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Abstract

Research issues in software engineering in recent may be object oriented
methodology and software quality. Since Halstead has proposed metric-software
science in 1977, software quality area has been studied in steady but inactively until
1980s. As international standards such as ISO 9000-3, 9126 were enacted in 1990s
early, interest in software quality is increased but many problems such as how to
validate metric, measure quality or apply metric are remained.

This paper proposes software quality metric methodology which software developer
or project manager can use in measuring quality and validating metric during
software development. The methodology is classified by several phases: establishment
of quality requirement, identification of quality metric, data collection, metric
implementation, metric validation. In order to show its applicability, test program,
metrics and data are applied to each phase of the methodology.

Consideration of this methodology as a methodology for software quality

measurement similar to development methodology for software development is needed.

Key word : software quality, measurement, metric methodology, metric validation
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FrohA olh e o Eghe F87Hss

<Ay o] AL A njEF ¥ FA
o sTEOlg £ FAY ATEHOE FE
g & A=AE Wkl Rolth ol At
A8 FAAY PH(Mann-Whitney  Test,
Chi-Square Test3)& o148 4 Utk & Eo,
By njegle] gro] 108 & ATE] BE
g9 434 FAFded MTTF7} 1000, 108t
2AY Z2 ATEgY REES MTTF/F 2000
oli olEo] EAFoZ Mz FRIAGH EiA
ede NAgd qiF AEgE Fdedn ¢ &
Ak

<A c o] a8e EY wEYY HEE F
3 883 AZESOE t}or NBEHUEA
£ grishe RAolth ¢413] #3 ¥ vEde 45
A, FAA, A/, 434, AEYS Zed
olgf HFujEY HgA JFHTEL Solth &
A%¥ el s FAJAARE &3
=dle 1-S ¢#E9 5% 2¥stn U 48
B0l B34 viede o FAe sl HEE AT
100708] AT eSS BE] YN Ysh= AHTE S
7t 86olzt 3td, B mEHL FHoiw g)rie
AT EO] BB dEMe AYE FAAA%E

dEFFrty & & 3tk

(h A

fed S HFshe A o 2o dEY
A2 ¥83% Agst WEY dolehuo]2d A
Ao} dcky 7Pk

@ FAAAg BE A¥

7A2< 98 vy doleholaz Ry FAY
Age] FEEE $230)

@ W= gte BE A¥

A3¢ vEdd g3 =GRS =y do
Elfjo] 22 8 E &%

@ BAA B4

725 vied U3 9o FFaUT| WE
HEAE A S o83l AR

® AT EA3

AZE7) AT AMARe} HEAANA 22
£ 2B BN dedg A3 33
FAHAA A28 ANEAH FE& EAHP

5 WY 38

B BdAe 4golA A4 B AZEd F2
HEY PYELT k= PHE =P

AnEde] FHuEY PPEL FHE3] A3
Ae 71RHer FAZHUY LTES0], nlEY
AE A% A5 Fol A, FAsolor st @
dHoz olgg FHlshe AL oY sfuEhd
AxEgOl] FHE& 4k At/ Ad A
& Pohizt Mo AsEL i/l AAHY F4
g s FHH7MEA ofHF 7to]
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<E-4> FA/HE MBAAe 3 AT ES0] FHAK

AZEGo] RN B A |F|H F | RFA
494 S22 |3 |2/9&% | A Q(F |z Q|
T I B I B A B S I I I ol B R 3
~ ol | g £ <)
AZES JF A A
FA/BE ABAAH
- A8 53/5% X X | x X | X
- 54 14y &9 X X X
- ERE 24 X X
- Y 2A/49 X X
- 9% AA X X X | X | X X
- 9% 24 X | X | X X | X | x| X X | X

Sl A AA AAeE A7l 44 gtk o4
B dRers sl AxEede] AgE YA
2 4390A AAE Y ES HeAIA Btk

5.1 7Mde] MY AxE ol

A7 718 AZeEdo](Mission Critical Software)
2 ERde F7IAA A ATES)ol(Embeded
software)t= A#3tL, AN 5 A& ZHololof
&t7] wjol 1 FAo| ujg- F a3

B oM AdATEY F AHEA A=
HFolA otk AZEgols Tt ATEC
2 3o FAnER WP A84¢ =gtz
gt

o] AZElE 57HAe 7e g FAEE A
Axglog TR0l Qith #BI(E Zk AHAIZ
o] BHESF, ZEgoih

« A8 M B A 2E (1600, 24)

« A8 "t MEAIAE (2400, 48)

« 771 @A B 23 ABA2F] (3000, 53)

c AEQ e AT MHEAAE (4400, 67)

« BA MEALAE (2000, 50)
d7lMe 9 MEA2EF ZA/AE AEAA
el djaia] =i

52 HHE FYF/E ARYF

W) AzEde] B4 2TAY 43

$4 ZA/BE ABAzdd o8 2 5
e FALTAGES 4aT FAQAE 32
sp7) Slal ZA/BY MRAsde Y ARAE
o2 PRSI F AY¥/IEE FAUAAse A
AT, <B-4> ole] A3E e Aolth

ge) ZNE oA o Y F YS(FE) B
¥, $481 Sol4 AsaT BaAEd 7L
BT R FAAASN) NRAY, F
4 52 BA80] FY Fa8a B5H FAQ
g Aot

BeAQ) FAIAE AET A% BA/BE A
BAzds Bdo| EEA, A4, B4, Y
4, fAg el e} ASATT HEITH,
olgo] ZA/BE AuAsds BdE AF FX

4
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Qztolnt. <E-5>v HFAAEHE FAIAES Y
ERd Zlo|th

dol FAsT7ARNe FFAdd F49
Aol Rajshzdl, olE 93 Z FAUAA i
AMEdy BFGE AT <H-6>2 HF
EAQAF AAA g& AHuEND BES
AR Aolth

AME

<B-7>& vEY 437 mE] HLUAE
Bl Aoz AREAIAFT EEA(Moduality),
7HHA(Simplicity)e) ¥ =EES ML, M
M3, S, S2, S3, $4, 5oz AAsa o]Fo| of
ol BEHEAE A7 Aot & miE
2o e <E-g>3 o] MEFAMZ F
ojsln F@&7|Hd njEd T mae v

<E-5> A/ Apaadd dig HF AT edo] FHAA
A EYO] i-"rﬂ%%%%i}i}’a}%xﬂ
FAAx 12| =29 F A F|z!F A
A4 AR IRIARIA & || |AE
o] | g £ %)
AZEH] 7F 4 A
2R/ A H AR A|B/A|B|A{A|A|B B{B|B|B

@ axEdo] TAEY A8

AriME AxEge] FFEY 7ETxd B

2 vjEd olgulg, axeso] Auny WA
8, zATZ WA, PI%e Ng, 22FD
Mg 5 AT W Sk olEe BaIG

A golA HEF B gl AREAQA  BHEAC m AEAS $ 4A EE EA8
= Aok, 2 ARFAAA] B3 MEASS o d¥Ao ALY MEYTT AV,
At
<E-6> A2l EAUZ BEH)

394 ey =Rk

Ny eRF/AAE <05

A3A LHF/EE <10

MEde 2 4REAAAE il 23 4+ 3

£ ARES A9RoR J|e3F 7 AR LS )
EYon Agsie] 4AE & Utk dEYE 4F
F Fole vlEYL /pueAe o= dAdA A
48 ZAYAE 2P
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<E-T> ZA/BE MBA 2" Qg FHAA/ANF-FA A/ e

NaeAE ey

A AR FAAA 4 A | AR =9
w8 A9 AEsold
REV NPT
REET
rHA S1 S2 S3, S4. S5
ey |[es8dA
wegd 94T
P L S ey
ST
STy
EE E¥S PR SESY
71214
REA M1 M1, M2 M2, M3 M2, M3
A S1 S2 Q3. 84, S5 (83, S84, S5
CE-8> A/BE ABAAE] B hEd B
7= 3 A
WEd og  |Rad paeEsEe] Fagass) Ml
=5 224 AAR0 AR HAEAS AR 5 e
A% ol W Rizte] NEHA 26 RES AT ST
e 1
BazgaAd  |[wAEIA
AR Fax pvd 0w Z9 4, ol
EEE L WEANE dE51 RALLE Adeed o8
= 3 A

HES o]F

2 g3 AARESsid A8 M2

st

z2E S3S AT Ay

g3k P 27Fo] 068t} Fow, REAL YA AL F

=R B 3330 068 Aok g

BAFAAA AR50l

g 42X e 2E3 A=E AARsd=H ol

AngE AxEde] 252 $AY g

Ay ZAd43 2zxEdo9 $3¥E AP Y& 7+E

A A ga-gAo] 068 A2 AT Egol = FAM ok §

o 2RI (d) A05 B:06, C05 D07 E07 -> H#SHFH06
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g = g A
EY o]E AAFZ(Call/Return) M3
ax o] Aoz HYEA HAses &9
4 ol 0old, d9g 25 HESo} 3
BT 1
BAFFAA A=A, fA-8olA
A5/3= AT EYo] REDRY AHolFZE AR A
A Cal/Returno] AWZ S0l I=A 2. 23 of, oL
A7y A3} gold, A4V AEH AY
3 5 g A
EY olE AATZE (F2FE 4A"E EA7E =7 S1
a3} FZAHo g AAE A7 ddd, #A4= g {83
R 1 4y 1
FaFTHEAAR [AISA, R84
AHEgE 2EEHY 7ITEY FAMER)
Ay TZ2Ho = FAINHIEAE FES o, ojye = AG
A8 F@Holng A= Friede] AFAA &
g = 3 A
e olF AATZ (zzady ~=8d4-S ¥F3s9+=7h S2
9% Agzrld H8HH 93¢ &
=233 1
FHAFAHJAA AFA, FAgolA
Ay BEFEUSAE #H2 o, ohew ¢
A7 EF3= vgdg sdez #§1sr)= o E
g = 3 A
ey oF o] dEAAHEE ] &b S3
A& gol 0o, EAUE AT Ego] nEo] A olo} §
2R3 1
AR FAAA A4, FrAEelA
A3 AZEYge] wE Aol HHF A
Aty Aol zrl AZAAA N wal o, ohje= e
AsA el ooty ), AAEAe] v AY
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g = A
EY o]F Cyclomatic Number S4
9% el YR Eonw AT e &4 Wrolok §
EX3 3013}
FAFHAA L B T R e
g A2ZEgole BIRAHL A&d=d o4
AEE AXEgO RES YHIYTAN 1A, =E4
Al s E-N+2 (282 9=z RFP 2, Eedgess,
Nl 4)
A7 A fEge UE Fod 8ol YR aAY BJ¢ A
9 E=12, N=10 o|3, tREZ 32 12-10+2 = 4
= B A
EY olF Size(3 g2 FHE ) S
9% el UF Eod AZEYOE &G Yrolok
B 130] 3}
#AZAAA A4, FALlA
e Az edole A9} BRXAE #%i}%cﬂ o] §
A4y AL AYS 3 R EU] HJFE
A7 e UF oW REO| L1T AAY BZe AY
o AA BPEFE AFo 2 42t d
(3) A2 <A 2 <®-3>o] B9 AgEAAE APk o=
SelA AEg edES FHE] 93 E8 ey M2E A4 93 98 % AsdEe
2 8= AREL £33 23Y AEEL 2 <E-9>9} o] AmHAME Al
<E-9> $AY M2 A4HE AR A2 HAA()
g = 3 A
A8YE o] wES 249 @
#d ey M2 2E3 47
e S3ge mEUe 7153 @A Fxd ud 4
F1g &4 A AAEA
+3A zARZ8 Y
FHAA AuldAGA F8AFE
AACEY) 7t RES ZEso AA

<B-8>olAM 7]&3 A5

250|374 ARYE 3¢ ARYBE AVl ES 78
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8, dE" 7RI, ARLE £3AR 5
nelstel ARE 4409 448 AuE =
dlolEmol 2] ARz

@ AZE] FANED LA

e FAAY=TE Husiu golx 38
A8EE o83ty njES AR ojg miE
g A 349 ArdA BAHCE FEF H
EARE o83

6) AxEg] e AP
7} fEde) g ujEd AdAzE EAM3ch
AXEJols tjlEYgo 2 Hrlgn 2 ond
ATAANA e 4, S5l A A4AH A4 >
3, S5 > 1391 REEL S47} 3o|wh, S57} 13m|wh
Q) REd Hgte] eFsF B sheAe] Am
FAo] ¥ Hrisn, Basichd EgAs =
71& E0l71 913l ALAE AL ALY F Ut
oz FALTAE0l wEIgEXE Bad
. ol 93 & FHAAe] ERFGS k=4
Mg o2 <H-6>9 ERGE ol8sl
Aol BEE=AZ Felgth TP AxE 0]
o ZA/EE AMHAlA" MY @ FT) 6ol
B QRI/EHEEL 0U(ERFS <05), 27+
BEE 2NAZEFE <10)0lth o]d Aol A/
B MEA2Ee gdshs £Eo EAE 20 3
A grin g

H A
R

nlu

6) AzEdo] FuEY 7=
MEY HAEe YelA 4R wEdsd 4
AR Wik FL dEo) HFEA A" 5 3

wAE ke dAlzA 534 wEdlo] AHu)
nE3=XE Hole Rolth
olg &l HF7IEse HEUEC] VHEHEA
g AZAA gt IRNF PFAPL FA4
ol EMWHE olg3k= Aol AFA oI,

B aeME FAAR MAe AyuEZS
QFR 8, golA AT dEAF EFA b

E¥ S4(Cyclomatic Number)®+ =7] wjE® S5
(FFEFE LR HAERAE wEIeAs
AZd Bk #57]1EE obeheh ol At

207 (AFFBAFDLY AF)
107 (&=938A4R)

1 25% (AF 78

1 80% (HE8)

w o<

A2AT 4 S5/ oRast AEeAS vET
WS4, 552 AH(RP) 2o BET + ¢
o,

b FA9A #dAE(ER) Ad

4 o= dlojeol 22 RE FAUA A=
ARFPd ddde ARES FEUT 2R
fr7t BRFEe] 7lFo] @ £ 3lemz 0R/Y
T REd QRJE RER TR REL 35
Liass

(b slEd 32 A

AellA F2¢ ZEES] dis] S4(Cyclomaticr)
o} S5(HEFEFE A& <H-10>S FHE
Fo] ofejch

() AH £4
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<B-102> AEFAAH - QFYE REEY e

¥ E | Cyclomatic | 38 E | %4 | 2% | Cyclomatic | 98 % | 74
No.(S4) T-(85) No.(84) | 5=(S5)
1 3 6 0 7 2 9 0
2 4 8 0 8 1 4 0
3 3 11 0 9 5 12 0
4 1 7 0 10 3 15 0
5 2 5 0 11 2 6 0
6 6 16 0 12 4 9 0
<E-10b> ABFAZAH - QFIYE LESY EYG
25  Cyclomatic | %% | 79 | £& | Cyclomatic | B9 HE | LF
No.(S4) 4(S5) No.(84) | 4(S5)
13 2 12 3 19 7 45 5
14 4 24 5 20 3 30 4
15 5 22 6 21 9 68 10
16 3 15 2 22 5 53 8
17 1 17 2 23 13 79 14
18 6 36 9 24 2 19 4

<B-10>9] Age} gellA LAT FAA/NEE
ol-g3te 7F8AE APk A[¥E Cyclomatic
7o BPEGVL QRS diE ATARA
(Correlation), 224 (Tracking), A
(Consistency), <&/ (Predictability), 4/'#%3
BEsh=A] gAHCR
N8shs Zolt £ A AEWES dAlst
£ FEAA =gsiya As, foSE RS
29y Sl dalMe 2eiskAl gtk

cATABA ¢ ATABEE BolY] fEAE

{Discriminative Power)&

2549 Cyclomaticrel A4 2754
BEETY AFFEATE A 1P > 0.70]
UEHERNE U3k <H-10>& ol 4% NE
A%e g3 g
A¥AY 2RI} e BEY gAeE & Bl
L* > 07 o|22 Cyclomatic¢t BH 2471 05
o Audue] Jou, RE REE g2 ¥
s BHETFY QFSUo] AYFAS} UL S
g 4 3o

« 334 . F44& Cyclomaticd, FHETS

" 257t U= B E RE BE
T ¥
Cyclomatic No. HYE 5 Cyclomatic No. HHE 5
LFS9ge] Ay
L = 0908 L = 0897 L = 0787 L = 0932
48#A
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w7l eReol TS vIAEAE Role A9
o}, o]2 o7} 93 Cyclomaticr9t 2 F49te]
%9484 9(Spearmen’s rank correlation) S Al
a8t o Azt gelA AR AIE &
B=0780}h EXg A@Fch A@AFHE i 2

232 d@Ao] H=HY. o+ CyclomaticF7t L
Fool vEE Ad4aIA vebdE guigid

vd|24 1 &AL CyclomaticE, BHESTE
Ere A4 2xHBYY AB=(Scatter

Diagram) & 1211, 0|59 #¥& i3k 34

ot U RE
> '
Cyclomatic No. H] 1
L Foe] £94EaA r = 0.897 r> 07

o

NEZT ro] Adigol 0780 Zn2 F3 49|
B g o]t Cyclomaticy7t 27459 WsE
FE3 FARE ok

- 4B ¢ YBAL Cydomaticy, BHE9
A7 QRSFE AR HIFA I EAE Bo|
EY
14
124
10+
B
6
A
2.

| I ! | Il | I
1 I
14

2 %(Regression Model)-& TH¥, o] 2Yo| o=
T @3 A Aol E vlwyt) o]2HE o2
LFEH JFES T HFNEQ AFLRE
E < %7 uEdeAz ZEIL 9
Cyclomatics, 5SS QFo dis 2t 4
#=g a8E <ag-4>3 g

Cyclomatic
No.

| | |
T 1 1
10 20 30

<2@-4> Q75 Cyclomatic, LF4-FHESF 4B

£ Zelth 34 N¥PEst 2ol Cyclomaticd:
st 9F4oe) ¢AYBASE Adsel 1 Ak
7 QA 2AT AEAE & BT BEHE

Ag AP A@AFANAM re] gol 075 =2

Aol QFE)SH Cyclomatica(C)2+]
3ARYE H4AEY(Least Square Method)ol
s} F3A E=09766C+1.11720]0}. o] R¥o =z
QFRFE oF3ta, EFeFTE HA 2

2 X
T
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Bl shE o g

TAAAT FA/EE ABAARY A=de 4

Cyclomatic No. | 2% dAZ9F+ AA 5% | AS/HE | AZHT(2B%)
2 3.0704 3 0.02346 o
4 5.0236 5 0.00472 o
5 6.0002 6 0.00003 o
3 4.0470 2 1.02350
1 2.0038 2 0.04690 o
6 6.9768 9 0.22480 o
7 7.9534 5 0.59068
3 4.0470 4 0.01175 o
9 9.9066 10 0.00934 o
5 6.0002 8 0.24998 o
13 13.813 14 0.01338 o
2 3.0704 4 0.23240 o

ANEAH dEQFE BxolNZ of 83%(10/12)9)
d&4FEE vehinz HFVES U
ol Cyclomatic7} 5ol ois] oj=4do] =
ZE& rich TEA 9 HARYS o5t
Cyclomaticol & QFF & AIHE J&5F
4 3ok BFHES dfEYY dEMz 9 B
HyoR dF4E AEP.

<2 - A Aol Mz tE aF
ES 7R & e FEE TE 9 ol
£ Cyclomaticoll 3] 27571 e REEH &
7t gl REEC] Az BEs FRHEAE A
B3k AES F2 FAH WEE o83

<AA 99 42 NBAT EHFE0
8BU(HAF71EL SS%)IRRE HERAE WE
e} webA Cyclomaticd 2 LF(ARA)E 4l
HAAWA FA3E & Aok A=NPE BAs] Y3l
ME F23 B2 A8 ol43le AEs o} ik

ABA NEE Az 20 A2 oEY
Cyclomatics, 9HESE 2559 A28 ¢
Z3H: 7429 vEgdoz wadHd. 99 #3a
#2 Cyclomatics, ¥HEFE 7H 2TEHSY

A, FeANA H7} B dEsen e £
Atk the AR hEAE o2 W A
A WeHoz Hggozs AmEdel EAE
238 & o,

B adA =@ Axege] EAvEY W
B2 A4z dg £ e ZdEFdE g
7 grh

B APHo|n FFAHo LTEY FA
§ 3% & Atk

<AAHe 2 ZARFS ¥ 4 W €t

< SAE 2385 s EA) et

- EAE 12T sde] FNHER AMAo
AxEgo] FAo| Fydch

6. 48

£ dx AZE] idAy #dxrt 2%
AEEA A4 H8E S+ sie PHES AHen
Z 3tgich

axede] FAuEY WHEL +3F718Y

-111—



oA AAE FEFVE A FALTAE
Ay, FAvE AY A543, dE" 7, 4
BEAM o AZEAR FRIFCH Z4 GA
4z £88 AYEEES AAFHcR =9yt
EF W2 A4 g Holr] g3 M 4
Zego], MEHARE ol§dtd 2 GAE F3
oz HhgEe] Al A87MsEE Ry

B oydEe Axedoel subiEs g 5
Fog Wol Eojzjol dta AZES0] sl
#Ae Aeg @ Lzede] FAdEY W
HES HIY "art ok

ol drsolel & F8 ATUEE & Y
£2 ¢ AAdEa FAzEte 47, 4 el
Ao FPFFE A FREAY A2,
£% Adske =l A4, 2534)4
A Solct olgelx mEE AEsle AHFH
o AAAG sz EYold i mES AEE
€ 477 FYHL AD), WE™ ®E 47,
Aol Sl AzEe] spuzhd gl 44
HEE ¢ U=E AJE e A7 Tl F
geolol & Aoz wEn

o

Hd
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