Fod 5 d BT AR
EVY =23 F2@®INT 2, BRSN/zYy—RAT3—FIZ
LT, Step 1 250 ET.

5. EER

5.1 EBRHE
BEFELFMT A0, A—F vV —ATudzy
M L CTRETFEEHEAL, SOMERTBMAETED
FREHBR L, $72, RETFELMATEIENEZIC
L7z7u—rty FOECEFHA L2, RIFETIE, BEAF
fF9E [20] B3 RICLTWAETHY 27 bDH B, TAD
BREICa v VT & Lo 72 Columba & Xerces LIAt
FEBWNGRELUTRIRLE, LTV s PO
B, N—YarBrOV—2a— FoBiTkEER 1 105R
9. TV MDTAMNRT - )TN BED Y — A
J— FEEBGRICEHET V., V—A2— FOITRIT 4 %8
THH L7+ —~ v ¥ 2@ LB TH .

5.2 EEARER

5.2.1 EHHEOIO— 1ty MEEBIRTED
WETUY x s M L CRETEZ#EA L, RETH®
DA Lz v — 2ty MEEFH L 22 BIBATE
FATHER, BLONRTOV s NCBGETEREAL,
BETENEGNRIC L7 0— Yy MIEEEL 7
BT AT R 2 R 2 IR Y. O REDP S, $TO
UV s MIBWT, REFESERICEH Ly 0-

*1 Ubuntu 18.04, OpenJDK 1.8.0.222, Ant 1.10.5,
CPU :8 27 3.6 GHz, *E" :64GB.
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K3 EHLABIZTySAVETFAMNRBEBET A 70—V Ly b

(CS1) & JDeodorant 5 7 7 7 4%V ¥ 7alfgL g L7=2

-ty (CS2) Dk

Table 3 The number of clone sets that the project passed com-
pile and test when merged (CS1) and clone sets that

JDeodorant determined to be refactorable (CS2).

TaYxr ML | # CS1 | # CS2 | # mES
Ant 225 292 105
jEdit 163 211 118
JFreeChart 377 539 275
JMeter.Core 48 68 40
JRuby.Core 60 396 40

vy oL, BEFETESESSRIC LI 0—-r ey
FOBEI VNI EDG0D. T2, jEdit DAto T
Va7 FTIE, REFEDUE L 72HNRATEI BT
FFED o Z2HIE T REAT S L L L T B WS L 055 h 5.
UL, ERHLZBICa YAV EZIET A N Rl L %
wrzna—rty bd% < % JDeodorant B3 T 7 7 F 1) v
R L H L, ZFOERE, MAEFESENS L EBICE
KTgEZz 70— vy M OW 2 I HIRTREfT 8 x A
Lo TWwoLrnbTHb. & 312, EHLLEICT S
ANVEFAMNE@BTAZ Oy b (FCS1) K,
JDeodorant 7Y 77 7 &) v U RE L HIE L s 0 —
v b (EPCS2) ¥, BIXUOFASIBESOMKE
R, 22T, EHLABIZa Y SA NV ET A N EEBET
70—ty ME, REFESHIEATE Z WES 545
THb. 72, JDeodorant 28 7 7 7 ¥ 1) ¥ 7l gE & H
ELr7a—rvy ML, BEFEIHIRTRETEE R
LM RTHL., KOO, DLHI, TnFhorn
T MIBWT, ERHLTBIZI MV ET A MR
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#4577 ua—rty M, JDeodorant 25 77 7 ¥ 1)
YUMREHE L0 - vy XD O, Dk
Mo, REFEDMET 5 HIEAT BB FEP RS -
ToHIR T REAT R S W L T B e B 2 LD 505, -E
FHEREHLZBICa Y XM VET A 2T 57 0—
Yy FOREEHOWNGE L TWEZD, BEFEEL
BLC XD IEREICHIBAT A NE CE A LEZ LN,
5.2.2 EMMFEL-A7O0-2Ey FOEVDREE

5.2.1 THTHIBATE IS ERFAE LB & LT, HIEAT
BOFHEFICEHNONRIZL-70—-v 2y FPELRLE
W ZEDRHITENL., FZT, TNENOTEIELYD
WHRELz7a—rty POEVWERALL. Bl LT,
JEdit (23 L CREFHREMATFELEA L HRELS,
BETENEH L2270 —rty b ERETEIENR
EL7zzu—rty POFOEVER TIIRT. Kb,
BEFENEY L7270 — by b e, BAETFENERT
FiIZL/z7u—rey M@ LTwWE 70— Ey b
SHAHN, Bipbrua—rvy NAHLEIEDRGNDH. I
RFETRENONRI % - 2P BAEFETIIEY DS
Welholzza—rty bbb, BAAFETIIEHON S L
o e PIRETETRENONRIE ol a—0 1y
MZoWnwT, Bl LT42oDra—rty b BT 5.

8 X org/gjt/sp/jedit/Buffer.java WD I — N}y
THY, org/gjt/sp/jedit/View.java WD I — Ny &
sJHa—Y ko TWh, ZOV—Ad— KPTEbNLTw
525 waitSocket 1Z&H 5 b Socket M TH A, ET
BT, 2orzu—rry MIEHLIBIZTY N L E
TANMIELTWE, 2%, EBIC) 77250 07
EETH L. —h, BETFETEIO z7u—- vty MY
708y IRAREEHEL TWA, BEFFEASFIH L
Tw5% JDeodorant TWdV 7727 %) v Zuffglhra— >
THET B 72OIEBOFRETH T TWEH, £OHIC
[ 74—V FEKIZIST A= FLTELRV] L) EUETE
T4, K8 THWSNTWSZE websocket 1$7 4 —
VREHTHY, TOLEMIGER L2720 BAETETIZY
Tr o8N Y SRR EHESNIEEZLNL, TOX
912, JDeodorant O FMHIZE KT 5 72 OBEAFFETIRY
Ty oy Y IARUREEHIE SN, EBIT) 778
)Y TRER T2, MEFETREN SN 70—ty
N ASEEAE L 7.

9 I org/gjt/sp/gui/ExtendedGridLayout. java
NOIT—KHFTHY, AL IFAANDIT— KL ru—
(LLF, 7u—v A) EhoTwWh, Zoru—r+ty M
200 FHPLMBEINTW, —JF, K9 D775~
77947, T81~T785 1T, BL U T8T~T924 DI — FH b F
nEhzu—r (LIF, 7u—rB) £hoTBhH, 207
D=ty MI6 2D — FRMLERIN TV, 20
BITIE, 7a—Y AP 70—y BEAEGELTWAS. 24§
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RRFETORNE BEFETORNE

301 6318

ELLDOFETHLHRHN
3001@

7 REFLELYGFTETEOGRE Lo 0— YLy FOX
v

Fig. 7 Venn diagram representing clone sets that are targeted

to merge by the proposed technique and/or the existing

one.

1600 if (waitSocket != null) {

1601 try {

1602 waitSocket.getOutputStream().write('¥0');
1603 waitSocket.getOutputStream().flush();
1604 waitSocket.getInputStream().close();
1605 waitSocket.getOutputStream().close();
1606  waitSocket.close();

1607 } catch {IOException e) {

1608 // Log.log(Log.ERROR,this,io);

1609 }

1610 }

B8 FEEEIZIZY 77280 Y FURED, 7u— Y NOEEN
T A =N NER G O THFETETRENON IV E o722y

o — > D)
Fig. 8 An example of a clone that was actually refactorable,
but the existing technique did not target to merge be-

cause the variables in the clones were field variables.

773 for (int col = fromCol; col < toCol; col++) {

774 int minimumColWidth = minimumColWidths[coll;

775 if ((Integer.MAX_VALUE - minimumColWidth) < ...) {
776 currentMinimumColWidth = Integer.MAX_VALUE;

777 '} else {

778 currentMinimumColWidth += minimumColWidth;

779

780 1int preferredColWidth = preferredColWidths[col];
781 if ((Integer.MAX_VALUE - preferredColWidth) < ...) {
782 currentPreferredColWidth = Integer.MAX_VALUE;

783 } else {

784  currentPreferredColWidth += preferredColWidth;

785 }

786 int maximumColWidth = maximumColWidths[coll;

787 if ((Integer.MAX_VALUE - maximumColWidth) < ...) {
788 currentMaximumColWidth = Integer.MAX_VALUE;

789 } else {

790 currentMaximumColWidth += maximumColWidth;

791

792 }

B9 4—=/1N7 v T LTwLdBRATFETRENOTRILE %o
7= ua— 2 oOf)
Fig. 9 An example of a clone that the exsiting technique did

not target to merge because of overlapping.

THHLAR 3) 2HVbE, 70— AREH LSS
16 fTOHIEAS, 71— B 244 L7z 17 17 ORI
RAD D, 20710, AREY VTV EBAFFETIE,
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1324 if (splash != null) {
1325 splash.dispose();
1326 splash = null;

1327 }

M 10 7 v—YHOZROIIZHAMRYE R W20 77 75
YITERCY, BETFETIEHNONG L hotzzu—Y

DBl
Fig. 10 An example of a clone that was actually not refac-
torable because of the type of the variables between
the clones has no inheritance relationship, but the ex-

isting technique targeted to merge.

961 String word = st.nextToken();

962 if (lineLength == leadingWhitespaceWidth) {
963 // do nothing

964 } else if (lineLength + word.length() + 1 > ...) {
965 buf.append('¥n');

966 buf.append(leadingWhitespace);

967 TlinelLength = leadingWhitespaceWidth;

968 } else {

969 buf.append(' ');

970 linelLength++;

971 }

972 buf.append(word);

973 linelLength += word.length();

B 11 EEE 7775 ) Y TR, ERPATERIOIR
FFETRENORGI L ol 0 — 2 Of

Fig. 11 An example of a clone that was actually refactorable,

but the proposed technique did not target to merge

because our implementations are insufficient.

JH—=YBOARREHIREL, 70— A 2 EHTR
IZTE RV, —), MEFETIE, 70— B E2EICEY

L, Z0hru—rBOa— K& Ay FIFOH LICE
L2070 — 2y AR L7729 2 THEY LI
TROFLRZITH . 20 X912, AREDE K TR TRk
TIERORNRIZ R S o 720, RETHETIIEH SN
Teru—rty NOEAE L7z,

10 & org/gjt/sp/jedit/GUIUtilities. java ND
I—FFTHhY, org.gjt.sp.jeit.gui.ActionBar. java
NOa—FFEkrao—rbihoTwnb, L5075 2%
dispose AV Y FAEFEINTWVAED, TD2200D7 7 A
MICHEABIRIZ 2., 20720, EBIE) 7725 0) 07
TEROVY, BETERY 77250 v gl HEL,
RO RE LTz, —7, REFETIREHRIZT
TR L7270, R OxGALE L7z,

11 1 org/gjt/sp/jedit/TextUtilities.java M
DIA—F/FTHY, ML IFANDIT— & ru—
EhoTwWah, Zoru—rty MIREFETIIEY
BIZaSA NI L7cz0) 77 2 80) v FRABE
CHE S NS, BEFETIR) 7728 ) Y TTRE L
HEINTWS, ZOa— FHD 965 966, 969, B L
972 7 CEH but KHVWHNTWE, Z7u—rty MD
200 —=FFDH) L, FAEDIT— KK TIEZEH buf 2°
StringBuilder B THLDIZH LT, bIFFHDI— R
I¥ StringBuffer ML o T3, ThH 200MIIE,
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5% AbstractStringBuilder 7 7 A &AL T\ 5. £
D7z, AV v FORTIE*%E AbstractStringBuffer
THFLZH)RTAVy Fililiz4T21E, Zoru—r
vy MIV 772 8) Y TMRETH D, —F, REFET
42 Wi TR LHIC, 7u—rEy FoHOI— N
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BBk u—rty FOAREEHNOFZEICL THIEIT K2 &
HLTWBZ D nsb, 2F ), WETERBETEL
B LT ) IEMICHN T e BEILTEL L 5.
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6.1 REFEDETICSH T SHIR

RWFZETIE, MEFHREHNLZ LT, WEFELDD
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R STV 2581, DRICIRETFEEZFIHT S
DTIE%L, BMEFEEZAHIREGHbHLEEZON
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—77, BAETFEOFETIZE, 4HEY — VT 5 CCFind-
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SOy —VEFMT AN HETE 20IEEE, 2
FTFLEEFRATRELZE NS,

6.1.2 E{TEFEICEI T 3 HIRR

KEFFeCl, BB 7 by 27 LT, %
PR 7 B [ CREAETE & 0 IERE ICHIRT fEfT 8 2 g © &
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DR ZRETTRELZE VRS,

6.2 FEEICHITBHIE
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