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In this paper, we propose an approach for detecting block clones (i.e., block-level code clones) using infor-
mation retrieval techniques. In the previous study, we have presented an approach for detecting function
clones. However, the previous approach misses a number of code clones because it only identifies coarse-
grained code clones (i.e., function clones). To mitigate this problem, this study proposes an approach that
detects block clones by generating feature vectors for code blocks based on the occurrence of identifiers and
reserved keywords and then performing clustering of the generated vectors. Also, we improve a clustering
method and a data structure of feature vectors in the proposed approach. It leads not only the detection of
fine-grained code clones but also less detection time and low memory consumption, compared to the previous
approach. As a case study, we compared the proposed approach with the existing code clone approaches
and then confirmed the effectiveness of the proposed approach.
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PARFHECTHRHTEL 70—V ERTIENTEL.
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HICHIGELTEBY, S5 TETIIRETE %
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248: APU_DECLARE(apr_status_t) apr_rmm_destroy(apr_rmm_t *rmm)
249: {

250: apr_status_t rv;

251: rmm_block_t *blk;

252;

253: if ((rv = APR_ANYLOCK_LOCK(&rmm->lock)) != APR_SUCCESS) {
254: return rv;

255: }

256: /* Blast it all --- no going back :) */

257: __ _if (rmm->base->firstused) { __ _ _______________ .
258: 1 apr_rmm_off_t this = rmm->base->firstused; 1
259: : do { :
260: blk = (rmm_block_t *)((char*)rmm->base + this);,
261: 1 this = blk->next; 1
262: : blk->next = blk->prev = 0; :
263: 1 } while (this); 1
264: :_ rmm->base->firstused = 0; :
265:

266: 3]

267: 1 apr_rmm_off_t this = rmm->base->firstfree; 1
268: | do { !
269: | blk = (rmm_block_t *)((char*)rmm->base + this);
270: : this = blk->next; 1
271: blk->next = blk->prev = 0; :
272: 1 } while (this); 1
273: :.____Iﬂ'tzbfie:lf_i'lsfirfe_f_ai _________________ H
274: ¥

275: rmm->base->abssize = 0;

276: rmm->size = 0;

277:

278: return APR_ANYLOCK_UNLOCK(&rmm->lock ) ;

279: }

Apache HTTPD: /srclib/apr-util/misc/apr_rmm.c

7 BAUCEHARCHEETS IOV Y
sa-> (847 1)

55,

o MFMRELDIZ TRy 7 O—FEa—F
ra—rye LTMBT A2 R %L, F-BHE
D /NS VHEALOIIEAIRETH %720, FAJH
MOFERLHE S 10— VRIBTE L ART, RF
(BER R FFEIE) RO T - Fru—r %%
T RE.

o FTHHAOFHEREE s u— VTR T
%L, MBHURR 70U 7T MET 57 %2 v
LFEERRTOLATFT—F ) T4 NEHNwI &
Mo, KRB Y — 23— FEAICHH L CHA
T HE.

INSORPE, KEB LY — 23— FEEIIHL
T, BN ROa— Fru—r 2T 25810%D
HMLTWAEEZLND,

— I CEHBEBR O R, S, HAERLN S
To5%E, BRAIUHENES KB E N TRV — A
I— NI LTARFREIAMETHY, 20LH%
V= A3 — NIt LCTIIlo FEO R 2 e 3
EThDH. T, BHETHICHY, 2D 100 1T
KOV — AT — FEEIRR THIUL, RFFEIN
ATHSME SRR T 75 MMRIEZ 5 7 % Wi F
FEOFHL GLETHRIFHTRETH S,

690: strop_swapcase(PyObject *self, PyObject *args)

691: {

692: char *s, *s_new;

693: Py_ssize_t i, n;

694: PyObject *newstr;

695: int changed;

696:

697: WARN;

698: if (PyString_AsStringAndSize(args, &s, &n))

699: return NULL;

700: newstr = PyString_FromStringAndSize(NULL, n);

701: if (newstr == NULL)

702: return NULL;

703: s_new = PyString_AsString(newstr);

704: changed = 0;

785: o L GNP N I £ IS Sy g, a
706: | int ¢ = Py CHARMASK (¥s++); H
707: 1 if (islower(c)) { 1
708: | changed = 1; :
709: : *s_new = toupper(c);
710: } 1
711: 1 else if (isupper(c)) { 1
712: : changed = 1; :
7131 *s_new = tolower(c); |
714: } 1
715: 1 else :
716: : *s_new = c; H
717 L e e e ——— e S meWHt: e m 1
718: ¥

719: if (!changed) {

720: Py_DECREF(newstr);

721: Py _INCREF(args);

722: return args;

723:

724: return newstr;

725: }

(a) Python: /Modules/stropmodule.c

2308: string_swapcase(PyStringObject *self)
2309: {

2310: char *s = PyString_AS_STRING(self), *s_new;

2311: Py ssize_t i, n = PyString GET_SIZE(self);

2312: PyObject *newobj;

2313:

2314: newobj = PyString_FromStringAndSize(NULL, n);

2315: if (newobj == NULL)

2316: return NULL;

2317: s_new = PyString_AsString(newobj);

2318: for (1 = @; i < n; i++) {

PES TN int ¢ =Py CHARMASRC*S+3+ 55~~~ ~ ~ ~ 7 I
2320: 1 if (islower(c)) { 1
2321: : *s_new = toupper(c); :
23221, } H
2323: 1 else if (isupper(c)) { 1
2324: : *s_new = tolower(c); :
2325: } \
2326: 1 else 1
2327: 1 *s_new = c; 1
2328: :_ s_newt+; :
PEP1- P e et
2330: return newobj;

2331: }

(b) Python: /Objects/stringobject.c

B8 XO@AFTHIETOY Y
sa-> (847 3)

4.7 HERELZI-R7O0-RBREFERBLELE
EDOARFEDHEHH

FMLa—F7ey s BiomtFde LT, ik
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fTofz. MAELZa—-Fro— U RibELE, 547
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334: APR_DECLARE(apr_status_t) apr_file flush(apr_file t *thefile)
3351 o e e mmmmmmmmmy

336:]  apr_status_t rv = APR_SUCCESS; 1
3377 '
33811 if (thefile->buffered) { H
339:1 file_lock(thefile); H
340:) rv = apr file flush locked(thefile); 1
3417 file_unlock(thefile); :
3a2:1 )} H
343:! * 1
344 * (IAVREBE) :
345:1 */ H
346:! return rv; 1
347:"’} ____________________________________

(a) Apache HTTPD:
/srclib/apr/file_io/unix/readwrite.c

349: APR_DECLARE(apr_status_t) apr_file sync(apr_file_t *thefile)
350: {

351: apr_status_t rv = APR_SUCCESS;

352:

353: file_lock(thefile);

354:

355: if (thefile->buffered) {

356:0" "~ rv = apr_file flush_locked(thefile); 1
3571 1
3581 if (rv = APR_SUCCESS) { !
35911 file_unlock(thefile); H
360:! return rv; I
E R R e e
362: }

363:

364: if (fsync(thefile->filedes)) {

365: rv = apr_get_os_error();

366: }

367:

368: file_unlock(thefile);

369:

370: return rv;

371: }

(b) Apache HTTPD:
/srclib/apr/file_io/unix/readwrite.c
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N R AR

£ 8 MNELI— N7O—REEOREIEEOFME

LTI ERER GYOE BER FHE FM
Apache HTTPD | 0.91 0.14 024

MR 7 0 — PostgreSQL 0.87 028 043
Hé Python 0.95 0.32 048
&Rt 0.91 0.24  0.38

Apache HTTPD | 0.90 0.74 0.81

RT3 PostgreSQL 0.57 0.87 0.69
Python 0.90 0.53 0.67

A 0.68 0.70  0.69

®9 HMELI— KT 0O— U ARHEDRLHERE

TR 5 AR 7 b0 — Ukl ATk
Apache HTTPD 8s 1m 39s
PostgreSQL 16s 2m 27s
Python 8s 1m 15s
F10 HNELI-F7O0-REEOK/RBEL/ZO-K70->0D% 1 THIAR
[FOPOER T1 T2 T1, T2 &
Apache HTTPD 0 4 4
PostgreSQL 0 1 1
Python 0 13 13
&t 0 18 18

F 11 MHRELI- F70-REEOBERET & ORI
LOC HKFEEZ v— Mtk ATk

1K 0Os 1s
10K 1s 2s
100K 8s 16s
1M 1m 15s 3m 1s
10M 12m 38s 29m 9s
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DA— 70—y OREBMNT 5720, EREBHA
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SEM ML L LCOHRE R 2 — M7 o— Ui
FEOFHLMETE S,

5 ER
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) ODIET 7 A VHT 100 HEM EHE SR TWw
B END, MOSENOIRDPESIZTEETDH S,

5.2 FMlEBROZLYME

WAEHE, FHE FHETRSNLBHREEICEL
T, REBRTIZ3I 2O CEHO7TY 27 MIHL
TH% Y 0 — o #itEE CCFinderX & O HEH 1T
ZEEoT, AFEOFEREERLE. LaL, &
BIIMMOSFECTEE SN T OV 27 MR LT
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RN =7 YHOEFHEL TV 2RSS
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s PV OSTE L L TRFETIE TF-IDF
ZHWTWB DS, M2 b LSI (Latent Semantic In-
dexing) [3] >, LDA (Latent Dirichlet Allocation)[5]
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EFoN5.

o SINIFBAZ MV OFHEIZ TF-IDF % 7z
7%, LSI (Latent Semantic Indexing) [3] *°, LDA
(Latent Dirichlet Allocation)[5] & Vo 72K TCHE:
MEEAT) FEVRH L. TNHRTEME iz
FEEDE 2T ) LEP D 5.
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