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Abstract The increasing complexity and shorter life cycle of software have made it necessary to
reuse software. Object-oriented development had not provided extensive reuse and computing
infrastructures are evolving from mainframe to distributed environments. However, components
provide more advanced means of structuring, describing and developing system, because they are more
coarse-grained and have more domain-specific aspects than objects. And they are also suited for
distributed environment due to their reusability and granularity. In this paper, we present a process
including the static metrics and guidelines that can be applied to transform object-oriented systems
into component-based systems. Our process consists of two parts: First, basic components are created
based upon composition and inheritance relationships between classes. Second, intermediate system is

refined into component-based system with the static metrics and guidelines we propose.
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1. 7FF A Wik, Wabs, We, Wg, Wy, w1, w2 &} BF = A
2 MAXCOXE ZA g

2. §=S2 F31 Q)& Aitgt

3. oA AN QSIS FIANNA FL FE Al
HF BE <G G A9, CS(G, G)F AUz
e BE et ", COX(G COX(G)=
MAXCOX®t} Zofol ek @ BE COX(C) (1
<i<k) 7} MAXCOXR® ZAY ZE HIXIVEE
o fia) o] T A&V FHHJGE Z2ALE F
a3}

4. COX(Ciup7t MAXCOXR Y =Yy @A32z 3¢
F(Cus G GE BEAU A AXUET)

W QS)7E QS)ETH ITtE S§ S'E diAE
olml COH(S), CSS(S), QSHE ZAZ COH(S),
CSS(9), Q)7+ At

6. @Ai3e g ek

5. COH(S)9}t CSS(S)E &3t Q)8 AT |

7)1 4
wy, wy: 27 COHS} CSS 9 850 #d 7153
CSS(S)= 2, CS(C, C))
& COH(C)

COH(S") =S

2828y 9 3L oL 2.

423 WEZ Y AZ

F8H Add A o B AZES ol F3H
A e WEY Zygdgol AtAHI6) of =Y
He F7|(size), Aol(length), BFE, 3%, =
HEgo] JERo} 3 £4E& FYdH, MEE WEY
€ A7) A% 1EE AT F Uk

£ =RdAde d24E, $3E, 53z vE"S A
ook Q47\M, AAREE F 24F T AF F
=2, o539 AA%Es ol 84F T Y= A
fqeie] AT PP} dE o, F HEIEY]
A¥=E, A9 FXIEE FA%= SH2E 9 4@
A7=e go2 A9 spedith
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E QAN dAA 9L e HIVE ER=d U3
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a. 9373 =

B E=FoM A A 4L 338 ¢
& (161914 AAZ APE AL o] &3t Hrigic)

[A%= A1) 9854 (Nonnegativity)

CSS(S) = &7} bt

(A= H22] 9 FNull Value)

Se Uiy AXAEES o] ARaPe] glow CSS
(S)e 00l

[d%% A443] @24 (Monononicity)

Sol iR AFIEES T FRuPPo] F/HE CSS
8= FasA ged.

[A%= A34] 24 BFMerging of Elements)

S9 Uiy o= F HA¥AEs #HIE Fo CSS
(5L CSS(S)RET =27 gl

A= Ad5] M2 29 824 ¥W(Disjoint Ele-
ment Additivity)

Se] WiRe HHmEe) gl F AXVET HEd
2] CSS(S)2 CSS(S)s 2t}

CSS(S17F &4 d¥xE HEg UFd= AL osH
Zo] Bl
+CSS(S)E SY Uy FFYE G, G Y CSG,
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g2ztel EBAN NG gol=E, TESHAVL
ol EAFE 1 & 5 0Bt A3, 5FF
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G G WE Z¥4E ol 2EBAV 99 Gt
G7re] AR wge] gl AR CS(G, G)7F 0otk
Bt RE G, G (€ S) 7o) FrmPo] giod
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S Uiy o= 5 HAXIE G G| FRugho]
Zrldohe AL, GO & TSS9 G & 74
g2 ) 32FEAV FUldde ALz CS(G,
G)e e a%F Friedh el FRuge] Fr1
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S R F HIUE G, 7} BEHNGT 3
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S iRy HEIPe]l Y F AXIE G GY
CS(C, CyE 00ln. mEA olE T HXYUEZ BH
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3 [16]904 AR I PEAE o &3S Hrisiot

[$3= 441 w¥E548% A73KNonnegativity
and Normalization)

COH(S)E Ha 0, Hd 1 g ZEH

(3= 442] € #%(Null Value)

AXIE UF SH2E 7 A7 128 COH(S)
= 00t}

[$A% 443] @=4(Monotonicity)

AXIE WY Y2 o] BAV F7b HY,
COH(S)9] gre #FA3A geth

(3= 834 FY U FEJE(Cohesive
Components)

S wel 4% WA g F AEVEs Uy
COH(S)+ COH(S)Kt} =A] gt}

COH(S)E COH(O)9 H@gtolth. COH(S)7F &+ &
Y= AL VIS AL e Bo] B
<COH(0)®} Ael7} Co} Y% 22T e ¥4 7

FA° %oz HAFYOEET HEEHL AN, B
- EE o Wi 2U2AE9 E 49 sfolm, B

£ Ak 0olA Ao R U2 A S Abole

&g 7HEE COHOE 03 1 Atole) gtoz AT

8 Brh maA COH(S) 94 08 1 Alole] ghoz

A7 I8, wleFde s,

« Co WB ZHl2E 7He) BAIZE gl COH(O)E 0
oty 18y EE AXUETL oloh 22 44& JHA
W COH(S)& 0°ltt.
Cel Ui YLE Tl BAVE F7F =9 i #/A
9] 7o we} 7 EXNE dA=Z COH(O)
9] e #AasA gedh weld COH(O)7 Z43t
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A5 BAZ g F AEXAE G, G HEE AX
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22 AMF7t 1GIXIGHTE ouBR2 F5 COHG
v BAe WEEY) Ag 2oy £E27 o AAA
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[53F= 44d1] ¥$5/d(Nonnegativity)

COX(O)e &7} oftt

[B3= 422] d3k(Null Value)

AXFUE 9 W5 UL 7ol
COX(O)= 0ol

(B3= 443] A4 (Symmetry)

COX(O)= C9 UF Zd2 79 FAMRE Jen)
= XE/EA RSt #AY ZIEHL FF
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o g COX(OE COX(C)s 2t 9714 Ex CY
T4 ¥, R Sl @At

[B3&= 4324] 923 (Monotonicity)

ATVE 9 WF gz 3o AU FiEE
COX(O)E 7#4AsHA gt

[BF= A445] M2 £ 24 HH(Disjoint Ele-
ment Additivity)
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224 o] TFATFE BARDE vlE AL
%, R3 R'2F 39E §49 99 292 oo B
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9y g¥28 2SI AdEHERE COX(Oe 37
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<ANE BAZE gl F FAXVIE G, ¢ BEHAYG
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£9 Fo] HBRZ COX(CuEe COX(CHF COX
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29k 2 =59 B3Axe ZY& A9 Bhee o
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I 84E 7H BAEHE BEE g TS AR
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HELE

4.3 QlEimol2
shiel FEAEE FY2EH JedolasE TA
gk o119} WAdE @ BEdEd THe 29

2ES e JFE Vs, B FoMe dF
o2 A #F &k HIFGE QEHOx
€ AXJEJ}L AlFshs MulaE 94 g AIJE,
o] RE vMEE F, R U2 FIIEY FHs
EA Mul2E HFH F= A2 public WA=l
£ =RdAe § FAFXIE o] F2xEnd, 3
public WIME=E e sjo)23} STk

A& B, vl /M9 el q, b, ¢, d7} A 7Y
317L o] E3te] #A 2 olEe] VXA gl WY F59
9y M4E ISl UML E71HE 0|83 toloja
Yoz JepATE (2§ 4). 27 404 ‘-, +, #2 2
o U FIAAR B, ‘& ‘private’, ‘+'& ‘public’,
283 ¥L ‘protected’E eI a@)m 7zt 4o
Al 8 AR AePL HoY A=ty

4 guU2E 3PN FAT g oh2a} 2o] A
1= 3

a = <ID_a, {<int, private>, <char, private> <b,
private> <c, private>}, {<FID_fl, sig fl, body_fI,
public>, <FID_f2, sig. f2, body_f2, public>}, @, {b,
cl, @1>

b = <ID_b, {<int, private>}, {<FID_gl, sig gl,
body_gl, public>}, @, &, &>

¢ = <ID_c, {<char, private>)}, {<FID_hl, sig_hl,
body_hl, private>}, {d}, @, &>

d = <ID_d, {<float, private>}, {<FID_il, sig_il,
body_il, protected>, <FID_i2, sig_i2, body_i2,
public>)}, B, &, &)

a d
- int al - float d}
- char a2
+f1(..) #i1(.)
+12(.) +12(.)
b c
-intbl - char cl

-h1(.)
a9 4 dA g thelojayY

+gl(..)

old, Zell& q, b, cE FHBAR e HIWE
comp_a7t SH(RAL), de FEIE 74 Za2 9
2y Ed20lBFE comp.a WHEE EAETHEA2).
comp_a® 3ZNA Ag g o237 o] WA )
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comp_a=<CID_comp_a, INTERFACES, {a, b, ¢
d}, >

INTERFACES={<FID fl, sig fI>, ~ <FID 2,
sig 2>, <FID_gl, sig_gl>, <FID_i2, sig_i2>}

INTERFACES¥E, comp_a®| UE|#Ho|259] 3jte
2 comp_a¥ T4 SH=EY HAM=F FZ ARt
public]] AMX=g9 eIt dA dEH): 7
o tigt ole Tg 53 HAck

AZIE HAAZ}L NEAE) HEYY F3= 715
AY 94 EZ=E AR W 282 & 5 Y B
428A 71¢d AA Z2AAE Za nEAY AX
VEE QAT ¢ UL Aoz YUy, 3dd S
ES 153 dosxq nnd & dfe AXJIEE o
83t ARl dF B} gL £F9 HE M £
itk gt AZEY] AR Fo] AAHE AAE-

i FARS ge ° E¥E & 4+ & Aotk
5. 48 ¥ E9

E FAe 159 248 22358 ugog 3
3 - vt eH o)X tle] AARI(BMRS)el thall 4% A
Aog WMy T2AAE FHEF AL B o
BMRS A&¥e 43, BFgsio C++2 33T
BMRS+ 17708 a9k oF 1500 glel Z=2 o]F
ol ok & AN2®E Al2"dA AFE FT string’
ZY2E A3l UML tolojafes FATFIHL
¥ 5).

a9 5olA AukAEQd FAEE AHR #AE Yehdath
Z % 59AM RentaldlX BookSZ 7} AEE,
28 & Rentalol Z#2 Book& AHEgth= AL 7lE
A} 4138004 7led ZEAAE a9 5004 ¥¥”
Alzgel AE3to] Y2 3 Al Alz"lo] 1Y 6
olty. 1¥ 6oMe NE HAXJIEE=E FA4E BMRS
AlzdlE @St gitk ¥ 691A vebd FA gHat
v AXIEZRY & #AIE vedd & FAXJE
C_Customere FHAIXWE C_Bookd® C_Movie7t AF
& F& MU2E o]g3tx

o2, 423804 J1&d AA4 T2 39 69 U
it 718 AXVES] HLAAL wust was 7H5AE
42+ 0.3, 072 FAUk Gutgoz AR ool 7)
£ AZYEY Fo BHE7] dEolth wi, w;, weE

=

g A aglo 2 HEst= 71W 737

RentaiSat

Customer

[ BookPrice |—(>| Price
[AY

MovieProfile

MoviePrice

NewRealease
Price

a9 5 BMRS(A# = 3)

% C_Customer

- ~
e
S -

% C_Movie

% C_BookPrice % C_MoviePrice

19 6 BMRS(Z1®AXJE)

% C_Customer

- ~
~
.
N
\
N

% C_Book
% C_MovieRental
1
% C_BookPrice

2% 7 BMRS(HZVE 7|dh

[FicﬁonPrice “ MagazinePrice [LComicsPrice “ RegularPrice ” ChildrenPrice (

247} 0.5, 0.35, 042, CSSh COHO| 712X E 242} 05
2 FHern MAXCOXE A2¥9 HE Bz gle
2 FUch

B 12 718 AZTJETRY CSUEL H4FED. C
Movie$t C_MoviePrice7t®] CS3te] 714 mBZ o
ES Ze2l2Eg §o C_MovieRental ATIES A
2 AA¥t 29y 78 BMRSY A&d FA Z2Ax
9] A7 etk F 29Me FAZ=AL HEA
(0¥ 6)7 HEFX(aY DM COH, CS, Q &2 2z

¥ 178 AXJEE 3] CS 3
ATVE C_Book C_Movie C_Customer C_Customer
h C_BookPrice C_MoviePrice C_Book C_Movie
CS % 1.7 2.7 1.0 20




738 AE A=A 2T E o]

# 2 AXVE A A Fo 7 WiEzdY Y

A" COH Ccs Q
AXAE FAA(ZH 6) 0.38 7.40 1.00
AXAE FAF(2E 7) 0.36 470 1.27

AYES o] Z2A2 AL o U2 AHE e
4 9t} o8 W AIYE C Booke 24 § Y
227 o}Fo]d glemE 1 COH & 1¢] "tk o]
A 3% C.Bookol & RAXIES WHE W
COH 3t& & Z4sH HEz ot AEdEse] ¥§
o] YA wetAN JEAEL 289 X4H BH
% %3] C_BookPrice$}t C_Bookg Z#2EHH 32
AT 4 Y& Aotk

HE NoHde U Zo] B4 ddk

UCOMP = {C_MovieRental, C_Customer, C_Book-
Price, C_Book}

C_MovieRental = <IDC MovieRental, I_MovieRen-
tal, {Movie, MoviePrdile, ChildrenPrice, NewRelease-
Price, RegularPrice, MoviePrice, Price}, & >

C Customer = <IDC _Customer, I_Customer, {Rentdl,
RentalSet, Customer, Profile}, {C_Book, C_Movie-
Rental} >

C _BookPrice = <IDC_BookPrice, I_BookPrice,
{ComicsPrice, FictionPrice, MagazinePrice, Book-
Price, Price}, & >

C _Book = <IDC_Book, I_Book, {Book}, {C_Book-
Price} >

I_Book, I_Customer, I_BookPrice, I_MovieRental
& 7 AXAES gy olzoltt 4 AXIEE] A
FHFE AMRaE R 4] AFAEEF 7]
3 2 A¥XJAEESL 159 AXVE FYLE /RRTh
AXIE Faloe dF9 #u)(wrapper) 24, T AA
A& dolz AP AFIEEZ HAA FTHIEE )
g AA Falzolnh R 3EAEREH AEH o2
N3 838 oy &Y AFXUE Yo FEUE &

2¥E O 83E 2ol AT FYP29 HA=ZE BF
€ @rx "N ARE TFANA dAED

QdEl#o] 29} AXUE 83 g SHLEE olE
Bt o] A)x"leol F£3L RAFT] Y3 B =M
AXIE C _BookPrice7t o1%A AHEHEA C++E 2
w3 TSP e ZE=7} C_BookPrice FAEVE
9 Agdn

#define CLASS_COMICS Class.ComicsPrice

=1 -]

2 & A 31 A A 6 Z(0046)

#define CLASS_FICTION
#define CLASS_MAGAZINE
// This component-class CBookPrice is included in

Class.FictionPrice
Class.MagazinePrice

component C_BookPrice.
// ClassID is defined as string type and is a unique

identifier among all classes.

class CBookPrice : public I_BookPrice {
private:

BookPrice* price;

public:

CBookPrice(ClassID id) {
if( !stremp(CLASS_COMICS, id) ) price = new
ComicsPrice;
if( !'stremp(CLASS_FICTION, id) ) price = new

FictionPrice;
if( Istremp(CLASS_MAGAZINE, id) ) price =
new MagazinePrice;
}
double getCharge(int daysRented) {
return price—>getCharge(daysRented);
}
IH

class I_BookPrice {

virtual double getCharge(int daysRented) = 0;
L

olg] Z=E trE ZY2u BEIET C_BookPrice
E AH88te Wae BoET
// Using component C_BookPrice for ComicsPrice.
CBookPrice new CBookPrice(CLASS_
COMICS);

// bp points to the interface of CBookPrice and used
like this form, bp—>getCharge(arg).
IBookPrice *bp = comp;

Az M=g 3FI FAXUEZYS CBook-
Priced] Q282F AR AA ComicsPrice E3
271 ApREvn 2483, ComicsPrice® 21EAM
‘CLASS_COMICS7} A4Ate]l A=z Addn Co
BookPrice®] QQEIFo]2¢l I_BookPrices F3Fd2
2 AeEn v AXPE ol A2 glohd,
AA AH8E 928 AFse F & AF%E Aotk

BMRS dojA B% B Z2ihxEs FHAE e
2 sl FYPHoz Ad9rEd AR AT A2 g
FHgAdol glon, 1 HAo] vuA APHeE HE 7}
T3tk AAAG AM2ddE AT sk, A e
AFIES YA E Ao WL 51 JeBg B =

*comp =
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