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UML(Unified Modeling Language)= °©]-85to] FORMSO| of7|dly HdElS
gojstal of7|ElA FEolA MRS WAAC= FHsH]| A% HHd
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UML(Unified Modeling Language)% ARESER] QF7] wjRof, AR T
75 Mg B ofye}, #For @ AMgEE UMLREEY o8o] o]
o]z 2] ¢k= wHel Ut wEtA £ =RolAe ZRYE gl of7ElA
UMLEZ 2ddshs 8-S Aotstal, o] FORM-UMLelzt grgsict,
W, FORM ol7|€ld maoAl ol7|ealy #dlo|A 7FHAo] ARAo =
EIEA ¢t FORM-UMLO|AE o}7]elx] wule] slHAdo] EAE D
e EEE UMLY 2P HAUES B2 F(Tagged Value)dt AH|HQ Ef
U(Stereotype)= °l&shs WHlE ATt

opAef o 2 FORM-UMLE] 4AFEE9] 7Hidol die #d2 7|Hter &g
HE ol7|dd nuzre ngoE puzo] 9gket =Zo| WesHA Hdoh
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g3 »dzo 55 EoFE =75 2Z429 SarUMLE ZEsteint

nE ZREE o}
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A 12 2TZEY0 ZzdE ol 2s}

t}. (Atkinson, 2002)

(O™ 2-1DfMet Zo] 2ZEge] 2HE 2kQl Fok2 A =Yl &
SH(Domain Engineering) ¥ -8 -&5H(Application Engineering) &2 Uo{%l
oh. =rQl 3ok 54 E=rQlel &3 AEE 3EHT Aolde EA5H
29 E gkol ZHAHProduct—Line Asset)S WELE Aot EHel FSho:=
FHLSH oujo] AA AH(Design Decision)©] ©]Fo|z]:= o}7|g€lx] A

(Architecture Design) 7t &2 ®e1e] AA ZAo] o|Fojx= HEHE
&

2005)

ojglgt AIZE{e] =m=dE ¢l Fot HHE= FORM(Feature
Oriented Reuse Method), Pohl(2005)¢] OVM(Orthogonal Variability
Model), Gomaa(2004)2] PLUS(Product Line UML-Based Software
Engineering),  Weiss(1999)¢]  FAST(Family =~ Oriented ~ Abstraction,

Specification, Transformation)s°] AT
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= F° stolth. oplEIHE  7leste Wl Kruchten(1995),
Hofmeister(2000), Clements(2002)2] =¥ So] it} o|e} Zro] thofst o
2] 712 op7[El A mEy oz opF|HXE BRI, o5 ot7[EA 7]
& dole AR AES Aolet 7o r Aottt wifo]| A= o of
794 mdd Qoj= #7|E Y It Sebd FAL e (o],
2011)

weba] 2 m=wo] Al 3 Al 1HolMe AM ZEoR A A e
UML(Unified Modeling Language)& ©]-835ld FORMS] Z2HE 2}¢] o}
7182 S sk ol s A2 ox Aeith



Al 2 A Feature Oriented Reuse Method
1. FORM HH=Z e

FORM (Feature—Oriented Reuse Method)2 tHEZAQI AITE o]
2hel 3ot HHEoIth. A2’ o] EAS AAste FIAE F9l
7S BAs5te] 34 Rdl(Feature Model)& 2H4dstal, o]& H
A ZHHEHEA 9 HEUE)S 537t
FORM "W E9] 7|2 dgfofl= $A A F(Feature Orientation), A A
& (Object Orientation), ¥4l 2] (Seperation of Concerns)7} QI 3T
o[sjTAAF AET  Ue /\V‘E“J TREE 542 ATt f1A ] 4
AL EHdl We F54 F-(Mandatory) 9142, A|2" W]
HE zoldE 7H BEAS (Optlonal) 3%, eHA(Altenative) F]*], T
Ag(Or) A= FEtr , 94 B2 osiEAIRre] A oflutet
AlZ(Capability Layer), 24 (Operating Environment), =HQ1 7]

191 B4
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% (Implementation Technology)2] 471 7|
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oj ol O{N e

rd

Moruncional feardes

Faihir Madal Dipirralicial Wl l Areiite bofi Badal
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Teatires I Fracuss hiad
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oleist FA BEe B wAN A BdE ASHE AW ohy

o7/ 8 28
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i 07| =]

Zofol 24
A
l, HE 2ol A
e

o
= Hl
ME

_—
HE a4 Arg o7 |5 X AZHE Mg AR SE
4ol 34 My Hya =g wocuy
=
‘ T = =
=

HE WY Z2Ma
(a9 2-3) AZEQo] AFee] YHE Hg T2 A HA A

(G4, 2004).

FORM HHES 5o Z2HEES /iste Hl= AAE d9= AT =
=HE Rl &3t E4 mrHYEE TrEojy= Zolth. FORM HHE 7]
dro] AmEo] o] gt MutAQl m2AAof theh A2 (O™ 2-3)
v Zoh WA, EQl 24 gAA EHQle] &3 AXEe] IREHEES
o] @A EASHL, ol Y] T Aol EAlske] 24 RS
gttt opZ|El A AA= TH|Ql 24 dANA AHEE Y RdE Ed=
Alade] BOde dd+ dAolth. ARXYE /Y DAl §4 Rd
Zdto g2 A AZTHUEE JJdtsty o]S o]8slo] AArRo] 7153 Axd

E 7|25 Nt

D) AERSANANETY, T2z ES o] AAE-E 7|tes oF AnES o] AF] Fale 4
&4, 2009, p.12.
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2. FORM o}7|g]x 29

FORM 7Hgr @A & =HQl 243 op7[d A AA e Fof tes 4
==2c 9A A9 F1AH 22T oprEA Hdlo] lnt. ]l E43H4 <]
AHE Y2 $1A Hdg 7o r Aadle] )OS T2l o] of7lE
A AA Aol FORMeME 7id, A2, x|, el HriA w4

N oA E Vlsste s ittt

-

Conceptual

View

consistency

mapping

consistency

Process | Deployment
View | mapping View
;R, : " consistency
Module
View

(1% 2-4 FORMY o5& WH H
A (0], 2003).

7Hd H(Conceptual View)= Al2®lS 71524 SHAA =¢|do=z 5d
gt JHd oplEld = AAH F2 A|AHIEO =82<l 5 ©E VN4
HIEAE (Conceptual Component)® YWERHIL o]F Ato]Q] =g]&el Aozt
£S5 /g A4 E(Conceptual Connector)®2 Aolste] 7Hg HAEHES} 7

AdE o] AZPALS F3l op|HHE T

| =
A~ ofZ|El A (Process Architecture)= A|AH 52 A|AHIEQ FAA LX
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(Concurrency Structure)E WEH+&= Zo|tt,
H] 2] H(Deployment View)+= AIXE{o]o] 74 @47} &A1 sF=9o]
i‘zoﬂ ojgA dEE AE FEAS Aolh

H(Module View)= 7Hd, Z2A|A, viz] Fox BZAH HA ZAH0]

01%171] Heg tgHe Aol dsf vl

Fl

[t

0|

22} FORM Eeldt AAHos ALgShE Aoz of/g4g &d
oz AMEA ZEE(de—facto)?] UML(Unified Modeling Language) =+&
2% 471 T AR E78 AdaoRis BAF0] k

R

(19 2-5) FORM Z2A|A of7|E]lx mEo] oA],

(O™ 2-5)29+= FORME] A2 of7|elA] Hdlof tigh oAjo|tt, 7]E2
FORM RHoJA= 159 oz op7[HAE #AFY] wEo] FORM o}7]
g2 Rdg ARgshs olsjuAREC] FORMO i Qojg Al %7]s|
ofst= W7 Z-2o] 9lrh. wEo| FORM-UML2 o]2]gt FORM2] o}7|E 4]

2) ARFAFAR

Ololl
e

., AAIA, p.50



2ele Sele] op|HA RUS UMLE olfsle] RUsL BT 4
Y% FomM 7E9] UMLE WHE Ao Fgo| shsstu, ol g7t A
B2 7S Wi RFEHE €9 7 e AHs 7.
54 2o FORM o}7|el A = d
. Alternative _ =
_\_ A7 5

(O™ 2-6) FORM ot7[glx] melofAo] x| ete] g oA,

gHH, FORM op7|dlx mE2 23ete] tf-go= 7MHAS FdsH| o
of, olzlelA #llo|Ao] FHHAL BRAEZA] gtk (I 2-6)°] 33 1
de 3 {17 27} AR gierEel spHAS shATh 34 fl E
Comploll H-g=1, FH 2= HAXHE Comp2e] thf-$Hct. o HEd
E Compl¥} Comp2+ A2 tiobEQl 7HAAS 7HAA Qo= A & 4
oAtk SHA of7|Eld mdl #HHoAs HAEXHUE Compldt Comp27t ot
A 7FEE 7ML vk As & 4 gloh mEbA FORM-UMLOl A= of
Z1e %] SFol|A o] PHA Tt EHASHY Tt

FORM o}Z|€lx(FORM-Architecture) REe] Q49 UML TH =
A 3% AF AAS A 18 FORM-UML ZElgoA] Awsict,

Flo

A 338 UML 7]5te] Z2dE gel mdg

dH, UMLE olgste] xzad
AR A7k ohu,
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!
i
o,
filo
ol
rir
re
-
rlr



7PHAS BEShE ZRHE 9 Fots AT dojz& Kang®l Feature
Model, Gomaa®] PLUS, Atkinson(2000)9] KobrA, Pohl®] OVM,
Ommering(2000)2] Koala, Hoek(2001)2] Taes©] St Feature Model->
7Pg a8 AR EE iRl B}l o=, 914 @919 7 mdol=
EFdolARE, of7|ElA el JPHAY Ed-S ShA ¢l UMLe] obd kA4
N AAE ARSI 123l Koala®t TactiHES ZERHE 2Ql op7|HAE
T opF|EA oA JPAHS ZAste] mAItheE AMEE 7HAAL 9l
Iﬂ_ A ¢k=th E3?F Pohl

S OVM S, R4 TEelE ST clelol e, Sael A celo

H

il

i

=
5o
ek
9,
ﬁ
i
30,
N,
50,
A
S
i
1

2 2 doAE Gomaafﬂr Atkinson®] 714 E‘:ﬂul

1. PLUS

ks

Gomaarx FORMI} Zo] Tl &
= AAsHATh PLUSHHEZES] Lo
75& HA DA A4 R} Ao =
dg o] dA oIty &= M ©A= B4 Rdd, 54 &
REd, T2y mpre dAR HEYE 7|8 Z2YE

9

ro,
> ol oo
9
rlo
w
N
)
lo
i
)
Hu
o
u
2
R
)

o|Fojz A rElzgor AMESH =t (America,2000) PLUSE= 7+ 2El9]
AE=S UML tholojdsio] mr|HE 7|wte s 7PHAS Zddsh= Y-S
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AASFt £3], PLUSE ZFZ+e] UML tholo]as¥g of2 ebglo] 714

Y dolE ARGt UMLO AL B o]§ste] 7T 7HHAE
Btk a2 Eof, [B 2-1]2 PLUSY 3A muls SZoA0] 34 =g

o] 7hA RS AHE L BYS o]&ste] Y Zojrh wHA, [E 2-2]

£ fadAlols mdofA o] 7PHAS BAS 2], o] PLUSOA ndd=z
= WA

4 EQ JdolB ST Uee X 5 U HE

[ 2-1] PLUSS| 14 293 S2o49 94 29| 8y B4,

ou] ZHEHL B
Mandatory 5 914 {{common feature))
Optional A 21A ({optional feature))
Alternative ek 14 ({alternative feature))

[# 2-2] PLUSE| op7|E| A Edls $Fo] fo7ojs Rl 7hiAg 2.

ou] 2H|E L B Y
Mandatory g2 GAA oA~ {<kernel)»
Optional AEA FAaAo) A {{optional))
Alternative tjerd faA ol A (<alternative) )

PLUSE UMLS o]&slo] g E ol AAst= =S AHotstgt=
St o] TheFst Aol A AAFLo] 5ol E

2
ko)
o)
%0,
r
(T
iz
i)

2. KobrA
KobrA+= UMLE ©]&83F AXHE 7Hto] =2 G E kgl Fot /il LA
E

=
2oltt. KobrAdlMe Z2HE 2}l 7ige AT HEUE Fote mdd

sefgla Bl ol
S AEgtth, YT Higt



Astal HZYA HEy, gz Bdy, dEHE Rdd, JEHA Hdg, o
A mEg o] Zde gttty I8y HEWUE REdS Fo HRYEES
TAR

ofEYA A FeolME medYa F e Fo A4tE A
£ o|&sto] st B4 ofETAlolde ettt KobrAv HEWE 9
z AT 719 leS FHOieh Htgste] ZRHE A 9t A HE
WA AlFsctal ol UML RYE WA 2F AEEE Hdote It
Aol WH-e A-Eettt. (Atkinson, 2002) KobrA9] ofZg]Ao]Ad &5t T2 A
A

= H1 T (Context Realization) <JIAEAZ} Komponent(KobrA
Component)] JAIst, @A}, dxgdAste AT v LA A= A
It m2YES] EAS EEcte] medYasetels] e mdHaet
QgAY duit FEEE=AE gRIttth. 121 Komponent®] JA}, &
At JARIASEE HhEste] pafgto = TA] Komponent AloF EZE A4
Stal o]E Foll shte] ofEe Aol & /et KobrAw A9}t of
EgAolAs Aitsivle AT 23S Assta oy AgHer olF

gt ZRA2E AN AL F o FAE Bast ok

+th. FORMYHEANM+= Gomaa®l AAIZE AAHE 9% A7 2
CODARTS(Gomaa, 1992)¢] 3719

of UML 7|dte] ey =75 ARgshe AMgAbEolZle FORMEHES] &
ol At ol

PLUS®} KobrA+ R5F 44 mEQl UMLE AHE
SHAIEE PLUS Wi E2 UMLE| thefet REofA o] A
= EPsh= A dsids AAlsl Zlestal 2ls WH, FOR
Z

gol AArgel 7hsdt AdAtE s WAL AASHL A &

el rOll
ﬂi
é



= 5H37] wZell KobrA Z2AIAE 9% =& 4 UML
ZAHS viYokste EAES 7t diEe] £ =&4E FORMYH

1 AASHE ARl 7Heet A A4ks RSl ol 23S 71':'*2
= FORMS] @4l 2piko] shtel of7l8lE UMLE o|-8sto] HEgsh=
FORM-UMLZ A|otgtct,

(¥ 2-3] UML 7|8t =29 E g}¢l 423 FORM HHE9] H| 1w,
PLUS KobrA FORM
UMLZ|9F Rl 2] ©) ©) X
oFIElA 40 7HHA BH O O X
O TR op7ElA 2 X X O
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A3 d+44

A 143 FORM-UML R4
1. FORM-UML of7|glx nd=]
A ofrlElx mez]

M oZ|dA= AL F2 AAHS] =84 7|5 @& /id AXYE
Hgor MY HAEXHEES 7HO =g|&2l A5 Z
= #Bdsty Jid HEUESH /g AdEo A
(" 3-1>3 o], g

AZUECLLS] WAIZE FIEE=T. 7 ZE= Sk o9 QI
(Interface)@t ¥&#o] Stk 8+ <E[Ho]~(Required Interface)= ZEE &
S Urte HAIRZ AHoEn AlE AEH o] A(Provided Interface)= =
ol S0l HAA= AojHTh

e A= AE P9 (Connector Behavior)@t E(Role) 22 o]Fo] 2l
ot AYH P= AXHES HEHE P (Component Behavior)et of-&
Hi E2 ZEO| o3 Hrh

H, Nd HEVE+= AE g HEUE=RS] Fofi7t 7Hesioh. 2df o
A EWS U AXUHEES uEkjE(Funcnonal Component)gt
=) E o YPAE Aottt

L2 EF YAIA(Protocol Specification)= ZEZ 50123 Urt= HA]Z]
59 =AE Aoste= At Quittt. ZREE PAA = ZET &3
ME HEUEOS HREUE 3P¢jo] FgE|ojof sty TRz 7} 7g A4dH
o] 22 /id HEYUES ZES} ] Z2EF YAIA S Tedo] Hojglom,
Z47rol e EE PAAZE e dXIshH wRlE ZESF E2 o4

-

|m OlF

7
= Hxd
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e Conceptual
R Architecture
0.4

1.*
AbstractConceptual COnCEpTua.l
Component Connector
1 B \
1 1 Conceptual
[ Port Component 1 . _1
* : Connector * *
. Behavior
* .
provigded required Functional I " N i
Component provided  reqire
Inperbe T conforms-to | 0.1 Eeifaca
0 ®
3
conforms-to 1 Component 3
* Behavior
Gt 0.1 *
Message 01 protocol 1 compatible 1 Protocol M
Specification Specification Lo
*
refenced |0“I O,_1| referred | .
connected

(19 3-1> /d oblelA wg me(o] S, 2011),

(Connection)PA & o] FojZt}. ol:= 7ig of7|8lA 9] 4= ou|gitt.
ME AxFER TEE UML 2.x¢ UMLComponent?t UMLPort=2 ZE&
o] 7beotth 23y d AYEE UML 2.x94 AlF=E+e AYEE o]&a}
of W0l ABAAT, BT Aores] AL Isjel, Ade e
UMLComponents ©]-&sdto] REIt T3 {({c-connectory) AH H L
1S AHgetel AEUES P 3112 Y oblERe] 74
29t UML E7]5S Aot 3ol

) m2AL o194 nd
DZ2AA oA AAH 52 AAHEO] FAA F2(Concurrency
Structure) & YElHE Aoz IZgAA HIEWE (Process Component), L&

Al EBA AYE (Process Communication Connector), 131l o]& 7Fe] <

AA R LA
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[ 3-117Hd ob71ElA¢] FORM #4849 UML ®7]H (o], 2011).

FORMelements UML elements UML notations
Conceptual Component Stereotyped «conceptual» «functional»
Component Name Name
Port (from Conceptual Port (from
PortName
Component) Component)

Interface (from Port) Interface (from Port) Provided
Interface

ProtocolSpecification (from | Constraintof Ports -
B

Conceptual Connectors Stereotyped «c-connectors
Component Name
Role (from Conceptual Port (from
ctor) Component) [ SNSRI aikiaing
==t P roleName Name

ZZANA AXAEE= A9 Aol 7haet @92 & Ao 7Y Z=H
of webA A =(Thread)yt EiATA(Task) 2 FA|StE T T2 A

zo 9
FRYEL o] ArbA £4€ 7Hart,

> o

g9E Y ARZUES ¢ shte maAs AEdEd: shi ool
Mg AZHER digo] Hssich thgo] B MY AXUESS shte] A
#ACS Bo) aApHoR Agdct 2y Y AEHEY s ey
Q1 HgolBE WMEA A4 AXSAL oFech webd, shie maA
Amdee] 998 Y AEZYESS FA4S 24 g sHoR 59
e Uehdict
L9 9] ¢ skt olge] maAs zgwE 7} BgE Ao H2a]

oM e AL HEHES 7He] 949 Aol Hasi

77 (AE &) - FIHeR EE IRAS HEUEE FUE

A
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Mo
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=
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B
of
R
i)
o
o
N
=
>
)
of
o,
o
Ll
Eh
=
i)

«functional» c-connectors «functional»
ct [ [ ] [ ] [ ] c2
MessageFlow

Refinement of the conceptual connector
™,
MessageFlow

«process» «sync-msg-reply» «process»
P1 Asynchronous p2
Message Queue

CComponents=[02}J

CComponents={C1}J

(9 3-2) Z2AA HEYES UML B7]H.

ZgAA  opFldEAolN  ZEAA HAWE 4 AdEH=

UMLComponentg ©|-&sto] magtcth, ofgt, 7id of7elx aAeto] H&
< flote] ZRAA HEUELE ({processy), Z2AA FA AdEE F4
AU O] HAS Yetlle A ER] o2 FEtt (F 3-2)+ ZEAA
A AYE O] Ao whE AH[HQEY EHolTh

[# 3-2] Z2A2 B4 AdE 9 AHH e 27,

Subtype-Hierarchy stereotypes
Message Synchronous Synchronous Message | «sync-msg-reply»
Communication Message with Reply

Gommunication Synchronous Message | «sync-msg»
without Reply

Asynchronous Asynchronous Message | «async-msg-Q»

Message Queue

Communication  "Acynchronous Message | «async-msg-CB»

with Callback
Shared Data Access «shared-data»
Event Synchronization «event-sync»
Generic process communication connector «pc-connector»
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3) wj%] ob 19 A nd

Hi#] of7|elA = AnEe|7t =24l St=go] kEof of¥A migd
A AE Hetdle Zoltt. Hiz] oA kE HEHE, £nEo] d
2IHE, J2 74Ee} ol5 e A2 TAR o]Folh
LE HEUEE ATEO] AUETL vjzld =29 AAolt. o=
2AA, HHtolA F& ou|gith, AnEJo] AHEE ZRA|A of7|H A
a4 8 g oplgA g4F oulth I2d A AYHE k= Hxd
Es 79 =73 dZ2s Qud.

Hiz] of7|ElxE= UMLE] ujx] tho]ol1s8(Deploymenet Diagram)= 53l
w@o| 7Pssitt,

1=

«node» «nodex»
N1 «LAN» N2
Components Components
P1 P2

(1% 3-3> wjx] o}7|€x o] UML H7|9.

4) BE ol719% 2d

[F

5% o7 |dAE BEI o57ke] AAVAR HolH: H, ol: A,
2A2, w7 oplElA delA e A ZHol ojgA 7@ Beldl
£2 o8 2 4 9l A vt

BE op|e UMLY 2¥2 tholo] 18 olgste] Axzoz B 7}
3pet.

rol

H, ZRHE gl opldAE B¢ AAwe g obl9H7t ohet &
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Azgle] Aol AAtgo] B oprjelAolt, wEd] ZRelE gl s
o zro] wolgo] ol7|E A fi AelA E@o] Hu grelslofokatc.
AL 7 BHY oA A AHasE FANYD A

99 7] o

I>>

Al

ol

N

05

% oo
il

A

H
i

i)
S

=

]o

Al 2 FORM-UML 714 mdd

olHA B 2 WACKE, BEAZ, W, BE)ui o8 Bd 8
Gt OlSHAT, 7bA a4g BASH: Ade T

1. FORM-UML o}7|g]% 7}H Q@4

TZHE el of7|elx o] 7IHAL EHSZ] st vtz el WHe ypHA
(Variation Point)¥ 7FHX|(Variant)S ©]-&5H= Aoltt, 71HA
4 FoA W 947F = AFES ou|stal, JHHA]= Sl
A
T

&2 & Jde 7h a4E oueit.

H

* Variation Point(VP) - 7}

D 7H a4 dE AHEE BY
- Variant — 7} %]

D VPl AtE & = 7MY 84E BY
- Variability Dependency

D 7P TPARZEe] oE BAE BE
— Mandatory : VariantZ} ¥4 84908 39
- Optional : o9 VariantZ} AlFol wet HElEAY A€9Ez] ofs 4
U AU HT
— Alternative : A" Z=ATF] Variant7} tigkg oz A=ix|ojofst=

4

filo
Kl
rel
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N oIgA e 7iE HEd
g HEUE yio 7piAge] gle 4 Atk JiE AEXUE YR TR e
2 YEHo]20 7PN V5P ThEd R Al Ho.

ZEAL oF|HAE Z2AA AXHQEY T2 A AF AYE A2 7}
AT Al HEUES I Jid AxUES] yPHAgES TR

Hi %] ob7|E A= Z2A| L ofF|ElX e} npyiA® L= HEHEC} P 7
e 2k e] 7ol i, k= HEUE d9EE 2nE0] dHE
o] 7h/go] St

mpEte 2 RE of|HAE EE AEYUE AA ] MY BE JE o]
20| 7P, BE Ao iAol 3l

F 3-3]2 7 B oprlEA JhE 24F AF

ret
b

olrt.

E 3-3] op7|ElA Rde] mE 7t Q4
nd 71 @4
AERES:

HE HEYE
Mgotrleld mdl nE

@ H#Ho] -
PEE RS
LIZANA HAEIUE
naAzolE] 2el [ Z2AZ~ A
g Jid AEHE
1} 7] 7]
w20l el A mdl LE
A mEAs AEdE
e
JEFE
Lol
A

REop7|EA K

meE ool ofEn mueld spuAe] pelHs] AL ol e
st obs e X o)A E@o] Hofof Gk E ob|ElA shd 4k
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ZIds) & 287t o

2. FORM-UML o}7]8l5 714 mee

2 =194+ UMLY & HAYSS AHE LA (StereoType) 2t L
#(Tagged Value)= o|goto] 7S ZAITH o] HIAYSZS o|-&otdA
ZRTE Q1 op7|ElA 9] 7 Q49| JPHAT 7P Q4o tf-SEe 7
A JHE aHor ot 4 irh
2 HolMe= 2 A HLq Z2A|A, 87, 25)9] o8 A7t 7tR]= 74
Qo digt Bdg 7S ARtetrh. #ut oflet A& ohE W9 o7l
A mdle] tigt tf-g oA 1 of izt & 7ol s dgetet.

D) 7 3 ol9% 2l shay B

498 mASE Ade Sl oA 209 ARG LA 19
AE A obrlEH B9 el ZAsts FMES Fot 2t spadel sk
eF2 YIS ek,

oblEA mdY sEHe A Bd 8k A sEgel G Bau
FPART 2 R4 o] b 247} Gt SlolEuts FPHPOR L]

E=Ed}

T2 3 Aol AAE AHge] FRE Aud 2
FREG, A9 P gt AAHS FAS ), A wet A
4

S g Thad

P
A
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2 FHAEE] Slste] UMLE] 2HE el ol gateh. Abate] Q4o of



ot WolE T HsH7|9fste] ZHHAS S EFe Aljeth Yl @49
7hAdo]l E¥ErAYe BAS)FY] Hs 7Y FRE RIS TE =IOl
ARAS AL ste|ERfA ZPAAS 7l BY 240 7MY FRE
FA T 2ole @ A AYEth. 28i AE9z] 7PEAd2 dYoE,
oiehA 7hAdE AR or Bkl 182 HEWUE YFo| oy 7hdH
847t EAQG Aol BolE HIA JpRAdo R AMAYs BYESH [(#
3-4]= ol AYF Folt}
[ 3-4] op7|€lA] Bdl Q40 7paAdat 7HAR o] S5l gk #7149
7P TR A4 oo 5
7HA A (Optional) (Alternative) (Mandatory)
Black-box reuse SC KA X
White—box reuse KO LAY KO
FERL, of7|ElA mHEo] ZpHAS Te|str] ffsiA FORMOA = 214 2dS

[rgit £ E=Rol At ob|aH a4 e b FH ARE Fp
ol WAIBEe] ZpAI Bkt

l:o\l

2) % BAY o194 29 7pay 29

(A% 3-4HE o Adolq 4ds Mg obrlelx 7piy mdgoltt Ay

HsHE A JRre} Mo FR2 AHHCEYoR Y8t

= ®PIT. Y HETUE Cle Bduts QAgT giord 7}

S 2 72 314 f13 dhg @Al gk 7P f@4olth Y Ax

UE C2& ZddtA A3 A8 e 442 71 814 29} o
o

LBl R ®AR Floltt,
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<« Afl; {ﬁ.lnctlonal]l>> {l « <c-connector x> <= ef2; {ﬁ.lnr:honal‘l>> {l
Connectorlame

¥ 3-4) 7id AEHES] 7P =

s, 33 18elA Agaol,
YEd: 938 Ad FEIESo

|
Q40 g)1ZH(Tagged Value)S g o]

<<Lif1;(process)>> E < <sync-msg-reply>> $:| <<(Df2;(process)>> E
P1 Synchronous Message Queue P2
Allocated Component : C1 J AP Comporeti: 2 J

Alternative component Optional compo_n'e_nt_

(A9 3-5 Md - Z2AA HAEHE o 4 5.

(17 3-5% | - ZRAs ARAERY o BAS ndud Zo|
o Y AEUE ClE Y gt ZeA 7
ool thetd ZPEHS AT glonE dheta-gol

o= BT E DAL HAYE P2 JiE HEUE C28 ety 9l

Hi%) ob|Ed meEloME LA obrlHd By npviAE AEdE
o] qgWAE E@| Folokatt,
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<<AF1;{noi|ej>> <<Omge}>>

components components
P1 P2

Alternative Optional
process component process component

<j-‘_}l’_—_|] 3_6> Lrc - Ei/\ﬂ__/: 7‘:‘4;1—&1‘;_]_]5_0 Q% _IE_LT_

(CI® 3-6)2 HiX] op7|dlxfol|A Z2A|A HEUE e FAQF Aol
Hj 2] of7E| A o] gk AXEojof 7h 947t o|RA AT EHE AE F
3}5] Ho] Folofsl= Aol2g UMLE DeployedComponents 322 AR

H:l
[‘_u
r_
av)
—_
o
ok

1ol glonE ojera -}
REY Aol Node2e A4 mzA~ 7
ZYEQ P28 FY5E 9long Aud-sto|Ens YOO B

W, ZRYE of7|aA a4t 2 7h ado] theEeigls shl FIA
e o] met AEEAL S A o el A $179] A
Be sjutoa alo] 7PHAS TAT ofF|Ela Z2EE atol muo|A] o}
g ZRgE nde FE6: JlYe d9an
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A3d =Z2dE »nd P4 I

1. FORM-UML o}7|€lx Z2dHE w4 XA v

n2HE 2Ql Rdox Z2HE BYg 2E3)

Implementation

| Feature Modeling | ——{ Feature Selection
Feature SQEEdted >
Mose! _Feature
I Architecture Modeling | Product Madel
‘ Extraction
Legend

(¥ 3-7 BREE oPl9A BY F5 BT 7@ 3,
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olF =2 =, "H7HA ol AlE 2l BdY S
=59 3FHS EUE AF Bd 35 YAS Az
< oo oA mdE UMLE 2ds 3}

(% 3-5] ol7|€14 melo] A2

oP1HA 5

A& E(UML Diagram)

(MG

UMLComponent Diagram

meAA of7lE A

UMLComponent Diagram

w7 of7|Elq el

UMLDeployment Diagram

BE op7leA

UMLClass Diagram

H =24 UML R4z
t}, StarUMLIEHS A=t

71551, UML Profile 7]4Fe] mdl

7] o=l
2. FORM-UML o}7|g|%

W g oplEA e

3) StarUML, http://staruml.sourceforge.net/ko

 mzdE

Al A 9] LHrelE

TH ETRE QEAAQ StartUMLYS AHESH
ol UML %Z Al

12 A5ty BdY SRE

F1ret md 4ol

-

filo
k=

A5st

29 44 P dus

eyttt <1® 3-8)°fA]
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UMLModelElement

A

UMLConnector UMLSubsystem {l UHLDependency
/ < UMLInterface UMLRealzation
UMLConnectorfnd UMPort || UMLComponent

O™ 3-8 7Hd ob7|gA Bl 4 g40] duteh(o]x] 4,

2012).

BHS AYHESKEAAH, HRXUE, ZE U, QEIo|A 5)2 &
T 7HHES oujeitt. dEtelE fstr] Aole Aol dYHE ti-3E
o9l 7P AXS FH BlAES] HRE Aelo] wlmstyich. et vla
H4Ge ofe] W stolobly] thEo] aEHol AT, B Y 57
2 93l o]2 UMLModelElementztil A¥ISIA|Z|1 T2HE R9l FZ 3}
A AT FISIEE SHAT ol vl ZHA] obr|ElA 9] HiE ARHE]
g shsels

S =

do]  hE4dE UML) 2B swter m@sinz
StereotypeNames HEZ-FERZ 7HA= ExtensibleModel @4

et AYHES 7ol vl wstgit

4) http://staruml.sourceforge.net/docs/api—doc/index.html
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Diagram

UMLGenerallodeView| | UMLGeneralEdgeView

(19 3-9> StarUML et dl o] X B (o]z]A, 2012).

FORM-UML o]—;]Eﬂz} nEHE E_Eﬂ_q /l

EE]

4 F2 2 o= 2

JUHe LRIehAR

—

[El

2HE

- DRYE B4

A == 1A

o

o=

D 714& 7HA& UMLModelElement(o]5} E)ofl th-8=o]JE feature?}
feature Listol £431d aid Ex 4, SA8HA grom AlA
2) AAR= EE Fxohs E7F AR, Fxoh= ES A7
3) AAEE B2t Aggregation@Alof] =
(5 So], (1Y 3-8 Zu|¢to} UMLComponentdZHE} A AH T
®, ool matEjojgls UMLPort@le] HEE g7 A A= ojokgic)

= A7

(B 3-6]2 ZZHE R4 2= 1S &

%

A5 productDerivation $F

£9] Pseudo Code©|tt.
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[ 3-6] productDerivation Pseudo Code.

procedure productDerivation(featureList):
create a queue Q
if UMLModelElement(©]s} E) has StereotypeName:
if StereotypeName has not feature:
E is offered into Q.
if E has reference attribute:
referencing E is offered into Q.
else if referenced E is:
referencing Infomation is offered into Q.
else if E has relationship:
referencing E’s parent is offered into Q.

remove(Q.poll0).

WA A dolHz 94 YAES et 4 2AES i xml A&
2 ZAgrolgltt. deEES UMLModelElement®] AH|H| eS| 34

dEitord ThaAdo] mdEn. AHEHLES AEAM A olF2
ofict. 123 ~ElH ol = AL} FIH2E]
St

2R fop 914 el 2Ed] 9l
oJete, S AAREL A o] Hek EF o YUES AATL
24 9P We £4o] Uk B, o EF AA o] Bt
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A4 AT A7 D A A

2 oAoME Hg Rm ArE Eoe 5 g
FORM-UML of7lglxe] 7@ nde a4 Z4sin, of7len mag

E 29 Y £70 oS Agut

go 3gold  Aya

Al 1 2 FORM o}7]Elx] nda oA @ A&

L A | - - bl T = 2
At 3B it 2AE ATty 9lste] A Hct ES HiHES &
=, 94, A4 94 §¢ geiFE UR ST
Wind R
Speed
Sensor
Radi
io
Air ] | Recaiver
Temperature
Sensor *
| Sea
Buoy . Radio
Water ] System Trans mitter
Temperature ._.
Sensor
| I
\Emergency
Switch
Location
Sensor

(27 4-1) itk BE A2,
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1. FORM-UML 7|4t9] ujit} BE AJAH 3A nd

Hpth 25 A2g Gl mde] g @ pARde oheat 2t

1

L Rme] A4 945 1020k DY @A A0S Tohf el
o] AYAl $1x9} ol TiATre] ATjAel 9177} ek,

- Red Light &H]+= sea—search 7|%5& Sh= &< Auls &l 43t
- Radio Receiverg &l 23S WO olF 5Qto] GX, A9 HHE Bt

o= PHot

o] S S9E 749 B ( agoR A B ( SOS WE %
ol

Hjck 2.8 Axge] mujel @7 ARS Aaste] AT TAG B B
at a7 A BAAE [FE1S gxsh] s,

sfck B8 AAge] o) FEAY AL TEG |8 B [E 4-1]
3} gt

TEAT AUAS vger A4 292 A4 (Y 4D d B
£ 29§14 mdolct,

E Aol 7ixE 8 & : &7 AselMe Aol
+ P35 e Tlestan. 22 FHont EASE £V 2k AlAfet



(£ 4-1] vtk B8 A28 FEA 7PAA.

HFCH S A

CHFCRe] AR (HRche] £k, wich Rm9] 1A, frd

o &7 0l5t $9) A4

TEA - HiHe] AE AE
- HeRe] AH BE
- e 2979 AF
- Hithe] 3719 & FA, AE W
- FEO A MM FR
ik

- Red LIght®] 25
wiche] gu s 4eA

Red Lighte= A€9d 7HAAS 7M1 93-S BT T8, 912 AlAl9

A8 3]x 2l Absolute?} Relative®]#|= Hitt &
Al BFEA] shb= AEE|ojofst= B2 7S

Seabuoy

Capability

Broadcasting

Logging
/ ]\ "
AirTemp &
Logging WaterTemp Location WindSpeed Currentlnfo  ggpoeoc 505
Logging Logging Logging Broadcasting Broadeasting Broadcasting
Operation
Environment

Sensor

Radio  Radio Emerpen Red
Receiver Transmitter Swi% & £l ook
igh

AirTemp WaterTemp Location WindSpeed
Sensor Consar Sensor Sensor

Absolute Relative | © Optional — Alternative

(1% 4-2) vtk RE 2R 34 By,
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2. vtk BE AAH obAldA md sHEA Hg A

$4 mAg sog uigh BE AAd wudle] die) Auge Aed
FORM-UML®] 7Hd, Z2Als, w7 ol digt male choat 2t

]

Hith 23 A|AHO] ZEAN 7PHAS Y% FORM-UMLY 7ld HE:
(19 4-3)¢} 2t

<« cSeabuoy; (conceptual)= =

SeabuoyProductLine
< <wAirTempLogging;{functional) = > < < whirTemplLogaing (functionalls>
[]“e'] AirTempSensorInterface $:| AirTelglpfgnng&J)\rReade:, $:|
< <Logging; (functional) > {l
Scheduler
|: < <\WaterTempLogaing; {functional)= = = : "
]\ﬁ WaterTempSensorInterface $:| <<‘ﬁ£;§:ﬁ?§:ﬁ;gﬂgﬂ“§?’* $:|
< <CurrentinfoBroadcasting; (functional) == {l
g 4 T " PeriodBroadcast
[ < <WindSpesdLogging; {(functional) »> < «\WindSpeedLogging; {functional) > >
}\Hy] WindSpeedSensorInterface {l WindSpeedSensorReader E
<<LDgg\ng£;fE|;csi§na < «Broadcasting; (functional)> > E
<« Abbsolute | Relative; {conceptual) = = $:| Coodinator
LocationSensorInterface
[]»_,[ << &fbsolute; (functonal)>> ] < <LocationLogging;{functional) >
bsoluteLocationSensorInterface LocationSensorReader

<« 24hoursInfoBroadcasting; (functional) = =
RadioReciverInterface

—
<<24h0ursInfDEroadcashjr|_g‘;(funchonal}>> {l
24hoursBroadcast

«< ARelative; {functional) > » {l
[]—[ Relativel ocationSensorInterface

Eé/m

<« #Broadcasting; (functional) == E
RedLightControl

<<Broadcasting; (functional)> >
RadioTransmitterInterface

Z

E
<« #Broadcasting; [furllfﬁ‘ona\)>> E
RedLightInterface

< «505Broadcasting; {functional) » = E
SOSBroadcast

< <505Broadcasting; (functional) > $:|
S0SInterface

1

’_Z_‘ =y

|

(1 4-3) Hieh BE A2 A K.
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SeabuoyProductLine 7H'd HEZYE WFo] ZF MA S Reader?t Interface,
Scheduler, Coodinator, Database, Broadcast52] 5}l¢] HEHEE0] X5}
Attt E35]  LocationSensorlnterfacex=  AsoluteLocationSensorInterface2t
RalativeLocationSensorInterface2 3l (Decomposition) © Th.
AbsoluteLocationSensorInterface®} RalativeLocationSensorInterfacer= A=
thotA (Alternative) 9l A2 7HHtt. 187] wFo] LocationSensorlnterface
NE HEUEE W7o ik 7H4dE 7Hve & AHeEYe R
xd9tt, $HH, RedLightControl®} RedLightlnterface FAEXZHEE A=A
(OptionaD7 84S 71Tk 7t AEUES] 443wt 4, 191 7}
HdS 2HEHLEHYoR mATH. 247 9e] HAWUEE 75 HEUE=R
A WSt AHY QEFY 2 functionaldt A4
AE oA o] Z7PHA B7H-s Aok, A4 HEUE do] 7hd
ﬁﬂ—% F4H5H= Variation Marks E§ 02 FHSHY}, Variation Marks= 3%
$HE IS QR

QeielA] e, g AmdEd] 24 §5 FFS UL A5

L

- 27|
— {{[Variation_Mark][Allocated Feature List];(FORM Architecture View
Type)>>

ARIZE0S FU0R Yol dhgshe b HAES Aus sdsia A
o229 Hol= ZF 949 H U 7|YSte}. Allocated Feature Listof] At
$E= @ue g Sof Amstd et Pt

- [Allocated Feature List]

- F1&&F2; @ s 2471 EAI5H] flsiA, 1A Flib F2= BEEA] A= s
ofofgitt.

- FLIIF2; @ sid 247F EASH] fAsiA, 1A Flak F25 2] shuet A
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glo] wjojofgitt.

2) ZEAA F

(O 4-H3 (OF 4-5& Hith B3 AARS] m2AlA Roj tfgh A
o|ch.
(AF 4-4)9] n2AM A Ho|AE 4 7]9] PSensorReader T2A|A HREW

EEo] ZZF Yl 7H9] SensorReaderInterface®} SensorReaderE &ostal 3l

—

Allocated Component : Allocated Component :
WaterTempSensorinterface, WindSpeedSensorInterface,
WaterTempSensorReader 7 WindSpeedSensorReader
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<<functional>> $:|
PeriodBroadcast

<=functional>>

Database <<functional > $:|

Coodinator

<<conceptuals >
LocationSensorInterface

L <<functional>> £ <<functiondl>>
bsolutelocationSensorInterface LocationSensorReader

—
<<functional> >
24hoursBroadcast

<<functional > E
RadioReciverInterface |
<<«functional>> $:|
RadioTransmitterInterface

<<functional>> $:|
S0SInterface

£]
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ABSTRACT

FORM-UML : Development of Variability Modeling
Technique and its supporting Tool for UML-based Product

Line Architecture

Lee, Ji-won

Major in Information System Engineering
Dept. of Information System Engineering
The Graduate School

Hansung University

In general, a product line architecture is considered the key to the
success of product line engineering. FORM(Feature Oriented Reuse
Method), which is a representative methodology of product line
engineering, defines product line architectures in terms of concept,
process, deployment, and module. FORM architecture models, however,
have a compatibility problem with models from different methodologies,
as they are represented in their own way. Moreover, they fail to
represent variability explicitly at the architectural level.

This thesis proposes FORM-UML, which defines FORM architecture
models using UML(Unified Modeling Language)—industrial de facto
standard for modeling language, and presents the way of modeling
variability explicitly at the architecture level.

FORM-UML uses the extension mechanisms (i.e., tagged values and

stereotype) to express architectural variability. Especially, it presents how
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to model variability in each type of the architectural models as well as
variability in mapping between different types of the architectural models.
Moreover, we have developed an automation tool for extracting product
architectures from product line architectures modelled with the proposed
technique. Finally, the proposed technique and the automation tool are

validated through the case study of the sea buoy system.

[Key words] Software Product Line Engineering, Feature Oriented Reuse
Method, UML, architectural models, variability —modeling, tool

development.
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