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Abstract

At present, for reuse of similar domains between feature model and class model, researches of

transformation at the model level and of transformation using ontology between two models are being

made, but consistent transformation through metamodel is not made. And the factors of modeling

transformation targets are not sufficient, and especially, automatic transformation algorithm and
supporting tools are not provided so reuse of domains between models is not activated. This paper
proposes a method of transformation from feature model to class model using ontology on the metamodel.

For this, it re-establishes the metamodel of feature model, class model, and ontology, and it defines the

properties of modelling factors for each metamodel. Based on the properties, it defines the profiles of

transformation rules between feature model and ontology, and between ontology and class model, using set

theory and propositional calculus. For automation of the transformation, it creates transformation

algorithm and supporting tools. Using the proposed transformation rules and tools, real application is
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made through Electronic Approval System. Through this, it is possible to transform from the existing
constructed feature model to the class model and to use it again for a different development method.
Especially, it is possible to remove ambiguity of semantic transformation using ontology, and automation

of transformation maintains consistence between models.
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loo® st &4 WIASL 20| 10f1Y YL FIC,

J

HE

- golgt &4

Alofgh £M42 FRED CRIEe| malg 4 opm,
semantics?t CH2 £ME8 L6t

DifferentProperty = —(FAC), f,omantics ™ Coomantics

class 22| A0t 202 responsibility, constraints,

SOl QB O] @452 == A

stereotype, dependency &
TOIM CHE Zd01Ck

3 OWLE feature®t} class RdS ¥ A|AFE= =
ZHNA R, feature BEF class Bdlo] 247t ojn]E o

rk

23] slof Wkl HEA-& A AlAFTE 28 olegt 7t
2& X884 feature-class, feature-ontology T
ontology-class3t W%k Z23el-8 i}

ich

al,

4.2.2 Feature 2E0lIM Class 22| gt Zzajo!
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¥ 4% feature 297 class B4 $4-2 v wslo] WSk X

2odS Uehd Zlow a3 19 MMT 1 @Al aldei.

¥ 4. Feature 221} Class 27+ s ==mjol
Table. 4 Transformation profiles between Feature model
and Class model

Feature model Class model
Name class
Al .
Aad Feature Synset attribute
£
classification attribute
mandatory attribute
e . )
] selective attribute
£
alternative attribute
identifier attribute
22
M Registration .
&4 oistral attribute
authority
A Part-of generalization
EN] ;
e Has-part aggregation

4.2.3 Feature 220 OWLRS| i ==mj

feature 29< class Rd2 25 WSk, featured
o g Y| 23] alA features LEZA|Z X
t}.od7lel M= OWLZ ©|83159t}. Featureols Ontology
2ol Wigt =259l S F hefl e 9lem, 349 19 1
el MMT 2 SAIE 9lgt Aol

H 5. Feature 223} OWLZH B8t =2m}Q!
Table. 5 Transformation profiles from Feature model to OWL

Feature model OWL

Name owl:class

1>
T
o2k
J

&

Feature Synset owl:DatatypeProperty

classification owl:DatatypeProperty

mandatory owl:DatatypeProperty
MENS £ selective owl: DatatypeProperty
alternative owl:DatatypeProperty
identifier owl:DatatypeProperty
2 &

Registration authority owl:DatatypeProperty

Part-of owl:subclassOf

ra

&
&

Has-part owl:UnionOf

4.2.4 OWLOIM Class 22=29| izt ==}l

OWL-Class 2dzte] w3t Za9dS & 6o JeR|Q]
om, o] W3t agde I8 1449 MMT 3 ©Ae 2%
o A4},

F 6. OWLD} Class &7 Hish =2mjol
Table. 6 Transformation profiles from OWL to Class model

OWL Class Model
owl:class class
owl:DatatypeProperty attribute
owl :objectProperty association
owl:onProperty association
owl:cardinality multiplicity
owl:restriction constraint
owl:subclassOf generalization
owl:UnionOf aggregation

10
M
ri
i

4.2.5 Feature 2E-OWL-Class Z&?t
i =1
Feature 2d-OWL-Class Zdzt #igh Z2ude T3
1749] MMT 4 @A 918 Zlo|t}. o3& 1
A Tl 4.2 49 o] 27|74A] Aolg Mg xaFl3 7]vk
H

E 7. Feature 22-OWL-Class &7+ tigt Zzmjo!
Table. 7 Transformation profiles Feature model - OWL -

Class model
Feature model OwWL Class Model
Name owl:class class
Al .
n | Feature Synset | owl: DatatypeProperty attribute
&d
classification | owl:DatatypeProperty attribute
mandatory | owl:DatatypeProperty attribute
ek . )
e selective owl:DatatypeProperty attribute
£
alternative | owl:DatatypeProperty attribute
identifier owl:DatatypeProperty attribute
22l
E9S| Registration . )
< ) owl:DatatypeProperty attribute
authority
LS Part-of owl:subclassOf generalization
AN . }
1S Has-part owl:UnionOf aggregation
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feature 2219] SameProperty?! 2183, A8, #2]g
&4 OWLe owl:class, owl:DatatypeProperty® 3
|3, o]AEL T class B2 class, attribute %3
t}. B3 feature Ed9| SimilarProperty$! #2]d $4
OWLS] owl:subclasssOf, owl:UnionOfZ W11, T4A]
feature 299] generalization®} aggregationo2 ¥
t}. dZ feature
owl<]

i

2de] SameProperty?! mandatorye

{owl:DatatypeProperty rdf:1D="selectiveValue”)
{dffirst 1df:datatype="http://www.w3.0rz/2001/ XM Schema
#string )Mandatory</rdf first)

{/owl:DatatypeProperty)

2 X8, class 299 attribute $ACE selective
Value:String=Mandatory= ¥t} &= SimilarProperty
9] Part-ofe OWL2

{owl:Class rdf:ID="InteriorApproval”)
(rdfs: subClassOf}<owl :lass 1df:ID="DocurentForm’ /)
{/rdfs:subClassOf)
{/owl:Class)

2 Yehla, class 29| generalization?] #AZ 7

Jet.

g o dne|E

43 ZEZE Hete

4 3.1 Feature 2EofM Class EE*'§°| B &AM

< 420014 Feature-OWL-Class &

g—g— A BIRA T, o] Hg BAE /\6L249‘§ &3] §3

3] Zaldeh. 1EiAM Set Theorys o83l 14 67 2
o] feature 2@ class Rd29o] WS TS

(@)}
%)

Step 1: Feature model — OWL Transformation

= { {1}, {s}, (M}, {R} }

{I}= {name, featuresynset, classification | name =
owl:class, featuresynset = owl:DatatypeProperty,
classification = owl:DatatypeProperty}

{S}= {mandatory, optional, alternative | mandatory =
owl:DatatypeProperty, optional=
owl:DatatypeProperty,
alternative=owl:DatatypeProperty}

{M} = {identifier, registration | identifier =
owl:DatatypeProperty, registration=
owl:DatatypeProperty}

{R}= {part-of, has-part | part-of= owl:subclassOf,
has-part= owl:UnionOf}

Step 2: OWL — Class model Transformation

0 = {owl:class, owl:DatatypeProperty, owl:subclassOf,

owl: UnionOf}

C = {class, attribute, generalization, aggregation | class
= owl:class, attribute = owl:DatatypeProperty,
generalization = owl:subclassOf, aggregation =
owl:UnionOf}

: feature $4E9 ¥
: feature 2838 %4 (identifying property) 8o 94
: feature A8 E &4 (selective property) J e 94
: feature #2|9 (managing property) ¥ g2l ¥4
: feature AE (relation property)®ge] 94
: OWL $A4Ee

s class 29 A8

b
oX,

A

i

Cowzn—o
oL

”Jlﬂ m&
1o ot
1
=

4%

02| 6. Feature 2Z-OWL-Class 22 tigto| Ziglo|2 E&
Fig. 6 Set theory expression of model transformation
among Feature model, OWL, and Class model

Step 1914 feature 293} OWLS #AS Fds
Step 2942 OWLH class 2d2o] #AS vehich

a¥ 8—°- = %—501]/\1 Aekl= Feature-OWL-Class &
=22 133t Aot 18 69] Set Theory
FEHAR A, =g Wshe] &

Hs—g—
vieh % g7lel 8 ARl o] gto] mul

~ (=)

FP : Feature Property
OP: Ontology Property
=1 k=1 CP: Class Property

3 I : Identifying property
S: Selective property
M: Managing property

UFP R : Relation property

i=1

UCPk =
k=

T2l 7. Feature 22-OWL—Class 22 2| Wrk=a| &
Fig. 7 Proposition logical expression of model
transformation among Feature model, OWL, and Class
model
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a8 794, Feature Property= n7l¢ Feature
Property® Webd = 31aL, o3& Tl nle] 2E8d &4
Ay &9, BEF &4, IAY S50 JFe= JErd
g AJok. a8]a o] n7lel Feature Property: Ontology
PropertyS9] ez uyeld < 9, o Ontology
Property= T Class Property® YE ¥ 4 Atk = n
70e] Feature Property: Class Property® YePE 5 <)
ot aglm geo= Class Property’} feature
property® ¥3¥ HE 22 ot} g g HofErt

4.3.2 Feature 2E0A Class ZEZ9| HE AT2IE
@ 4. 1904 feature, class, OWLol th3gl vel2dl-S 7
ojstar, Tl 42014 Aol wElRg-2 o] 83} “%ﬁﬂ
Wk Z2atd-S ATt & deldlxs Aojd Wk =2
U5 0|83l Feature EH-OWL-Class Z9zF Wk &
2]5E AN} a8 8 Feature E9-OWL-Class &
2+ g dug]ES Pseudo CodeZ %&@Z Aot}

=
—J—BT___‘

fd

1<

Function name : TransformaitonFeatureToClass
In. : FP, OP // FP(Feature Porperty) OP(Ontology Property)
Out. : CP // CP(Class Property)

Step 1 // Changing Feature to Ontology
Switch (FP) {
if (FP = identifyingProperty) {
case name’ @ OP="owl:class’;
case ‘featureSynet’ : OP='owl:DataProperty’:
case ‘classification” : OP="owl:DataProperty’:
Jelse if (FP = selectiveProperty) {
case ‘mandatory” : OP="owl:Dataproperty’:
case ‘optional” : OP="owl:DataProperty’;
case ‘alternative” : OP="owl:DataProperty :
telse if (FP = managingPorperty) {
case 'identifier’ : OP="owl:Dataproperty :
case registationAuthority” : OP="owl:DataProperty’:
Jelse if (FP = relatlonPorperty) {
case ‘part_of : OP="owl:SubclassOf :
case 'has part' © OP="owl:UnionOf":
}
}

Step 2 // Changing Ontology to Class
Switch (OP) {
if (OP = OWLclass) {
case ‘owl:class’ : CP="CD:class”;
telse if (OP = OWLproperty) {
case ‘owl:Dataproperty’ : CP='"CD:attribute’:
Jelse if (OP = OWLclassStructure) {
case ‘owl:subClassOf : CP='CD:generalization”:
case ‘owl:UnionOf : CP="CD:aggregation’:
}
}

T2l 8. Feature 2E-OWL-Class 227} gizt 212 |&
Fig. 8 Transformation algorithm among Feature model,
OWL, and Class model

& st
CASE Tool& 7@% 4= 3ith.
Step 19ME feature &< U4 Wol, <R
Ontology &/ 202 Wdal= 342 8 Aot
Step 2914& WH3HE Ontology $A1S & ito}, o]AS
class 422 W3l A7It}). ontology $A4S A 371

(owlClass , owlProperty, owlStructure) & 7-&2%11, ©

A& B class RHlo| Al 453} gt
V. Feature-to-XMl = T8
EAo| = A|A)3F Feature E-OWL-Class Ei_-_ k]
W duelEs gl s & 78 dal At
2d Wgke 370 ovldlA AA|EG ZRAAS w}%\?‘r.
MT 1 ©AI9F MT 2 @& Feature to OWL ¥3t &5
285131, Protege 3.3% ©o|83k] 252X 2 H3LS ?,"4:
MT 3 WAEe Fdd EL o]&3d] LEZXE XM
Document ¥ A1t} 18]3 MT 4 Dm]— & 38 &

Q1 StarUML 6.0 ]85t class Fd< AA3ISitt.

E =RdAe 28 9ol MT 3 @49l 2524
XMI® W& A7le L e T
2},

mlm

©

=0 =
&5 N 0]’)\}\

JHe Z2E: Window XP, CPU Pentium 3GHz

7Het 2404 (Programming Language): JSP, Java DOM

OWL / UMLE: Protege 3.3 / StarUML 6.0

AF2A} QIEAH|0|A (user interface): & 7[8F HE2|H0|M
9% 2AE

XMIZ ®iglelr] 913t Z2AAE

Feature Model Transforming System

(Ontology-based Feature Mod XMI Document,

2| 9. Ontologyolid XMIZ g Z2=AA
Fig. 9 Transformation process from Ontology to XMl

Feature Model Transforming System< th&3} 2-&
Axg w2
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(1) 1 & Feature 22 - OWL §18H ZT20j2lS 0]Es}
01 2E2X|2 BHIE feature 22 OIUS 2EBICT
2 tHA Java DomE 08510 22152 feature 2
© TRle 2 @A Parsing 5104 DBOIl A&

3 B View 2&& 0[&3al04 DBOIl M&E feature

248 2ot

(4) 4 THAI: DBOl X&El feature @45 Feature 2& -
OWL - Class TEHer 21252 0[S5104 XM

ZME Bt

o8 AAH feature T XMI 4= StarUMLS
%3l Class RdZ ¥igkdty, 19 102 A4 78 85 ©l
23} feature =92 XMI Document® W37 S-S
A3 ol

Feature Model Transforming System

T2 10. Feature 2! a2t AJAH] S0 74K
Fig. 10 Screen capture of Feature model
transformation System
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94 sl 2d ¥igke 3739 I¥ 194 zd
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Bl el EAete] £ERA], XMI £A1, class ZHZ ¥
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MT 1 @Al E AAAAA 28S feature ZDE 74
g}, feature WEIEEH S 913l 441502 features &5
3la, feature® wATE & Ao Al Aoz
feature FIEFREC] 4212 5 52 (Capability) Al A
vl SHNHE 1218klth. 7B featuredte] WA 4 2
N feature &4 &5 A= 27 1100419} 2] System
Service FHNAY featureES AHE3IHN L, 1 features
o] #AdE EAslod Eg] Taxonomy FEIZE feature )
Hg BAe) o] % /1 featureE] 44 H5-& A
a9 110014 71 feature! “InteriorApproval @ 474 ™

AlE BolFa gioh

ol
[1e3
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Servoe
System
Service
U Avemicaton]  [oranna ] [ momowa ] | Docament | [ Emeonment
Maragement Seting
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T2 11, MAERAA-S| Feature 22
Fig. 11 Feature Model of Electronic Approval System

& MT 2 DA E, 71 featureE9] 4= Feature
to OWL ¥t 2233 o] 3lo] Mgkaitt 17l 12& A
AN S REZA 2 HESE Aot} o2 7139
A AAAAA 28] Document Form feature$} Interior
Approval featuree subclassOfe] #AIE 7R
(rdfs:subClassOf) {owl:class rdf:ID="DocumentForm’/>
{/rdfs:subClassONEZ FAE 1, HAAAAAZE] feature
attribute name <(nameValue) InteriorApproval
{/nameValue)Z EAH}
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25onl version="10":
WLRDF

<o Class i ID="Drafting’
s subClass Of-
ol Restriction:

a atype="hup: v 53 o1/ 2001 X ine”
1wl cardinalty
owlonProperty-
ol DatatypeProperty rif:ID=""nameVals
‘owlonProperty-
vl Restiction

g

e Inerior gproval bt

-5 company- registrationValue:
hiep: /v 3. org/ 2001 XMLl
Mandatory< selevtieValue:

ey i
Invernal_ipptoval- featureSyncValue

ocumenFo
HdeniterV:
c

«classficationValue:
. datatype="hup: v 3 org 2001 XN

£ IneriorAgproval-
“simerip Apprvrat-

Identifying Attribute

Casscann

- Created with Protege (vith OWL Plugin 3.2.1 Build 365) hitp:/protege stanford.edu -

Hit-RDF-

J%| 12. HARERIAAR—S] OWL BA|
Fig. 12 Specification of Electronic Approval System using
OWL

MT 3 @Al MT 2 ©Al<A A" OWL 9dS

Feature-to-XMIES o]&3dle] 4 A% gz WIS
gtk a9 132 AN 2E 2ERAE XMIZ gk
A HolErt
M
=

(pcaion] | o | "B

T3 13, TARZERAIAS] XM A
Fig. 13 Specification of Electronic Approval System
using XMl

a8 1394, AARAAA| 2= Interior Approval
feature® Al feature #S2 Internal ApprovalS 2t
31, Document Form feature®} Interior ApprovalZtolle
Generalization®] #AE 71t}

R Eo R MT 4 SA =, MT 3 dAl A Ad€
XMI 415 UML E(StarUML 6.0)Z ©]83] class &
g2 Wity 3 145 XMl BA 2 AskE ARG ~
HS class BEE #ge 1S Yepdo)

Draft

featureSyncyalue = Writing_Document
dlassification¥alus = Systemservics
selectiveValue = Mandstory
identficationalue = C5201
reqistraticnvalue = 5_company

i

DocumetForm

featureSynsetyalue = Document_Style
dlassfication¥lue = Drafting
selectivevalue = Mandstory
identficatinvalue = C5202
registrationValue = 5_company

.

EnteriorApproval InteriorApproval

dassifcationyalue = DocumentForm dlassificationalue = DocumertForm
selectiveialue = Mandatary selectivetlalue = Mandatary
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Informality WorkAttendance
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selectiveValue = Mandatory
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02| 14, HARZERAARL| Class 22
Fig. 14 Class model of Electronic Approval System
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Table. 9 Evaluation grade standard
8 AN IIE o) =2 aE=c A 9
Table. 8 Evaluation standard
G(Good) | 67% ol o} e=e| tiE RS 58
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Fig. 15 Model transformation methods comparison
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