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Improvement and Implementation of Code Clone Visualization
Method Based on Academic-industrial Collaboration

YosHIKI HIGO,t NORIHIRO Y OSHIDA," SHINJI KUSUMOTOt
and KATSURO INOUEf

Maintaining software systems becomes more difficult as the size and complexity of software
increase. One of the factors that makes software maintenance more difficult is the presence
of code clones. A code clone is a code fragment which has identical or similar code fragments
to it in source code. Code clones are introduced by various reasons such as reusing code by
‘copy-and-paste’. If we modify a code clone with many similar code fragments, it is necessary
to consider whether or not we have to modify each of them. For supporting software main-
tenance against code cloning, we have developed a code clone detection tool, CCFinder and a
code clone visualization tool, Gemini. These tool have been delivered to domestic or overseas
organizations/individuals. Also, we have held code clone seminars that provide opportunities
for discussions between developers and users of the tools. Through the seminars, we can get
what industrial people really require. In addition to seminars, we are managing a mailing
list. Users ask about how to use the tools and require new functionalities that they want, and
developers announce a version upgrade of the tools and the date for next seminar. As a result,
we were able to improve our visualization method and succeed to refine it as a practical one.
We re-implemented Gemini based on the improvements as a tool which can be used in practice.
In this paper, we describe how we are promoting academic-industrial collaboration and how
the visualization method was improved. Moreover, We applied new Gemini to a system which
was co-developed by 5 Japanese companies. Application results demonstrate the usefulness
and capability of new Gemini.
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Table 1 Amount of code clones in sub-systems.
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Fig.5 Duplicated ratio of file in the sub-system
developed by Y company.

52005400000000000D0ODOOOOO
goooboooooooboooobooooooobooo
0000 RNROOOOOS000RO

51 0 0O0OA0O

gooooooooooooooboooooooo
goooooboor10000000000000O0
goooobooooooooooooooooooon
ocoooooyooooooooooooobooooo
goooobooooooooooooooooooo
gobtoooooooooooooboooooooo
gooobooooooooooobooooooooo
oooO0O0o00boooooooooooYyoooo
goooooooobobooooboooobo 500
gobooooooooooooooboooboooooo
00D00ooooooogi%ilonnbooooon
gooyooooooooooooooobooDbo
goooboooooooooooboooooobooon
goooobooooooooooooooooooon
goooboooooooobooooocooooooo
gooooboboooooooboobooooobooooo

" DOOODODODORNRODOD 0.500000000000000
gooooooooooOoboOoOOOODOOOOOOOOOO
0O0s5000000000000 10000000000000
goooooooooooooooOooOoOoO0OOO0O0O0OO000
goobooOooooooOoOoOooooooo

06 0O0OD0O0OODOODODODODOOODOO
Fig.6 A snapshot of scatter plot.

pgooooboooobooboobobboboo
pooobbooooobobbooobobooooboo
5.2 JO00O0O0OOObobOoOooo
Dde00d0d00O0O0OODOODOObDObDObDOOOO
0000AOOOODOOOO RNROOOOOO
gOooDo0ooOoobOooboobobobobooooo
gOooDo0ooOoobOoobOooboooboooooo
00000000000 printf 00000 OOOODO
gooooooooifooooooooooooan
o00oboOoOoOopooooooooa
BOOODODOOODODODOODODOODOODO
pooodobooboboboboobobboboo
gooo0obooboobooboouooboobooo
gobdob0obO0obOOobOOobOobOOobooboobooooo
gooooboooboobooboboboobooo
gooDo0ooOoobOooboobobobobooooo
ooooooooood

5.3 000O0OOO0ODOOOODODOO
000000000000 RNROOOOLOOO
pooobOoOooboooooo

5.3.1 LENOODODOODOODOOO
gobboooooobooboboboooooobooboboo
Jo00000ooob0o4100014000000000
OOO0O0oO0o00o0ObO 200000000DbOO0OOO
00 AAAXXXBBB.cppd AAAYYYBBB.cpp OO
000000000000 0AAAYYYBBB.cppOO
gooDodoOoobobooOobooobobobooboono
00 XXXOOOOOooOooooooooooo XXX
O0DO0000O0O0O0bOO0o0ObOOobOoOobOoooono



Vol. 48 No. 2

OO0AAAXXXBBB.cpp OO AAAYYYBBB.cpp O
gobooooboooboooboboobooobooo
goooooooog

5.3.2 POPOOOOOOODOODOO
gooooo pOPOODOOODODOOOOODOOO
0d0o0oO000oo0oo0oooOoOo0oooboooooo
0d0o0odbOO0o0oooobooobooboobooo
gboobooooobooboobuoobooooo
gooboooobooo

5.3.3 NIFOOOOOOOODOD
gobooobooobobooboobooboooog
00 NIFOODOOOS8OODODOOo8Uooooooo
godoo0D0moobobobooooooboooooo
ONULLODODOODOODOOOOOooooooooog
Jo0oo0ooobOo0obooboboobooobooo
00o000ooo0ooOOoOoboOooDoobooobooo
oopoobooooooooo

54 O00O0O0OO0OOOODOOOO
O0OO0OO0OORNROUOODOSODOOD
5.4.1 NOCOOODOOOODO
gd0oo00obooOooboobooosssuoooo
gooboooobooobooobobooobooooo
gooooOoobOobDoobooobooooboooo
go0o0o0oooOoboOooooOoboooboobooo
Jo0oo0ooobOo0obobooooboooboobooon
0o0o00Oo000OOo0bOobooOobooOoooobooo
00o000oo0oobOobOOooDoOobOoobOoobooo
gobobooboooboboobobooooo

5.4.2 ROCOUODOOOOOO
0000U00o0oooooooou 9%s%uuooo
o0 20000000000 0ogogooooobo
goobooooooboboboobooobooobooo
Jo0ooo0ooooooboobooboobooo
gooooDo0obOooooDoobooobooobooo
00000o0Oo0ooOoboOooboOoOoooobooooo
000oO00o0ooOoOooobOoooobooooon
54.3 NOrFOGOooooonoao
goobooboboboooobobo 13obog
goboooobooboboboooobobooo
goboooboooooboooboobooobooo
gobooobooobooobooobooboobooo
oodoooooooooo NOrFOOOOOOODOO
go0o00obOooDboOobDoooooobooobooooo
go0o00o0oo0Oo0ooobobobooooboobooo
od0oDbo0oOooooooooooooooa

ooboooooooobooooooooooobooooo 819

55 0O GeminiODOOO
O000O0o0oooooO GeminiDODOODOOOO
gboooobooobooooboocoooo
goooooooosobooooooooooon
gooooooobooooooobooooooboooo
gooooooooooooooobooooobooo
goooooobo4000000000D00D00O0O
goboooooooooooooooooooobod
000 Gemini DO OOODOODDOOOODOOOO
goboooooooooooooooooobooa
gooooood
goboobooooooooooooooooooo
000 GeminiOOODDODOOODOODOOOODOOOO
0000000000000 GeminiOOOOOOO
goo00oo0oo0oo0o0o0oo0o000 RNRODOOO
gobooooboboooooooboobooooobooo
goooo0oooobDO00OORNROOODODOO
gobooobooooooooooooooooood
goboooooooooooooooooooooa
oo0O0oo0ooo POPO NIFOODOOOOOO
gooooooooooooooooPOPO NIF
00o0o00o0ooooooooooooO Gemini O
goooooooooooocoooooobooooo
goooooo
gobooooooooooooooooooooo
gooopoooo NOCOROCONOF OOOOO
O GeminiOOOOODDOOOOOODOOODOOOOO
GeminiJOO0O0OOODDOOOODOOOOODOOO

6. DOOOOOOOOOO

gooooooooooboboooooooooooo
gobooooooooobooocoOooooboobooobooo
gbooobooooooooboooboooooboooooboo
gbooooboooooooboooon

gooooboooooooooboooooooo
goboooobooobobbooobooooooboboo
goooooooooboooooooooobonoo
gboboooooooooooooooooooood
gooooooooooooooooooooood
goboooooooooboooboOooooooboooo
goboocdooboobooooboooooboocOooooooo
gbobooOooooooooooboobooooooboooo
gboooooooooooooono

ooooooooooooDoDOO «oODOOOO
go”0ooogdoooooooooooooooo
gooooooooooboooooooooobonoo



820 goooooooo

gooobooooooooooobooooooooo
gooooboooodoooooooboooooooo
gooobooooooooooobooooonoooo
gooooooooocooooooocoooboooon
goboooooooboooooooooooboooon 2
gooobobooooooooooboooooooo
goooobooooooooooooooooooo
gooooooooboooooooboooooooon
oo
goboboooboooooooooboooooooon
goooobobooooooobooboooooooooo
goooobobooooooobooboooooobooooo
gbooobooooobooooboooboobooboooDo
goooooooooobooobooboooooooo
goooooooooobooboobooooooooon
gooooboooooooboboooobooooDon
goooboboooooooooooboobooooooo
goooobooooooboooooooooooon
gooobooobooooooooooooooooon
gooooodoooooooooooooooooaoa
goooboooooboooooooobooooobo
goooobooooooooooooooooooo
goboodoowoooooooooo

7. 0000

Kapser OO0 O00OO0O0O0O0OO0O0OO0OOOOO
0000000 CLCSOonoonooo®acCLICcSo
gooooobooooooooobooooooboooon
00o0o00o00ooO00oo0oooooocucson
goooboooooooooooobooooooo
gooobooooooobooooobooooooo
O0D0000000000000000000Kapser
goooboooooooooooboooooooooo
O0ooO0ooOoooooocucsooooooon
oobooooooo

goooooooooobobooobooooon
gboobooooboooooobobooboon
000 Gemini DOOOODODODOOODOOOOODO
gooooooooooooooOoOOObOOO0O0Oa
Oo00O00JDK1sO1,881,1400000000000
gobooooobooobooossooooobooboooon
000 24974330000000000 12,52200
gobooooooobooooooooooooenon

Y CPUO Pentium4 3.0 GHzOO OO 0 2 GBOOSO Windows
XP

Feb. 2007

00000000000000000000000
000000000000000000000000
00000000000000000000000
gov3Y0Kapser 0000000000000
0000000000000 000000ooooo
0000000000 00000D0000®0000
0000000000 D000000D00000O0o0n
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
00000000000 2000000000000
000000000000000000000000
000000000000000000000000
0oo0ooOooooog

Rieger 000 DD0ODODODODOOODOOOO0O0O0O0O
00000000000YoOooooOo0 Polymetric
View) 000000000000 00000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 oooOn

Johnson 0 HTML OO OOODOOODOOOODOO
00000000000 ®0HTMLOOOOOOOO
0000000000000 D0000000D000n
00000000000 000000D000000D
0000000O0Johnson 000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000

8. 0 00O

81 0O 0O 0O
gooobooooooooooobooooooooo

goooobooooooooooooooDbonoo

goboooooboooooooooooobobbOonoo

000000000000o0oo0oo0o0o0 Gemini

00000000 GeminiDODODOOODODODO

e JO0O0OO0OOOLUODOOCOOOOOOOODOO
gooooo

e JO0O0OC0O0O0OOOOLULDOCOOOOOODOO
gooooobooooooo

o JO0O0O0OOOOOOOOOODOOODOODOO
gooooooooobooooooo

O GeminiDOOODOOOODOOOOOOOOOOO



Vol. 48 No. 2

gooobooooooooooboooooboooooo
ooooooooooooooboooobobboaoo
8.2 O0OOOO
000 Gemini JOODOOODODOOOODODOOOO
goooboooooooooooooooooooo
gooooooooooooooooobooooooo
goooboobooooooooboooobooooooooo
goobooooooooooooooooooooon
gboobooooobooooboooboobooooboon
goooobooooooooooooooooboooon
goooobooooooooooooooooooo
gooooooooooooooooocoooooo
goooobooooooooooooooooooo
ooo
gobooooooooooooooboooooooon
OO0 100000GeminiD00OO0OOOOOOOO
goboooooboooboooobooob wobbooon
glooboooooooooodleobooooooon
gooboooooooloooooooboooooon
gooooooooooooooOoOOObOObOOoOO
gooooooooooooobooooooooo
goooboooooooboooooooooooo
gooooooooooooooooooooooo
goooboooooooooooobooooooooo
gooooooooooboooooooobooooon
goboooooooobooooooobbooooboo
ooboooooooooooobooobooooooo
gboboooooooooooboobooooooboon
goooooooooooooboooooooooon
goooobooooooooooooooooooo
O0000000000CCFRinder00O0OO0OO0O
goooobooooooooooobocoooooooo
gooooboooooooooooooooonoooo
ooboooooboooooo
gooooooooooooooboooooooo
0000000 CCFinder 000000 ODOOOODO
gooooooooooooooooobooooooo
goooboooodoooooooooboooooooon
gobooooooooboooooooooooooon
gboooobooooboooooboooooonon
gooobooooooooooobooooooooo
goo
oobooooooooooooobooooooooon
goooooboooboooooooboooonoooon
goboooobooooooooooboooboooooo
goooboooooooooooobobooooobo

ooboooooooobooooooooooobooooo 821

000000000000000000000000
000000000000000000000000
00000000000

00 OGeminiDOOOOODOOOOOOOOO
000000000000 O0®OoDooooooo
0000000000 000000000O0o0on
00000D0000000000000000000n
000000000000000000000000
000000000000000000000000

Oe-Society 00000000000 OOOOOOO

gooobooodoooooooooboooboooooo
0000000 AMOOOOO17200001 0000
ooboooobobodble-s3s10000000O0

g o o o

1) Baker, B.S.: On Finding Duplication and
Near-Duplication in Large Software Systems,
Proc. 2nd Working Conference on Reverse En-
gineering, pp.86-95 (1995).

2) Baxter, L., Yahin, A., Moura, L., Anna, M. and
Bier, L.: Clone Detection Using Abstract Syn-
tax Trees, Proc. International Conference on
Software Maintenance 98, pp.368-377 (1998).

3) Ducasse, S., Rieger, M. and Demeyer, S.: A
Language Independent Approach for Detecting
Duplicated Code, Proc. International Confer-
ence on Software Maintenance 99, pp.109-118
(1999).

4) Fowlor, M.: Refactoring: improving the design
of existing code, Addison Wesley (1999).

5 000000000000 OoOUoOoUoOoOO
0000000000000 0O0EASE OO
00o0O00o0oOooooVold, pp.1-4 (2005).

6) Johnson, J.H.: Navigating the Textual Redun-
dancy Web in Legacy Source, Proc. 1996 Con-
ference of Centre for Advanced Studies on Col-
laborative Research, pp.7—16 (1996).

7) Kamiya, T., Kusumoto, S. and Inoue, K.:
CCFinder: A multi-linguistic token-based code
clone detection system for large scale source
code, IEEE Trans. Softw. Eng., Vol.28, No.7,
pp.654-670 (2002).

8) Kapser, C. and Godfrey, M.: Improved Tool
Support for the Investication of Duplication in
Software, Proc. 21st International Conference
on Software Maintenance, pp.305-314 (2005).

9) 00U0000OO0o0UOO0OUOOUOOoUOOOO
O0OOOLAPMIOOOOOOOOVol4l, No.4,
pp-363-368 (2000).

10) Komondoor, R. and Horwitz, S.: Using slic-
ing to identify duplication in source code, Proc.



822 goooooooo

8th International Symposium on Static Analy-
sis, pp-40-56 (2001).

11) Lanza, M. and Ducasse, S.: Polymetric Views:
A Lightweight Visual Approach to Reverse En-
gineering, IEEE Trans. Softw. Eng., Vol.29,
No.9, pp.782-795 (2003).

12) 00 0DO0O0OO0O00O0O0O0 000000000
0000000004 Partlld SEC journal, Vol.5,
pp-44-49 (2006).

13) Mayrand, J., Leblanc, C. and Merlo, E.: Ex-
periment on the automatic detection of func-
tion clones in a software system using met-
rics, Proc. International Conference on Soft-
ware Maintenance 96, pp.244-253 (1996).

14) Rieger, M., Ducasse, S. and Lanza, M.: In-
sights into System-Wide Code Duplication,
Proc. 11th Working Conference on Reverse En-
gineering, pp.100-109 (2004).

15) 000000000000 0DoOOoOUOoooOO
00b0o000oobOOoooooOooobooooooa
000000000 0Vol.86-D-1, No.12, pp.863—
871 (2003).

16) Yip, S.W.L. and Lam, T.: A Software Mainte-
nance Survey, Proc. 1st Asia-Pacific Software
Engineering Conference, pp.70-79 (1994).

17y D0o0U0OoO0oooOooUoooUoooooo
O O O http://sel.ist.osaka-u.ac.jp/kobo/

(00 180 5 0 13000)
(00180 110 2 000)

oo ooooooo

o0 1400000000000
ooobooooowsoooooo
ooooooooooooobooo
oooooooooooooooo
oobooooooooooooon

gobood

Feb. 2007

00 0oboooooo

oo leo0oooooooobooo
goooooooooooo 180

S gbooooooobobooooo

. gbooooodoobooboo 1100

gobooooooboooooooo

e

Ve
Y

oobooooooooboocoooooooooonn

00 0000000
” 00 6300000000000
€~ 4 [C000000003000000
e 0000000000000000
“ 000000000000 8000
a 000000 11000000000
014000000000000000000000
0000000 17000000000000000
000000000000000000000000
000000000000IEEEDJFPUG 0000

00 OOOOOoOoO
00 5400000000000
| 000000000 5900000
o 0000000000000000
‘\/& 0000000000000 59061
s 0000000000000000
000000000000000000000000
030000000000 70000000000
0000 14000000000000000000
000000000000000000000000
0000O0O0OO0OO0O0OIEEEDACMOOOO




