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An ontology analysis and error detection tool based
on concept hierarchy structures

Suk-Hyung Hwang'

ABSTRACT

An ontology as the core element of Semantic Web is a formal specification of a conceptualization of shared domain knowledge. The
use of well-defined ontologies can increase the quality of interoperable information systems in the area of Semantic Web. However, in
practice, it is not easy to develop high-quality ontologies which have no errors. Therefore, with methodologies for ontology design, various
methods or tools for ontology analysis supporting for error-detection might be very helpful for ontology developers. In this paper, we
propose a novel approach for analyzing the core constructs of ontology based on the Formal Concept Analysis and develop a tool that
supports error—checking ontologies. Our approach can serve not only as a guidance to modify the existing ontologies, but also as a
valuable tool in developing high—-quality ontologies.
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{E 1) car reservationofl &t context
S i i i li
reser;ell;t;(;n,nu Cr(ﬁ; ;Zd DZ;TEEE dnverzlrjr;ll)c;nse name model address traveler
Airport X
Location X
Driver X
Reservation X X
Check X
Payment_information X
Vehicle X
Credit_card X X
Downtown X

payment_amount

resevation_number

name
drivers_license_number

Payment_information

e,
Airport [Location

Downtown

credit_card_number

Credit_card

(3% 1) <E 1)0f thst context 2| A}

context K=(G, M, Ddl| tste], OcG, AcM¥ o, intent(O)
=A A extent(A)=0% W31 (0, AS F270d(formal concept)
EE ghas] gelzta gtk o intent(O):={a€MIVo€E
O:(0,a) €1}, extent(A) = {o€GlVacAilo, a)€l}. ¥2l9 O
<Gl diate, intent(O)ell &3] 09 RE AA 5] TE4
o8 zZte SAEY JFE 7 & A, w1 999 Ac
Mell, extent(A)ell 93] A9l £4ES z2t+= AAEY JS
T 7 Ak dE 59, Y9 <& 1>9 contextoll A, O=
{Airport, Location, Downtown}oll t8}4, intent(O) = {address)
o], A={reservation_number, traveler}o] 3}, extent(A)
={Reservation}elt}. &, 7} MEEL (O, A 2 e
Z(pair) &2 AHw 53], AAZHO= I FAY extent
ojn], FAlol EAFFAE AAHFO] intent7} ®rh 9
o] 7 (O, A, (Oz, Ap)oll tiste], 0,0, (AIDAYEH
M (O, A, (O, A2 A9-sF71d#AlolY (O, A<
(Og, A3}t o] EE3ILL context K=(G, M, DE3HE s
oAz BE AEE o] Ae-siiddA<e dFY] e
AAA adsi, MdEHR 25 Abeld] A9-skeid
Ael 9a whsolxl AFA Md7EE NdAAHConcept
Lattice)2tx2 $2m, (23 1)3 #¢] Hasse Diagrams A}
&3t 7hAsE 4 dth

NEAAE Yeld Hasse Diagramelde, Z+ /M3 &3
olF Atole] Akl BAZE Fael g3 FAEH, 53], N
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Credit_card:= A9kl wf-E4 024 credit_card_number
& 7K, NG EETE payment_amountEE & S
W=t} 38 payment_amountE £A 0 R ztE AX 2=
Check, Payment_information, ~12] i Credit_card’} 2& &
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3.1 Ontology Context Model

HANEEA 7| HE o] Lste] LEZAE BAF] 94
M, 2EEZAE FASE 4 2459 AHRE Contextd
B2 AAdste] igsor vk 1oy 2EEAY] FRE
ujg- Eeka, gojshy] it o] ContextZ £E=
A TFReAEY UG JRE AEEA 1] 01
gt mebd 2 AFdAE, 2R VR LE
2383 4 9+ Ontology Context ModelS A ]+

Ontology Context Model> % 3712] One-valued Context
9} 270¢] Many-valued Context® TFAEo] o £E57
A o] WA @ 25 (Class, Is-a¥7l, Property, Individuals)3} &
25 Aboldl theFet BAI(Is-a3 7, Instance-of, Has—property,
Association) 2 ## A B (Property, individual®] FAAR)ES
E83}a 9lth Ontology Context Model®] A&#3ts Fo=
ofgf o}

[&2] 1] Ontology Context Model CF = {Sx, B, I}
= 2ERAY FoorE9 T Sko 2ER
A9l 84F Alo]l9 olgHAAEY] Y By, 1
YJa g [ 2 49

e Sk =1{S,S,,Si,Sa, S, S}
S r 2ERAY FY2EY HE
Syt 2EEA Y ZEAEEY] JAF
Si 1 2EZA 9 individualE e Hg
Sq ¢ LEZ29] primitive data typese {3
Sy 1 2E&249 primitive data valueE9 &
S; = {domain, range}

.BJ:{BCCyBCDvBCi}
o B! T(Bcc) = (S(, , SL) y Bee © Sc x Se
(FH2=E Atel9] Is-a#tA)

class

ocatlo « domain__ address ——2° [ String

range
9 class
class class

drop_off_ domam Reservation

Airport Downtown location
3 |nstance of
H {instance-of

airport_ 1 ——— ' Tokyo downtown_1——— = Seoul

address T address
individual individual
(3% 2) car reservation 2E2X|9| LFHE CHE FUE
Jef= #sd
® By @ 1(Beyp) = (Se, Sy, By € Se x S

(FA2E3 Z2HEE Aol 9] Has—property ZH7)
® By tBs) = (S, S),Bi € Sc xS
(F9 25 individual & AFe]9 instance-of ¥+4))
‘I]:{Ipr,lip}
oL vy ) = (S, S, SUSe) , By €Sy X S x
(Z 23 E] &9 domain, range” 1)
oI, x(@p) = (S, S, SUS) , By € S xS, x (SUSY)
(individual 5] A dlo]El4KH)

(ScUSa)

ZEEA
FooAFIH OF Aold WAE L JUvh EF,
Ontology Context Model olgl¢} 7o] 5719 ContextZ
olsf g + it

[Ae] 2] Ontology Context Model CF+ Tth3 o] 3
71¢] One-valued Contextd3 OVC;2t 2719
Many-valued Contextd 3 MVC;2 ¥t}

® OVCy = {(Sm, Sn, By) | Sm, SuESk, BiEB) and BicS
XSy if 1(Bj)=(Sm,Sn)}
OVCCC:{<SC, Se, Bee) | Se € Sk, Bee € By if
T(Beo)=(S,, S0}
OVCoyp={(S;, Sp, By | Se,SpESk, By € B
it T(Bep)=(Se, Sp)}
OVCi={(S,, S, Ba) | S, Si€ Sk, Ba € B;
if T(Ba)=(S,, S}
® MVCy = {(Sm, Su So, Il Sy Sn, Se€Sk, I} € I and
I © SuXSuXS, if ¥{I;) = (Sm, Su, So) )
MVC={(S,, Sy, (SUSy), In) | Sy, S, Se, Sa €
Sk, L €L if ¥@) = (S, Sy, (ScUSo)}
MVCy,={(S;, S, (SUSY, Iy) |'S;, S, Sy € Sk,



IipE I] if Y(Iip):( Si, Sp, (SlUSV) ) }
|

(29 2)& Protégéoll Al A F3H= car reservation& &
2] dRARE fFUFgaHE Ye2 xdst vk car
reservation == 24| = 4719 Z82(Location, Airport, Downtown,
Reservation) £} 27§¢] X =9 €](address, drop_off_location)
5, a8la 2709 individual(airport_1, downtown_1)¢] &4
£ 7HA A Aok w3 7 84E Abole] theke #AIGs-

relationship, instance-of, has—propertys)E< X &3l

;gm

(E 2) is-adE0]| i3t Context

Location Airport Downtown | Reservation
Location X X
Airport
Downtown
Reservation
{E 3) has-propertyd=of CHSt Context
address drop_off_location
Location X
Airport X
Downtown X
Reservation X
F 4) instance-ofHE0f CHEH Context
airport_1 downtown_1
Location
Airport X
Downtown X
Reservation
<E 5) ZZHE|0]| ChEt Context
domain range
address Location String
drop_off_location Reservation Location

(E 6 individualofl CHEF Context
address drop_off_location
airport_1 Tokyo
downtown_1 Seoul
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th o]t 252X HARE S 22 Ontology Context
ModelZ YebE 4= 9l

Ontology Context Model CF = {Sk, By, Ij}
m Sk =1{S, S, S, Sq Sy, S
Se = { Location, Airport, Downtown, Reservation }
» = { address, drop_off_location }

S; = { airport_1, downtown_1 }

Sq : integer, string, boolean, float's =EZA| o]0
A AdskE dolHEY Y JE

Sy : EEA dojoA AdstE dolEEY Y AA
ol &9 3
= { domain, range }
L B] ={ Bee, Bcp, B }

Be. = {(Location, Airport), (Location, Downtown) }

By = {(Location, address), (Airport, address), (Downtown,

address), (Reservation, drop_off location) }

B = { (Airport, airport_1), (Downtown, downtown_1) }

n={1I, L}

I = {(address, domain, Location), (address, range, String),
(drop_off_location, domain, Reservation), (drop_off_
location, range, Location) }

I, = { (airport_1, address, Tokyo), (downtown_l, address,
Seoul) }

st (O1F 2)9] REZAE A9 28 V|Htozsto] <%
2> ~<E 6>3 7 5719 context® UERE 4= Ut} o9}
722 Ontology Context Model& 719Fo 2 (19 4)o] e}
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3.1.1 Ontology Context Model+d
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S(<KE 2>~<FE 6>)% FA%+E Ontology Context ModelS
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SERAZLH FEHAT

3.1.2 FANEEA N Ag
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3.2.2 3ANEEHE 7|wte.

35221 subCZass@‘{#ﬂ/ o7
5

=
o
fru
ox
{0
4,
rfo
i
fr
Y
to
Hu

; Easel Ank Wby 53 e gAsz Edvd
W Aldel AT Qs &4 @ stefstel, Fehao =

HE|Z AHoFozH &
¢ 222X A F Atk ey olefg 7|EA
g, FYgas BE z
WA g 74z o] =
subClassOf 7l o7& 2E=2X9 714 d4esrel &
g5 Atolol F-slSIRAE STt 2e 3]
A u HAAH o 72U subClassOfTHA (is— a47:ﬂ)
AEHE TEn selEdae AeEdsY ZEAHE A
H

Sy FEH g FiEe] He ZEFHHE FUHHLRE
AdsAYy, Z2HE 9 rangeE d A9Mdoz Hago
2 Z2AE FAAA GARIBAHAA sk FaHA A
o] 13 4 24 (Subsumption) 7} A @& ooF gt} 1

S| 2
A= Hl
P g LERAE uf$ Hstn Abge] oA F
Ao FEHHAAEE subClassOf#7] ©F7F Bl EHA

o2 Eo] (29 3)9 Locatione stE#H2~ZA Airport,
DowntownZ#]2=7} =0} gtk 218y Airport$t Downtown
FYP2EL Locationd &+ F @ A~EA, Location¥} o]
He $48 287 &7] Wil subClassOf#HA] /71 24
Stet. subClassOf Al 279 43 std dole vhad Zrh

<owl:Class rdf:ID="Location"/>

<owl:Class rdf:ID="Downtown">
<rdfs:subClassOf rdf:resource="#Location"/>

</owl:.Class>

<owl:Class rdf:ID="Airport">

<rdfs:subClassOf rdf:resource="#Location"/>

</owl:.Class>

<owl:DatatypeProperty rdf:ID="address">
<rdfs:domain rdf:resource="#Location"/>
<rdfs:range rdf:resource="http://www.w3.org/

2001/XMLSchemat#string"/>
</owl:DatatypeProperty>

EZX[2| is-a2tAof CHEE oK

class property

> address

*ocatiop —
has-property

class, class

Downtown
-

(a8 3 =
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