B-06

ugb220000000000000000DO00

goboobooooobuobuobboboboobouooboodad

An Analysis of Relationship between Software Refactorings and Defects in Development History

ooooo
Kenji Fujiwara

ooooo f

ugd odoogd

gboooooooboobooooooobooooo
obbooobooooooobooooooboooboonog
gobooobooobooobooboooboobbooog
J00ooooooooodUbFrewleroooooooDOO
0000000000000 0000000 [4)0Fowler
gbboooobooobbooooooooboooooog
gbooooboooooobooooboboooboooooo
gboooboooboooboooobooobooooog
gbooobooooooooboooboooooooooao
gbooooboboooobooobooboboobooboobooo
gbooooooooobooboooobooobooog
gbooooooooobooobooooboobooon
gboooboobooobooooooOooboooooag
gboooooboobooboobooobooboo

goooooobobboooobooobobooobooo
gboooooooboobooobooooooooao
gboboobooobooooboobooobooboooon
gobooooobooooobbobooboooboooon
Fowler 000000000000 0000000000O
gbboooooooboooboobooboobooa
gboooboooooooboooboooooboooooo
00000000 4o0oo0ooo0oooooooo
gbooooooooobooboobooobogn
gboooooooooooooboooboboooog
gboooboooobooobooobooooobooooo
goooooooobbooboooobboooooooo
gbooobobooooboooboooboooboobooooao
gboooooobooboooooobooobooobooa
gboobooobooboooooboooooboobooog

ubo coboobooobooboooboobooboboobo
oboooobooooooobono

gbooooboooooobooboooboobobooooo
gboooooooboooboooboobooooa
gbooooooboooooobooo

t000000U00o0o0oUU oDoUoooo
Graduate School of Information Science, Nara Institute of
Science and Technology

Kyohei Fushida  Norihiro Yoshida

ooooo f 0000 f

Hajimu lida
ggooooboobobooobboobboobo
goobobooboobboobobuouoobbooog
00o0o0o0oOo0ooo0ooooOooooooooo
000o00ooo0oooooooooooooooo
ggooouoboooboobbooobooobobag
ooooooOooooOoooo“coooooor’ooe
00o0ooooOo”0oU0o«“cU0o0OoOoooo 4po
Fowler 0000000000000 0OOOOODOOODO
goooobbbbobbbbooooouooooogo
00ooo0ooooo0oooooooooooooo
000o00oU0oO0oUooooooOooooooooo
ggodobobboboooooobobobbuooo

b0 ocoooooobooboobobobobooobo
gbooooooooon

gddoooobooooobouooouooobooog
o000 ooooooooooooon
Ogooooooooobbooooooooooooon
gobdobooboooouooobuooobouoooo
gooooboooooooooouoon
gooooooooooooooooooooooa
go0ddbdoboooooooboobooooooon
gdddoboooooobouooouoobuoood
goooooooboobboobooooooooooon
gbdddooooooobobooooooooooo
goooooooooooobooboboooooooon
00000 CVS[2]0 Subversion[8| 000000000
goooobooooooooooooooooooon
goooobooboobooooboobbooboooooon
gddodoouoobooouooobouoobuooog
0000000000 Bugzlla[l] O Trac[9] 000 O
gobooodoooooooooooooooooa
go0dobodobooooooooooboooouooon
gddobodoobodoobooooboooobooog
gddooooboooooboooouooooboood
Ogooooobooooooooooooobooooon
gobddddododooooooooobooooooo
gddoddoobooodoouoobbuooooo
Ogooooooooooooooooooooooon
gobb0bbdddddddooouooooooooooo



goooboboobooooboboooobobon
goog

g DbOooodgooo

2.1 0OO0OOOO0OOO

gbobooooboooooooboooboboooobooon
gbooooboooobooobooobooooboobooooo
OO0FowlerOOODOOOOOOOOOOODODOOO
gbboooboooooobooobooooboooooa
gbooobooooboboobooobooobooobooo
gboooooooooooobooobooobobooooo
goboooooboooooooooooooo+«“con
gooo”D «coooobooorboooboooooo
gbooooooooboooobooboboobobooooo
gbooooooooooboboobooobooooooog
000000000D0ooOooooo (13, 14)0

22 0OO00OO0OO0OO0OOOOODOOO

gboboooboooooooboobobooobooo
gooo«“coro“coooborooobobooboobobon
gboooobooooooboooboooboobobooooo
gooog

() 00000000000000000000000
(b 000D0D0000000D00000

() 00000000000

() 0000000000000000000

0000000o0o0Do0oooUoooooo B0 (a)
000oodooooooooooooooooooogd
“refactor” 0 “extract”d “rename” 000000000
JdoddooU0DoOooooOoUooDoOooDoooooag
Jo00o000o0o0ooo0ooooooooOoooag
0o00oo(p)Obo0o0DooooUoooooOoooo
odooooooooobDOooo«“ooooaorag
“O0D00O0O0’0DU0D0DUODO0OOoOOUODOODOOOn
(cOO0UDOD “0000O0”0000000DOODO
dooooooooooooooooooooooogd
Jdoddoouoooooooooooooooooag
00o00oooooooo(doooooooooooo
J0o000dd0o0o0ooOo0oooooo 00 “0«“0d
0ooooOo’oooooooooooooooooag
ooo0ooooooooooodg
(1)0(b)0000000000O000O0O0O0ODOO0OD
00o0o0oooooooooooooooooooogd
O0000000oooooOd(e)o(d) o (a)d() oo

0000000000000000000000000
0000000000000000000000000
000000000()O(M) 0000000000000
00000000000

23 OO0bOOOobOoOooboooboaon

gbooboboboboboboboooobobo
OO00ORatzinger 0D 0OO0O00DOOO0O0ODOOOO
o0o0o00o0o0o0oUoUoooooOoooooOoo eloo
gbuoobodbooboboboboooobaoan
gboooboboboboooboooobobobon
gbobooobooooooboooobooobooooo
gbooooooboooboooooooooooboooo
gboobgoboboooobaobobobooban
gooobobobooooboooooobobon
gobooboobooobooobooobooooboooo
gbooooooooobooooooboooooooo
gboooobdobobouoboooobooboaban
gobooooboon

g oogd

gboboooooooooooboooboooooboao
gboooooooooboooboooboooobonoa
gboobooooooobooboooboboooobooo
goobooobooobboooboooboobbooooo
gboooobooooboobooooboon

3.1 0000000000000

0000000000000000000000 “0
0000000000000000000000”00
0000000000000000000000000
0000000000000000000000000
000000000000 0000000000000
000000000000000000000 voOoOo
00000 », 00000V = [vy,vs,...,0,) 00000
00000000 w00 v, 00000000000
0000000000y, 0000p; 0000000000
00000000000 r(lop;) 00000000000

r(op;) = { (1)

r(op;) D0op; 0000000000 ODOOOOOOO
00 100000000000 ooo0ddr(ep;) oo
ooo00o000w 00 0000000000000
O f-(j,k)OOODOODOOODOO

(if op; is refactoring)

(otherwise)



a—kya—>r . 7
e | B e P > :'E et
| =] UJ_ D ER HARS T,
Y—Xa—kK )
EREE | MO ,. \‘
> IR LD e S uj | WFTFIEILY
3ZvhAY s emamy) T NITIBIL T B SERE (j.K)

/4 >|Ik|}fﬁ®%ﬂiﬁ,ﬁﬂ Lu S

RMaDFAESRRE f4(.K)

0100000

AR+
. i, r(ops) .
fr(]7k): 4 (.]<k7 Uj,UkGV)
Vg — Uy

r(op;) 00000000000 OOODOODOODODO
0000 UMLDyfOODOOODO (10000000000
00000000000 11]ooo0o0oooooog
000 [f0000000000oo0ooooooo
oboooobooboooobooboooboooo
googno

3.2 0OO00OO0OO0OO0OOO0OO0O0OO00O0

gbbooooooooboobooboooooogon
ooooooooDoo0 «coooooor»ogooooo
000000000000o0oooooooooo 4]0
oobooooooooogooooboooooooono
oobooooooobooooobooobooooboooobo
00000000 Booooooooooooooo
goboooboooboobobooooooboooooon
oooobooog

obooov, 0y 000000000000000
Oooooo s;00o0oo

s(vi) = S;
Si

{smell|smell = (classID,
beginLine, endLine)}
O0000O0O0O0O0O0OOC0OOoOooboooosmellDOO

obo0ooboooboooboooooboboooboon
000000000 O0dessIDOOOOOOODOOOO

ObeginLine00O0O0D00O0O0O0O0O00OendLine0 000

goooooboboooboboboogo v oobo
oooooDDoO0O0O smell, 000000000 ODDO
ooooog smell, 00DO0DO0O00 v, O00OD0OOOODO
smell, O smell, 000000000000 O0OODOO
Oo00O0000O0Osmell0O00 SOOOOOOOOO
TsOOoOOoooooooo

Ts =  VUsd — Uso,

min({v € V|s(v) NS # ¢}),
vsg = max({v € V]s(v)NS # ¢})

VUso =

v, 0000000000000, 000000000
000w,0v,, 000000000000000000
000000000000 0000000000000
0000000000000000“000000070
0000000000000000000000000
000 [12)00000000000000000 “00
00000’0000000000000000000
0ooooooo

3.3 0UO0OO0OOOOOOOO

gboboboooooooooooogoobaod
g0d0o0o0oo0o0o0ooooooooooszzoooo
00 [700000SZZz000000000O00OO0OO
gbbooobooooooboooboooooboooooo
gboobogboboboooobaoboboboaban
gooooobbobobobpoooobobobon
gboooobop, 00000000 ODOOOOO0ODOO



OO0 d(op;) D0DO0O0ODOOOOODO

d(op) ={ !

0 (otherwise)

(if defects are induced at v; 1)

dlop;) 00op; 0ODDO0OO0OOOOOOODOOOOOO
gooooo0o1booooobooboooboooooono
Ovy; 0000000000000 f4 k0000
gbooogo

>, d(opi)

fd(]vk): (j<k7 Uj,UkEV)
Vg — Uy

00000 fu(j,k) 0000000000 0OODOOO

gooooooooooooooooooooooon

ggoo

34 ODO00OO0OOO0OOOOOOO

goooobooobooboooooooooobobogoo
gbooboooooooboooboooobobobooooog
gboooooooooooooobooboooooag
gobooboooooboooboooboooooobooo
goooobooooooboooobobooobooooo
goooOopoooszzooooooooooooooo
gbooooooboooboooobobooobooooao
gbooooboooooooboobbooobooooboog
gbooooboobooooooo

ud obOoodbbobod

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000Eddipse[3]0Bugzilla[1] 00 00
0000000000

oo
goobooooooooooooo ITDhoogoo
gboooobooooboobooooooo

good
[1] Bugzilla, http://www.bugzilla.org/.
[2] CVS, http://www.cvshome.org/.
[3] eclipse, http://www.eclipse.org/.

[4] Fowler M.:Refactoring: improving the design of
exsiting code., Addison Wesley, 1999.

[6] Murphy-Hill E., Black A.P., Dig D. and
Parnin C.:Gathering refactoring data: a compari-
son of four methods. In Proc. of WRT 2008, pp.
1-5, 2008.

[6] Ratzinger J., Sigmund T. and Gall H.C.:On the
relation of refactorings and software defect predic-
tion. In Proc. of MSR 2008, pp. 3538, 2008.

[7] Sliwerski J., Zimmermann T. and Zeller A.:When
do changes induce fixes? In Proc. of MSR 2005,
pp. 1-5, 2005.

[8] subversion, http://subversion.tigris.org/.
[9] trac, http://trac.edgewall.org/.

[10] Xing Z. and Stroulia E..UMLDIff: an algorithm
for object-oriented design differencing. In Proc. of
ASE 2005, pp. 54-65, 2005.

[11] Xing Z. and Stroulia E.:Refactoring Detection
based on UMLDIff Change-Facts Queries. In Proc.
of WCRE 2006, pp. 263-274, 2006.

(12 000O0,000,0000:0000000000
00000000000000. 00000000
000, Vol.J89-D, No.10, pp.2279-2287, 2006.

[13) 0000,0000,0000:000000000
000000000000000000000. O
0000000000, Vol.J92-D, No.7, pp.1071-
1073, 2009.

(14 0000,0000,0000,0000,000
0:000000000000000000000
000000. 000000000, Vol48, No.3,
pp.1431-1442, 2007.



