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Abstract: To alleviate the amount of work involved in constructing a domain ontology, starting with the base of
an existing terminological-rich thesaurus is better than starting from scratch. With a case study of reengineering
the Defense Science and Technology Thesaurus into a prototype military aircraft ontology, a four-phase
thesaurus-based methodology is introduced and investigated, which consists of identifying the application
purpose, overall design, designing in detail and evaluation. Designing in detail is the core step, converting the
terms and semantic relationships of the thesaurus into an ontology and supplementing richer semantic
relationships. The resulting prototype ontology includes 87 concepts and 34 relationships, and can be extended
and scaled up to a full-fledged domain ontology in the future. Eight universal genres of relationships of this
ontology are preliminarily summarized and analyzed, including equivalent relationships, approximate
relationships, generic/abstract relationships, part/whole relationships, cause/effect relationships, entity/location
relationships etc., and the normalization of semantic relationships is critical to the merging and reusing of

follow-up multiple ontologies.
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Nowadays, although ontology construction meth-
odologies have not been standardized, there are numer-
ous frequently quoted approaches which are derived
mostly from particular ontology building projects.
Hence, they are mostly application-dependent or semi-
application-dependent'", with the exception of ME-
THONTOLOGY'" and the Uschold and King’s meth-
od".

In this paper, we propose a thesaurus-based do-
main ontology construction approach, which is inspired
by the enterprise approach'*”, the' METHONTOLO-
GY, waterfall
Royce'”, and especially those research efforts involved

software development model by
in the agricultural ontology service (AOS) project by
the food and agriculture organization ( FAO) of the

United Nations!"™ .

1 Thesaurus-Based Methods of Domain On-
tology Construction

1.1 Advantage of thesaurus-based approach

The thesaurus has been introduced and then wide-
ly used in full- or semi-automatic index term selection,
or as a post-controlling assistant to improve informa-
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tion retrieval', since the first thesaurus controlling the
vocabulary in an information retrieval system was com-
plied by the Du Pont organization in 1959.

As defined in ISO 2788 | a thesaurus is “the vo-
cabulary of a controlled indexing language, formally
organized so that a priori relationships between con-
cepts (for example as “broader” and ‘“narrower”) are
made explicit. ”

The thesaurus consists of terms ( descriptors and
non-descriptors) and relationships between them, using
a set of indicators to display and distinguish these rela-
tionships. Since the Thesaurus of Engineering and Sci-
entific Terms (TEST) was published in 1967, three
kinds of semantic relationships, i. e. , equivalence, hier-
archical, and associative relationships have been used in
the thesaurus''"’ .

The first definition of ontology from the knowl-
edge community, excepting philosophy, according to

Corcho et al. '

, was made by Neches and his col-
leagues, while the most quoted definition was given by
Gruber in 1993, as “an explicit specification of a
conceptualization”. Domain ontology, one kind of on-
tology, provides definitions and relationships of the
concepts, and major theories and principles and activi-
ties in the domain.

Both the thesaurus and the ontology consist of

terms ( concepts or classes) and the relationships be-
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tween terms ( concepts or classes), and, furthermore,
the thesaurus for a specific field usually includes a rela-
tively complete set of terms in that field collected and
organized by domain experts and knowledge organiza-
tion professionals, and these terms can be used as con-
cept candidates in a domain ontology. Qualifiers, scope
notes, relationships in the thesaurus can also be used as
property candidates, instance candidates and relation-
ship candidates in the domain ontology, saving the on-
tology developers from re-collecting and re-organizing
them.
1.2 Outline of our approach

The approach consists of four phases: (D To iden-
tify the application purpose of the domain ontology, (2)
To design it overall, 3 To design it in detail, @ To e-
valuate it. The result of one phase will be verified be-
fore it becomes the input of next phase. If it is con-
firmed, then goes to the next phase; otherwise, it goes
back to the current phase or even the prior phase. We
will further illustrate phase (3) in detail in the next sec-
tion with a case study of reengineering the Defense Sci-
ence and Technology Thesaurus into a prototype mili-
tary aircraft ontology.

2 Case Study of Reengineering DSTT

2.1 Background of DSTT

The Defense Science and Technology Thesaurus
(DSTT) is a multilingual thesaurus designed to cover
concepts and terminology in defense science and tech-
nology related domains (e. g. aerospace). This thesau-
rus was developed by the China Defense Science and
Technology Information Center (CDSTIC) and some
other defense industry information centers in China in
the early 1990s, containing approximately 63 x 10° de-
scriptors and 32 x 10° non-descriptors.

2.2 Phase one and two

In these two phases, the application purpose, the
developing tools and the representation language
should be determined, as well as the bounds, con-
straints, and principles of the ontology.

In our case, the main purpose of the prototype
military aircraft domain ontology is a testbed for our
method and should include only the essential elements.
Although it is not a full-fledged domain ontology, it
should be extensible and scalable to be embedded into
a “real” application. We select KAON as the develo-
ping tool and RDFS as the representation language.
KAON is an environment originally developed by the
University of Karlsruhe, Germany, and now shifted to
the open-sourced community and freely available.

2.3 Designing domain ontology in detail
2.3.1 Converting terms and their hierarchical re-
lationships

We adopt the middle-out method and select the
most important concept “military aircraft” as the first
concept and then the less important concepts such as
“pilot”, “aircraft engine”, “airborne weapon” etc. from
DSTT, also the related hierarchical relationships of
these terms are selected, for example, the sub-concepts
of “military aircraft” such as “fighter aircraft”, “bomb-
er aircraft”, and “reconnaissance aircraft”, etc.

We also notice that only some of the terms of
DSTT can be converted to concepts or sub-concepts of
the ontology. The others may be converted to the
property of concepts. The terms that represent concrete
objects are more likely to be converted to concepts of
the ontology, and the terms that represent the charac-
ter, phenomenon, status or procedure of objects are
more likely to be converted to the properties or rela-
tionships of concepts of the ontology.

2.3.2 Converting equivalent relationships

All the synonyms are put into their corresponding
preferred node to avoid loss of information, without
any relationships. In our case, we put the terms under
UF (used for) into the “synonym” column of the Lexi-
con of the corresponding node. For example, “intercep-
tor aircraft” and “air combat fighter” are under UF of
“fighter aircraft” in DSTT, so we copy them into the
“synonym” column of the Lexicon of the concept of
“fighter aircraft” in the target ontology.

2.3.3 Converting associate relationship

We used to think the associate relationship in
DSTT would help us to designate the non-hierarchical
relationships between concepts of the ontology, but un-
fortunately we were wrong. The main cause of this
problem is that so many related terms (RT) are miss-
ing under associated relationship that we cannot count
on the Thesaurus to list all the related terms, and fur-
thermore, DSTT cannot help us to select the relation-
ship tag either. For example, there is only one term
“military aviation” associated with the term “military
aircraft” in DSTT.

2.3.4 Supplementing other properties

We supplement other properties from many
sources, for example, “ceiling”, “crashworthiness” etc.
under “0401 aeronautical general” from the scope and
subject category lists of DSST, and “endurance”, “wing
span” in the hierarchical list of the Thesaurus, and “air-
craft height”, “aircraft length” from some other hand-
books. These terms are added as the properties of
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“military aircraft”.
2.3.5 Adding other relationships between con-
cepts

In KAON, non-hierarchical and non-equivalent re-
lationships are regarded as special properties connect-
ing two concepts, and we call these special properties
as relationship properties and the normal properties as
value properties. In KAON all properties are displayed
as a vector with not only a value but also a direction.
The relationships between concepts depend so much on
domain knowledge that we mainly refer to handbooks,
dictionaries, and domain experts to determine them.

3 Analyzing Semantic Relationships

Most of the relationships between concepts in our
ontology can be classified into the following eight
genres'”"”'. We use a notion of A (X) B representing
that concept A has a relationship of X with concept B.

(D Equivalent relationship (A (equal to) B, then
B (equal to) A)

This relationship is applicable to a constellation
where concept A has the same meaning as concept B.
For example, fighter aircraft {equal to) interceptor air-
craft.

) Approximate relationship (A ( similar to) B,
then B (similar to) A)

This relationship is applicable to a constellation
where concept A has a similar meaning to concept B.
For example, military engineering (similar to) defense
engineering.

(3 Generic/ abstract relationship (A {includes spe-
cific) B, then B {is a) A)

This relationship is applicable to a constellation
where concept A is a broader concept of concept B. For
example, military aircraft (includes specific) fighter
aircraft, fighter aircraft (is a) military aircraft.

@ Part/whole relationship (A {has component )
B, then B (is component of ) A)

This relationship is applicable to a constellation
where concept A has a component of concept B, which
retains its identity as an object even when built into the
whole. For example, military aircraft {has component )
aircraft engine, aircraft engine (is component of ) mili-
tary aircraft.

(5 Cause/effect relationship (A (causes) B, then
B (caused by) A)

This relationship is applicable in a case where
concept A causes concept B to happen. For example,
bird strike { causes) crash, crash ( caused by) bird
strike.

® Entity/location relationship (A (located in)
B, then B {holds) A)

This relationship is applicable in a case where
concept A is located in concept B. For example, pilot
(located in) pilot seat, pilot seat {holds) pilot.

(D Agent/object relationship (A (operates) B,
then B {operated by) A)

This relationship is applicable in a case where
concept A has at least one kind of operation on/to con-
cept B, and the operation type usually needs further
qualification. For example, pilot { operates type = “ma-
noeuvre”) military aircraft, military aircraft {operated
by type = “manoeuvre”) pilot.

Execute/method relationship (A { executes )
B, then B {executed by)A)

This relationship is applicable in a case where
concept A executes concept B, and the execution meth-
od usually needs further qualification. For example,
military aircraft {executes method = “manual”) flight,
flight {executed by method = “manual”) military air-
craft.

This preliminary analysis shows that our ontology
contains many kinds of relationships that can be nor-
malized for future reuse, and that a more complete in-
ventory of relationship types is needed when multiple
ontologies are to be merged and reused.

4 Conclusion

With the increase of concepts included in the do-
main ontology, labor involved in ontology construction
will increase dramatically. Besides the necessity that
the scope of the domain ontology and the construction
team members should be determined carefully, we sug-
gest that the construction project ontology should start
at several smaller domains, and then develop a larger
domain ontology incrementally via merging, integrating
and re-using these small pieces of ontologies.

We still leave some interesting questions to be an-
swered such as: How can the relationships in a thesau-
rus be translated into a semantic-rich domain ontology
with better precision and accuracy? And, will we be
able to perform the transformation task full-or semi-au-
tomatically, and how?
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