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she AT 229E 29I} 2z r)EgneEe,

TSR Qe 2 A

-old 4THLPHE A

- 34N AgEE 27
she AT ZAE S8t

5.1.1 o{H ZHAQ| CIEMEE MAlskE gTaE

(CMI: Cancel Multipte Inheritance)

Qdsle] Fej AT Ers T4 2T ARy
7t FOIAH, 2AFU 2 HvrE OEAAES el e
A AR-E wdeta, g5l S s = v
&5 AAzeE daE| ol

Algorithm CMI(v, I")

dF : F2AE I, Tl ole] I

Av

] A v O dSsln e A v
o LS 2EAR YAz
truedts £} tsAtdo] ofd A=

fd

=

e

dEE FY2AZTRNZT} falsedtS 55
=t}
lnit := T
ParentSet < {v¢] FRFHf244}:
loop while |ParentSet| ) 1 do
p = (ParentSet®] 24E FoA], A& o]
7h #a) g2 A-);
Target < {p7H] “F&Ed7Hs3 A48 I3
N {p °l¢l9] v FEFYP2AH7A]
BEERTFIR] 2 FHES A
if JcETarget(JuEVAUVC, 1€A: (u, ¢, 1)
EAJ then
I' := PRP(c, ¢, I);
else
ParentSet < ParentSet - {p}:
continue; // whileFZ2] Aoz Folzt,
end_if:
if 3xEVAUVC, 1€A((v, x, )EEA) then
foreachl: (v, x, DEEA doT := DCP(, v, I):
end_if:
if ImEVMI(v, m)EEM) then
for each m : (v, m)€EM do T := DCM(m,
v, D)
end_if;
EIl < EI - {(p, v)}:
ParentSet < ParentSet - {p}:
end_loop:
if [{ve] #2225} ) 1 then
return(Tinit , false):
else
return(T, true):
end_if;
end_of CMI

5.1.2 0 FMSHANEE MESHE LT2IE(DAC:
Decrease Abstract Class)
FN2AZTIHZNY oH & FFFY AL A
AS7IAAE FAA AA7Fs3rE dds) B,
AA7Vedthd, A7 FEEUY A H S AR gn
2] goltt,
Algorithm DAC(v, T)
9 - FHASH I THS) Yole] A e~
v
g 2R AV ARV s vE AlA
g FHAAIF I EY truedtS HEE &)
AR BV Aole 489 I falsedts

)

ZU2AZTE AT FAHI WY 69



L=
lnit :=T:
if |{plpEVA, (p, v)EEI}| ) 1 then (T, result)
:= CMI(v, I);
if IWEVAUVC, 1€Al{w, v, D EEA] then
if 3veVAICS(v) = CS(v)) then T :=
PRP(v, v/, T);
else return (Tinit , false):
end if;
end_if:
if AmEVM(v, m)EEM) then
for each m : (v, m)E€EM do T := DCM(m,
v, T);
end_if;
if IxEVAUVC, 1€A((v, x, 1)EEA] then
for each 1 : (v, x, D€EEA do T := DCP(, v,

i

i

T):
end_if:
if IpEVA(p, v)EEI) then
for each p : (p, V)€EI do
for each ¢c€VAUVC : (v, ¢)E€EI do
El <« EIU{(p. v)}:
end_for:
EI < EI - {(p, v)}:
end_for;
end_if;
I' .= DUA(v, T):
return(T, true);
end_of DAC

5.1.3 FAMENANEE FI6=
Add Abstract Class)

e 2AzaH=ret T e oW ZFg28 Y
e AHEe 1Y, a8y FFEN2GA4AvE 4Y
3. 989 el 24FY 2B HvE o8k, vel
J e FYPAAHES AEHOR AN NEE Z
PrASIHZE e gaelEel

Algorithm AAC(v, {cj, ... ¢n}, D)

Y FAFY AR Ay, vol FEHor A4E A

24n2|E(AAC:

9 Ay, ... o}, FAHAZTIRET
3 : ¢™¥E o 2 2AHGvE F718 Edl=
AZFag=
Tinit == T
I := AUA(v, {c1, ... e}, TS
if ApEVAIVcE{cy, ... cu):(p, ¢)EEI) then
for each cE{ci1, ... ¢} do

70 2005. 3. BEHA3A A23d AL

EI « EI - {(p, o)}:
end_for:
El < EI U {(p, &)}:
end_if;
I := ACP(v, I):
I := ACM(v, {ci1, ... cat, T):
end_of AAC.

5.2 712¢u2|E0|
Alplol cHst =9
7|, 99l 37K duelEel sk 7 daE
£ A4 AFe| YA ST} AHFTHAE 7
=3s 3. 9 7 233E(,CMI, DAC,
AAC)L, TEHH & AAIBIA Remg A7t
ALY 2AE FollA VCr = VCro7}t AR w2t
A, olgfol M 7t gl Eol 93t FelaAF 2o
AT QoM AAS7IEAY =4,

VveVCH [DICr (v) =DICr2{v) A AMSn(v)=
AMSrz2(v))

o] REgE ST

AHSIIAAE SES=

5.2.1 ¢32|EF CMI

= AEHE Ak 2AIAR
Z2po|e 7| BSIHITAEARAE AMSS
AAS7RE BEE 1 et =3 CMIE Bads38ta
J= FFvel s S AABE] A, AAlst
e A& Mt A&EHE R R WAEE R
F ZAAvel Balsteg, ogdsstan e Aavel 4
el AU AARBIEER, AEH Jd FE 3
W aso] thdked (DICH (v) =DICre(v) A AMST1(v)
=AMSrz(v)]o] dH g

5.2.2 2472|&F DAC

DACYIA+= CMI, PRP, DCM, DCP, DUAS#
& 71222 ol g3lx|ut, CMIel9le] ZAEL A
STMRAE BEshe 7|ERAE0|BR, A5/
7} BZEH 3 ok, =3 CMI] e = 2ol A
2 njolgto] AAS/1RA RAE 2 ok ax, A
&) B3 2zt tldlME, DACE 248 F3-ve
EE FRIYFHERNE ve] ZE AIHH
o= gt ST FRIERE, v FF 2 vas
E Ay okl gon, w31 vl B Fgaed F
okg]o)9R] S AdE vE AT ve] ZE FE
Y=g He 28 AU HY A5 2D A
7t BAEL Apgai)

=l
X0,
o
;



& 2 Ai=E Jgstn e 4%, DCM, DCP
188 vt Jofete BE FE vATES Fl
ATk = vl O FPo=RE et
d-olle PRPE o83l vE gste Joal S

PR =g AP, AFPE A5
AAS7HAAZE EAE o] Hu, Asgs A9ole
dHd f‘aﬂ_ﬁl% O E ) A2 EEsinz
A 57 A= BAE

5.2.3 ¢12|E AAC

AACOM o]-g3l1 & AUA, ACP, ACM#} 22

5L AAG/IRAE BAske V| EATFA G232

2, 7"zﬂ 7}4741 HAFC T3 Jed s 2atele
HEo oA, {ci, ... co) ol RRFH2AAHEC] BF
pel A%, %7}% FENAHE pY A Fe
o2 81, pRRE {c, ... e} E Tl FSHES
AR RN A S7FEA 7 BHETh
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Aol oW JF& 7AertE A i

5.3.1 YIAZ CMI

L FCMIE Sz F ez 18] A EAH S
o, 7t FIHHEEE v o] waliith

*J%E‘i% AAG A5, S st e Adv
¥R AP YSl e dnEFAN 3
Yo7k 713 e 2B E exH oz dgst
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Aol et 449 Qole 327t 84) EAY A
& AUk e AL Hgstug, OMIE 4438 7
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voll QEEE ASUE AT AL (AT 5 e
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QY. FUaASIAE ol Aok RE Fofs
Se] AUZe 2 s WP 2T Bl gome,

Hade g s e A (ve] PRI s
A% - D7 Eik, meb, NOC) wXE 938 A

ST NCE RS
HoIg agddel ot He 3HS
ok NM
CMIE o 3ol el disld t5idsS

et e ARE FolA
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A

e gaE|Eolng tEitse] AAEd
ZFA&e] S(NMDE 1 #24asi, 1 2ds ¥R
%=t}

2l. NAC2 NOM

vl GeisE B sbishs
] ola) J&slE FE
St 298 FUER, vl 2E BE 2 o

Az 7

T TR e gerh weld, NACS
NOMol "X& 9ag Akt Haird= RootEH

SRR VWM ARE FAM, 22t RED} A=
Aokshe Aol AL AZE B F&ate FYS
Adeishd ot

5.3.2 471a|E DAC

4ne|Z DACE FH2AZ sz EAshs 34
FR2PAv A8RS ¥, 4 W EES e
o] wslsict.

7k DIT

1) v2%E dErgviedt Fdo] g &
e 3%

v AREZ B Uidt o] &Oh vE 28
v23 14 72t & DITY ¥akEke DIT(v) +|
{(vERE *0495%7}?6& 24} o] A}, wlghA, DAC
£ 13] A4 & 7%l DITH= rﬂi]“ FEFE L
skt fliMe, DIT(v) + | {(vEHE
B ] ghol A< FHE AYsi] DACE 483
o},

2) vEXE AEEEre3 o] gl A¢
a3 103} Ze] vollAE pelste] FAd ﬂh:z =
Zold AR gt WEkA, DACE 13] &
W DITH=] w|xe= 3 sl aaws
Rootf"r’«ﬂ__i-‘?—‘ﬂ U34Sk 9le FA-pol o2

2E FoA, AR o7t Ui A o]eje] A=A
oﬂ EAe e F3FU WS Agsta, £33 vERE
p7IAe] A&7 R QlolA, DIT(v) +| (vERE %
E27Fsd FA-{pERE FEErled A3}
#o] Al FAHE Mgt

L+, NOC

1) v O54E sl A P A

E AAlsleas vl EREF2ge NOCHT
| {ve] ZpiZ 2449 5] - 1 o] "o wabd,
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RE SN2 P L2 gl AEHE FUIRIRE,
ve] FEEFAU2AF Z+9] NOC7E [{ve] ApdEe~
A9 AN - 1] Bk whebA], DACS] 28 9
& NOCAZd v 932 Fadks] gsire, o
o4&l e AHL rheddt AgsA 41, o
4 glo] etk thsiddol MAVYed B =
g ol HAaQl APE Agsid ok

ct. NMI

v s sla e AS, 134%h DACY
Aol o NMIH = v|X|= d&s Haselr] 9
M E A ge AAEvE A9t

2t. NAC2 NOM

DACYIME, v} Adstn e FHES v B8
AP S FHENA kit webx], DACE 13
2 48S 7492l NAC 2 NOMe| WHslare 7217}, | (v
o FARF | X {ve] A=A} #F [ {v7h JF
3k Qe WAE) X (ve] AE~g ) 7 doh
DACE A48 2% 7 H7I=(NAC, NOM) =X
£ 9L F2gs] Y8 919l NAC € NOMS]
wslg Fastd & e AFAvE d9Et

5.3.3 4712|F AAC

ANYFAACE SH2AIZT I = A B3l 4
Y2 AVE AJAE A 4 s o 2
o] Higlglt} o £ =FoAE olelolr =T dx

Fo02 AACE 0|8 o, vEXE J&Hoz a4
HE AHEY A ey, ... S AACO LA
olef e 84t He AHEL BEF TEA
e ANE JYsing, or|A
pEsd 7 FrHEEES 3

o g

ull

PRI PHE 2

=1 ~
£ olsge 542

S

7+ DIT

AACE A&std, AfHcr, ... e} &4 8ASER
B A&rgrhsdt Fyol ti d5e] dolvt 1 371
ok mebA, AACY A8A], DIT "AlE Y¢S Ha
sBP7) A= o, ... el A LAEENE AEE
Dhed FRel 71 Havt He S A3,

L. NOC

AACE &3t vel FRZY2F3e NOCe
Her, ... catl - 1902 22319, vo] NOCE [fa, ...
e} [RHE S7IRITH
72 2005. 3. BRI A
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ch. NMI
FR2U2BRE 3T A, varH o
Qa=E AHES) AR (o, ... o} VEA F5

BRI a44e 2 Hue giea] eIy
ozug 1749 Aoz AA"EY £33 A,
.. )8 8AE FollA TSk e B EA
e, vl @Ak W ol9e AASHA et w
2, NMI& =gkol= #3igich

2}. NAC 2 NOM

AACAME {ci, ... ctd] BE FHREC] 2 5FF
2 vacE Agsla Je AS, voll Tojee 93
gt whd, NAC 2 NOMe| Wslgke zhzt | {vell
Zolgald ¥ X [{e1, ... cd| T [{vell EolE
A2 2=} X [{cl, ... cn}| BHF 724, vollA
= 14 7RI gebd, AACE F48 3%, {a. ...
et S TEREFEC] FASEHEE Adsid o

5.4 HEAH|

ANVIE B RN Y 12 AT
2 WBLTAFES Hedl] FR2ASTRE AT
e A9l A HARES] P WS
et @, AE IRAFES FARE ARIE ol
slel A7l e BIHES] MeEol g 4A Y

£ glooz A7 E AHIAA AotE duglEFE
FAM od FEIUAE AAcke daHF

(DAC: Decrease Abstract Class)< Z-83F A&t
< AN EI|2 St

a8 20 oA EY2AZ 2 T de, FLE
2B figureE AHASHE €1u8F(DAC)E 43
= 7% BE vA=ERgH e wEEdzor A Mgt
T& 718 ST 2SN WAz EHl(DCM)
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gEo] e FEEH ol Jdsta e FF o
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wingSyst —¢ tools
Dra em color RGB
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| letter figure color
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0 0 ! rectangle cirdle position
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color color S T,
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draw | setcolor| draw draw | setcolor| draw
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color color color color
8 10 M24de2ls HaAkd
DrawingSystem
draw |setcolor| draw Penmenu draw | setcolor| draw
o 0 1 @ 0 0 3
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color color color color
EJ
letter rectangle circle
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v
draw |setcolor| draw
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#(DACE A18)

@ T2 Aol 3t B9 ZHolE sdE
Z(AACE A8

@AM EH A A7t & FAE 7FeT Eole
20 E(AACE AHE)

@AY vt E PSS w8l
218 E(DACE AHE)

O oEdEsta e FY20 NFE 7t

g8 ZE(CMIE AH)

O~@9] dugFe 27t 484, o /s
E9] gholl tigt wisls| 87} BekE (%) ZA Fo1X
|, Z HrhHxe] Wskgo], Folzl ¥skeS 2aslA|
2 HedA Hule] HEE Pt £33 B9
dn|F el e, ¥skeS 293, e
I YE BE AAES ZAE 79 FRE)
GuEEL, A ARRE 71 duelEd o
7 E njA e o] HistHes 83k

1o
£
&

-

-

]y

a 1
p‘l

i
v to o8 fif

kY

iy ox

o

o
AZaeze] 2zl #Beld 7|EGwe] &g ALE
@ glene oM Aod duYFEL BF A
S7VEAE BAZ}2)

5.5.1 F0{T A0l st A=59l 20|18 0= 4
2|Z(DDI: Decrease Depth of Inheritance)
DDI= #j2AlF 2| 2T o, el 33244,
e PN dve) 3 8skEx) FolAR, S
A Z e Zol] it 2} HrPrlEe] hekge] x& &7
314 2= Aol HUZ =2 DACE H&3ld, v
of 4ol Zol& Zole dxelEelt) oW, DACE
BE3le dido] He AL, delA =9 vk 2
o], &R R1, AIZ -] MGTt HA,
FE 9 maze] oo 28algr) a4t FHe A
< Mg
Algorithm DDI(v, x, I
9 Fej2AZaA =T, e S 2AHE(E
T MAEHHER) v, FHEHEE x
Z% : DDIE A&3lq AFAE Sel2ASIH=
i= CALCT):
Metrics ‘= initMetrics:
Current < {RootZWNAERE v7iRe] ASARE

Q'L

initMetrics

2

ofel LmFEe BdME, HrHE] Fol tiF A4twe]
vwA AAs Aelsel e, vigsld ol EzskA
Heg, "gs At ee $FCALCE AMHSET CALCT)
=, FA2AZTH I disle], 44 AU} BE FHrpE
(=)o A%t e Adsted, WE (Vector) FE| R ¥kt
o},

#2348

74 2005. 3. ZEHE3|A| A3z

FoX HARZ):
for each wECurrent do
color(w) := WHITE:
loop while JIwECurrent(color(w] =WHITE)

Al zthetncs —Metmcs X100 ¢ x do
initMetrics

¢ := (cE Current® 84 A TFEAESR] &8 A
g -] AgrE Ha
A FE E dase) Jopae] Zealert Ha A
color(c)=WHITE)
(T, result) := DAC(c, I):
if result = true then
Current <— Current - {c}:

else
color(c] := BLACK;
end_if
for each wECurrent do color(w) := WHITE:
Metrics := CALC():
end_of loop:
end_of DDI.

5.5.2 FO{T HFO| CHSt A=BQ| Z0IE =2l= e
2l&(IDI : Increase Depth of Inheritance)

DI Fe2AZ=re}, el F4EU233
(e PEH2E3) v sgskexyt FoiA9,
S 2AS I Z I Z F o] Wakeo] xE
27312 2= "W AACE FHE3ld, vl A&
o] FolE e gaeFolt. olwl, AACE RootE
PAZRE v7IR1Y] AEAR & sle F-dwE I
{c1, ... cat® 3 242X RE3AT, FPwe DollA
AF3 vke} o), we FEZHAHAprl 2= S
e HELIFSAN, wi 2t 8457t
NOC(p)-1°] H& e 72 8450 FEHE
okl e FF 2 vlazse) syt At He A3
= AEgit},

Algorithm IDI(v, x, T)

A8 FY AT T, T FHH £ ¢

v, d8¥sex

£3 | IDIE 43l A7 Sz ASaH=

initMetrics := CALC():

Metrics = initMetrics;

Current < {RootZH A2 RE vA 9 AEARE
TN 7 1 AR}

Metrics — Metrics
init Metrics X100] ¢ x

loop while |22

do



w = (¢c& Currentd 842X, we E2Z
Ap7t Zte A EANAEHE TN w
ke AREY e, ... ek
NOC(p)-1)°] &A=z st 2
B2E 9 dizo ATl A

I 1= AAC(v, {c1, ... at. )

Metrics 1= CALCT):

end_of loop:
end_of_IDI

m [

o

5.5.3 XA HAEAFS I 2 HEES Jks8t £0|
= LT2JE(DNC: Decrease Number of
Children)

du2]EDNCe FH2AF 2 Ere 3 8skex

7t FoIXE, FAEZazd gk 24 Pz
Helgo]l x& ZHA| e WA sed @
AACE A &3l A 25 Eol 2= FHe] A
SYAE Sole daFeltt. EYaAF =
FAEH2E o141 NOC7E FHul9l FHwell #aho,
we] 2 FH A AACE HE83t224, NOCE
2RIt olw), AACE YEHo=Z Fox= AR, ...
et & 842 FHwE H&sh, Fdwe delA
A vle} o] we] REFY2H o] 2t AP E Y
2R E oM wi E3she 2 Ul AHER 74
H S CRagS, CERE JExdrisdt 34
9 47} FHAoWA, Co 24t FEH R Feoky
o] e FF 2 wame] $71 Havl He FHE A
gttt duelEDNCE =3 2o}

Algorithm DNC(x, T)

dE : FHAZ I, HEAslex

2% : DNCE A&3ld A3 FeaAZad=

c= CALC):
Metrics * = initMetrics:

initMetrics

! init Metrics — Metrics X100| ¢ x do

loop while init Metrics

maxNOC « {v| VueVA:NOC{u) <NOC((v)};

CH) 1= {(vEmaxNOCe] A EHY~HHES Fd|
A 278 B
Clw) 1= (C(v)9 Zt AHEZHY AE=rts

3 FHel 71 FhoWA, C(v)e &
a7F TEA R Hofeta e FE %
HAEe] 71 HAi):

' := AAC(v, C(w), T):

:= CALCT):

end of loop:

Metrics

end_of DNC

5.5.4 XHASHNAEF I} 2 HEE JIs8 =
gl= 21a|E(INC:Increase Number of
Children)

INCE Zd2AZIYEre 3-8R3-8x7}t FoiX
A, Se2AZ e ol tig 2t HrHA o] Wslgol] x
g 2931 @ HeldA 7hed & DACE B83)
o, A& 2] g7t A2 A AEHNAE 7T
AlZle gaglgeltt, old, DACE &3k tiito]
He AHve, oM =03t vieldo], vERE A&
Dbt Aol tdedEstn YA FE Afele,
DIT(v) +| (v2RE 4&=27lsd 3} 9 gtel &
L AL, T vERH AEE2e3 o] tEitsE
2 & Afole, RootFUAEBHE U5438ln
BHpE ste HREE FollA AR Zol7t Hy
A A o)Qo AR FFAvE APt vaR
B p7Hx| ] AEA 200 9lojX, DIT(v) + | {vEFRE %
£E27lse AR -{pERE AE5EE7red A} 9
#ol A2 A& A9}

Algorithm INC(x, I")

48 FY2AIFaH =T, 8Hslex

24 | INCE #H&slq A743 SefzAZTa=
1= CALCT):

Metrics = initMetrics:
for each vEVA do color(v] = WHITE;
loop while IwECurrent(color(w)=WHITE] A |

znthetjzcs—Metrzcs X100| ( x do
init Metrics

ol
e E

38

InitMetrics

for each vEVA do
if AwEACS(v) (NMI(w)>1] then
Point(v) := DIT(v) + | {vE2%E d&=art
¢ AR -{wRRE AEsdrhed A
else
Point(v) := DIT(v) + [ {v25%E Z&=27}t
s A
end_if:
end_for:
u = (UEVA A Point(uw)7} 4 A color(u)
= WHITE):
(T, result) := DAC(u, T):
if result = true then
for each vEVA do color(v] = WHITE:
else
color(u] = BLACK:
end_if;

e 2ABTR ATEH FARA PR T5



Metrics 1= CALCT);
end_of loop:

end_of INC

5.5.5 CIEASSEIT s Al $E I8 20l
&I3121=(DMI:Decrease Multiple Inheritance)

DMI= Zd2AZ2 2T} 3-88358x7}t Fo)#)
B EAIZ Oz Y7 7t HrlH zo) Wslgo] x
H5}2] eFe AWM, CMIE A&l thit
t Sl BEE 7FsE & Zole gdnEFo|t). o
. CMIZ &3z o] =& Adve, golr] 49
g upel o] v2 e Al ™Ayl 2 omA
A& e FF 2 vidort Fe Fghe Ay
g},

Algorithm DMI(x, T)

A YA F =T, 3§ gx
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initMetrics *= CALC():

Metrics = initMetrics’
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(T, result) := CMI(v, I');

MISet < MISet - {v}:

Metrics := CALCT):
end_of loop:
end_of DMI
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