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An Investigation on the Interoperability between Ontology and the
Entity-Relationship Model

Donghoon Lee* - Namgyu Kim** - Inhwan Jung™*

Abstract

In developing information systems, conceptual modeling is among the most fundamental means. The
importance attributed to conceptual modeling has not only given rise to a lot of modeling methods, but
also to the “yet another modeling approach (YAMA)” syndrome and the “not another modeling approach
(NAMA)" hysteria. Criticism of conceptual modeling methods usually targets their lacking of theoretical
foundations. In response to such criticism, various approaches towards theoretical foundations of conceptual
modeling have been proposed so far. One of the recent responses to the quest for theoretical foundations
of conceptual modeling is the reference to the philosophical ontology. The currently most prominent of
diverse approaches towards ontological foundations of conceptual modeling appears to be the Bunge-
Wand-Weber (BWW) ontology. Recent approaches attempt to regard BWW ontology as another conceptual
data model as well as a criterion for evaluating various conceptual models. However, unfortunately, relatively
few researches have been made on interoperability between the Entity-Relationship (ER) model, which
is the most dominant conceptual data model, and ontology based model. In this paper, we investigate
the interoperability between ontology and the ER model. In detail we (i) reclassify components of ER model
with respect to ontology concepts, (ii) identify some components that cannot be directly represented in
ontology notation, and (iii) present alternative representations to the components to acquire ontologically
clear ER diagrams. Additionally, we (iv) present a set of mapping rules for converting the ontologically
clear ER diagram into the corresponding ontology. In a case study, we show the process of converting
an ER diagram for a concise Project Management System (PMS) into the ontologically clear ER diagram
and the corresponding ontology. We also describe an experiment that we undertook to test whether users
understand the Ontologically-Clear ER diagram better.

Keywords : BWW Framework, Conceptual Modeling, Data Modeling, Entity-Relationship Modeling, Ontology
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Entity Entity Class
Attribut Attribute of an Entity Data Property
ribute Attribute of a Relationship No direct representation
Binary Aggregation Binary Relationship w/o Attribute Object Property
N- A ) Binary Relationship with Attribute
ary(N g>gr5gat1on N-ary Relationship w/o Attribute No direct representation
N-ary Relationship with Attribute
Generalization Generalization SSubClassOf
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Property 2 HSFH2E 2% W3 732 3), qf
Ao 7 <9 9>(d)olA gutslsE 2E=A 9
SubClassOf 2 HSATHEZA] ¥ 73 4).
<IY oA xdE 25242 OWL Codet=
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(LEZX ¥3 73 1) ! HA= ClassE

(& SEXZ W3l 73 2) : AA £4L &
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SERA ¥e 75 3) : BA= F A
o Q&HE ClassEE 22 F97 Ay
©.& Zk= Object Property® ¥ 83t}
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2 75 1) des Sub-

<29 P(o)T FAE olol 8% Object Pro-

perty 2 W3H= F9-5 HojF o oo v
F7F HAlE o] QA ARk AAE O-$5= ER
RdoA w4 F QA tFolA= 5

=54 % oy
ol7] Wl thsol] we ek FHo] ARA o
2 AAEolo} gtk ojg AWy A3 o7}

<29 10> AAEHo] k. <719 10> o]
AZF 74 4 9= N:L 1N, 101, M:N9| of
52 Rola Q) <1 10>()E shte] “old”
shife] “RATeRt Of-¥ = 4SS UEkiTh
| goEE LERAI} Qs Hojdow
“EATS Ao Zh= 749 “oy”

y A= |

2 oo

s

2

“

)
=
N2

4

(E 5 (O 9o 2EZRX| F&H0| CHSH OWL Code

2E27 74 84 OWL Code
(a) Class “¥-A” <owl : Class rdf : about = “4%4"/>
<owl : Class rdf : about = “43A"/>

(b) Data Property “RA Y
BAHT

<owl : DatatypeProperty rdf : about = “#%-A19%”">
<rdf : type rdf :
<rdfs : domain rdf : resource = “#%-A"/>
<rdfs : range rdf :
</owl : DatatypeProperty>
<owl : DatatypeProperty rdf : about = “#5-4¥&">
<rdf : type rdf :
<rdfs : domain rdf : resource = “#%-A"/>
<rdfs : range rdf :
</owl : DatatypeProperty>

resource = “&owl;FunctionalProperty”/>

resource = “&xsd;string”/>

resource = “&owl;FunctionalProperty”/>

resource = “&xsd;long”/>

(c) Object Property “Hix]”

<owl : Class rdf : about = “#213"/>
<owl : Class rdf : about = “43A"/>
<owl : ObjectProperty rdf : about = “#Hjx]">

<rdfs : domain rdf : resource = “#31%"/>
<rdfs : range rdf : resource = “#%-A"/>
</owl : ObjectProperty>

(d) Generalization “913”

<owl : Class rdf : about = “#918”/>
<owl : Class rdf : about = “#7]&%">

<rdfs : subClassOf rdf : resource = “#918”/>
</owl : Class>
<owl : Class rdf : about = “#¥2]2”>

<rdfs : subClassOf rdf : resource = “#918”/>
</owl : Class>
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CE 6y (T2 10)9] 2EZA| E30| st OWL Code
2EZA] A 24 OWL Code
<owl : Class rdf : about = “#213"/>
<owl : Class rdf : about = “4#%-A"/>
<owl : ObjectProperty rdf : about = “#u]*]">
(a) N: 1 %A <rdf : type rdf : resource = “&owl; FunctionalProperty”/>
<rdfs : domain rdf : resource = “#213"/>
<rdfs : range rdf : resource = “#%-47/>
</owl : ObjectProperty>
<owl : Class rdf : about = “#3LZA}"/>
<owl : Class rdf : about = “4ZZHAE"/>
<owl : ObjectProperty rdf : about = “#%5">
(b) 1 : N #A <rdf : type rdf : resource = “&owl;InverseFunctionalProperty”/>
<rdfs : domain rdf : resource = “#ILZHA}/>
<rdfs @ range rdf : resource = “4ZZAE"/>
</owl : ObjectProperty>
<owl : Class rdf : about = “#<1%"/>
<owl : Class rdf : about = “4ZZHE"/>
SN <owl @ ObjectProperty rdf : about = “#3te]™>
(© M : N 27 <rdfs : domain rdf : resource = “#<18”/>
<rdfs : range rdf : resource = ‘4L ZHE"/>
</owl : ObjectProperty>
<<owl : Class rdf : about = “#5-A%"/>
<owl : Class rdf : about = “#4%-A1"/>
<owl : ObjectProperty rdf : about = “#32]">
@ 1:1 8 <rdf : type rdf : resource = “&owl; FunctionalProperty”/>
= <rdf : type rdf : resource = “&owl;InverseFunctionalProperty”/>
<rdfs : domain rdf : resource = “#%-A1%"/>
<rdfs : range rdf : resource = “4%-A"/>
</owl : ObjectProperty>
St A A9 E ERD +4 13 1, 29 &% e s 9% AES Fdstay 1 29gE *
A g 74 159 o)) RE ERDE ol o Atk 2 A4 Ssnd s 49 44
SHE SEEAZ HE JtedEds AuRy Mo <2y 11> 2t} dA 232 Original
T3 A2l Al 484 = Fo|X ERDE AlQtahe= ERD, Ontologically-Clear(OC) ERD, &3 ©]
ERD 4 2o wg} =43l o5 524 of &5 E 2EZAE F0|5H7] 3 T2 A~
W3 FHo we LEZAZ WS A4 9 (D~Z2A| 2 (3)¢] ZZA 28} F 7HA] B €]
wolx, % 714 wAel ERDA th@ olsl% vl BRDS] olang wash] 98 (A)-(O2) =
249 B LERAY 438 PR R 2A2R A0 gtk $H ZaAs ()
wae 548 Avnnz g WA R wel 47 $ye] wek FRDE E%3
= 3AE YERiTh 2 Al A o] A S 9
4. A 3 @ apRANz dRdolE e 21 E 9 o
) ) ) ] 7]3o] 2010 FE5o = FH3 473 DA A
41 Mg Fxt 2 AR AH

= Ao A= dwbA <l ERDSF OC ERD9}FE] ©]

AR AN A AA A L2 A=) A 2

(PMS) A £AS dwstate] AR&sHith o
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(30) (30)
9:
Fundamental
d Test
in Growp A G5 o? in Group 8,19
Requirement
Lower Group Description Lower Group
in Group A (15) in Group B (15)
9:
Questionnaire
(Q1 ~ Q6)
- > o (g
o 2 ] o
CE 1) A8 & TR
SoR ZRAA (2 %% ERDE 43} of dF= FYHJrh= HolA, SHAE] 1
Ontologically-Clear ERDE ¥ 53+ HHo = wA A Sl IS Aoz JdEn
Boodstoll A Alotd ERD 44 73 13} 737 27} A Z2AA (A)e 7 A Ao 9
o] wAlo HgHrh w3 ZZA 2 (3)2 Onto- HAack A WA 542 A gl 7 aF 1
logically-Clear ERDZ-E 2&2X & #3531 of ER Edo] digk Abd 2|49 Zo]7} EA 3}
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FOE At AP dFE FaAsAT 45 & ek AP A2 el whek ZF T el A s
& ER 2do gk SHAe] Abd A4 s o 50%¢}F sk9l 50%° TS FEstsith o=
74eb7) §1et Egow pAEden, Iy g o] Ao ER B&e Abd A A4 wet
& Folzl ERDell gk olaj =5 ¥ 7}st7] 91 g T 7FA W9l ERDe wigh o]sjwoe] o] 7}
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<& 7> ER 24of| Chet & 1F SEAS| AR X4 SEY 1t
= 2 AA 74 391 50% ak9] 50%
Group A Group B Group A Group B Group A Group B
B 735 75.8 94.7 87.3 52.33 64.33
#HE 30 30 15 15 15 15
t-value -0.357 2.039 -1.332
p-value(¥F=) 0.723 0.052 0.196
p < 0.05, “p < 001
FA aokso] gith o] RE ARH A¥E N-ary #A19 18] # ZA(ERD W3 1
&3l Group ASt Group B 7+e] ER el tigh 20 3]), 2] dutste] @ EAl= £
A ANpEe BAHOE ﬂd Aok ¢ w7 wAEe ANHow e BAR 4
2% & & YATHAAFE : 0.05) ek, duel BAE F A o] BRDAA
teo ZRAABE SYAED Sld  FUs] ZAUDE, Aol AH o +4
AA Y =rlel thaf zhers] Ak A Je=As ARy 93 AF £Fo= AHEHH.
or ZRAE P Al2ge] it H el g 7} &l dial 8- HA=(Yes, No, Uncertain) &
AEFF Ve s Agstdnt AAAE WEL o itz wobs delE gl FojsiA =, A
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type
XsctLong

type
Xsd: String

type
Xsd: String

type
Xsd: String

type
XsctLong

type
Xsd: String

(oo )

EIEIR| .doman‘( si9| )——ra'\ge—b Xsd: String
8
o =

=

type
Xsdt String

range— Xsct String

type
Xsd: String

type
XsctLong
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Fundtiond
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Xsd: String @5@
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