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Improvement and Evaluation of Code Clone Detection
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Yosaiki Hico'! and Saingt KusumoTof!

At present, there are various kinds of code clone detection techniques. Each
detection technique has merits and demerits, and none of them is superior to
any other techniques in every way. PDG-based detection is suitable to de-
tect non-contiguous code clones meanwhile other detection techniques are not
suited to detect them. However, PDG-based detection has lower performance
for detecting contiguous code clones than line- or token-, or AST-based tech-
niques. Moreover, PDG-based detection is time-consuming, and it is difficult
to apply it to actual software systems. This paper proposes a new PDG-based
detection method, which can be applied to actual software systems. Also, the
proposed method improves a traditional detection algorithm, and it can detect
code clones that cannot be detected by existing PDG-based detection methods.

We confirmed the usefulness of the proposed method by applying it to multiple
real software systems.
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1: String samplel(){ @
2: if (this.trueOrFalse()){ ;
3: if (null == this.getPath()){ @
4: Project proj = this.getProject(); ¥
5 this.setPath(proj.getBaseDir()); & \"\\
6 } {7
7: StringBuilder text =
new StringBuilder();
8: text.append("String A");
9: text.append("String B");
10: text.append("String C");
11: text.append("String D");
12: return text.toString();
13: Yelseq{
14: return "";
16: }
16: }
(@) 00DOO00O0 e e > HlERE

S Wy,

(b) PDG

01 000D0OooOo PDG OO
Fig.1 A simple example of source code and its PDG.
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1: String sample2(){ @
2: while(this.goOrStop()){ ;
3: if(null == this.getPath()){ @
4: Project proj = this.getProject(); Py
5: this.setPath(proj.getBaseDir()); ,'i
6: } s
T: StringBuilder text =
new StringBuilder();
8: text.append("String A");
9: text.append("String B");
10: text.append("String C");
11: text.append("String D");
12: System.out.println(text.toString());
13: }
14: }

(a) 000000
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02 000000OoOooOoooo PDbG
Fig.2 Another sample of source code and its PDG.
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278: public int read(byte[] buf, int offset, int numToRead) throws ...
++279: int totalRead = 0;
280: if (this.entryOffset >= this.entrySize) {
281: return -1; }
+4282:  if ((numToRead + this.entryOffset) > this.entrySize) {
283: numToRead = (this.entrySize - this.entryOffset); }
284:  if (this.readBuf != null) {
285: int sz = (numToRead > this.readBuf.length) 7
286: this.readBuf.length : numToRead;
287: System.arraycopy(this.readBuf, 0, buf, offset, sz);
288: if (sz >= this.readBuf.length) {
289: this.readBuf = null;
290: } else {
291: int newLen = this.readBuf.length - sz;
292: byte[] newBuf = new byte[newLen];
293: System.arraycopy(this.readBuf, sz, newBuf, O, newLen);
294: this.readBuf = newBuf; }
++295: totalRead += sz;
++296: numToRead -= sz;
297: offset += sz; }
++298:  while (numToRead > 0) {
299: byte[] rec = this.buffer.readRecord();
300: if (rec == null) {
301: // Unexpected EOF!
302: throw new IOException("unexpected EOF with " + numToRead
303: + " bytes unread"); }
304: int sz = numToRead;
305: int recLen = rec.length;
306: if (recLen > sz) {
307: System.arraycopy(rec, 0, buf, offset, sz);
308: this.readBuf = new bytel[recLen - sz];
309: System.arraycopy(rec, sz, this.readBuf, 0, recLen - sz);
310: } else {
311: sz = reclen;
312: System.arraycopy(rec, O, buf, offset, recLen); }
++313: totalRead += sz;
++314: numToRead -= sz;
315: offset += sz; }
++316: this.entryOffset += totalRead;
317: return totalRead; }

03 0000000oooooooooboooooo
Fig.3 Code clone having nodes that are separately located in the source code.
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Fig.4 Result that execution dependency was introduced into Fig.1 (b).
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1: void sample3(){ 1: void sample4(){

2:  if(this.trueOrFalse()){ 2: while(this.goOrStop()){

3: . 3: .

4: float rate = 0.05; 4: float rate = 0.05;

5: 5:

6: float taxA = priceA * rate; 6: float taxA = priceA * rate;
7: 7

8: float taxB = priceB * rate; 8 float taxB = priceB * rate;
9: 9 .

10:  } }

11: } }
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05 O0000O000O0O00O0O00ODOO0ODOO0ODOOO
Fig.5 Isomorphic subgraph that backward slice cannot detect.
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1: void sample5(){ 1: void sample6(){

2:  if(this.trueOrFalse()){ 2 while(this.goOrStop()){

3: 3

4: int price = this.getPrice(); 4 int price = this.getPrice();
5: . 5: ..

6: int tax = this.getTax(); [ int tax = this.getTax();
7: 7

8: int amount = price + tax; 8 int amount = price + tax;
9: 9 .

10:  } }

11: } }
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- BT
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(¢)00O000 PDG

06 OD0O0O0OO0O0OO0OOO0OOOOODOOOOODOODOO

Fig.6 Isomorphic subgraph that forward slice cannot detect.
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Fig.7 Result that the merging method was applied to Fig.4.
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Table 1 Target software.
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netbeans-javadoc netbeans 14,360
eclipse-ant ant 34,744
eclipse-jdtcore jdtcore 147,634
j2sdk1.4.0-javax-swing swing 204,037
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Table 2 Detection configuration.

goooo
00 ID
ooooooo ooooooo oooo
Al O X X
A2 X O X
A3 O O X
B1 O X O
B2 X O O
B3 O O O

03 0D00000000O000O00000000000000O00O00DO00DO0O00OO0
Table 3 Content rates between detections using one-way slicing and two-way slicing.

gooood ooo

coverage(A3,Al) = 21.57%
netbeans coverage(A3,A2) = 50.65% ant
coverage(B3,B1) = 75.79%
coverage(B3,B2) = 82.27%
coverage(A3,Al) = 54.97%
coverage(A3,A2) = 65.74%
coverage(B3,B1) = 77.65%
coverage(B3,B2) = 80.31%

gooood goao

coverage(A3,A1) = 44.61%
coverage(A3,A2) = 55.45%
coverage(B3,B1) = 64.10%
coverage(B3,B2) = 70.30%
coverage(A3,A1) = 45.63%
coverage(A3,A2) = 56.77%
coverage(B3,B1) = 73.60%
coverage(B3,B2) = 75.84%

jdtcore swing
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Table 4 Number of detected clone references with and without two-way slicing and execution

dependency.
(a) good DO DOOOOO
0o ID netbeans ant jdtcore swing

oo oog oo ooo 0o ooo 0o ooo

oooooo 39 16 28 2 986 359 740 37
Al 4 2 3 0 48 8 56 6
A2 7 1 4 1 219 62 76 11
A3 8 3 3 1 177 60 100 12

B1 11 4 6 0 288 61 90 12

B2 11 5 7 1 247 67 107 13

B3 12 4 5 1 204 60 105 12
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Al 7 2 4 0 297 50 93 12
A2 17 3 9 1 462 126 135 16
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B1 23 13 9 0 558 143 380 19

B2 22 13 11 1 554 138 412 20

B3 24 13 11 1 572 153 418 23
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Fig.8 A bar chart representation of Table 4.
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Table 5 Number of node comparisons with and without two-way slicing and execution dependency.

gooooo 0o ID gooood oooooo oo 1D gooooo
Al 135,385 Al 567,891
A2 551,331 A2 4,942,013
A3 110,356,247 A3 10,388,934
netbeans ant
B1 327,889 B1 951,183
B2 663,348 B2 5,289,877
B3 101,104,540 B3 11,295,018
Al 58,155,404 Al 16,123,841
A2 346,223,464 A2 331,698,602
. A3 1,382,195,451 . A3 525,716,585
jdtcore swing
B1 118,144,589 B1 28,427,935
B2 408,615,802 B2 342,132,984
B3 1,431,922,235 B3 528,963,280
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Table 6 Content rates between detection with and without execution dependency.

oooood ooo oooooo ooo
coverage(B1,Al) = 25.76% coverage(B1,A1) = 57.43%
netbeans coverage(B2,A2) = 59.15% ant coverage(B2,A2) = 74.10%

coverage(B3,A3) = 96.08%
coverage(B1,Al) = 65.01%
jdtcore coverage(B2,A2) = 76.91% swing
coverage(B3,A3) = 94.03%

coverage(B3,A3) = 93.93%
coverage(B1,Al) = 60.86%
coverage(B2,A2) = 71.53%
coverage(B3,A3) = 95.67%
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Table 7 Number of node comparisons with computational cost reduction methods (numbers in
parentheses indicate the rate of the detection without applying the methods.)

0oooooox10%0
Dooooo (oo (20000000 (2000
0o [ OO 100 | OO 200 | OO 300 | 00 500 | OO 1,000 | COOO
etbeans 39,507 | 46,276 | 100,713 | 100,713 | 100,713 101,104 100,755
(39.1%) | (45.8%) | (99.6%) | (99.6%) | (99.6%) | (100.0%) | (99.7%)
ot 9,818 2,056 4,436 7,388 7,388 7,388 8,044
(86.9%) | (18.2%) | (39.3%) | (65.4%) | (65.4%) (65.4%) | (78.3%)
] 1,031,635 | 42,9041 | 344,200 | 393,344 | 615,456 699,470 | 1,380,464
jdteore (72.0%) | (3.0%) | (24.0%) | (27.0%) | (43.0%) (48.8%) |  (96.4%)
— 408,196 | 16,584 | 35,860 | 41,774 | 100,153 137,676 | 438,090
swing (77.2%) | (31%) | (6.6%) | (7.9%) | (18.9%) (26.0%) | (82.8%)
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000000 PDGOOOOO PDGUOUOOOOOOO PDGUOOOOOOOOODOOO PDGOOOO
Table 8 Size of PDGs.

oooooo PDG ooo 0o
00000 | 0oo0O0 | oooo
00 PDG 6,557 4,700 5,626 0
netbeans 000000 PDG | 6,557 4,700 5,626 6,144
0oooo PDG 6,060 4,362 5,131 5,647
00 PDG 12,505 11,269 10,423 0
ant 000000 PDG | 12,505 11,269 10,423 12,379
0oooo PDG 12,126 10,998 10,073 12,002
00 PDG 77,493 91,617 64,701 0
jdtcore 0oooo0O PDG | 77,493 91,617 64,701 77,980
0ooo PDG 73,885 88,443 61,263 74,595
00 PDG 82,824 75,560 68,310 0
swing 000000 PDG | 82,824 75,560 68,310 78,110
0oooo PDG 78,783 73,026 64,370 74,050
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Table 9 Content rates between detections with and without the computational cost reduction
methods.
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0ooooo | (oo (2)0000000 3) 000
00 [ 00100 | OO 200 | OO 300 | OO 500 | OO 1,000 0000

netbeans 98.45 100% 100% 100% 100% 100% 100%
ant 99.15 | 96.58% | 99.48% | 99.82% | 99.82% 99.82% 100%
jdtcore 99.40 | 91.25% | 94.62% | 96.49% | 97.35% 99.00% 100%
swing 98.45 | 93.94% | 96.43% | 97.34% | 98.52% 99.70% 100%
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Table 10 Number of detected clone references with the cost reduction method.

(a) good DODOOOOO

netbeans ant jdtcore swing
0o ooo oo ooo oo ooo oo ooo
ooooo 11 8 6 1 347 130 105 12
(1H)oooo 12 9 6 1 358 130 103 13
0o 100 11 8 6 1 153 56 101 12
(2)000 00 200 11 8 6 1 210 73 103 12
oooo oo 300 11 8 6 1 325 128 103 12
0o 500 11 8 6 1 326 128 104 12
0o 1,000 11 8 6 1 345 129 104 12
(3)0oooooo 11 8 6 1 347 130 105 12

(b) ok DDDDOOOO

netbeans ant jdtcore swing
oo ooo oo ooo oo ooo oo ooo
ooooo 27 14 13 1 720 214 415 22
(1H)yoooo 27 14 13 1 726 214 416 23
0o 100 27 14 13 1 495 128 413 21
(2)000 0o 200 27 14 13 1 548 149 414 22
0ooo oo 300 27 14 13 1 698 205 414 22
oo 500 27 14 13 1 699 205 415 22
0o 1,000 27 14 13 1 720 210 415 22
(3)oooooon 27 14 13 1 720 214 415 22
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Table 11 Content rates between detections with and without the false positive reduction method.

go0ooOooo0ooOooOo0ooOooOoooooo

oooooo
oo 2 oo 4 oo 6 oo 8 00 10 oo 12 oo 14 00 16 oo 18 oo 20
netbeans 48.62% | 64.92% | 72.22% | 74.70% | 76.72% | 78.08% | 79.55% | 80.29% | 80.64% | 81.41%
ant 21.29% | 45.11% | 52.94% | 57.85% | 62.64% | 65.60% | 68.25% | 69.08% | 72.00% | 72.52%
jdtcore 26.31% | 55.32% | 66.15% | 72.06% | 75.78% | 78.66% | 80.59% | 81.99% | 83.02% | 84.11%
swing 21.25% | 51.95% | 63.43% | 69.98% | 74.25% | 77.58% | 79.74% | 81.39% | 82.86% | 84.07%
— R (s000f) BEE (k) —+—sO—UREH = I (good ) BRE (M) ==K 012 0ODO000O00OOOOOOOO0OOOOOOOOOODO
n; - ﬁﬁﬁﬁﬂ 0_2 - izz Table 12 Number of detected clone references with the false positive reduction method.
. ol | S (a) g00d 10DDODD
g: I EEEEEN | i;gzg 2: ) 1000 netbeans ant jdtcore swing
oY I B e B e e e 1l B ) H e 00 [ 000 |00 [D000 [ 00 [000 [ o0 [o00
0 HEFE"%_ T | |os o 0o 2 5 1 3 0| a4 0] 20 0
01 — — 2000 01 — 200
N N N o 0o 4 10 3 6 0 306 15 92 0
FfE2 Ffgs RfEe RifEs RAfEL0 RAfE12 RAfE14 RAfE16 RAfE18 RS20 K& FfE2 FfEs RfEe RAfEs RAfE10 RAfEL2 RifE14 RAfE16 FE18 MfE20 FEMA oo 6 12 3 8 1 355 20 107 3
(a) netbeans (b) ant 0 0o 8 11 3 7 1 385 30 108 9
O oo 10 13 4 7 1 383 39 112 9
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- oo sooeo O 00 14 12 4 5 1| 362 102 | 111 10
/| 300000 70000
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Fig.9 Recall with the false positive reduction method. 00 4 7 11 3 0 142 128 336 13
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O oo 8 19 13 11 1 493 110 400 17
gooodobooobobooboboooboobooboobDoobobooboobooo
O oo 10 21 13 11 1 499 113 404 17
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Table 13 Number of node comparisons with the false positive reduction method (numbers in parentheses are the rates for the detections without the method).

ooooono

000000 (x10%)
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Oood e

oo g8

oo 10

oo 12

oo 14

oo 16

0o 18

oo 20

netbeans

292
(0.29%)

516
(0.51%)

682
(0.67%)

766
(0.76%)

819
(0.81%)

854
(0.84%)

884
(0.87%)

917
(0.91%)

937
(0.93%)

951
(0.94%)

ant

1,201
(10.63%)

2,520
(22.31%)

3,253
(28.80%)

3,781
(33.47%)

4,118
(36.65%)

4,445
(39.35%)

4,724
(41.82%)

5,167
(45.75%)

5,336
(47.24%)

6,207
(54.95%)

jdtcore

62,075
(4.34%)

127,972
(8.94%)

172,778
(12.07%)

203,759
(14.23%)

227,327
(15.86%)

249,763
(17.44%)

267,660
(18.69%)

284,758
(19.89%)

303,180
(21.17%)

316,941
(22.13%)

swing

39,724
(7.51%)

94,256
(17.82%)

139,401
(26.35%)

169,343
(32.01%)

194,798
(36.83%)

216,956
(41.02%)

235,201
(44.46%)

250,743
(47.40%)

264,984
(50.09%)

277,357
(52.43%)
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Table 14 Number of clone references detected by the proposed method and the exsting methods.
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Table 15 Number of node comparisons of the proposed method and the existing methods.
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Table 18 Number of clone references that Scorpio detected but the other tools did not detect.
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Table 16 Detection tools compared in this experiment. URa—EyA=Y s —ka b R
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Table 17 Number of clone candidates detected by each of the tools.
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Fig.10 Number of clone references detected by each of the tools.
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Fig.11 Sample calculation of good and ok values.
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