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Abstract: A variety of code clone detection methods have been proposed. Among these methods, line-based
and token-based ones are widely used. However, line/token-based detection methods have some issues that
they have low performance of detection in repeated instructions. In this paper, we propose a new code clone
detection method that is free from the influence of repeated instructions. The proposed method prevents
overlapped code clones from being detected in repeated instructions. The proposed method has already been
developed as a software tool, FRISC. We have conducted an experiment with some open source software
systems to evaluate the usefulness of FRISC. As a result, we confirmed that the precision increased by about
50% and the recall decreased by about 3%. We also confirmed that the proposed method could detect some

code clones not detected by the existing methods.
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160: switch (evaluationType) {
161:

case T_CODE_SNIPPET:

buffer.append("Code snippet");

break;

case T_IMPORT:
buffer.append("Import");
break;

case T_INTERNAL:
buffer.append("Internal problem");
break;

case T_PACKAGE:
buffer.append("Package");
break;

case T_VARIABLE:
buffer.append("Global variable");
break;
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“235: switch(matchMode){

236 case EXACT_MATCH:

237:°% buffer.append("exact match, ");
break;

case PREFIX_MATCH :

239:

240: buffer.append("prefix match, ");
241: break;

242: case PATTERN_MATCH :

243: buffer.append("pattern match, ");
244: break;

245: }

(a) EvaluationResult.java

(b) FieldReferencePattern.java
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Fig. 1 An example of code clone detected by existing methods in repated instructions.
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73: zoomout = ui_xCreateButtonltem("zoomout",framewidget,zoomin,donebutton);
: n=0;

75: XtSetArg(args[n], XtNx, 0); n++;

: XtSetArg(args[n], XtNy, 0); n++;

77: XtSetArg(args[n], XtNwidth, 210); n++;

: XtSetArg(args[n], XtNheight, 25); n++;

79: XtSetArg(args[n], XtNinternalHeight, 1); n++;

: XtSetArg(args[n], XtNinternalWidth , 1); n++;

: XtSetArg(args[n], XtNborderWidth, 0); n++;

: XtSetArg(args[n], XtNhorizDistance, 30); n++;

: XtSetArg(args[n], XtNfromHoriz, setbutton); n++;

: XtSetArg(args[n], XtNleft , XtChainLeft); n++;

: XtSetArg(args[n], XtNright , XtChainLeft); n++;

: XtSetArg(args[n], XtNtop , XtChainTop); n++;

: XtSetArg(args[n], XtNbottom, XtChainTop);n++;

: scale = XtCreateManagedWidget("Label",formWidgetClass,framewidget,args,n);
:n=0;
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178: XtAddCallback(button,XtNcallback, (XtCallbackProc) ui_guiQuit,
179: (XtPointer) ui_infoBox);
180: n=0;
181: XtSetArg(args[n], XtNborderWidth, 1);n++;
182: XtSetArg(args[n], XtNleft , XtChainLeft);n++;
. XtSetArg(args[n], XtNright , XtChainLeft);n++;
184: XtSetArg(args[n], XtNtop , XtChainTop);n++;
185: XtSetArg(args[n], XtNbottom, XtChainTop);n++;
186: XtSetArg(args[n], XtNfromVert,button);n++;
187: form = XtCreateManagedWidget("form", formWidgetClass, ui_infoBox, args, n);
188: ui_message = ui_xCreatelLabelltem("manMsg", form, 63*ui_labelFontWidth,
189: NULL, NULL);

(a) ui_displwght.c

(b) ui_main.c
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Fig. 2 An example of code clone that human regards whole the repeated instructions

as a code clone.
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Fig. 3 Repeated elements and repeated subsequence.
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Fig. 5 An example how token sequence is transformed into a folded hash sequence.
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Algorithm 1 Folding Repeated Hash Sequence

Require: sequence, repetition(> 1)
Ensure: folded sequence

1. seglen < length(sequence)

2: for i = 0 to repetition do

3. left — 0
4: loop
5: flg — true; index <« left; tmpleft — left;
count «— 0;
6: while count <1 and indexr < seqlen do
7: if isSentenceEnd(sequence[indez]) then
8: if flg then
9: k «— index + 1; flg «— false
10: end if
11: count < count + 1
12: end if
13: index «— index + 1
14: end while
15: if index > seglen then
16: break
17: end if
18: tmp — sequencelleft..index — 1]
19: count < 0
20: left «— index
21: while count <1 and inder < seqlen do
22: if isSentenceEnd(sequence[indez]) then
23: count < count + 1
24: end if
25: index < index + 1
26: end while
27: if index > seqlen then
28: break
29: end if
30: tmp2 «— sequencelleft..index — 1]
31: if tmp = tmp2 then
32: sequence  «—  sequence[0..left — 1] +
sequence[indez..seqlen]
33: seglen «— length(sequence)
34: left «— tmpleft
35: else
36: left — k
37: end if
38: end loop
39: end for

40: return sequence

| System ||:|| out |D| printn || “abcde” ”1”2'

l ERIE

EIREIREINE00
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Fig. 6 Normalization of user-defined names connected by “.
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netbeans Java 14,360 55
ant Java 34,744 30
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Table 2 Number of clone candidates and decreasing rate of

experiment A.

Chron_folded — Clolded
Chon_folded ()
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T2 TIIBWT T 1 — UEFHEDNEA L7z, F7 I jdtcore
WA L TP ER63%TH Y, THIETXTOXFRY 7
P 2T DR TRRKTHA. jdtcore DYV — AT — & HE
L7z 2 A, 5ot 5 if-else LR case .o M) 235
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—5 T cook |23 T AP HIL 3% TH o7, T HIdH
WLERF DY 7272279 2 & CTra— Y IBEMEAHE
R HFET. AR 22 AI X D728 2 2B %
TIORT. N 7272A R LOBEITEDO V=T 74V
D28 3IITHEADY = AT 74 VD 118-121 {TH D 3%
LCW52S, I— FRERKT 270 O8I /3 — N7
O—rRICHzZWomB S zw, L, b7k

Rdec =

VTN TE | iR L il ABY) FAE BH N DBEIIED Y — AT 74 NLD 121 4TH & 12247H
netbeans x% ﬁx E? BHRY 7212 E N2 120, FRIOHATNT — K7 0— >
ant s s 0 . N
4 X Z
jdtcore 57,769 21,494 63% TR, ORI SN L.
= - S - Y A v — =
swing 37,373 20,606 45% 8 (a) IZWT Y 22 DAHIC L DB EFHRELRT. R
weltab 2,390 1,969 18% Tl 112% 0800, /Tl 2%n8neE %Y, §XTHY
cook 7,028 7,222 —3% TR 2 TIIOWTHIY 7 ARG DT E o 7.
sns 20,335 11,940 41% [ 8 (b) 124 ) 7o 7o A DA HEC & 2 B EIRT. K
postgresql 34,256 15,362 55% T SHDBIM, BN TIE 9% L ) % B 7.
a—rkyn—> Ia—URF7ER
25 void 115 const char  *fn;
26: fatal_intl_open(fn) 116: int  mode; {
27: const char  *fn; { 117: if (chmod(fn, mode)) {
28: sub_context_ty *scp; 118: sub_context_ty  *scp;
29: scp = sub_context_new(); 119: scp = sub_context_new();
30: sub_errno_set(scp); A 120: sub_errno_set(scp);
31: sub_var_set(scp, "File_Name", "%s", fn); ["TZT———sub_var_set(scp, "File_Name", "%s", fn);
32: fatal_intl(scp, i18n("open $filename: Serrno")); 122: sub_var_set(scp, "Number", "0%0", mode);
33: /* NOTREACHED */} 123: fatal_intl(scp, i18n("chmod Sfilename $mode: Serrno"));
34: void 124: /* NOTREACHED */}}
35: error_intl_open(fn) 125: /*
36: const char  *fn; { 126: * NAME

(a) open.c (b) command.c
(TR ATATNNISUE AN A AR |
Fig. 7 A clone candidate newly detected by using the folding operation.
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0.14 1
0.12 0.8
0.1
0.08 0.6
0.06 0.4
0.04
0.02 - 02
0 - 0
netbeans ant jdtcore  swing  weltab cook snns  postgresq| netbeans ant jdtcore swing weltab cook snns

() ¥1 0 7272 HOFEEIC X B AR (b) #1077z ADEHEZ L 2 FH
8 WiV 772 ADEHEIC K 2 HAE L HIE

Fig. 8 Precision and recall in experiment A.
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Table 3 Tools used for comparison.

lignEa V=) RS

Baker Dup T AL ORI

Baxter CloneDR MR % W 7 #
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R4 WRYT P TIIBT S 70— CERK
Table 4 Number of clone candidates detected by tools.

V7 Ny xT% | FRISC Dup CloneDR  CCFinder CLAN Duploc Duplix Nicad
netbeans 1,696 344 33 5,552 80 223 - 24
ant 2,106 245 42 950 88 162 - 19
jdtcore 21,494 22,589 3,593 26,049 10,111 710 - 1,142
swing 20,606 7,220 3,766 21,421 2,809 . - 1,804
weltab 1,969 2,742 186 3,808 101 1,754 1,201 160
cook 7,222 8,593 1,438 2,964 449 8,706 2,135 159
snns 11,940 8,978 1,434 18,961 318 5,212 12,181 352
postgresql 15,362 12,965 1,452 21,383 930 - - 352
nFRE nEEE ERE AR
09 0.16
0.8 - 014
0.7 F 0.12
0.6 F 01
05 r 0.08
0.4
0.3 - 0.06
0.2 - 0.04
01 t0.02
0 = -0
CloneDR CLAN FRISC CCFinder Dup Duploc Nicad CloneDR CLAN FRISC CCFinder Dup Duploc Nicad
(a) netbeans (b) ant
nBEE EEE nBEE nEER
0.09 1 0.12
0.08
r 01
0.07
r 0.06 r 0.08
+ 0.05
- 0.06
- 0.04
+ 0.03 - 0.04
+ 0.02
F 0.02
 0.01
0 -0
CloneDR CLAN FRISC CCFinder Dup Duploc Nicad CloneDR CLAN FRISC CCFinder Dup Nicad
(c) jdtcore (d) swing
" ERE =EEE " FHRE mEEE

CloneDR  CLAN FRISC  CCFinder Dup Duploc Duplix Nicad CloneDR  CLAN FRISC  CCFinder Dup Duplix Duploc Nicad
(e) weltab (f) cook
nFRE = EEE nBRE mEEE
0.9 4 r 0.18 0.09
0.8 0.16 - 0.08
0.7 0.14 F 0.07
0.6 0.12 - 0.06
0.5 r 0.1 [ 0.05
0.4 - 0.08 - 0.04
0.3 -+ - 0.06 [ 0.03
0.2 + - 0.04 F 0.02
0.1 + + 0.02 F 0.01
0 =0 =0
CloneDR  CLAN FRISC ~ CCFinder  Dup Duploc  Duplix Nicad CloneDR CLAN FRISC CCFinder Dup Nicad
(g) snns (h) postgresql

9 WEY 7 FYxTIZBIT A FRISC &HEEAEOMH Y — L OFBBIR L@ 4R

Fig. 9 Precision and recall of all the detection tools for all the target software systems.
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a—rFon—> ya—URT7ER
637: switch ( ks.getKeyCode() ) {
638: case KeyEvent.VK_B:
639: boldButton.doClick();
640: e.consume();
641: break;
642: case KeyEvent.VK_I:
643: italicButton.doClick();
644: e.consume();
645: break;
646: case KeyEvent.VK_U:
647: underlineButton.doClick();
648 e.consume();
649: break;
650: case KeyEvent.VK_C:
651: codeButton.doClick();
652: e.consume();
653: break;
654: case KeyEvent.VK_P:
655: preButton.doClick();
656: e.consume();
657: break;
658: case KeyEvent.VK_L:
659: linkButton.doClick();
660: e.consume();
661: break; } }}

B 10 #uELEOHNOIEMR s u—

Fig. 10 A clone reference located in a repeated instructions.
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