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Abstract Software changes for various kinds of reasons and they increase maintenance cost.
Software metrics, as quantitative values about attributes of software, have been adopted for predicting
maintenance cost and fault-proneness. This paper proposes relationship between some typical
object-oriented metrics and software changes in industrial settings. We used seven metrics which are
concerned with size, complexity, coupling, inheritance and polymorphism, and collected data about the
number of changes during the development of an information system on .NET platform. Based on
them, this paper proposes a model for predicting the number of changes from the object-oriented
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metrics using multiple regression analysis technique.

Key words :

1.ME

2ZEG9 7RIt AAL AL o] EHSHEA
axEde] FARL I FHdo] nRxHD Stk 4
ZEHOE YT olFE Lzd UF WA} A
o} AHEAZE 2e wastel RS AASY] A8 8
7ol doluAY ARt AR$ 7% &7 Wl 3
Aol AT 3y Ee AZEols BAY =
do] Aol WaA B A4 "EE AZEJY
Ase T4 FA9 e 98 T HYEF

ol EES PSR AFIA gEdTHl(2d)d sl FTHAR

<

t A8 g EAE) A"
mjung007 @naver.com
oy sty AFE IS a
hschae@pusan.ac.kr
B - Rddsta ARE TS
tykim@pusan.ac.kr
=EF 0 2006d 119 284

AR ¢ 20079 4% 169

Object-oriented metrics, software change prediction

(refactoring)ell el3iM%E W7ol WASA ) ol
2ol AZEJe7t /NEE F ALEAL] ARgo] ARH
HARE HrE W 7R AZEOE HRAANNE B
E 5§ 2B fARSe ol

AARY £ZES fARST BT 9 2
g dside 2ZEHO fARF L8HE ulgd]
g d&o) "asit s fA By 289 ¥E
TAHA ZA Rihs FAe) £YE FR RG] o)
P AEL vig ez A ot vk AR o)
3 WAL dErdol okl FelF AT ES
FARAESE v AAsA olF Hi"em AAZFL K
A8 F5o) g #Y7t s Aol

AZEJO EAL FAFHAow AYS FHAH3Y] 4%
o AH AF WEL AMEstn glon, o3 AZE
do HEZHS AR AFHA HE A ds A
A 2de wAsy 24e AAsy] A% Wde e

] r{o

o



604

d =g AFATH2] 2322 LZEo WEHL
oF dAdolY RS, NS THY WEe Tl
g FARFHEE 95t f83ith

2 =fdAe vt & AxgAS] 99 2 T
#e] Azde] {32 Hyked dFE dAFHez FHE
& gozH T8 2TEJolY FARSs WA THL
&auzt gt 2ZEH] Ale]g FU¢ HIEY F7t
g JHAee WA H 35 sk, oo %S
nE AAAY dEY F ojd o] dUojx o
Aol o FF¥Ho| & 7 EAFTGH, HHEA HLL
A 8 5 ok W3 B 3E TheE 80 E &
ZEdole 7R, 3%, ZA¥UE, 44 984 4
Wike AXAY WEHE ARgste FFHA FAE
BEY F AAdAE w123 9y olgHe
TAA /W BEIAEANE Fokd WAEA S5
W HH3 S 2YS AAEn.

2. T3 o

FEAERS=RA 2ZEH B 3§ A AU A AT B Q077)

Aok & dEHIY FA g3 Hsty AT 5 9
T A7 3g dvte] 1 WEYE FAS oFse
HEE 5 91g AojrHi9-21l.

ogA WEY FAY A dFd d79 F8
Ae adg 3 gAR ddFczE A7y £ oF
o ddA atA B Add A7) YA F
st QU AR AZEH O] SR HFY AXESI ]
HEY 7l BAE Hotsly] A% 2 A¥9y A7
AU F 18 FARF =8 o3 B3 APF A7
g a9slm ok & €& FAES =7 927 @™
H dEEd =E8Sey 7 e olF 4¥F dFd
g vla 7|EEelth ZF AFF dFe W Ha 7]
Fozs AYPAM AMEE FAEHA FRESF HE A
A Uy 428 9std A8-d WEZY 7, 5AF
2AS Este] dotd JFEHUE WEY,

WHE

b
B
¥

ERS(FARS =2)
dudoz WEdS Fool AARS =HE 428

£ZEe] vEPL 2TESe] FYH xzEgel N B d FARF =F AA tiF ek das
248 42 %) AN 9% ARA sgez U 7€ A¥F AL FARS =L MR
AHEHT ok AZEY] WEDez AxEgel T4 A% WAY B9 & WA AF HARFA 289
& 2387 A% AWt ggaA Aggn argg AT 5 ARSIAR Lisk Henrys Fe23 W3
H3-18]. AZEdo] WEYY FARHE WLd HEY 219 8 FARSs x=¥oz AHsATH22). Polost
o) A7 ol Ao 1 Y AZEge A4  Piattini® $ARST xHE AFE YA = FH8
#el BAE drhd Al BAstn Qe Al ge T AFE WRE WA ¥ £AATE TRI A

E 1 #ABs =8 d2d B9 494 47

Object Oriented
Metrics that Predict
Maintainability

(Li and Henry:1993)
[22]

Using Code Metrics to
Predict Maintenance of
Legacy Programs : A
Case Study

(Polo and Piattini:2001)
[23]

Predicting
Maintainability with
Object-Oriented
Metrics~An Empirical
Comparison

(Dagpinar and
Jahnke:2003)

[24]

Maintainability
Prediction : A
Regression Analysis of
Measures of Evolving
Systems

(Hayes and Zhao:2005)
[25]

s

ole] 2=
(FAns =2 2R e =

APE FAE
A28 AR

FARTA &
02 2R
PMA| 4

x

DIT, NOC, RFC,

NIM, TNOS, NOC,

s LCOM, WMC, MPC, | LOC, AID, LCC, WAE BEY Hlg,
TERT DAC, NOM 2E9 A% Direct/Indirect %% | RDCRatio
SIZEl, SIZE2 HEey
E4719 37 Y 2A 24 37 4 SAH oA Y O53H 4
sete 439 e Eégnfo\?/ivfgcﬁpc LOC, TNOS, NICMIC, MAY 25 g,
iy , , , e .
WEe DAC, NOM B9 A NIMMIC, NIIC RDCRatio
Ada, A& 2ZE],
UIMS (User Interface | COBOL/CICS, . 00 PROJECT,
N2 87 System), QUES 4e rEEo), IAVA, DSDDistributed | 540) qiol ) 298
(Quality Evaluation Sk 3 P AT ES 0]

System)




HAAZ B L o] &8 w7 A NG 4F 5 605

9 MBS TAFY Fugg JIEeE AV e
AZEdolel EAVE Rl AZEJOZ EFsHd
[23]. Dagpinar®} Jahnket FARF BFE perfective/
adaptive, correctiveZ ¥-F3t] 2719 FAHE o} &
SHE MUY NS FARS =Yooz oIt
[24]. Hayes$} Zhao2 7§QE FAEHF £8HE A
& o83t fARF =¥E& 0PAZ EFT PM
(perceived maintainability)& fFAEsx=doz A3}
ATH25).

cEPEFALE HEY)

FRRS =g A 2 FAHE 5t s A
A A HEo] AME-EHAt FYE WEZE] AE-H
Aol oy 7 APeXs AAFHeRZ fdsd (A
Ha v go] 9Fgg vl RAeF diEHE HEZHES
Agsty APS FP3Fth ol FAESF =¥ F
A7 A BE AFAEC] AL U= vIEH]
oA Aot HA fFgten ARF e ueiM 3
Ve MEHE HYdk Ao 713tk

Li¢} Henrye AARAE AT E oo HAG 9
FE dZ38t7] A%t Chidamber} Kemerer[26]7} A
<3 dEYY] AR E E£Feld AY=E SV 9
3 W EY 47}x(DIT, NOC, MPC, DAC), ¢El#o]x
2748 3A3) 9% NOM WEY, 283 AZE
o zv|e} BHEE vlEY 271A(SIZE], SIZE2)E A
3tH22). Polos} Piattinie €9 W7ZAL% 357t 3
TRE 29 A FEE 23] 989 LOCY =
5o AFE AFE3t9tH23]. Dagpinar$t Jahnke: 73
AAF MEHE AHEES J0E FARE ALE o
317 98t AT Eo9] A7)(NIM, TNOS), ‘&
(AID, NOC), $F=(CC), A& =(Direct/Indirect Cou-
pling Metrics)& AM8-31tH24]. Hayes®} Zhao2 &
ZEHOY AR x=¥E 4A 4537 943 Ut
2.2 RDCRatio EY-& AU cH25). RADRatiogk
2 87N HA £88 Az tA] WA 48
B AE T3ty Agtd Fd 29 WA A8d™
AIZEE Wirola 73k =3 A% E 2EQ vEgs
A+g-313 Tt
<B4 74

HEYH AxEo FARY BA 2 4% 2Fs
ZE&3] st HARA 7ol guiFoE A EEHL
Atk AHEE WEY] Aged meEtd ddsiAEAd
FE AR o] AMGEI glow, WEHS e EXof
wEbx EXAE I AL AHE R . E =2
A vl B4 =§ 49L 25 gFIAEAE AN
sl Li® Henry, Hayes$®}t Zhaot= THEIARAM S
AMEEATH22,25]. Polo9t Piattinie 2R A€ 3 AEA

S A28 tH23]l. Dagpinar$} Jahnkes ©E3]AEA
£ AREIIR T BAA WS AEedui24]. FARS
8g ATES] HEYS o|&do [P sl 4
Z35}7] 93 2AvEe tekdty g3 Aol go)
AHEE 3 QleH27].
B4 dn

it A9l ALY JPHE B3 JE§Ho)
e Aoz e vEZHS ALSH AA vEZY
diRoz EMET List Henrye AA|AFHoZ
Nid AZEole Fea3d WAE Y Fe &
2322 85E 4o AAANG WEHY 2oz oF
o} 7153 rH22]. Polo$} Piattinie COBOL/CICS ¢
A& AME3tY AMEE AlFoA 9 WAeH IS
7t BHgE 279 e 75 5% £ AAUTH23L
Dagpinar®} Jahnket Z 229 =719} Import Direct
Z2YE HEZLR {AESF 4287 A7HE A3
tH24]. =, A4 $3E, Indirect/Export A=
HEZL 282 239tk Hayes9} Zhaod FARSF
o 4£83% AT dE2d(MainPredMo)& ¢k
[25]. o] ®dloA AME-E RDCRatio WE®-E perce-
vied maintainability(PM)3 ¥]|x3le] W3¢ 428 ==
=S ABA Yoz 2P es PM ¢99 80%
Az FAMIE RAFAT

3. &g &3

2 ddAE AZEd WA A" BEHL I
o5t7] 3t AHEE AAAFE WEYS Lgc o
21 48 diy Ala"e R 98 32 5& 49
Bt 2§ Al2EeA dolel 3L ojmd WHe
2 stHen oA%gA HEYE AHeA dEgt

3.1 MEChA HIE"

o} Age el AZE = AAXFA] Cro g
MEEHAR, CE#z=e] WEYS AEr] YA A=A
A AxEgo] HAXETR Togetherg o|&3ld 713
A WEYE AEFATh o AdHoME FHid
TE, 3%, 4%%, 444, 84 F95 Jehie
Uk = 2719 HEYHE ARSI
* FR(Z7]) &4 HE"Y : LOC(Lines Of Code)

829 FEENE F437] T WEHoEA
LOCE AM&3th LOCE Z#jxe & 9 39Uy 4
2 Agsta 2P oy, A BE HAYPES
23 ggolty LOCE Z2adwW doje] EAo]
v EAtel el wEt & Aol drke e
= BF3ta §Fo] foldtn FA#Helr] Wi HF
Aoz 7b¢ go| AMEE] frt

- BAEE &3] 9% HAEZ : CC(Cyclomatic



606

Complexity), WMPC(Weighted Methods Per Class)

ER=rt 5E4E AL Ad /5T 7tedel =
o Z2aged dig oy} oHeEE fARS =T
oEgel A& £ ok AplEFEHAY BF=(Cyclo-
matic Complexity)e W4E T2 Aoj5Ed T &
FAxo dg Ax2A, dAAY A stEA] o)
A Aeoget shte] wlAT QoA ARSE AR
g 7R ue} Aldbstedl, BErERl SA7E i
AA 9] WEZogZA Chidamber$t Kemerere WMC
(Weighted Methods per Class)E 73l=H 288 7]
FAE Asix g3 dEYY HE Ao R3=F
GAFAC drMe Wi s5Ad wE WMPC
2 B3t
- 2%t% W EY : DAC(Data Abstraction Coupling)

AYErt E55 LY &Y FoEE R
A FhsAol ol AARFHIS0] Bo| =t Ro|
AubHolt}, Ligt Henry7} A9t DAC[22]= Ze)j27
o] dloje} F43slel o7 FHY27r EQES T
th. DACE 204 AHgEE S8 24 RN
=d & ZY2=9F JFPe] BA e FH29 FE
30
A5 (Fo)E FH3he WEY

Inheritance Hierarchy)

DOIHE 4&AEe] Zolg vehich BE e 9
2 Egle 19 Hol|g ZT BE ZY2EL 4HE
29| Zolrn} 14k dxtHe s DOIHZF S7Hshd &
BAE7t F7180 BEFAES 53] YA 4=
Edoje] Axgo] wtolArt
- THA S Z3sks EY : NOAM(Number Of Added

Methods), NOOM(Number Of Overridden Methods)

NOAM2 Zezo] 93 4&7 AFPAE ALstn
ZF7lEe eHHolAY £E YehH, o] dEge]

o=
—_

. DOIH(Depth Of

N,

ARADEGE =T AZE O] L §& A 4 d A 7T ZQT)

BT @2 Fo7 Eud29 7540l 2 RIS
9] oAz AF d2A JebdS vt 2 449
NOOM(Number Of Overridden Methods)& ZjAolg
Az $£& yehln], MEEH2dA EREH29
HAEE ATz N R FH29 J5e S
o 34L& vEpd

3.2 AlE A AlAH

WA WELD A7 B B} ATFE A3
AR O AlaEe 1 AZRYAMN TES Qe
39 2 7ol #E Al=goln, EFAAE Windows
2003013 IS YA W7t MREo Yok 17 1L Agd
A Az=Fe ol7EAE BAEH o] AlAHL e
ZHE AdFaFo] 5o 7GR AHEAT HA
< dgsta, Q18" Ao it AgARI A4R
th o] AR f 7Nty AAEA] EFo wEA
WRAANE e F 7o) @ A&HoE FRE B

A "Bk a3 Fup Be AA"e Aok wE 2
E sty s €Y FANA ol 2 HRE B

ch. 29 1ojA ERP AH % 944 Fel/4 HeE #
718 FEol A4F 3 dlito|ch

Oy 2 AU Al2EQ 99 & / 7ol E3E
AzEel AR Aotk AR A28 3-TierFEl
2 oldlle] ¥ o] FA4H itk

AHE2} QlE{Ho]2E Windows” |8tk Web7juke] 2
JMAE olFoA gtk HRYA FA RELE Web-
Service/COM+ E]e] C# =2 ZAHo] gloy =
dAegold 2B ASPNETH UI Object’} C# &
Hol gt} o] AxEdo= FEEH JFel wet 6719
vl As o} A(intranet, mm, myclass, myDev, sd,
SmartService) & 7FAZ owH, F 94719 FHWMAE
o]Fo)A Stk B 2& AF i A2de VEARE
el A48 diid A2RE s F 9l 29

NERPC | gy may/poy mal
@ aré\gzaeggﬁﬂ:')dtﬂ MSSQL 2005 IS0 MY
e - WEB Mti(Apache)

ASP({c#)

L

Switching Hub

o MH

H MH
DNS AlH}

a8 1 HEE A= 74



AAAG Wz

Business
Facade Object

XML Web
Service

Business
Fagade Object

!
=

Presentation

WebService

Business
, Object

Business

Object

CoM+

!

a3 2 99 el / 7o B} A9 olrlaA

¥ 2 9 Y/ 7o v Axde 712 PR

AAEA By e Hola
P 7.33 9.73
Ha gk 0 0
S3tak 5 10
Hoigt 3 33
2= diste] Fejxe] QJxfA Wys) Ao £5 1)
ot3tglch

Y 32 48 WY Al=dle] PR R g 7
3 —E‘:EE Rt 4% dd 2ZEYol FHad
& W & AWEY 57 olste] MFE AR
7F 50702 A A S 5290 B 67) o1

AHEE FH2E 21%9]
oj3tE MY FUs

D

. E-EH
107H o]&}e] HPE
&5 AAAFY, 1170 o) 1574
E2 15%°lth 714 B& AS4E 71 e FHae
337074A] A3 gloy HA 9] 1% Hx gtk o
4te} 2] ZA-$ol= 570 mlvto] 38%E A8z, 67) ©]
2 1078 vigke] 149, 1170 14 1578 mwtol 20%5
Epdict. 8.9kshd Fej2Eo] AAREXAA B FHT
AL o] W9l AME X1 e Hlgo] T
3.3 ¥ gt HolEl =7
£ A8 93 34 dAge] ohdg F47He] A
AAA AAQA AA AYE vgos a3 ok A
w33 FAA B AE @AM AEE FAFAC
Y Ase AR oA 8AE 2FARNY W
A7 Age] BHoR A7 A, N 2E HHs
Z 93 WRE T A2" AR 53] 2g9]
ANAZE Bete) A zH WA il Fdx gY=

(2P =

pfl il Faind

\_

ASSET E 3& £U€ doles) ARE v Fo.
Heletel BE B BAE ¥ Fdx B Az,

We] 4F GAE AT oW oz WHe] Uo)

WA 71estdh

ol &% AR T WF dF ¥

¥ 4= vidzdol2ad FHa

Yerdth %, @zwao] dolke

607
Foh WALy 358
ge28 Heiet]

3% 5%

21%

B1-5 W6~10 O11~15 016~20
m21-25 026-30 W31-35

3%1%

52%

7%

20%

2%%

14%
[B30~5 M6~0 O11~15016~20
W 21-25326~80 M 31-85

(b) e ¥ AP & X
a9 3 0] FR U 2X

F 3 739 ¥4 A toje o

g e~ ks A &
U FrER -
R, Sd202007 | 49129 | golB Rz HYA

o goj &7

Y22l pop%
Aol B | Sd020208 | 49129 B AT o=
HEE AgisdA
A"
A O
ARGzl T | Sd020208 | 49139 f;;ei?gi“d
mydev.Basice 2 3




608 AR} =R ATES)

E 4 digadelad g2 o ¥R B 3

Bl R Bt

R g 23 gd= 5 A B
intranet 5 18
mm 21 129
myClass 34 39
myDev 12 16
sd 17 99
SmartService 5 11
3HA 9 312

44 7158 F&Q didamolad 89%& HoEo
o} FolME F 6719 ddislojad gt Z vg
23o|2o] XFH F29 Fo T v o]29
S0l AT WFY) FE Ho £

+myClass, myDev, SmartServicee 3% E&oI
Ik Aoz wzyx AP GFstn ok
SmartServices AWl ZEo|AEY] FAgE 3]
A HRZ TS FH 2 54 o, WA 24

FE 11 gojydth olo w3 uifie T g
A BRI Aggoe] nvjzys 2EG A i Jle
A o] myClass® myDevelt}. myClass dlg2#H o]z
9] ZHY2EL Alxd AA Ao WA A" =78
A

¢ aEs qu FU2AME YIo| hEIHE
s W50l §F TA2ERA 1Y Be FY2E X
gatn ok

o Intranet ulgd2#o)2fe] & Fe
Service®} AT WAEAo] dojd SlFE © Brh
q7)d E@g=E P25 ZdAdHold B
23sin oA fHo)A 9 AFo] HIY Wi £
Edo] AH FdzdA AAge HFLS AT AFP
WA 31E SmartService Btk ¢ Bl

+mm YYxwo|Avt T FHl2Y e 2
A2A didadolA FoMes F uxz g2 FPx
E AAsn dok 2 W3 B4 e FB %2
M 5L B8-S AAFL sdot HEe] A lA
BEe stz gor mme Fu RELS Adke
EEECITH

+sd vl o]

flio
i
2

T3 949 ¥ BES Ads

Fal
A% Zadeold REe Lo AYsy Yor 2 -

3 =
2 FE 1770l WA A v BREA F AT

aY 45 vidamo)~dz Fel2o] ok WA WA
o] #¢] E¥XE HoFE g 3t Ful/gdd # Y
AA 228 ks mmT sd Higd2o)jx HAEA
78%7} vehdx qdtd 28] myClass 13%, intranet
6%, myDev 5%, SmartService 4% £22 W7 &Y
& Exsigoh

2 &8 A 3ud AT

SmartS

ervice ~
5% intranet

SmartS
ervice -
5% A4

intranet
6%

mm
40%

my Dev
5% myclass

myclass J

(a) B9 £X (b) 917 2 X
a9 4 vidasolx i FYas) AR B BEX

3.4 HAX|E HES Hdt

B Agore ¢ 2=2RE WEY AAE AN
71 18k Togetherg ol&3tth Togethere Java
ERZ®Y ol NET SHE 7|99 Ckz=2 78
B AP As"e 2dysin odsied dad
71%& AYEE= CASE =Fojtt. Togethere= UML
243y sl ol tdgt WEY ALS 93}
3 Utk 18 58 TogetherE ©]83ld 23" wEY

g RoAFEtr #=E Explorere Ed252 vehln
$2Z Designer= FY2EY AEBAE delojago

2 Jeh)z, Editors XA9® Fex9 A235F 4
M) a3 &9 Message Panedle 238 WE
Yo gg HAFET

4 dgdn ¥ 24

o] AolMe F3d 4% Anst £4 Fzg 2%
ot 914 A4k Zt WEY gy 39 W4F 2R A
E 293 Fd E 79 BAE AHECG 4 vEHYE
AZEOY AR FFE vXertE AT F
BHAE vigoz oA ¥ P3N
4.1 HHRIg HER HE U S =H Hol
E 55 & 24 WEY gt w3 2y AFES
Bazo) 7t Z82%E CC, DAC, DOIH, LOC, NOAM,
NOOM, WMPC wWlEZo2 TE3ld & HAFED
glon, O Zdxd AFHE 93 DA AFs §4
BEAIBE Sl

E 6o MEY &4 Axs §4, B, g B
g, Aoz 293 AL B Fot

a3 6-12& AMEE 79 WEHY sl HEY
& HE Sy o BEE HAEH

+CC MEY

CC WEY g EXE ¥y AAFHe2 0~120
Atolo] EEFTE 71 L wEE AXFE g 0~
10 Abel9] ez 10 olate] #& Ao oF 36%7t
B¥aa 9ol 2 ohgo] 21~30 Abole] gro® 15%S

<]

]

o



AAAYE HEYE 0] &5 H7R L4 T 95 =3 609
. iy P
Site_Codastring ~e_mé_Clickvold 1+
® +Is_Numb:string ~dw_md_liemChanged.vaid b
B o Table_Apo Formt g aw_md_MousaUpveid - gatasourcs:string 3
B3 A -_database:string
@ Endsting +bsPopUp_Numb B -_userid:string I
T +bsPopUp_Nurmb ~_password:sting g
# StariSiring #Disposevoid ~_tabla_r 1
# Tasyng -nitailzeCompanentvoia -gw_ht 8yvase DetawingowDatay | | -kmyFleisting
& _catabose -bsPopUp_Numb_Loadvold -gw_m1 :Bybase DataWindow Dataf 1 | -makeType:int
& _dsasoscs ~tw_ ) _RowF ptusChangedvol -Ow_mXybase.
& _password -ow_m1_KeyDownvoid 5
# “source_conns ~dw_m1_DoubleClickvold #OWC_1.Sybase Datawindow Dat] £| -_cource_columns DataTable | |-
& lable_nare FOWC_2:Bybage Datawindow.Datf: (1| StartStringstring
& _userid #0WC_3:Sybase.D “LineEng:shing.
& sorCrock
# oxcCmsshemo
¢ dest
# gettabloinfoscyt Al
# ostadientocnd il
& insist asespace Table App
& boyfiekt
# mekeTyoe 701 <surnacy>
:mm 724 SsciptFactorys O 89 /UG
o renyoe 11 <lsusmaey>
& zptype public clags ScrietFactory
€ wust {
& AterCheck private string _datesource;
gm private string _databace:
gn:ms [ private string _user)d:
& oewm private otring _pascvord;
& nslist private string _table,
§ KeyFiod R
& MaksTyps
1% 5 Togetherg °|4% WEY =3
E 5 e Wy Wy A
CC DAC DOIH LOC NOAM NOOM WMPC AL
intranet.conn 6 0 1 74 4 0 12 1
intranet.Content 50 0 1 426 14 0 36 10
intranet.download 3 0 1 37 0 6 1
intranet.list 8 0 1 75 5 0 11 5
intranet.photo 1 0 1 33 0 3
mm.mm301001 107 6 2 854 32 1 72 14
mm.mm301002 57 5 2 441 23 1 59 11
mm.mm301003 50 2 2 408 19 1 49 9
mm.mm301004 26 4 2 266 13 1 33 7
mm.mm301005 16 3 2 167 8 1 20 4
mm.mm302001 56 3 2 409 17 1 43 4
mm.mm302002 26 3 2 212 12 1 33 4
mm.mm302003 76 3 2 471 19 1 50 4
X6 2 WEY 7 HE
cC DAC DOIH LOC NOAM NOOM WMPC
BT 256 2.25 1.38 2405 9.947 0.37 2591
gk 0 0 1 1 0 0 0
F7gk 20 3 1 201 10 0 26
gk 117 9 2 854 33 1 90




610 ARAGI=EA]  LZEH O]
45%
35%
30% [

25%
20%
15%
10%
5%
0%

% 7%

3% 2% g 1% 1% 1% |

1% 6 CC HEZ X

AR, 11~20 Ale] ko] 13%= Al HAS AAT
ot a8)3 gleo)de] e @R 5% e AA s 3l
o} 81149 =& #ol U Edxe T #8 B8
Q1 mm digagolxdA 34, 99 #e REQ sd Wl
w0l 2o A 2707} Slch

+DAC WEY

[o} 1] 12} (3] 1a} (s] (6} (71 [8] (91

Iy 7 DAC WEH] £%

DAC WlEge EXE B tjEY o] 0% &
7} 3170 &4 33%0)t}h. DACY) Sej43tke
e A o] 31/ Sdae FRETn fBodrh
aglm F WAsE 39 e 28%E A I oS
o2& WEY gkol 1, 494357} 1%, 12%2 w23
=3

+DOIH "E¥

70%
60%
50%
40% |
30%
20% |

10%
0% -l
[1] [2]

2% 8 DOIH WE=ZS9 %

9 S8 A HUA AT BT

20} Zlo]E Ve DOIH WEZS 32 1973
Ty} 50788 FP22 62%°ln UHR|7} 291 ASR
vehgth & A3 dd AzdeME 4] dole 2
T 2 ||t}
+LOC HEY

40%
35% |-

30% |
26% |-
20% |

15% [
10% [

1Y 9 LOC HEZY %

LOCS 822 &1 100519 olslrt 37% S xx|3)v
AY Eo vles AAs2 gloen 201~3008H2] Atol
7} 20%2 1 geol:m, UnAzl 201~300 Alelst
129, 401~500AFel7t 11% 24 81%7)F 500 22l o]}
o]t}

+NOAM " EZ

26-80

0-5 6~10 1620 21-25 3135

1% 10 NOAM vl Ege B¥

1115

aA4de Jeh= NOAMS e BEXE 50}37}
39%, 11~15AF0)7} 20%, 16~20Ake]7t 17%ZE e}
W, 200|3tol A 89%F ApA|ct.

+NOOM HEYH

Aznedols tyHS Jgie = O dEF
NOOMSY ZEE RA HE 0, 1 F 7FA¢ AMgEHR
itk 021 A97} 63%, 147371 37%0itt.

+« WMPC WEH

WMPC #tel BEE 0~90Ato]olt}h 100]5+9] o)
UANE 36%E (ASH 7 B2, 21~30At0)7t 174
2 18%, 1 thgo] 41~50Ak0] e 1314%E A
&z gtk



AAAY WELHE o8¢ B7 T4 Ay 45 =9 611

70%
80%
50% |
40%
30%
20%
10% |
0%

19 11 NOOM WlEEe] ¥

40%
35% P
0% o
25% |
20% |
15% f
10% b
5% [
0% L

0~10 11~20 21~30 31~40 41-50 51-60 61~70 71~80 &1-80

g 12 WMPC WiEge] X

4.2 YHX|E HES|D} MY Aol AR

B AYdMe 2 AAxg e 93 H4g9 &
24T Fslr] A8 ABAFE AR
[28). & 7¢ 28 W3 A 3o 2 vEYHY
AgA gol

HA @ e 7 EYE BT o FRBAE
Yellz lch & 4 dEge ¥A
kel BAVE &g £3h 53] CC HE 3
A7t 074022 71 A Jeidn, ol E847t
BAgss WA 24 AFs go] dojdum Mg
4 9tk AL Jehlls NOOME 07272 o84
& B0 AHRAFE W7 W4T Bo| dojutty B &
t}. £ A&dolE vehlle DOIH gL 0.7012
vehdA 4ol Zolrt Ae4E dud Uzt B
cug WAy B JAg-E @o] dojuA "ok t¥4de
JehllE NOAM vEdE HAWAS5} 0.67590 4%
A4S 71tk NOOM HEZL AfAeld Wase &
2 o349 e Uehi® NOAM mlEHe] Feljo
o8 dejAle Wixe F2A AN gol2z A
o8 "ix=e 71 6 FBARAY} ¥0I B 4+ AT

WMPC MEZL BE34-2 Uehll= vlEZ o2 0637
ojn} WEY zo] AAFE WA YA ¢ dojdrin
B & 9t AZEFS] 37|85 vehle LOCHERY]
745 0635013 A@AA7)} Itk Holn L2F=9)
7|7t 245 d730] ¢ dojddn ¥ 4 ok wA
gtog DAC WEYFAY F@ AFE 036224 o
HEY gl nisjA vlmA 2L kg 7RI DAC H
e FYx7te E4S Vel A¥E Fold
dutH o g AZRE} FLFE WALYAFE Fopd
to B £ dou tE JEH nexes AuuAst
w2 Holgke AAE BAEH

4.3 3|FENE B8t U5

ARG vEYD FRD 93 34 240 o= A
= AgaAzE o] YoM wEA B HYdME
FrtH ez tFE3F] B471YEE o83 z WE"o.)
HAMA Sd vlXE 93 BAsn AAAYF qE

S o)&% WA W4 AF dEEIE AL

431 9AA ARY

tEsAEdAE aEsiolr @ Hol e A4
d 38 ESYPHFEZY & ARIAE M2 AS
7t Bt} ojAE EY WSE 709 ARBAVE =& W,
olAL HELE 7He tEFAA(multicollinearity)e]l 81
o @ik PSS Alold] tEEAde] EAFT
W 33" FAAS EAFHCR FoFA ¢A e
g shsAel b7 Wi oA S BAs
oF Fth Bgad #HLEC] Bo%le SRR IH(full
mode)BtHe BAaF HEER Bolde FAEF(re-
duced model)& 53 23 B} 719 s e
ulgAEti2g). o|& WAEr Ao mlg HFE 3¢
o] FUAFE Hotdtd FBBAN 5L F HSFE F
SIS ARAREHANN AASAY dAA HAYY
< o]&&t AUBAI w2 HVFE F A AWYo
Qe EPHFLE 2o TPAAS Folth

8 Z WEYRY APASFE PEFE YEATh
@A 5 D(correlation matrix)S HBFES #HAE
g ol €7 4A 3] Y5l 7z vlEY 239] A
+2 gz FeF Aok FAd AR Fe
ABAFR Lol zZt mg@dBASt 0ol 7
AR W A=E 7EHo g pol 5% FAFES
2 AR7Ide] 714 ¥E, 1% FAFFdA 7125
W x’olth B BeA 2zt W EE7Y FAAFE B
%E o) CC WEHY A% LOC, NOAM#AE "5 &

® 7 HEHH 7 4% FRWA

HEZ CC DAC DOIH

LOC NOAM NOOM WMPC

AgAs 0.740 0.356 0.701

0.635 0.679 0.727 0.637




612 ARAGY=EA AZEHO] & A A F A T Z(077)

E 8 JEEA-SuATYE

CC DAC DOIH 1LOC NOAM NOOM WMPC
CC 1.0000
DAC 0?387 1.0000
DOIH 0.2308 0.1293 1.0000
LOC 0!13*45 0.3&102 0.?198 1.0000
0.9061 0.6830 0.5922 0.8887
NOAM *% *k *ok *% 1.0000
0.6448 0.3545 0.9778 05743 0.6189
NOoM *k Aok ET3 sk *k 1.0000
0.8872 06761 0.5356 0.8750 0.9895 0.5639
WMPC *k Kk *% *k Kk *% 1.0000
(x FoA5F 005004 F9l, + 00104 F2])
& A%ez 090148 Holn, DOIHY Z$%= NOOM  T3th

090149 W E& ARABAE vEiz glod,
NOAM3} WMPCZHI® 0901428 wi¢ ¥ 48D
A7} st A

2 A@dMe e A
7HE @ol AH8H3 e 9AH W
F 7 AQAE HEHS FH ¥y
HARFHA ] we SPAFE A

o

CELMIELE
2 AHESHSITHR)
21 o] FlA

=
gt 4FHAE

2

Ne Ws7t g Bas) W) S 4 Lze

#olQ) S-Linkehe T4 £& o]&3te] AN THI0)
A FYXe 5% A= 7telA ug st

Az dACME F45HSd] A s 9A 7
gk B 9¢ 2 2HE 9%4std R F3 Yok A
o FJAAF7F 328 U t-HAAM FFEol
000022 Ugeonz ¢ Foditt a2m ofd 59
TS HE3A g2 Aoy IARY TIHA
e HMEE Y SYPAFES Fat FAFEY pil=

9 9AA IAAYY A
(a) BARZ S ARASF

Hy FHA | #ELF 13k gk
5% | 32000 0.3294 9.713 0.0000
b) AARY EHAA @ W5
Heolg | FEAEAST Fg D&
cC 0.7249 102.989 0.000
DAC 03655 14.343 0.000
DOIH 0.7051 91.972 0.000
LOC 0.6090 54.834 0.000
NOAM 0.6890 75.315 0.000
NOOM 0.7310 106.738 0.000
WMPC 0.6222 58.749 0.000

EPR4E FoM ARASI EoWA pEel #9
P Re o2 shid MEEle AR 2o ZYW
24 "t ¥ 9b)E BE NOOM HEZo]| 4
A7t A% B patel 000022 e fFolstez
wx AdEA grh o] HAFEL wEFHoR HEIHd
NOOM, CC, LOC #WEZo| Mdddr) ¥ 10& HF3
o8 o] Al 7}9] HEZo] Hdd ARE RAFEh

432 293 952y

oAl HARY AL AH oL 2L 432y
< =&34ch
AR Z =
0.9608 + 2.8457 (NOOM) + 0.1048 (CC)~0.0062 (LOC)
(&, 23445 0.6691)

NOOM, CCe %9 9%& F31 LOC WE
g3ke Fr} FAA]7} 2.845791 NOOM HE
2 el AAE wiAs Foltt = FHFY2olx
TE WLEE ME FH2oM AR AL
HAggast Argdgxrt 445 ol 7y 29
9 Hzle Mugdzax WANA e AFEHAL
k. = NOOM WEZH zte] =7|d |2 24 g7}
9ge A He Aotk FFA 01048F 7FXe CC
e BRA-E Vel BR=r 2255 Y
Aol LFEA FhsAdel Tobd WA B 9A A
o] EolXA He Aeolth 0226287 AFE 7HAe
LOCE Aazz:ze] #RIFE deded, Lhxicsd
gielo} Zolx FEy} W W7 W] F o dojdrh

4.4 AEAn 2Y

E AHolde B 4399 2495 73] a9 V&
Afete] MiwE Tt FAMS PAAE At
+ Y 24799 AANN HAHoZ FPP AHX
o] FARS JFE AZE) TR, BiE,

ok

® P

KR
L

o
R

&£

o
=]
=2
=

=

e



AAAZE W ES o] 83 #F LA A = =]

613

® 10 9AH AW - 3F @A
(a) 3| ARYS ZAAF

Z3BAFR) ZAAA5(R-square) ARAFS) W3 F A9 EEQ2Ks) 9 A Fe] HalF
0.8180 0.6691 0.0247 1.87729 239218
(b) EAEANE
29l AFE AR BFAF F3t P&
39 648.4962 3 216.1654 61.3371 0.0000
23} 320.7038 91 35242
A 969.2000 94
(c) A=Y E3g d
W40l g FAX) FEoa) (%43 p&t
58} 0.9608 0.2830 3.39%4 0.0010
NOOM 2.8457 0.5252 5.418 0.0000
cC 0.1048 0.0222 4729 0.0000
LOC -0.0062 0.0024 -2.605 0.0107
(d) BARY TEHA F Wy
Holg F-EdaAs F3k p%k
DAC 0.0414 0.154 0.695
DOIH -0.0542 0.265 0.608
NOAM 0.0684 0.423 0517
WMPC 0.0118 0.012 0911

ARE, 454, EFE dYsie AAXNY HEH
< AHEs A £AE AEE F USIAR
Ag Fegstart 1 A AZEJOY FEE A
g LOC, B@A=E ZA4% CC, didxes 3%
NOOM diEZo] W73 A J49 JDAAEZ /M3
o OEHYIARYAN Wz AYHR] gk
DAC WEYE X 7949} Zo] Blnzd e 4oy
AE Holnz tlEslAe Weze PSR I
tt. DOIH, NOAM, WMPC WEYLS W7 4z
HEE o AVWAE Bioy, EPESF =

o
=
P
T

Be AL U & tEINRe 2AE b
}mz ¥ A} oldel Wit ®e 4uuAE 7

e FA7F T2 e d9stn shis AQAA
o} &}t ¥ 8414 NOAM, WMPC ®EZe LOC
HEYs} DOIHE NOOM# & A#BAS Jehd
o9& A, SYPEF7 49 A G533 ANE
o] g3 oF EddME I I FH YAHEZ
fro] 58 BEIEA FABAST F 6 & NOOM,
CC, LOC vjEggto] §3& 7ix= A5 =it
B AgdMe LZEH0lY Vet BFT HEHS
AREEt] AZEO)Y] WA WA JA4E HgE5T F
AT} o] A= oA dAFNME TFTHQY AHE
YJERI 123,311, Polo9t Piattinie £ZE4oje] =
719 ¥A8% A5 2 WA AW A dEaA
7t Jvkn 2ES WEl GEEDS ARSI TH23]

Welker®} Oman2 LOC, CC, Lines of Comments&
o] &3ta] Maintainability Index(MD)E A<t AHTh
[31]. o345t #d Y& NOOM HEYH g} 4
Edloje] WA T4 3FE o228 5 AT O34
I #E e EUE HE™Q] NOAMY Aev
£2E9 FIl7F AXE0Y HAYE FIMATIER
LOCS} vlg| @At} wetky EHWHSU NOAMT
LOCE &£ ZBWAE 72z I&UFY o =
L ABHAE 7IAe LOCH L dFo] wgE A
2 Adge el F27199 HieA dAFHe
2 7YY AT ES Y FARS FPA vloelE
gtk &, @A €M "ol A3t e NET
719ke] 3-tier § AN FEEH= A2HE e
2 AdES AYsAt. detA AP 84 L
AZES ] A BHA FL7Y9] AZEH §A
B4 Qe APARE FHFHLE o4E F US
Aolty. AXEgo] FARE AJelN HWARAY 35
d]&3} Dagpinar®}t Jahnkes perfective/adaptive
AR ko) B3l o= FHH24) £ =FA
fFAEEe] WA, Ao} wA 4, Mgt
2E HHslo| o HAIAY 59 Zo] & u PP
A HYoX 9 WAFLEN 5§ dFatqct oxe
ApME 2ZEY FARS Y] LaHE F
ARG Ao} @l A3IRATH32L sHAT AT
TEZF A3 gwd] AAFARE BASGAY.

(=]

o
=



614 AR} =7A):

5. 248 % g5 A7 4E

£ =RdxMe IARNZES HEF dF 24 o
= -% o]g3te AAMAY vEHH WA T A
e BAE AA A="e AL oA 3R Ho|
=1 Eﬂ’&ii ZALEI ol 43F dydlA ¢
g d7Eae st v o

AA, ARAY WEYHY LT Eoje] ¥R T4 3
FE 2oaAZE A} ARG HEYS Lz E ]
9] BAg JehlE @goz =, Z2¥E, E3E, A&
9] 5713 RWFeM AFstHE v AHE 7
2T WA O o owrde] Auud

lm

i _llm
oft o
oX
fo

R, QADANFE 357 AT BH9AE 57t
2 Wz 77) vlEY F NOOM vEH, CC HEHY,
LOC vE"e] H7 A} F9 dZo & JFL v
e Aoz =#ytt DOIH WEH, NOAM HESY,
WMPC WEZS ¥A d4A 359 oFd FdIFE 0|
Atk oy G4 AN T WEZHY =&
ABBAE 7IAE MEY F /Y & AEEAE 7L
A& NOOM, LOC, CC WEH 1 FFo] wid=HA
;. DAC WEHE ¥73 dA4 359 v ARBAS
HREz AT A9 At AP 3
% 7Fsd |7 B 2 n¥e 4PPo e ATE
deole) FAES vg Y dZo BF EQIE ojAY

o2 7lddd.

o] 433 A7y AP FF
2o}

AR GE HELYPS AMEStd HA
AL 9FE & F Y= ©E 205 ESAI=E, 9
Z A7} 7luEEd XA B sMeAAE EXE
o FZdth o3 FAHE BIsy) YHMeE HE
AZEJAY A7Y FFE TdsHA st FUHAQA
AYE FYT Bart ok =3, W3 B4 g 74
ol W7/ /Frl/AA, EREY W), £29 Ad 559

22 ggF olfE AFEd. FFde WA 2Ny o
TRl vEgate] BAE AL Aot

A7 Wge e

TS dEsE

ol&
=

[1] N. F. Schneidewind, "The State of Software Main-
tenance,” IEEE Trans. Software Eng., Vol. 13, No
3, pp. 303-310, Mar., 1987.

oA, AAAF dA FHE REIE= AEY N
ATz 7Y, AR E=EA: LZTE] R &
A 308 #1035, 2003.

T. J. McCabe, A Complexity Measure,
Trans, Software Eng. 2, 308-320, 1976.

[21]

[31 IEEE

[4]

[5]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

AXEgo] A & A A F AT EQOIT

S. Henry and D. Kafura, Software Structure
Metrics Based on Information Flow, IEEE Trans,
Software Eng. 7, 510-518, 1981.

M. H. Halstead, Elements of Software Projects:
Management, Measurement and Estimation, Your-
don Press, New Jersey, 1982.

W. G. Bail and M. V. Zelkowitz, Program Com-
plexity Using Hierarchical Abstraction Computers,
Comp. Lang. 13, 109-123, 1988.

P. Robillard and G. Boloix, The Interconnectivity
Metrics: A New Metric Showing How a Program
is Organized, J. Syst. Software 10, 29-39, 1989.

R. Adamov and L. Richter, A Proposal for
Measuring the Structural Complexity of Programs,
J. Syst, Software 55-77, 1990.

V. Basili, L. C. Briand, and W. Melo, "A Validation
of Object Oriented Design Metrics as Quality
Indicators,” IEEE Trans. Software Eng., Vol 22,
pp. 751-761, 1996.

A. Binkley and S. Schach, "Validation of the
Coupling Dependency Metric as a Predictor of
Run-Time Failures and Maintenance Measures,”
In Proc. 20th Int'l Conf. Software Eng., pp.
452-455, 1998.

S. R. Chidamber, D. P. Darcy, and C. F. Kemerer,
"Managerial Use of Metrics for Object Oriented
Software: An Exploratory Analysis,” IEEE Trans.
Software Eng., Vol. 24, pp. 629-639, 1998.

L. C. Briand, J. Wuest, S.Ikonomovski, and H.
Louis, "Investigation of Quality Factors in Object—
Oriented Designs: An Industrial Case Study,” In
Proc. Int’l Conf. Software Eng, pp. 345-354, 1999.
MH. Tang, MH. Kao, and MH. Chen, "An
Empirical Study on Object Oriented Metrics,” In
Proc. Sixth Int'l Software Metrics Symp., pp.
242-249, 1999.

L.C. Briand, J. Wuest, J.W. Daly, and D.V. Porter,
"Exploring the Relationship between Design
Measures and Software Quality in Object Oriented
System,” J. systems and Software, Vol. 51, No. 3,
pp. 245-273, 2000.

M. Cartwright and M. Shepperd, "An Empirical
Investigation of an Object-Oriented Software
System,” IEEE Trans, Software Eng., Vol. 26, No.
7, pp. 786-796, 2000.

K. El Eman, W. Melo, and J.C. Machado, "The
Prediction of Faulty Classes Using Object-
Oriented Design Metrics,” J. Systems and Soft-
ware, Vol. 56, pp. 63-75, 2001.

R. Subramanyam and M. S. Krishnan, "Empirical
Analysis of CK Metrics for Software Defects,”
IEEE Trans. Software Eng., Vol. 29, pp. 2977310,
April, 2003.

Nikolaos Tsantalis, Alexander Chatzigeorgiou, “"Pre-
dicting the Probability of Change in Object-
Oriented Systems,” IEEE Trans. Software Eng.,



AAA G e

o

°ol-&

Vol. 31, pp. 601-614, July, 2005.

W7 g AF 2F 615

o] v A

[19] H. D. Rombach, A Controlled Experiment on the 19959 IrTsigaiste 848 &AL
Impact of Software Structure on Maintainability, 2006 EAMStm Aot AAks
IEEE Trans. Software Eng. SE-13, 89-94, 1987. Al 20008 ~20039 TR H )2

[20] S. Wake and S. Henry, A model based on software U, 20048 ~8A TR Tde A
quality factors which predicts maintainability, in N8 @AEel: AXESS AT Wy
Proceedings: Conference on Software Maintenance, g, ~ZEo] nEE AXEO] £
pp. 382-387, 1988. B 920 olylElA

[21] H. D. Rombach, Design Measurement: Some
Lessons Learmed, IEEE Software 17-25, 1990.

[22] W. Li and S. Henry, "Object Oriented Metrics A E A
tsl:;tcwz:jlxcftol.héasl,n;? Tillh—tiéz, Jlggsfs systems and 19949 Ao AXAFY A} 19961

o . . Saetyled ASE A4 20009

[23] M. Polo, M. Piattini and F. Ruiz, Using code

metrics to predict maintenance of legacy programs
. a case study, Proceedings of the IEEE Inter-
national Conference on Software Maintenance, 2001.

FHE7ed AN AL 20008~
20039 & YR JledTAa A
dd7d. 20039~2004d = HE &
4 AN 2Wug 20048~ F

[24] M. Dagpinar and J. H. Jahnke, Predicting Main-
tainability with  Object-Oriented Metrics~An
Empirical Comparison, Proceedings of the 10th Wor-

AU AFE FU mas BARRE AAAY P
g 4TEdol H2Y, ATES] WEY, 2ZEdo] #
Aw, vEdol A, TeHed

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

king Conference on Reverse Engineering, 2003.
JH. Hayes and L. Zhao, Maintainability Prediction
. A Regression Analysis of Measures of Evolving
Systems, Software Maintenance, ICSM’05, Procee~
dings of the 21st IEEE International Conference,
601-604, Sept. 2005.

S. R. Chidamber and C. F. Kemerer, "A Metric
Suite for Object Oriented Software System,” IEEE
Trans. Software Eng., Vol. 20, No. 6, pp. 476-493,
1994.

Ghosheh, E. Qaddour, J., Kuofie, M., Black, S, A
Comparative Analysis of Maintainability Appro-
aches for Web Application, Computer Systems
and Applications, I[EEE International Conference,
2006.

284, e, ole4, SPSS wiolel 3 &g
Zfolzhe |, 2002,

&M, EXCELEE @l SAS, tHkit, 2005.
%4, S-Linkst &7 wi€ BAAEY &4, =A
2323, 2004.

Welker, K.D. and Oman, P.W. Software Maintain—-
ability Metrics Models in Practice, Journal of
Defense Software Engineering, Volume 8, Number
11, November/December 19-23, 1995.

A4, AFA, “YAAAG WELHHA [FAEFITH
Al i AEH A7, ARAHIAI=EA D, A
13¥-Dd A 23, 2006.

g4

19981 ~2001d @AIRHT HAAYGR A}
4. 2003 ~2005 @ellol XA WA}
45 ohEl. 20079 BA ARAFEF
B gt 20079~ @A A e H5F
B 3334 HAl ARk wole md
AA, W&F dolet &4, AAAF

A7), AT EC] Ha8, £ZEN HEH



