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ABSTRACT

More and more scholars begin to pay attention to modular ontology, and
it can solve the problems of the construction of large ontology, ontology
reuse and the efficiency of reasoning. Based on the research of
construction and connection method of modular ontology and the
characteristics of domain vocabulary, this paper presents the structure
and theformal definition of modular domain ontology, and putsforward a
method of modul ar ontology modeling based on domain vocabulary. This
paper details six parts of the method: determine the range of domain
vocabulary, the division of ontology modules, ontology modules modeling,
extraction the connection between concepts of ontol ogy modulars, connect
the ontology modules and generate the domain ontology and consistency
test. Under the guidance of this method, an example of the modular
ontology of high-speed railway domainisdevel oped to verify thefeasibility
of the modeling steps, in which using owl as the ontology description
language and using the semantic extension method of owl:import to

connect ontology modulars.

INTRODUCTION

Sincetheimportance of ontology inknowledgeor-
ganization and knowledge management has been no-
ticed indomains, and domain ontol ogy can effectively
organizeknowledge, shareknowledgeand reuseit better
inthedomain. Domainssuch asthehigh-speedrailway,
logistics, agricultureand other Industriesaregeneraly
composed of multiplesub-domains. For instance, the
high-speed domain consists of sub-domainssuch as
EMU, operations management, safety and rescue, trac-
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tion power supply, and public works. In such cases, it
isacomplex and huge project to construct domain on-
tology onceandfor all.

M ore and more scholars begin to focus on modu-
lar ontology!™, and it can solvethe problemsof the con-
struction of large ontol ogy, ontology reuse and the ffi-
ciency of reasoning given the significant advantage of
modul arization and its effect in application. Soif the
domainisdecomposedintoaplurdity of modules, which
are then connected according to therelationship be-
tween them to generate the domain ontology model,
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we can solvethe problems of complexity of ontology
construction. Inaddition, in most cases different sub
domain expertsareonly interested intheir particul ar
field of knowledge. Thusitiseasier to construct the sub
module domain ontol ogy separately. Inthe use of do-
main ontol ogy, sub moduledomain ontology can beused
aone, whilethe connected domain ontology can beused
for thesakeof multipledomain knowledge. Inthisway,
sub domain ontology can be maintained separately, and
the huge ontology’s bid problems can be solved such
asdifficult to maintain and reuse, and reasoning com-
plexity.

Because most domains composed of multiple sub
domains, havetheir own vocabulary such asdictionar-
ies, thesauri, classification etc., the construction of on-
tology combined with ontol ogy engineering onthe ba-
sisof thesauri isoneof theresearch hotspotsof domain
ontology modeling. At present, the modular ontology
moddlinginvolveslittlemodeling processindetail, and
thedomain vocabulary hasitsown characteristics, we
should choosetheright connection method and con-
nection languagefor ontology moduleaccordingtothe
characteristicsof domain vocabulary. Based onthere-
search of congtruction and connection method of modu-
lar ontology and the characteristics of domain vocabu-
lary, this paper presentsthe structure and the formal
definition of modular domain ontol ogy, and putsfor-
ward amethod of modular ontol ogy modeling based
on domain vocabulary. Under the guidance of this
method, an exampl e of the modular ontology of high-
speed railway domainisdeveloped to verify thefeasi-
bility of themodding steps. We determinetherange of
domainvocabulary and divideitintomodules. Thenwe
build ontol ogy modelsfor modul esand connect these
ontology modul es using the semantic rel ationship be-
tween conceptsin ontology modules.

REVIEW OF RESEARCH ON MODULAR
ONTOLOGY

What’s the so-called modular ontology is that the
complex domain to be model ed istop-down decom-
posed into aplurality of interdependent and intercon-
nected sub domainsin accordance with the appropri-
ateprinciples. Ingenerd, every sub domain only pays
attention to concepts of one important aspect of the

object domain; then, we construct themode! separately
for each sub domain and form the so-called ontol ogy
module; findly, each modulewill beassembled through
acertain method and eventualy form domain ontol ogy.
Wemakeafollowing review of M odular ontol ogy mod-
eling and modular ontol ogy language.

M odeling of modular ontology

Inthe modeling of Modular ontol ogy, asakind of
knowledge organi zation and representation, modular
ontol ogy providesanew way for collaboration, inte-
gration, reuse of knowledge. B. Guenca Graul? thinks
ontology modularizationissimilar tothemodul e of soft-
ware engineering, and alarge-scal e ontology can be
decomposed into simpler ontology modules. H.
Stuckenschmidt® thinksamodul ar ontology isthe sets
of ontology modul es and these sets are connected by
theexternd definitions, which areal contained inthe
modular system. M oreover, themodularization not only
makes the construction and maintenance of the ontol -
ogy easier, but also can promote the reuse of knowl-
edge. A lot of languages and construction tool s of the
modular ontology have been proposed, such as P-
DL™ g-connections!™, Swoop, Protégé, ProSél¥ etc.

Thereared so many domestic scholarsmake modu-
lar ontology researchin progress. Jiang Cuiqging” puts
forward the knowledge organization model of mechani-
cal product manufacturing enterprises based on the
Modular Ontology. They divide knowledge ontol ogy
into 4 modul esand use assertionsto connect the mod-
ules. Lin Songtao discussestherelated theory prob-
lems of construction of modular ontology in hisdoc-
toral dissertation’®. Zhang Weiyi, Lu Ruzhan® study
the communication modeand structure of each module
through the ontology instances of automobiledriving
traningdomain.

L anguage of modular ontology

Theforma description language of ontology isthe
basisof ontology research. Researchershave proposed
avariety of languages of modular ontology from the
different gpplication scenarios. Thedistributed descrip-
tionlogic DDL™ isproposed by Alexander Borgidain
2002. C-OWL™ using the bridge rulesis proposed
by Paolo Bouquet in 2003. And e-connections*? is
proposed by Oliver Kutz in 2003 which through ex-
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tending theattri buteto combinatethe ontol ogy module.
Inview of the problemsof not supporting contain and
transfer reuse between modules in DDLOg-
connections0C-OWL, Jie Bao putsforward P-DL1
and extended owl: import™®, They use the selective
import mechanismto integrate the ontol ogy module so
that the ontology module can partially overlap, reduce
thestrictly digoindemand and providepartia reuse of
theontology module. In addition, there are also many
literatures discussing the method of the semantic de-
scription andintegration*™ of themodular ontology, but
they basically are based on P-DL™ and extended owl:
import™4, At thesametime, C-OWL[™ isamodular
ontology languagewhichincrease DDL forma and ex-
tend OWL. Although it hasstrong ability of semantic
expression, thereisno reason to support it.

Insummary, inthe present study of modular ontol-
ogy, the process of modeling of modular ontology is
lessinvolved and not amed at the modeling methods of
modular ontol ogy based on domain vocabulary. Inthe
choice of the modular ontology language, e-connec-
tionsand extended owl: import areused more. -con-
nectionsexpressthe dependence by definingand using
thelink property and thelink property isabinary rela-
tion. Itsfirst element istheinstance of classin source
ontology and thesecond dement istheindividud inthe
target ontol ogy. Because the ontology modul e based
onvocabulary ismainly connected by the synonymous,
inclusion, ancestors, brotherhood, user-defined relation
between the modul e concepts, that is, the binary rela-
tion connects the conceptions between two ontol ogy
modules, so we choose the connection of ontology
modul e through the method of extended owl: import
proposed by Jie Bao and Vasant Honavar.

MODELINGMETHOD OF MODULAR
ONTOLOGY BASED ON DOMAIN
VOCABULARY

Sructureof modular domain ontology

The connection between the ontology modules
based on the domain vocabul ary ismain associated by
therd ationsbetween different ontology modules. Inthe
structure of modul ar domain ontol ogy, theontology can
bedividedinto threelevels. domain ontol ogy layer, con-

cept rel ation ontol ogy layer and ontol ogy modulelayer,
asshowninFigurel.

Domain

ontology layer| Domain ontology

Concept
relation
ontology layer

Ontology
module layer |

Ontology
module

Ontology
module

Figurel: Thesructureof modular domain ontology

Domain ontology layer, which definesagloba on-
tology, isunified domain ontol ogy that generated by the
concept rel ation ontology |ayer. Although domain on-
tology layer istheintegrated top domain ontology and
can be used to be accessto the ontol ogy modulel ayer,
it canberegarded asvirtua presence, dynamicaly gen-
erated by the concept relation ontology layer. And it
can change with the change of the concept relation on-
tology layer.

The concept relation ontology layer consistsof the
concept in severa ontology modulesandtheir relations
which mainly include synonymy, inclusion, ancestors,
brothersand user-defined relation.

The ontology modulelayer iscomposed of aplu-
raity of ontology modul e and an ontol ogy modul e cor-
respondstoamodule. Themoduledivisonisperformed
according tothe characteristics of the domain vocabu-
lary: firstly thedomain vocabulary isdivided into sev-
era sub domain ontol ogy modules and then the ontol -
ogy moduleisgenerated by ontology modeling of the
subdomain.

Related definitionsof modular domain ontology

Ontology modul e asthe representation of the con-
ceptualized knowledge, describes concepts, relations
between concepts and the rules establishing concepts
andtheir relations. Wedefineit asfollows:
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Definition 1 sub domain ontology module. Sub
domain ontology moduleisaformal specification of a
shared conceptualization. Wewill represent sub do-
main ontology for aeight tuple:

SDO={C, P, H¢,Rs, R, |, F, A}, thereinto:

SDO says domain ontology module, C says the
concept (or classification) setyPfor typeattribute set
of Datatype in domain ontology, He for subclass-of
binary relations collection between types, Rsfor syn-
onymly relaionscoll ection between types, R™ for user-
defined relations coll ection between types, that is Ob-
ject Property of types (including part-of relation which
al so use user-defined rel ationsto describe coll ection),
| representsacollection of domain concept instances,
F representsaspecia relation between concepts, which
can beexpressed in thefollowingform: ¢ xc,x...xc
,—C, Aissometautology representing for axioms of
conceptsandtheir relations.

The sub domain ontology modules constructed on
thebasi sof vocabul ary, connect through variousrela-
tions between concepts and form the whole domain
ontology model. The connection between the sub do-
main ontology modulesiscalled thelayer of concept
relationship ontology and we can defineit asfollows:

Definition 2 relation model between two sub do-
main ontol ogy modules. Given two sub domain ontol -
ogy modules SDO. and SDOj, relation model of the
connecting SDO, and SDO, can be expressed as
Repoi.500~{ SDO,, SDO, SDOH®, SDORY, SDORY},

thereinto, SDO, and SDOj represent the names of
two sub domain ontol ogy SDOH°® represents subclass-
of binary relations collection between two sub domain
ontology conceptsy SDORS represents synonymy rela
tions coll ection between two sub domain ontol ogy con-
cepts, SDOR™ represents user-defined rel ations col -
| ection between two sub domain ontology concepts.

Definition 3 domain ontology moddl. Domain on-
tology model consistsof definition 1and 2, and canbe
expressed as:

DO:{_@lSDoi ,( v

R
e R(i<] ) SPO, ,SDOj}

M odeling method of modular ontology based on
domain vocabulary

We use the domain vocabulary such as category
and subject thesaurusasthe base of the ontology con-

struction. Inthedivision of modular ontology, weneed
determine the partition principle. In the connection
method of ontol ogy modules, extract theontol ogy mod-
ule concept and connect it with other ontology module
concepts. The steps of modular ontology modeling as
show infigure2.

Determine the range of domain vocabulary

|

Division of ontology modules

/\

¥ - ~

Extract the core concepts Extract hierarchical structure

~— ——

T

Extract the relations between

concepls Ontology

modules

l modeling

The model of ontology modules

|

Extraction the connection between concepts of
ontology modulars

|

Generate the domain ontology

!

Consistency test

Figure2: Themodeling method of modular ontology

(1) Determinetherange of domain vocabulary

Firg, weshould determinetherangeof thedomain
vocabulary. For example, when construct the domain
ontol ogy, we choosethesauruses, category list or sub-
ject vocabulary? In the choice of vocabulary, try to
choosearecognized vocabulary in thisdomain.

(2) Ontology modulesdivision

After defining theimportant conceptsand their re-
lationsinthedomain, dividethetarget domaininto sev-
erd sub domainsaccordingto certain principles, which
isthedivision process of ontology module. Weshould
follow thefollowing principleswhen dividing ontol ogy
modul e based on the domain vocabulary:

(1) The concepts of the same subject category formthe
same ontol ogy moduleand the concepts of thedif-
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ferent subject category aredivided into thediffer-
ent ontology module. The concepts of the same
subject are put into the same ontol ogy modul e, and
which can be devel oped independently by the ex-
pertsin onefield. Therelation of the conceptsbe-
tween thedifferent subjectsislooser, sothey should
be put into the different modules. That can control
thequery and inference of one concept into the ef-
fectiverange.

(2)Thedivision of the modul e should be understood
eadly. Thegoal of theresearch on ontology ismak-
ing the computer understand the knowledge, but
the most important thing ismaking people under-
stand. That isconducivefor shareand reuse of the
ontology and convenient to maintain and expand.

(3) The quantity of themoduleswhich arerelated to a
modul e should be small and the complicacy be-
tween the modul es should be reduced. That can
decreasethe dependency and the coupling between
modules. The smaller coupling between modules
can make each modul e easy to reuse and share.
Sothedivision of ontology modul e based on the

domainvocabulary mainly depend theprofessond dis-

ciplines. That isconducivefor theexpertsinafieldto
deveop independently and easy to understand and the
cohesion between the modulesisgood.

(3) Ontology modulesmodeling

For each ontology module, theexpertsinthefield
can cooperate to the construction of ontology. Each
ontology moduleisrespectively defined in different
documentsand their vocabul ariesarerespectively peci-
fied by aseries of namespaces and defined aseries of
theentities. Regard the modul evocabul ary asthe base,
we can extract the core concepts, hierarchical struc-
ture and the other relations between concepts. Then
definethe attributes and theinstances of the concept.
We use OWL to describethemodel of ontology mod-
ule

(4) Extraction the connection between conceptsof
ontology modulars

Extracting therel ation between the conceptsof on-
tology moduleisthe core of modeling of the depen-
dency between ontology modules. Thedependency dso
isthe base on the next connection of modules. There-
lation between ontology modulesincludes synonymy,

BioTechnology — ammm—

inclusion, ancestors, brothersand user-defined etc. De-
fining therel ation needsthe cooperation of theexperts
inthefidd.

(5) Connect the ontology modules and generate
thedomain ontology

Each modulein themodular ontology can be con-
nected by semantic relation, so the connection of on-
tology modulesis based on the semantic connection.
Wewill get the domain ontology after connecting all
ontology modules. At present, theintegration method
between modulesmainly includesimport andlink. The
import method import the content of one ontology into
the present ontology, and this method is used in
owl:import system. Thelink method integratethe cor-
responding moduleinto the system of knowledgewhen
amodul e dependencies the knowledge of other mod-
ules. Therearekindsof link methods, such asbridge
rules, extended the attributes of ontology module, etc.

Inthispaper, we use the extended owl:import that
isproposed by Jie Baand Vasant Honavar. The model
of domain ontology will begenerated after connecting
the concepts between.thedifferent ontol ogy modules.
(6) Consistency test

Consistency test isneeded inthemodeling and in-
tegration of ontology modules. Checking theconsis-
tency mainly includes checking the consi stencies of
modul e hierarchy declare and ontology modular logic
reasoning cons stency. Testing the compatibility of the
implicit semantic relation in the modul e and between
themodulesisthe necessary requirement of the context
ineach ontology module.

THE EXAMPLEANALYSIS

Anexampleof themodular ontology of high-speed
rallway domainisdevel oped to verify thefeasibility of
the modeling steps. Becausetheoriginal railway cat-
egory listisnot suitablefor thehigh-speed railway, Min-
istry of raillways organizesexpertsin different profes-
siond domainsto reconstruct whichisaso suitablefor
literaturedassficationsof high-gpeed railway and “High-
Speed railway basic datasheets”. “High-speed railway
category list and Thesaurus” has 10 first level catego-
ries, 64 secondary categories, 208 third level catego-
ries, and 2488 corresponding keywords.
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(1) Deter minetherange of domain vocabulary

Wesd ect the“High-speed railway category list and
Thesaurus” as the basis of the division of ontology mod-
ules. Andamong “High-speed railway category list and
Thesaurus”, we select vocabulary lists of five core sub-
jectsincluding EM U, operations management, safety
and rescue, traction power supply, and public works.

(2) Ontology modulesdivision

Accordingtothe principleof thedivision method
of ontology modules, disciplineisamajor consider-
ation. Andwhichisconducivefor theexpertsinafield
to develop independently and easy to understand and
the cohesion between the modulesisgood. So, wedi-
videthevocabulary listsof high-speedrailway intofive
ontology modulesincluding EMU, operations manage-
ment, safety and rescue, traction power supply, and
publicworks.

(3) Ontology modulesmodeling

We adopt Protégé that is developed by Stanford
University to build our domain ontologies. At present,
wecongruct fiveontology modulesincluding EMU, op-
erations management, safety and rescue, traction power
supply, and publicworks. Themodd of ontology mainly
includes concepts, properties, relationsand instances.
We use OWL describing language for ontology mod-
ue

Thefirst classconcept main comesfrom thewords
of “thesaurus and thematic words of high-speed rail-
way”. The second class concept is the classification of
thefirst classconcept, and if thefirst classconcept has
two or moredivision methods, weoften choicethemost
genera division method asthe second class concept. If
the second class concept can still be classified, then
divideit down, and until no classification. For example,
EMU isthefirst class concept of theontology of EMU
professional field. EMU hasthree division methods:
according to thedynamic configuration, accordingto
the fashion of supply power and according to speed
grade. Among these the most commonly used is ac-
cording to thefashion of supply power inwhichEMU
isdividedinto “EMU of power distributed” and “EMU
of central power”. So the second class concept of EMU
iIS“EMU of power distributed” and “EMU of central
power”. The above method determines the core con-
ceptsand the hierarchical structure of ontology mod-

————, FyurL PAPER

ules.

User-defined relations can be described by adding
the special property of concept to connect two con-
cepts. Thenames of user-defined relationsneed to be
determined by domain experts. For example, add the
specia property of “supply power” to the concept of
“pantograph”, which can describe user-defined rela-
tion between the concepts of ““pantograph” and “EMU”.
Therefore, wecan get therel ation: pantograph <supply
power>EMU.

The property of the concept isthe““datatype” prop-
erty. For example, we can add “type”, “manufacture”,
“country” and “‘starting acceleration” properties to EMU
concept.

Theinstance needsdomain expertsto add. If the
concept has sub-concept, theinstanceisadded to the
bottom concept. For example, we canadd “CRH1”,
“CRH2”, “CRH3” etc. instances to “EMU of power
distributed”.

(4) Extraction the connection between conceptsof
ontology modulars

For example, the concept of “contact network sys-
tem” in ontology module of traction power supply as-
sociatewith the concept of “pantograph” in ontology
moduleof EMU through therdation of <supply power>.
Inaddition, the rel ation between ontology modulesa so
includes synonymy, inclusion, ancestors, brothersand
defining the relation needsthe support of theexpertsin
thedomain.

(5) Connect the ontology modules and generate
thedomain ontology

When wewant to use two or more ontol ogy mod-
ules, wecan link them through the connections between
theconceptsin different ontology modules. Themodel
of domainontology will be generated after linking the
al ontology modules.

We use owl:import to connect ontol ogy modules,
and thefollowing isthe key codes of the concept of
“pantograph” in ontology module of EMU associate
with the concept of “contact network system” in ontol-
ogy modul e of traction power supply throughtherda
tion of <supply power>:

<rdf:RDF

xmlns="http://www.owl-ontologies.com/
Ontology1215582893.owl#”
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xmins.protege="http://protege.stanford.edu/plugins/
owl/protegetf”

xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#”

xmlns:xsd="http://www.w3.0rg/2001/
XML Schemag”

xmins:rdfs="http://www.w3.org/2000/01/rdf-
schema#”

xmlns.owl="http://www.w3.0rg/2002/07/owl#”

xml:base="http://www.owl-ontologies.com/
Ontology1215582893.owl>>

<owl:Ontol ogy rdf:about=""">

<owl:imports rdf:resource="http://www.owl-
ontol ogies.com/Ontology1219369205.owl”/>

</owl:Ontology>

<owl:ObjectProperty rdf:ID="supply power “>

<rdfsdomain>

<owl:Class>

<owl:unionOf rdf:parseType="Collection’™>

<owl:Classrdf:about="# pantograph “/>

<rdf:Description rdf:about=""http://www.owl-
ontol ogies.com/Ontol ogy1219369205.owl# contact
network system />

</owl:unionOf>

</owl:Class>

</rdfsdomain>

</ow!:ObjectProperty>
(6) Consistency test

We use Protégeé to install plug-in of Run ontology

testsfor OWL ontology structureand logic consistency
check.

CONCLUSIONS

The method of modular ontology isan effective
method that it can solve the problems of the construc-
tion of large ontol ogy, ontol ogy reuseand theefficiency
of reasoning. Not only the ontology modulecan beused
alone, but also two or more modules can beused in
combination by therelationship between the concepts
of modules. This paper puts forward a method of
modular ontology modeling based on domain vocabu-
lary. Firgt, thedomain vocabulary to bemodel ed isdi-
videdinto severd interrelated ontol ogy modul esaccord-
ing to the polymerizabl e between modules. Then, we

BioTechnology —

construct the ontol ogy model for each moduleinde-
pendently. Finally, we connect al ontology modules
through the rel ations between concepts of ontol ogy
modulars, and generatethemodel of domain ontology.
Compared withthetraditiond method of ontology mod-
eling, thismethod dividesthelargescdeontology intoa
seriesof ontology modules. Each moduleonly hasthe
rel ationship between conceptsin thismodule, andit can
gresatly reducethedifficulty of modeling and mainte-
nance. Also, each modulehasitsown functionandis
independent rel atively, which reduce the compl exity of
the system and help to improvethe ontology module’s
ability of shareand reuse.
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