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Abstract

In this paper, we propose a lexicon-driven and ontol ogy-
merging methodology of constructing diachronic domain
knowledge via Sinica BOW, a bilingual ontological lexi-
cal resource based on WordNet and SUMO ontology. The
main domain knowledge that we model our specialized on-
tology on is GuangQunFangPu, a Chinese classic literature
of botany. Our studies yields promising result, we believe
that the proposed research scenario will boost the on-going
devel opment of e-Humanities.

1 Introduction

In just a few short years, advances in digital technol-
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as well as set a standard for the construction of a middle
and lower level ontology for each domain. This vision also
has promising applications in the Semantic Web.

In the following sections we describe in more detail our
approach to the construction of a specific domain ontol-
ogy in the Chinese humanitiessuangQunFangPu. It is
a classical Chinese archive which records diachronically
an amount of textual and botanic information. The rest
of this paper is organized as follows. In Section 2, a
novel approach for the (re)-construction of diachronic do-
main knowledge is proposed. Section 3 gives a brief in-
troduction to the classical work @éduangQunFangPu upon
which our experiment performed. Some specific features of
GuangQunFangPu are then discussed in Section 4. Section
5 shows the architecture of implemented system, and main
results and other implications of our studies are presented

ogy have reshaped the way people read, write, and ex-Section 6. Finally, Section 7 concludes with a description

change knowledge information in traditional humanities
disciplines. Along with these technical revolution, novel
theoretical inquiry as well as practice engaged with this re
olution has emerged. In this paper, we want to explore the
issue of ontological knowledge acquisition in the contéxt o
e-Humanities.

The fact that people from different backgrounds may
have knowledge structures unlike ours is a crucial issue to

of the ongoing and future work.

2 Diachronic Domain
Construction

Knowledge (Re)-

The most salient factors dictating variations in knowl-

be addressed in knowledge engineering. In order to becoméedge structures are time, space, and domain. These factors

sharable and reusable knowledge, all extracted informatio
must first be correctly situated in a knowledge structure. In
addition, the situated information must be allowed to trans
fer from knowledge structure to knowledge structure with-
out losing its meaningful content. This is the vision be-
hind the Suggested Upper Merged Ontology (SUMO) pro-

posed by an IEEE working group. A shared upper ontol-
ogy will both anchor the structured transfer of knowledge

are compounded with language, which is both the product
and conduit of the conceptual structure of its speakers. In
order to demonstrate the felicity of the shared upper ontol-
ogy approach, we need to show that it can successfully ap-
plied to comparative studies of different knowledge struc-
tures regardless of their ontological variations.

Three important attributes characterize our methodol-
ogy: text-based lexicon-driven, andontology-merging



knowledge structure. Mismatch mapping suggests that only
one or neither is correct, and possibly lead to discovery of
We call our text-based approach a Shakespearean-gardemew knowledge structure. Lastly, when concepts are not at-
approach (Huang et al, 2004b). The Shakespearean-gardeiested in either ontology, we will have complimentary map-
refers to the common practice in western museums of col-pings. In this scenario, the coverage of either ontology can
lecting in a garden all the plants referred to in the Shake- be increased coverage.
spearean plays and sonnets. This garden then illustrates th The choice of SUMO as the shared reference ontology
flora of the Shakespearean England and will give us the con-s worth noting. SUMO represents the shared knowledge
text to interpret his work. structure of our currenttime, which is in term the sum of hu-
In our text-based approach, we do not actually grow man knowledge accumulated through history. Itis true that
the plants in a garden. Instead, we treat a collection of a contemporary ontology necessarily differ from an histori
texts as an opus with an underlying knowledge structure.cal ontology. However, in order to compare the knowledge
Since texts are composed of lexemes, we collects lexemesystems of two historical periods or two domains, it is nec-
of a specific domain from the text just like plants are ‘col- essary to have one base reference. The contemporary time
lected’ from Shakespearean texts, and to ‘grow’ them to seems to be the natural reference not only because this is
an ontology. That is, we will apply the shared ontology the knowledge system under which our scientific discourse
proposal to the interpretation historical texts by adaptin takes place. The fact that it inherits knowledge from histor
the Shakespearean-garden approach towards constructioigal ontologies also makes is an effective reference. With
of historical ontology. this reference ontology, we will be able to observe and gen-
eralize systematically which part of the knowledge is diffe
ent in the specific ontology.
In this approach, as first proposed in (Huang et al 2004a,
2.2.1 WordNetas a Lexically Anchored Linguistic On- ~ 2004b), a lexicon of the targeted text, period, or domain is
tology constructed first by segmentation and extraction of lexical
items from the collected texts. Once the comprehensive lex-
The methodology proposed here is (mental) lexicon-driven. jcon of that period is collected, a lexical interface based o
Mental lexicon is defined as a language user’s knowledge ofsjnica BOW?! can be applied. It links each word to a con-
words (Aitchison, 2003) The idea underlying our lexicon- ceptual class on the SUMO ontology, and a synset in Word-
driven approach s that concepts are stored in the mental lex Net. Since the lexicon from the text represents linguiditica
icon and accessible through lexical access. In other wordsjnstantiated concepts, we use the linked conceptual nodest
we treat lexicon as a structured inventory of conceptual construct an ontology for that text. The constructed ontol-
atoms. Therefore, the Princeton WordNet, a network-like ogy allows us to both interpret the conceptual structure of
lexical resource developed by the Cognitive Science Labo-that text as well compare its knowledge with our contempo-
ratory at Princeton University, can be a good candidate re-rary knowledge.
source which mediates our lexical and conceptual knowl-
edge. 2.2.3 Sinica BOW as a Integrated Base Resource
2.2.2 SUMO as a Conceptually Shared Reference On- Sinica BOW (Academia Sinica Bilingual Ontological
tology Wordnet) (Huang et al., 2004a), provides the basic infras-
. tructure for our resources. It integrates three main re-
Conceptually, ontology provides astructure for knowledge g e WordNet, SUMO, and the English-Chinese Trans-
to be.snuated. However, there is a dllemmg for th? CON- |ation Equivalents Database (ECTED). The three resources
struction of a new ontology. On one hand, if no existing were originally linked in two pairs: WordNet 1.6 was man-
on_tology was referred to, a new ontology could on_Iy_be an ually mapped to SUMO (Niles and Pease, 2003), and also
reinvented wheel. On the other hand, vv_hen an existing on-, - E~Tep (the English lemmas in WordNet were mapped
tology was referred to, errors could be In_troduced through 4, yheir chinese lexical equivalents). With the integratid
pre-.concewed congeptual structure and important general these three key resources, Sinica BOW functions both as an
izations could be missed. English-Chinese bilingual WordNet, and a bilingual lexica

Tot rlesolvdg the dilemma, Whe ts\l;e thatology-merging access point to SUMO. Sinica BOW plays a crucial role in
as ontology-discovery approach. We propose to map con- . ontology-merging as ontology-discovery approach.

ceptual atoms to two (or more) reference ontologies. The This is because we treat WordNet as a wide-coverage lin-

merging of two ontqlog|e§ leads to three possmle Scena_r'guistic ontology. Hence Sinica BOW becomes a convenient
ios: matched mapping, mismatched mapping, and compli-

mentary mapping. Matched mapping simply confirms the  !http:/bow.sinica.edu.tw




tool for merging two complimenting ontologies: a well-
structured upper ontology with comprehensive levels of ab-
straction but with restricted lexico-conceptual coverage

well as a linguistic ontology with almost complete lexico- There are eighty volumes and té& (pu3,‘pedigree’)
conceptual coverage but incomplete levels of abstraction., GuangQunFangPu, including® (gu3,‘cereal’), &
In addition, the merging and comparison is lexically an- (sangl ma2, ‘mulberry and hemp®; (shul,'vegetable’),
chored. An additional aspect of Sinica BOW that we use = (cha2,'tea’),”7 (zhu2,’bamboo’)7E (hual, flower’), &
only implicitly now is that fact that it is a bilingual word- (Quo3,fruit), & (mu4,’ tree’), 7F (huid,‘grass’), ancs
net. Taking a wordnet as a partially encoded ontology for a (yao4,'medicine’). All materials were collected from lite
language again, we have the potential to explore the differ-a1re and verified. Sources included histories, biographie
ence between these two linguistic ontologies in the processsongs, poems, articles, commentaries on literary works etc
of ontology-merging. In our current work, we utilize the gach pedigree was attached with literary work or related al-
bilingual wordnet to fill in lexical gaps in either language.  |ysjons. Content length varied, so did knowledge involved.
Based on this model mentioned, a previous study that isMyths, legends, art, literature, gardening, cuisine, ciadi
perhaps most relevant to this current work was (Huang et aletc., these are fields one could find relative knowledge in
(2004))’s study of the ontology ofang poetry. They seg-  GuangQunFangPu.
mented and classified a lexicon of 300 Tang Poems (618-
907 A.D.), to build a small ontology of the Tang civiliza-
tion. Three domain ontologies, animals, plants, and attifa
were manually constructed by mapping the extracted words
to SUMO. The study was able to draw some tentative gener-
alizations, including that the Tang civilization was priiha
land-locked and that it was fascinated with flying. In short,
the knowledge structure of a specialized ontology helps to
form new knowledge.

Except pedigrees tea and bamboo, there were suifsets
4 (pu3 ming2) in each pedigrees® % (pu3 ming2) re-
ferred to names of plants. Plant characteristics and ap-
pearance would be described in the beginning of e#ich
(pu3 ming2), followed by subset categories. In some cases,
plants were illustrated in more than one pedigr&gmei2,
‘plum’), & (xing4,‘apricot’) andtk (tao2, ‘peach’), for ex-
ample, were described in both flower and fruit pedigrees.
In the flower pedigree, descriptions of the shapes, sizes and
colors of flowers or branches were emphasized, while in the

3 Brief Introduction to GuangQunFangPu fruit pedigree, emphasis was put on fruits.

The main domain knowledge that we model our special-
ized ontology on isGuangQunFangPu, a Chinese classic
literature of botany. This work is chosen not only because
the knowledge system is sufficiently different from the cur-  There were no general names like grass, flower or tree in
rent one, but also because it is well-suited for the texelas  GuangQunFangPu. Plants were sometimes given specific
and lexicon-driven strategy to discover knowledge struc- names, such ag&# (chunl gui4, ‘spring cassia’) in the

ture. This study supports our text-based and lexicon-drive flower plant. At other times, plants were not specified.
approach as an efficient way to build a specialized ontology

. . Furthermore, alternative names were provided follow-
as well as to infer domain knowledge. P

ing each plant name#; 2 (shao2 yao4,‘peony’) had other
names likef# £ (jie3 cangl, ‘peony’) or4 &4t (mo4 gu3
hual,'peony’) while ¥#k (yang2 tao2,‘star fruit’) could
also be calledf#k (gui3d tao2,'star fruit’) or¥ % (yang?2
chang?2,'star fruit’). In some cases, one name could refer

GuangQunFangPu, published in 1708, was an officially to different plants. # /N (chi4 xiao3 dou4) and# &
composed document when Qing Kangxi was on the throne.(xiang1l sil zi3) both had an alternative nafieZ (hong2
Based on QunFangPu, GuangQunFangPu made a contribudou4,‘adzuki bean’) ¥ (lan2, ‘orchidaceous plant’) could
tion towards botanical search and research as botanydelat refer both tof # (lan2 hual, ‘orchid’) o ¥ (lan2 cao3,
literature of all the past dynasties was collected and eetifi ‘fragrant thoroughwort’). These plant names and alterna-
during the composition of GuangQunFangPu. GuangQun-tive names might reflect historical change, show geograph-
FangPu was later corrected, verbosity reduced and new maical variance, or owe its name to allusions - these are three
terial added. According to research, GuangQunFangPu wagossible sources, revealing information a single namedcoul
a literary agriculture and gardening masterpiece greatly i contain, we would try to show in our GuangQunFangPu on-
fluences agronomy and botany in China. tology.



4 Classification Scheme in

FangPu

GuangQun-

In the following, we introduced some speciality in
GuangQunFangPu as the background knowledge.

As mentioned, in GuangQunFangPu plants were divided
into ten pedigrees, which were basically based on attribu-
tions and kinship. However, research showed that not only
there were no definitions for these ten pedigrees but also
some classifications were not categorical. This to some ex-
tent reflected GuangQunFangPu was not compiled purely
out of botanical point of view. Some observations are pre-

sented as below:

e Some plants could be classified to more than one pedi-

gree. 7F (xing4,'amaranth’), classed with the grass

pedigree, for example, could also be classified among

the vegetable pedigree sinégé (xing4,'maranth’) is
also a famous dish. Moreover, gras£ (lan2 cao3,
‘fragrant thoroughwort’) was mentioned in the flower
pedigree, so did flowe# # (changl pu2, ‘calamus’)
in grass, and vegetabf& (xing4,‘amaranth’) in grass.

tion instead of plant morphology, e.g&k ¥ (shui3
cao3,'waterweeds’)AF ¥ (xiangl cao3,‘vanilla’) in
the grass pedigree; woody plants, suchté (du4
juanl,‘azalea’), in the flower pedigree; bushes, such as
B (ji2,'thorn bushes’) in the tree pedigree. Some of
these concept differentiations were clear, some were
not. Some appeared to be simple and clear, but actu-
ally very different from our common conception. For
instance, X & (shui3 guo3,fruit’) in the fruit pedi-
gree referred to juicy fruits likés A% (li4 zhil, litchi’),

# (gani,‘tangerine’)#& (cheng2,‘orange’). Juicy as
)N\ (xil gual,'watermelon’) is, it was classified as
# & (luo3 guo3d), which referred to fruits of herba-
ceous plants or trailing plants. As fé& X (ping2
guo3,‘apple’) and& % (pu2 tao2,‘grapes’) they were
categorized ag & (ful guo3), which meant fruits that
had thin skin. Consequently, mistakes would be eas-
ily made if we try to understand GuangQunFangPu by
current word senses.

All these characteristics of GuangQunFangPu leave
space for the further exploration concerning with its way
of domain knowledge structuring.

In cases when where could be alternative categoriza-5 System Implementation

tion, what criterion did it follow? The answer was left
unclear.

¢ In the flower and fruit pedigrees or tree and fruit pedi-
grees, there were cases ai#fe (pu3 ming2) was cat-
egorized as both. One could fit@ (mei2, ‘plum’), &
(xing4,‘apricot’) and#k (tao2, ‘peach’) in both flower

and fruit pedigrees. There was still exceptions such as

Z (li4, ‘chestnut),# (zhenl,'hazel’), andkF (ye2
zi5,'coconut’) which were put only in the fruit pedi-
gree but not in the tree pedigree.

e % (sun3, ‘bamboo shoot’) was described in the bam-
boo pedigree but not in the vegetable pedigree wiile
(ruo4, ‘bamboo cuticle’), which is also bamboo, was
classified as grass.

e Plants under certaig % (pu3 ming2) would some-

times be given a new category. In GuangQunFangPu,

EAR (yuan2 yil, ‘wall moss’), which is a kind of
moss, was given @& % (pu3 ming2) other tharg
(tai,‘'moss’). Underf (tong2,‘paulownia’), some
were classified as ne® 4 (pu3 ming2) while some
were not.

Based on previous discussion, Figure 1 outlined an archi-
tecture of our implemented workbench for semi-automatic
construction of specialized ontologies. A graphical inter
face for online collaborative lexicon editing and ontology
tuning is under construction.

This workbench, which we calDntoLex Toolkits for
e-Humanities, integrate available resources that include:
WordNet, Sinica BOW, and segmentation tools for Chinese
texts. This toolbox allows user to input a domain lexicon
or specific lexical items. It will return all available infor
mation from our bilingual versions of WordNet and SUMO
ontology. Lastly, it will allow automatically output of the
tree representation of the specific ontology after it is con-
structed with verified lexical information.

6 Construction and Comparative Studies of
Specific Ontologies

As proposed, our steps in exploring QuangQunFangPu

In GuangQunFangPu, under the ten pedigrees, thereare as follows: word segmentation Match WordNet

were detail categorizations based on shape or func-

synset and SUMOconcept automatically— Use WordNet
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information to check results and extend concepts (see Fig-

ure 2) — Transform into ontology browser format. Fig-

ure 3 shows the online browsing system of constructed B
QuangQunFangPu lexicon and ontoldgy.
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For example, Figure 4 and Figure 5 gives the domain on-
tology (plant) constructed from Su Shi poem and one of the
In our previous first attempt at a text-based specific on- (€N Pedigrees in QuangQunFangPu, respectively.(Concepts
tology (Huang 2004b), the 300 Tang poer&s{=F#) are marked with pink are SUMO classes, while green one stand
analyzed based on the proposed model and system. A furlOr the extension from WordNet synsets). These show how
ther study built on the foundation of the Tang 300 ontology specific ontology construction facilitates systematic eom
is the ontology of poems by Su SHitEiz5) that is being parison of knowledge systems. The ontologies constructed
completed. The choice of Su Shi offers more than historical Tom text collections allow us to compare and study the
comparison. Su Shi is from the Song dynasty, almost 5ooknowledge structure of different historical periods anthga
years after the Tang. The time depth allow for comparative Perspective understanding of the different culture ane tim
study. The collection is also a much larger text than the Tang ~ BY this way, this model can harness domain archive
300, hence offers a good test case for our new approach. Kknowledgenter-operable.
Similarly, these lexical items were manually mapped
to SUMO ontology. When there is no direct mapping to 7 Conclusion
SUMO, Sinica BOW is consulted to give the lexical item a

WordNet correspondence and relational structure. . :
In this paper, we propose a potential advanced e-

2http://corpus.ling.sinica.edu.tw/GuangGunFangPu/ Humanities research scenario supported by existing lan-
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guage resources and technology. In order to facilitate
the task of historical domain ontology acquisition, we use
Sinica BOW, - a bilingual ontological lexical resource com-
bining Princeton WordNet and IEEE SUMO ontology - as
the backbone.

Our proposed model was tested on a specific Chi-

nese classical botanic literature called QuangQunFangPu.

Along with the promising result of our preliminary exper-
iments, some interesting implications for the emerging e-
Humanities discipline have been given. An easy-to-used
OntoLex Toolbox for e-Humanities was developed to fa-
cilitate the construction and comparative studies of w&io
domain ontologies.
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