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Abstract: Currently, there are a variety of code clone detection tools. However, results from clone detectors
contain plentiful useless code clones. Thus, users of clone detectors need to identify useful code clones from
a flood of code clones, which requires much efforts. In addition, judging whether a code clone is useful or not
varies from user to user and from purpose to purpose. Therefore, it is difficult to define what code clones are
useful for software maintenance. This paper proposes a filtering method for code clones based on machine
learning techniques. The proposed method has its users mark on some of code clones whether they are useful
or unuseful. The proposed method learns the judgement of the individual user, and predicts unmarked code
clones whether they are useful or not. We have implemented the proposed method as a web-based system,
and conducted a case study with subjects. As a result, we confirmed that the judgement of whether a code
clone is userful or not varies from user to user. Moreover, we confirmed that the proposed method can predict
the judgement of code clones by users with over 70% accuracy, in some cases it can predict the judgement
with over 90% accuracy.
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Fig. 1 Overall workflow of filtering with the proposed method.
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struct blob *lookup blob(struct object *obj)
{
if (!obj->type)
obj->type = OBJ_BLOB;
if (obj->type != OBJ_BLOB)
return NULL;
return (struct blob *) obj;
}
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Fig. 2 An example of token types seqneuce.
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Table 2 The number of clone sets judged as useful/unuseful.

git X7 bash  e2fprogs total

CSs 78 36 105 62 281
A 9/69 7/29  5/100 15/47 36/245
B 33/45 24/12  27/78 33/29 117/164
C 16/62 18/18 23/82 33/29 90/191
D 40/38  28/8  23/82 36/26 127/154
E 39/39 30/6  25/80 48/14 142/139
F 19/59 15/21 21/84 29/33 84/197
G 29/49 17/19 24/81 38/24 108/173
H 36/42  27/9  31/74 51/11 145/136
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(b) xz

(c) bash
4 su—rty MHOBENEZRT T 7

Fig. 4 Force-directed graphs showing code clone similarity.
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Fig. 5 Result of machine learning (for each project).

5.2 JHE B! REFEICLZFRHDOEBEICONT
5.2.1 Accuracy

5 2FNEFNOTuY =7 MIBITS Accuracy DFF
HWEREZRT., 7970 XWihbeEru—rey b0y b
FRF—H e LT Lzz7u—2 Yy FOHEGEELT
BY, Y H#A Accuracy DF¥EEFL T b, Tz,
HOA~HRBRETNETNOPEREEZERLTwDH, 5 L0,
Fica O ARG IIHEEICL Y, F/70y 27 M2EDY
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FORETYMAEITZ 72, bash ORB ENzr70— >
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Yy MEIZ105 TH A7, 16 D7 a—2+ty MIAFLT
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REhoio.
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by NEFERT—F L L THRBLENRH DL E V)R L

i, FHTRW 70—ty MO 2 FHE, #EE
BHRT A=y B ED b R ERNH SR
72, —7, xz BL U e2fsprogs IZDWTIX “HH” %7
H—ty MO 2 B, dase “GHTrw 7
O—>ty MO 2 B3R, BEaEROMIZKE 2RI
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boEE 7 R 78D ,» git $ LUV bash 22V T Fig. 6 Merged result of all projects.
git xz
8
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(a) git (b) xz
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Fig. 7 Box plots of recall and precision.
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der_end (1zma_coder *coder,

136 '1zma_next_ end(&coder-snext, allocator);
137 lzma_free (coder, allocator);

138 return;

139 }

140 static lzma_ret
141 block_encorder update (lzma_coder *coder,

142 const lzma filter *filtersill
143 [const lzma  £ilter ¥ reversed filters)
144 [

145 EEN(coaer=Ssequencel | - SEQ_CODE)

(a) src/liblzma/common/block_encoder.c

61 [
62 return LZMA OK;
63 |

_end (1zma_coder *coder,

r*opt ions )

(b) src/liblzma/common / alone_encoder.c

474 else

475 lzma_free (coder->1z [Coderallccator)|
476 1zma_free(coder, allocator);

477 return;

478

481 lconst lzma filter * filters null,
482 lconst 1lzma_filter * reversed filters)
483 [

484 [{fl(coder=slz cpticns update] == NULL)

(c) src/liblzma/1z/1z_encoder.c

8 V—A2—F (xz)

Fig. 8 Example of source code (xz).

6. EX

6.1 FHIIKBELAZ7O-2ty MIDWT
FHBEBRORE R, Fica l3BBELA 70%~90%DHiETF
WTELZEDPHRTE. ORI, BTN TE
Lo l2BRPCOPFET LI LEEERL TV

X 8 IZFD L) BRFBFD1IDERT. TOFNE xz 75
BoNBITHL., TO3O0T— FEHE, Fica NED
TI—Fru—UBiBsIE2onra—rty N EBRE L.
ot (a) 130-142 & (b) 61-72
B 1 (a) 136-145 & (c) 475-484

sa—rty b aldl DOBBOEEEELD, 70—
Yy b BIEBEBRO—ESOAEEEGL, a-Fru—r%
e HWE LY 7728 ) v e dAEE 2 20E,
MEaehreatra— vty VMU ES TH L0
aDE) KOSk EELsuO—Y 2y OSBRI L
Ik nz b, LA oT, ‘a—-Fru—rokiEsr
Hyge Lz 7y 25000 ’5:%‘1?_ &, aDTDH
7 &R SN DR E . FE, S A\OHBHRED ) B
7 NS, a%“ﬁm”&\ﬁwaé ft )y, i 8 A6

© 2013 Information Processing Society of Japan

48 Eeturn0;
49 [}
50 |static int parse block(const char *request,

51 EepSt @er CohEc, Cendt eoar “siEe, ol & o)

52

53 char *tmp;

54 *blk = strtoul (str, &tmp, 0);

55 e (CrEne)

56 Clon Gheie (leeepictlicg U, VEEGl Ga = Saki Gletle, Giad) b
57 eebign g

58 }

59 return 0;

60 [}
61 [statilc int check brel(char *request)

(a) test/progs/test_rel.c

44 EEEEaIT:

45 [}

46 static int parse inode(const char *request,

47 (Sloiatciicl Elatba ey eloniche. (Slata iieia) (hide) ilate) e Siline)))
48

49 char *tmp;

50 *ino = strtoul (str, &tmp, 0);

51 e (Erame) i

52 Elon Gl (imtepEstE, 0, SRRl 8 & 857, cEEe, FE)j
53 e BRIy

54 1

55 return 0;

56 [}

57 void do_create icount(int argc, char **argv)

(b) test/progs/test_icount.c

76 [statie struct struct io manager struct_test managet = {

(c) lib/ext2fs/test io.c

102 [static errcode t unix write blk(io_channel channel, |
103
104 'static errcode_t unix_flush(io_channel channel);

105 static errcode_t unix write byte(io channel channel,
106

107_
108

109—

110 [st&tic]| void reuse cache (io_channel channel, ...
(d) lib/ext2fs/unix_io.c
9 V—Aa—F (e2fsprogs)
Fig. 9 Example of source code (e2fsprogs).
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6.3.1 Recall, Precision
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(b) #hE H
10 git (2317 % Force Directed Graph
Fig. 10 Force directed graphs on git.
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Fig. 11 Time required for the experiment.
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