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Abstract When the decision to initiate a software product line has been taken, the first step is
the domain analysis describing the variability in the requirements, the second important step is the
definition of a domain architecture that captures the overall structure of a series of closely related
products. A domain architecture can be a core asset in product line by describing the commonalities
and variabilities of the products contained in the software product line. The variabilities, which are
identified at each phase of the core assets development, are diverse in the level of abstraction.
Therefore, it is important to clearly define, systematically identify, and explicitly represent variability
at the architectural level. However, it is difficult to identify and represent the variability which should
be considered at the architecture level, because these may be appeared in architecture elements and
in architecture configuration.

In this paper, we suggest a method of developing domain architecture as a core asset in product
line where commonality and variability are explicitly considered. First of all, we will describe a domain
architecture metamodel that can explicitly define commonality and variability concepts by extending
the Object Management Group's (OMG™) Reusable Asset Specification (RAS) model. Using the
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domain architecture metamodel, architecture elements are defined and the variations that can be
identified at the architecture level are classified into two types in according to abstract level.
Additionally, we describe a domain architecture where commonality and variability are explicitly

considered on basis of this metamodel.
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+review_Packagevoid
+modify_Package.void
+cancel_Packagevoid

219 11 IPackage Reservation E|H|o}22] @ ¥#o)4

5.2 THQ o7 I8N 2EQ| JHHA

521 =H¢l 2 =4 (Domain structure model)

29 12004 HelZn YiFe] Eojel Tx Rde ©
Hels TFASE AXYERY AX FAE BT
o] Bl W AFHE} 7MHFEL 7RgE 9
(=] HEFE CV_property 7FHA)E ofZE]# o
Aol a7Atae] Jhde wel o] Tl HAXJESL o]
2doA F7} 24 E F USE guisie Rolth =
gk o] RddA =ud AXIE uglY CV_property

CustomerinffoMgr | ——————
fCustomer Reservation info Ifigt o ICustomer Private fo
e e M (Dt > O
ICustomer Reservation info <y pe>
iCustomer Suppiement info

% 10 Customer Info Mgr =91 HEXAES] Qe H o]
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nterfacef

! !

Interface?

s
|

Domain Component1 Domzin Component2 Domain Component3 L _J\
[ I | |
| | I <=y.px> |
Domain Cemponent4 | !
——{> ! | «ygr> “<ypr>
€ | I <} —{ Domain Component5
interfacesd InterfaceS

a9 12 =49 72 2d

7hadel =M AEAES FU A4 H 7HEFH UH
Holxste] oZAAE s vehlA "ok 29 124
A 7hadE 7H =AQl AXEYES old oFEs gl
£ =g AFXAE uiglg, Z=HQd FEUE29 AR
o]227} g&Esta Y =W FEXIE HIRIGE] of
ZgjAlo)A sl we} o) Rde T 2EAS T
1A B &, =dil o}yl FAA e CV_property
7hAde] AR er JFE wz dHE9 MHPER
Q& =od oFEA FHE AFAFA B ol =
el ol el A T4 2etde] s sgATh

¥ 132 Customer Mgr =W HFXJIE BT
Eogl 72 2d) RIS BHAFETh e-TS =uikle]
AL T A AFEIAE HET ¢ = s
Agdor Jixln gt 2B fEEANA A
Al AgF oz el F = Payment Mgr %r)
Ql AXAEQ} [Payment_ Mgt AQE|H ]| AE AlE3=
= AXYUE HRRIgd <<vp>> 2HIHLBYS
Algste] PAlH oz 7lAAAE REs ok

522 T2 39 2d(Domain behavior model)

=9 B9 2deA vgue 7PAAS =Hd 3
FUE Aleo]9] 559 sigiAolth 1§ 149 49 =Y
dXe =g FEAE]] =W HEJEIS FA

e o

interface
fCustomer Nigt

+foginvoid

+fogoutvoid

+registervoid
+withdrawvoid
+modife_member_infovoid

A ICustomer_Reservation_info_Mgt
] - <7 o Customer Info Mgr
: : ICustomer Private fnfo
Customer Wgr JRp—
way,pen
_ T Q - Payment Ngr

fPayment N3gt

9 A¥ELZ 3L HAEshe EFolth 3y =
4o e AXIELE JH= 582 EHd AFXHE
1914 AR 7 Bfelt). o) o] HAA 552 o
do] wlys A 288 & dE JEAE 35 4
7t TRt auFd. 23 AXIER Jhe wAlA F
A #F 7159 F&o] sHHFoT WASE Yol
A ZpaAe]l vehdoh 18 149 oA =dd Axd
E27} 7FA1 Y& operationl 2 7HHA £AE ZFA 1
U7l e HAA BEANT o|RE wtFetd ver
A dh ol#d uj#E oA sHHASR Qg HAA]
9] 7ML mAXe A [vplE HAIFFA WA
o2 FEE £ Uk
a8 159 19 169 Package_Reservation =991
AXAETL AT 715EC] AEA TH3derts B
Fe= =ud Y mdojth dere ¥A 1A
Package item& 7343t & o]F0]x]7] ujFo] VP_Search
= AXVER A A} Package_Reservation©]
Package item % 344 AY3A 3 F= 715 A
'A Package_Search= select_Package_optionS 12
A Btk o] 715 dYHeZ FYHE JTolr] G
of A9 [vplZl BAFoz2 JehdA Hoh 238 16
& 19 159 reserve_Packaged] ™3t FE 289 o)

k3
2

fCustomer_Reservation,_ Info
ICustomer_Supplement_info

28 13 Customer_Mgr =Ml AXVE #Ad Toje 723 2d
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1: operation1().void =  ["Domain_Componentf] 1.1:lv.p] operation1():void— [-Domain_Component?

1.2.1: operationt():void —t>

|:Domain Comgonenwl 1.2.1.1: operation2():void ~3— %:Domain Comgonenml

2.1:{v.p} operation1():void—t> :Domain_Component?]

<<actor>>
DomainActor 1.2: operation1():void
1.2.1.1.1: operation2():void
<<actor>> j
DomainActor

2: aperationt():void —= [ :Domain_Component1 2.2: operation1(void —0> o
:Domain_t-omponentJ

2.3: operation1():void —t>
2.3.1: operation2():void <+— :Domain_Componentd

29 14 =99 39 =Y

1:reserve YR(VF_Rem)void— [iPackage Search

=<actor>»
:Customer

1.4.1.1.3: notfy_reservation.voic

1.1 1:{v.p] display_Package_option(Package_lterm).void
$.1.1.1: reserve_Package(FPackage_Iltem).void

1.1 v.pj selfect_Package_option{Package_itemy.void

| APackage Reservation

1.1.1.1.1; append_Package(Package_ltem,String) wia‘\&

ﬁ 1.4.4.4.2: Insert_Package(Package_item).void

, IReservation_List

dICustomer_Reservation_[nfo

1Y 15 Package Reservations 913 o) 3924 shgd]]l

1: reserve_VA(VP_ttem) voig—t~

dPackape_Search

=<gctor>>
:Customer

dReservation List 1.1.1.1.1: sppend_Package(Package_Hem,String):void iIPackage_Reservation

1.1.1: display_Package_oplion(Package_ftem):void
1.1.1.4.2: notify_resenvation(} void

1.1: select_Package_option{Package_ltem).voig
1.4.1.1: reserve_Package(Package_tem).void

6 1.1.1.1.1.14. Insert_Package(Package_Hem).void

dCustomer_Reservation_Info

Ho| "}y o BoFz ok o< 9] o A
B (Package_item)= ©] A2 A A thEE oof
EEo 4Y Bt %3 o] ARE 17 Ao JHARE
43 A Eo7tel ok 2Vt Package_Reser-
vation THIQ] FXEJUEJA & A8E F Ay =4
A AFXGE FAld 9A & % AT, 29 164

219 16 Package Reservations 913+ =<l J9jnd g2

H AA oo BEES 23T F M dF FRE Y
Al & x ek olHE wWAA &g tE 7PEA
o] o] RuS B3 712 YAt
523 £l AFXHE HAHA(Domain component
specification)
=rd AFAES CV_property7} FEA E

fr

e
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ALAHE UF 78 A 28T F A HEEE
4 4 Ut TE HEJE FAdE A
FAE "AMA ZieH e ARE - UEHelx Y&,
2ol 71& - o FW 27AMHRelated PR),
7hade i3 Jien HAIXAE TH) Adse Z
259 7z F5AE tholojayle] et 1g
17& Customer_Mgrol] tl$ =dd HEJE BHAA
9] YEFoltt o] mHRl FIFVEE FEAH CV_
propertyE 7HAY, =il 87AN} F 38 bollA R
o]iL 1= PRI, PR2, PR3, PR4, 18]1 PR59] 7|5&
THIL o] FAXHEE /MAFE /A, ol 87
A}8} PR3(Register)©] 7}A1x= 7V X v1(Membership
without fee)St v2(Membership with fee) %, v27F A
go] HAE W, FHIA B REAS ARIF
(Constraint) &&Eo]A 7]&sta glt} ol = &
Y 2ol <vp-2>>F YAIE Yk E=F o s}
Aol FAD A, AEMA ZhEor & AFe] =H)
9l g4 tholojase <<vp-1>> AAH GE =9
AXUE Payment_Mgr 4% 71&3ln Jth 54 ot
ololz1g) W] 7P Atelo] <|E@AE FEHI) T
37 §18) 7hARe HEE Fd3, 7PEA Aol 9
E23A9 &AE =M B tholojde AHH B
&2 AT &A% £ Aok

6. @ 7

6.1 OP[E|N +F2| ZEMU I[N 24

Mari Matinlassi= [6]e14 COPA[7], FASTIS],
FORMI[9], KobrA[10], QADA[11lE 4oz, A=ZE
Aol Z2HE 9l olFd X i via Wt ARS
NE F oY HA WHEC tste Hwsislch Hl
TH7L FE F OoPEEe] JhANY 2EE F Adse
7t Widte], FORM3 FAST= 8741 FEEA¢
Al 7PEAC] diF nElE HAFeR A, UE Asge
%z gaittn #7139t FORM(Feature-Oriented
Reuse Method)2 Feature Oriented Domain Analysis
(FODA) WHdl12]e 4A% 748 dA=Z &34 o
th o] WX E =W e FBAT Aol dS A
gt WA 2d2 Yelllz, o]& oyldA RdY g
oA opFielA mdlx HAS ugAZIch 1 A F=R
o}7|el* (reference architecture)®} HAIEHEE AT
ok o] oA =AMl olFlElX e AL HA|HL
2 JegdA gon @A #H ozt vPs §
A grHo g FPHAE gF . ok FAST(Family-
Oriented Abstraction, Specification and Translation)
ZZe] FFH Fad £4E -J9, UHHl:

RE T- & FEE 9ER wde] AFE AN

frorir

W f-&31A H8E 5 AT ZZAM|zolth o] W
dutEel H2E P9 FAYS AMRstd HAHo =R
=Rl FEAT MHAAE A3t a2y olg o)
39 FEAM 2 den FAFY FENNE ®
= opdAE e dde misiMe AFIHA ek o
2 8 = B "z i Aol REdT
ABo|A] B unprescriptive) H7H7F ATH10].

Hassa Gomma¥® [13]9]4 AZEHo] Z2YE =z}
Q9 7hads #3793t ek FEe) o o
Brdg AAFGY o] =RAE AZEH Y Z2Y
E ZR19 A JH(Q7PAR) 2dy, 24, dA)d AA
AEHE S RYES A9 ol AllY BAE
43t A Ak vzt A AdEe b
A9 fYo] BdE, AsbE FRE o} Fox B}
I ol FRE AF 1A gttt Pierre Ame-
ricae (141914 Z2HE 2ol Lk tFg 7t
WA wiEled JPAg Bde AAT olF AdElL
7ivte g Hriske WS AAISHEH 7Y Rde
CAFCR & -Customer, Application, Functional, Con-
ceptual, Realization H- W¢ 7pHA4E o7 H3)
agAsd, 1 29 A adze e fARsh
o] WY& opEA Hrl S ZIHE Rld 4
3 AFEA, ZhEAC uE WHelsls oF|EAE o}
gz 37l S B8 AR & =S Stk o] W
He ol7jdA Ref 7l 2dg Eslo 7pEAg A
BE fA3%t1 gle FHE 295U COVAMOF
(ConIP Variability Modeling Framework)[15]& Z &
YE #RlelA JHeAds 2dy & 4 e A=
22X 2E dAGA MEAE SHE FHs 8424
el 7HAde) dist AFd 2de XY, 1
£ Alele] BAE 2dE xs 3o ol 9 B
ol7ld A, AXIE FHAEE visty /1A Hvari-
ation point view)9} ©]& H(dependency view)Z T
AE A H(Varability view)ZE A&dct 2 A=
EE9 dig 7HHAAE SHE FE 53 BAEn 7
Aoz RPEE AT, T FEEE(CE S99,
ol7|dA) ] £AS neidtd M F3S FEIA
© 981 en, B3 AEE A 7o 474 o
g = FEIATh

6.2 OF7|®IN 71N ES gy

Z2GE Rl opFdANgA sHAde BdYse V)
Moz HElg ARRsh= A7t AdoHiel S71M B
2](discriminant)2 &) A|2=d-g oE AlxdHzm 7
# Ae od AAHE guistA Ha, o1& ddd AR
Aoy 7pAAE BdYIT) oldf, JPHA Ewe A=)
HAss BES Wlols FHYAE A3, FPHE R
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iD {DC:Customer_Mgr] CVY_property | Common
Related PR PR1, PR2, PR3, PR4, PRS
ID DC3_vpl
vpType Information hiding
Variation Point Variant v2 in PR3_vpi [PR3.2] — <<v.p-2>>
Constraint | <<y p-2>> —<<v.p-1>>
<<v.p-2>> —[DC:Payment Mgr]
i’rovifded ICusomer_Mgt
Interface nterface
Description Required icustomer_Private_Info
Interface <<v.p>>IPayment_Mgt

Domain Type Model

+notify_duplication:void
+notify_address:void
<ay.p-2m>
+notify_charged_memberveoid
-

Structure I
Login Page Login
+loginvoid +loginvoid uses
+logoutvold +lagoutvoid
+notify_login:void +check_ijd:boolean
+notity_logoutvoid +check_passwd:boolsan
L »
Customer Private Info
Register Page

Handle Member +insertvoid
+registervoid *modlh{:vold
+notify_registervoid sregistervoia :::Let:vnilgsmn
«ev.p-1»» +maodify_member_infovoid Pl Y19 g
+notify_real_name_checkvoid +withdraw.void

+check_duplication:boolean
+search_address:void

Modify Member Info Page

+withdraw:void
+modify_member_info:void
+notity_withdraw-void
+notify_modification:void

’

paid by

+charge_membership_feevoid
L

«wy.p-1>» manages
+check_real_namevoid
wev.p-2m»
+charge_membership_fee:void
L
<evp2er ey
<<v.pr> "
Handle Chargad Membaer +pay_by_creditvoid

«<y.pr>
+pay_using_coupon:void
=y.pr>
+pay,_using_pointvold

a

Behavior I

3 register{Member_Infa):void —=

Register Page

«xactor»>
‘Customer

|

3.1.2:v p] nolify_real_name_check(:void
3.1.2.1 2: nofify_duplication{:void
3.1.2.1 2.1.2: notify_addrassQuvoid

3.1:(v.p] check_real_name(String String):void
3.1.2.1 check_duplication(String):boolean
3.1.2.1 2.1: search_address(.vaid

3.1.2.1 2.1.2.° register(Member_info)void
3.1.2.1 2.1.2.2:fv.p} charge_membership_fee).voi

3.1.2.1 2.1.2.2.2:{v.p] notify_charged_member(.void

d

Handle_Member | 3.1.1:v.p] check_real_name(String,String)void ™ [:Reat Name Checker
J

l 3.1.2.1.1; find_by_id{String):String~—>>

3.1.21.2.1.2.1 1 inseri(Member_Info)vaid —t>

3.1.2.1.2.1.1: search_address(:void —t~

Address Searcher

3.1.2.1.2.1.2.2.1v.p] charge_membership_fee:void ~&

<y prm

31.21.21.221.1:

pay_hy_creditd:void <3—

a9 17 Customer_Mgr =Q HAXAE A4

iCustomer_Private_Info

Handle_Charged Member
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T #ES ME 229 JHY dFeam o2 FE
ot o), G9ge LI ME Feirt ¥A A
EAo] w} single adapter pattern, multiple adapter
pattern, optional patterno 2 T3t}

UML &3 71H& AH83ld 7AAdes 297 & &
TF= JH17. 9714 UML 2del ZE3#H 2ege
2 <<variationPoint>>Z& 7%t 2z} 7PAX|(variant)
g &R REed. (18] d7dAe Z2HE
ZloA 7hade Ed¥sty] 93] wizf¥g-sKpara-
AX  2Y(information hiding), A%
(inheritance), 7FHA] ¥<21E(Variation Point)& A3}
€ YHEL AABIT itk

ojf g AFEL o|dA FFoM ©A HARXIEY
Adg dAsle FEAAY PGS OF §lvh
oFEIA F£EA slEA g JPARAEL Fhy
o 2ddg aA(E E0], U DHE UYETE F
AE FH rHgegt ohve JdEd 84AES A
nsfol e 7PEAEC] ®el Utk F, o] AFEL
74 fEd tig 1y glo] @A BEdg 7y 2
As 7 e, o A FFEAA oRBA TA4Y
ZEAA oI o AAEE A HEWE R g
3la e JHHAS A Eich

6.3 B ¢iFQiof Him ®I}

71Ee] B BE FE3HoE oY oprldAe
71 84 242 JMAS OFRT it 7hEds BE
a7} g 71E WHEL 3¢ 187 o] A T A
frEoz EFE & vk 9714 7122 D(Base model)
olg @ cjEF| Al AL Al AdEHE EH 2o
7hAAo]l REERA Fe FHE vjdch
ZjEudy) tHYE §A EE - 1% 189 9%

A B8 Jde FHS Fo] rEEd S

xdsy] % 84E FUstd 59 AdE st

£ Aotk o]gs ¥ye [9,10,13] T AT 4

£o] HAtk o] WL 5 A dF 9 2Ad
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o}71dx ®=(DA Mode)9Hs g o, 7PAZE
vehilzl $13 g J1Ed 4A oE 5 Ao,
71E9 NgEddA YelinA sl ouE aE
ol &3 § olA ATAAA =AU AtE HA o
NG £ de FHel Aek Y EA she] =
sl olle} thE AME, o B, = &7
A 2=(DR Model), ®W AXWUE =d(DC
ModeD)E& &4 1ejstctd, oS Atolo} 7paAdo
TAE B4 A RS E3A =He 2ol Utk
7l wdy spdy vdg Pajsie] ¥HE - o|#H%
A2 W diEAQ A7 (1519] Tl stk o
W ME ZERdS Py 2YS Rejsld ®E
gk gl shubel shaAg 2dg e R o 2}
ko] ERdY A2 #AE AFsz Uk olHFH
Hye A Bdg e S8 mYE By
oz JpEATRE 934 YA BE F glen, o2
A3, 7pige] EFHAT F Bl § e FHel
ek v ZbaAge o] g wet spEA
o] BAIE JehUA =1 Z+ Audvitk 7isAe] B
@slolof sl A4te 84vF FEtAlE, ©lF X8
g le] BEdite 9o slth

aER B WydAME o#d F sk F2 Wy
AHE EFstna o 19 199 2o HI U
At WA, e N Exe T B )2
Ay A dBd A BEsr] 98zl o1
g velnd g AAsgck o] Welmde A9 2
A WEtZA(RAS model)el 71ikstn 9len z+ 4k
3 EAd @A paXdS BIY F UA=E 3
gt 53], dEeEdS 53] = ol|E s} ARe
718 AMEES 2o opEA FEAA UeRE 4 3l
T b #38 g FRIAIAC =T =H of
714 AE AAE Aetrd g Jivteg R wiK V)& W
HAY 7ERds 34 7Pade 338 5 U= §
Aot olzg Wio] the AitEd @A UA HEo)
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iZ o lo

T

DR Model

eco

DC Model

2

‘| Variability

Variability
Metamodel

Model

N
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7.4 ¥ gF o7

= oMlEAe AWE LIESS Z2HESS

d&H oz AT A =gy 9Ee e 9
Aot olF|EA7 Aol HI HEME ol
FEAA TAL 5 e 7hEAE AEsta olg ®A
Hog wdd wgstdol Frh B =EdMe WA,
HZ OMGAA A Aatg A3 HARAS) 2dE
7oz @ AFY denddyd 72E AR ol
Edy 22E dgom TuQl oA FFoA
C&Vel 7idS A7) f3) =rld olF|dA detx
d2 AR o] Bdg 3 =W ordA e &
Aol wet o] £EM M 5 e MY #f3E
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28 Asn 74 mdd AEd shEde] BHEs) i
%}g 2ok o] #etZde e-Travel System EUJ]?J
of g =l op7HA mdo] AYHE AL H
ot 2 A AT el P /3l 2A g
HRolA HHs| qEFn B ZdY € 5 35S
A 4 AUAUT, o] o] A Z=AEJ FHEd
T AFE BAFA
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