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Analyzing the Quality of Legacy Software Based on Code Clone

AKITO MONDEN, SHIN-ICHI SATO,#t TOSHIHIRO KAMIYAfttt
and KEN-ICHI MATSUMOTO

Existing researches suggest that the code clone (duplicated code section) is one of the factors
that degrades the design and structure of software and lowers the various quality attributes.
However, the influence of code clones on software quality has not been quantitatively clari-
fied yet. In this paper, we quantitatively analyzed the relation between code clones and the
software reliability and maintainability of twenty years old software, which is written in an
extended COBOL language. We used the number of faults per LOC (Lines of Code) as a relia-
bility metric, and the revision number of modules as a maintainability metric. As a result, we
found that modules having code clones (clone-included modules) are 40% more reliable than
modules having no code clone (non-clone modules) on average. Nevertheless, the modules
having very large code clones (more than 200 SLOC) are less reliable than non-clone mod-
ules. We also found that clone-included modules are 40% less maintainable (having greater
revision number on average) than non-clone modules; and, modules having larger code clone
are less maintainable than modules having smaller code clone.

goboooooooooobooooooooooobooo
gooooboobobOobooDbOooboDboobOooo
goooooobooobooooobobooobooo
gobooboooboooooooboooooobobooon
goooooobooobooood
goboooobooboooooobooobooon
gooooboooooooboOoob 100000
00000000 Code Clone O ODOOODOOOO

1. 0000

00000000000000000000000
O Legacy Software0 00 0000000000000
000000 0O0D0OO000O000OOooOn?:29~2ng

t00o00000D0o00D0oo0obOOoooOoO0oo
Graduate School of Information Science, Nara Institute
of Science and Technology

10000 NTTOOOOOOOOOOOOO

Public Administration Systems Sector, NTT DATA

Corporation

ff1t 0000000000000 DOO00O00O0DO0O00O00 21@O
gooooooooo
PRESTO, Japan Science and Technology Corporation

2178

gooooooooobooboobooocoboooobo
000000000 0oo0ooooOooo&OOOOO
obbooobooboooooobc1mooboobooo
gboooooooooboooobobooooobooDoDOo
oooooboooooooooobooobooobo



Vol. 44 No. 8

Module B Module C

Module A
01 0Oooooooooo
Fig.1 Production of code clone.

0000000000000 5060%0000000
00000000000000000000®729g
000000000000000000000000
0000000000 10000000000000
000000000000000000000000
000000000 000000000000000
00o0”00000000000000000000
000000000000 000000000000
000000000000 D000000000000
000000000000 D00D000000000
00000020 000000000000000
000000000000000000000000
000000000D000000000000000
0000000000000 D00000000000
000000000000000000000000
000000000000 0000D00000000
0000000000 00000000000000
0000000000000 00000000000
ooooo
00000000000 0Baker? 0000 CO
0000000000000 00000000000
0000000000000 00000000000
00000000000 D0000000000000
0OooogobnM~200gnooo0o0o0o
000000000000 000000000000
goO0oD0O0O0oDooooooo®ooooooD
0000000000 00000000000000
0000000000000000000D00000
000000000000000n
00O020000000000000000000
000003000000000000000000
0000000000000 DOO0000000000
000000D40000000000000000
000000000000000000000000
000000000000000500000000
00000000600 000000000000OO

oboooooooooboOoobooooooobooboOoooooon 2179

2. 00000000

0000000000 1000000000000
00000000000000000D0O000000
00000000000000000000D0000
000000000 0000000000000000
000000000000000000000000
00000000000 0000000000000
000000000000000000000000
000000 D00000000000000000
00000000000 0000000000000
00000000 000000000000000D0
00000000000000000000
0000000000000 O00000000n
000000000000000000000000
0000000000000 00000000000
000000000000000000000000
0000000000 00000000000000
0000000000000 00D000000000
0000000000000 0000D0000000
0000000000 00000000000000
000000000000000000000000
00000000000 0000000D000000
0000000000000 00000000000
00O0000000000000000000000
00000000000 00000000
00000000000 000000000000
00000000000 0000000000000
0000000000 00000000000000
010000000000000000000000
0000000000D00000D000000000
0000000000D00000000000OOn
000000000000000D000000000
oooog
0000000000 0000000000000
0000000000 00000000000000
000000000000 000000000000
000000000000000000000000
00D0000000000000000000000
000000000000000000000000
0000000000 00000000000000
000000000000 000000000000
00D00000O0000O0O0OoO0?0
0000000000 0000000 100000
00000000000 0000000000000
00000000000 0000000000000



2180 goooooooo

ooooooooobooodoooooobooao
gooooooboooobooboboOoboobobono 10
gooboooooboobooooobooooooooo
goooboobooooooobooooobooobooon
goboooooooobooOooooOoooobooooo
gooobooooooobooooooooboooboDboboo
goooooooooooooooooobooooo

goboooooooooooooboooooooood

OOD0EickOdD 1,0000 0000000000000
000000000000000 Code Decayd 00
000000000000000000%00000
0000000000000000
0000000000 1000000000000
0000000000000 Complexity MetricsOO
000000000000000000000000
00000000000000000McCabeDdO0O
O00000000Hasted 00000000000
000000000000000000 Chidamber
O Kemerer 10 0000000000000 000
0Oooooooooo?i9®¥2ggogoooooon
000000000000000000000000
000000000000000000000000
000000000000000000000000
000D000000000000000000000
0001000000000000000000000
00000000000 0000000000000
000000000000000000000000
0000000000 D00000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000 D000000000000
00000000000 Complexity Metrics 0 OO
0000000000000 0000000000

3. DOobDOOoOooooooon

3.1 00D ODOOO

goooooboooooooooooooooaon
goooooooobobooooooooooboooa
0000000 ooooo&OO0OO0OOooOoooo
ooooo0oooOoooOooooooo&OOoOoon
gboooobooboobodobooooooobooooo
goooobooobooboobobooooobooooboon
oboooooboooooooooooooooooa
00000000®0000&0000000000
gooobooooboboooobObooobOobooo

Aug. 2003

0000000000 00D0000D00000000
0000000000000 D000D00000000
00000000000 000000000000D0
000000000000000000000000
000000000000000D000000000
D D D D D 1)~5),8),15)~21)D
00oooooooo*™®®ggooooooonoo
0000000000000 0000000000
0000000000000 00D00000000
000D00000000000D0D000000000
0000000000000 D00000000000
00000000000 D00000D000D00000
CCFinder 0 0COBOLDO PL/IOOO0OO0O0OO0O
00000000000 D0000D000000000
00000000000 0000000000000
0oo0O00O000Oooooo
(1)oooo
0000000000000 0000000000
000000000000 000D00000000
00000000000000000000000
000000000 000000Dn
(2)000000
0000000000000 0000000000
0000000000000000D0O000000
0O000000000000000000000
000000000000 0O0O0DO
(3)0000000000000000000
0000000000000 D000000000
000000000000 000D0000000
000000000000000D00000 Suffix
Tree 00000000 OO0D0YY 00000000
0000000000 nOO000 O(R)DOOO
00000000000000000000000
00000000000000000000000
ooooo
3.2 000000000000 0ODOO0DO
000000000 00000000000000
0000000000000 02000000000

gooboboobooooboobooooooooooooo

goooobooz200booocoooooocooooo

ooooobooooo 2000000000 2000
(1) In-module DO OO OO
goOooooboooooooo 200000000
gooooooooobooooo

(2) Inter-module 000000
gooooooooooooo 200000000



Vol. 44 No. 8 00d0o0o00oo0o0oboOoooooooOoooooooooo 2181
In-module Loc
clon;e pair 100
80+
Inter-module
clone pair so-
/ =
7 // %
. L
Module A Module B Module C Module D
(Non-clone) (Closed) (Related) (Composite)
Module A Module B MAXLEN: 0 20 40 "
02 2000000000000 COVERAGE: 0 50% 50% 80%
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