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Abstract. This paper describes the results of the HOTKB (Knowledge Base of
Historical Official Title) project, in particular the method of concepts analysis
in HOT (Historical Official Title) domain. The goal of the project was to build
a knowledge base which can provide a sharable and reusable knowledge re-
source about Chinese historical official title. Consider the complexity of
historical domain and the ill-structured representation of historical knowledge,
this paper introduces an ontology-based method of building knowledge base of
HOT firstly, and then reports the process of constructing the HOT ontology
which is a fundament of HOTKB.
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1 Introduction

The history of China, as documented in ancient writings, dates back about 3,300
years. Centuries of migration, amalgamation, and development brought about a dis-
tinctive system of writing, philosophy, art, and political organization that came to be
recognizable as Chinese civilization. For us, the past is a valuable legacy, but how to
conserve and promulgate it is inevitable responsibility.

Unfortunately, most of the historical knowledge, including knowledge of Chinese
historical official titles, is stored in paper or in electronic image, so knowledge re-
trieval and dissemination is difficult. Meanwhile, the representations are based on
nature language, which is more ambiguous than formal one. That is to say, owing to
the lack of precise and formal definitions of terms and concepts, communication gap
between two agents is an undoubted fact. In order to construct a shareable and inter-
operable knowledge base of historical official titles, more attention should be paid to
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specification ontology and domain ontology which can provide an explicit specifica-
tion of a conceptualization.

This paper is organized as following. Section I is a brief introduction. Section 2
analyses the aims and the system structure of HOTKB. Section 3 gives the method and
the process of construction of HOT ontology, which is a crucial step of HOTKB pro-
iect. Section 4 concludes the paper.

2 The System Structure of HOTKB

The HOTKB project aims to construct a knowledge base which can provide shar-
able and interoperable domain knowledge. As shown in figure 1, the system structure
of HOTKB consists of three layers, and they are ontologies, search engine, and user
interface. As a representation, ontologies play an important role in knowledge man-
agement, while search engine depends on users’ models and the results of searching
are raw materials of knowledge design.
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Figure 1: The system structure of HOTKB

2.1 Ontologies

In recent years, research on ontology has become a hotspot in the computer science
community. Ontology studies the existence of all kinds of entities (abstract or con-
crete), and the specification of conceptualization. Ontology provides a set of vocabu-
lary through which existing things can be described. Although there has beer no un-
equivocal definition of ontology so far, Gruber has provided a widely accepted defini-
tion: “An ontology is a specification of a conceptualization”. That is to say, ontology
is related to language and domain. The language is the basis of specification, while the
conceptualization is abstraction of reality. We advocate that the abstraction of reality
and concept analysis in certain domain are jumping-off points of the HOTKB project.

In knowledge representation community, ontofogy has something to do with sorting
of the concepts in the - world, but ontology is not equal to catalogue. In the past dec-
ades, cognitive scientists have put forward synthetic accounts of relations between
concepts and categories based on the premise that, although representations are di-
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verse, their contents are all properties of certain object cognized by agents. Two
viewpoints should be clarified, before we perform the description of concepts of cer-
tain domain and the construction of HOT ontology. On one hand, no properties, no
concepts. When we talk about concepts, properties (including relations) are involved.
Concept is a set of properties, and the number of properties is enough to distinguish
one concept from others. On the other hand, sorting depends on properties. According
to certain property, different concepts perhaps have different value of certain property,
and the instances that have same value of this property can be put in one category.
Then we can get many categories, and instances in different categories have different
value of certain property.

In our opinion, the analysis of concepts is more important than the specification of
conceptualizing. We should paid more attention to properties, analysis of concepts
and conceptualizing of certain domain, because they are intension of cognitive objects
and results of cognitive actions. In ontology community, without efficient cognitions,
the cognitive agents can not discovery the properties of concepts. As a consequence,
the representation will lose its object. So we argue that the more important steps of
knowledge engineering and ontology engineering are cognition, analysis of concepts
and conceptualizing, but not the representation of conceptualization.

2.2 Search Engine

Search engine is also an important component of HOTKB, and it is mechanism of
knowledge selection. In fact, ontology of HOTKB is a system of knowledge manage-
ment, and affluent semantic meanings are depicted. Contrary to keyword matching,
search engine of HOTKB is semantic-based.

2.3 User Interface and Knowledge Design

Knowledge design aims to offer the right knowledge to the right person in the right
manner at the right point of time. It is a science of selecting, organizing and communi-
cating knowledge in a huge knowledge space in a proper way so that it can be sensed,
digested and utilized by human beings efficiently and effectively.
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Figure 2: the process of knowledge design
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As shown in figure 2, knowledge design is an iterative process, and bases on users’ models
Knowledge design is actually a useful tool for many research areas, such as computer-
aided design, knowledge engineering, information design, and educational technology.
With weli-designed knowledge, peopie can learn, master and apply knowledge more
efficiently. In HOTKB project, knowledge design, which bases on users’ models, can
accelerate search engine and enhance the interaction of user interface.

3 Construction of HOT Ontology

Conceptualization of HOT domain and construction of HOT ontology are two main
task of HOTKB project. The detail process and methodology are following.

3.1 Analyses of Characteristics of Concepts in HOT Demain

The concepts of HOT are complex, because it is difficult to confirm the values of
properties and the relations among different concepts. In order to get an explicit exhi-
bition of domain knowledge, a tool of knowledge management shown in figure 3 had
been developed in Chinese. This tool is still a result of pre-treatment, representation of
knowledge is also textual and informal.
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Figure 3: A tool of knowledge management (in Chinese)

The complexity of HOT knowledge does not come from the scarcity of cognitive
tools, cognitive methods or cognitive symbols, but from cognitive obiects (HOT).
Characteristics of knowtedge in HOT domain are listed as following:
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® Time-related Historical knowledge is closely related to time and constrained by
it. Without constraint of time, historical knowledge is inaccurate. Most knowl-
edge about HOT hold only in a special period, and time is a common facet of the
properties of concepts in HOT domain.

® Time-order Time creates history. Similarly, historical knowledge is accumulated .
by time. There are many special relations about time-order among the knowledge
of HOT.

® Inaccuracy Due to the influence of politics and the limitation of science and
technology of those days, the completeness and accuracy of historical documents
can hardly be guaranteed. Accordingly, some historical knowledge is fuzzy and
inaccurate.

@ [Instability Owing to the intluence of political reforms and the development of
the society, some fundamental properties of HOT are different in different period.
As a result, the intension and extension of HOT concept have changed.

® Complexity In HOT domain, the relations among concepts are very complicated.
These complicated relations not only include relations among concepts of HOT,
but also involve relations between concepts of HOT and other special concepts
in historical domain, e.g. historical period, historical organ, historical characters,
historical events etc. Richly semantic meaning in historical title is often loaded
by these complicated relations.

According to the characteristics of knowledge in HOT domain, proper method and
strategy should be adopted to depict the semantic of concepts.

3.2 Analysis and Taxonomy of Concepts in the HOT Domain

Now, a common problem of ontology is that its taxonomy is often poor and con-
fusing. Perhaps, the abuse of subsumption is one of the main reasons. Nicola Guarino
and Christtopher Welty put forward a formal ontology that is based on some meta-
properties, which contributes greatly to the science of taxonomy. However, our classi-
fication is mainly based on contrast and differentiation. The description and taxonomy
of entities are based on the contrast of properties (including relations between entities).
On one hand, if we want to distinguish one entity from others, enough properties must
be described and at least one different property value can be found in the description
(formal or informal) of the entity. So we can say that the contrasts, which are related
to the taxonomy and determine certain entity belongs to one category or another, are
more important than category itself. On the other hand, the distinctions of the property
value are combined to generate a category, and the category is an interpreting template
of concepts. The contrasts and the distinctions are two fundamental principles for our
HOT classification.

Furthermore, based on the analysis of HOT concepts, we should also clarify some
relations which appear frequently in HOT concepts. They are part-of, member-of,
instance-of and is-a (Figure 4 illustrate these relations). Part-of is the basic mereologi-
cal relation, and it holds only between two entities. If entity A consists of some spe-
cific entities (for example A1, A2,...Ai...An), we can say Ai is part of A. Meanwhile,
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the part-of relation is reflexive, asymmetric and transitive. The Member-of relation
holds only between the element and the set. In HOT, many concepts have the proper-
ties of set, such as taizizanshi, wuwu-general and mizhu etc, so these relations are all
represented by member-of. Instance-of is a more complex relation, because weather a
concept is an instance of certain category or not is related to granularity of knowledge
base. We can’t say an instance is equal to an individual. Instance and individual have
different meanings in knowledge engineering community. But it is an undoubted fact
that instance is the leaf node on a conceptual tree and that instance has not children
nodes, Is-a is a common relation between categories of HOT and orly holds between
two categories. In other words, is-a holds between certain category and its super-
category. Generally speaking, a category may has more than one sub-category, which
has a common property name and different property values, while one category only
has one supet-category, except for root category (thing).

shangfangling
zuoshangfang youshangfang

Part-of member-of

Sinecure-title
pinzhilang

instance-of is-a
Figure 4: illustration of four commeon relations in HOT

Functional-title

Central-title

In the process of constructing HOT domain Ontology, these four fundamental re-
lations must be clearly distinguished.

3.3 The Stracture of HOT Ontology

_ In the system of HOT, concepts of HOT that appear on ali dynasties are our re-
search objects. We have acquired 6,250 concepts of HOT from Chinese History Dic-
tionary. If we adopt an isolated method to describe concepts of HOT, we will not be
able to clearly explain the semantics contained in these concepts, and the significances
of constructing HOT domain ontology will be lost. So, during the course of HOT-
concept description, not only inherent attributes such as HOT-setting-periods, HOT-
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names in different periods, and various relations between HOT concepts, but also
relations between HOT concepts and other concepts in other domains of history are
described. Just like the features of HOT knowledge, these relations are also compli-
cated. But there are universal relations, e.g. relations between HOT and historical
period, relations between HOT and historical organs. Only through complete descrip-
tion of related relations, richly semantic meaning contained in knowledge can be
clearly expressed in formal structure. Meanwhile, classifying HOT concepts also de-
pend on those relations.

Firstly, we should acquire an acknowledged HOT system in historical domain.
The system is the precondition to describe HOT concepts and to organize these con-
cepts. When we cognise and describe HOT concepts, we must depend on attributes
and relations about these concepts. According to cognitive science, only through ade-
quate description of those attributes and relations, which belong to this kind of con-
cepts, we can describe these concepts accurately.

To cognise HOT concepts, we consider the problem by two steps, namely, con-
cept capture and concept description. At the initial stage, we don’t attempt to obtain
an entire HOT system. Our main object is to acquire initial cognition about HOT.
Figure 5 shows the concept HOT system.

Historical official title

Functional-title

Non-functional-title |

Local-title |N0mina1-titie | |Gradable-titlc—|

7

Central-title

iPrimary-titEc I |Assistant—title I
mrﬁm"\j
|| B m
gil 2|l Bl & g 2l 7 2l &l 7| &|| 2
énﬂ?n S = 2 2l 2l 8 5
all 2| @ = el sl I &l & & 2l 8
Eg-;-m 2 . 1 =l el 2 2l 2 2l g &
= el sl el = 2
2Nl &l S| & = 2l gl 2l 21l 2|l =]l 21| §
B e I ERE R E
=l =il =|| = g o ] =( 2] o = 2 Bl LIl &
ol =l =|| = all 51 & ol | I 7 oll =l = = =|| &
o a e 2l = @
|| ol @) a sl |l o ol @ oll ofl @ 5] =
= all 2l =] €|l & 2l =) gl 2 | ®
=t m%g;g gl sl 2| S L
= A I = e
= — =l = | = =l =
= = =|| @ = @|| &
o =l &l 2l =] 2 all ¢l 21| =
gll sl &Il 2l 2| | sl &) &l &
4| g | = | =2 =i Zll =l =
=l =l 2l 5 &l | &l 2l 5| E
all & = I 2
o il
»
3
o
(1]
e
=
=
=
=
w

Figure 5: The Structure of HOT ontology
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According to the structure of HOT ontology shown in figure 5, HOT concept can
be divided into related concept categories. Through describing the relative special
properties and relations, the concepts can be classified. To describe concepts, class
and instance must be involved. Category is the abstraction of instance, which has
commeon value of certain property. Only if an instance belongs to a special category,
the instance can own the properties and the relations what have been defined in the
category.

To describe the HOT concepts, we have defined 482 propetties (including rela-
tions). Properties reflect the inherent features in concepts and relations reflect the
dependence between concepts. Based on some special concepts related to the HOT
relations, we divide these relations inte time-relation, organ-relation, document-
relation, function-refation, status-relation, lead-relation, etc. Concept properties and
concept relations are generally named properties.

Status-relation is one of the important properties categories. There are some axi-
oms about status-relation. In this paper, we show part of these axioms.

def-category status-relation-category
(
1
relation: position-above

itype string

svalue-type multiple-valued
relation; position-below

stype string

value-type muitiple-valued
relation: position-near

stype siring

:value-type multipie-valued

abave{¥,z))

Axiom2: (¥x.y,: historical official title), { position-below(x.y}-->! position-above(y,x)?

Axiom3: (¥x,y.z: historical official title), (position«be!ow(x,y)/\position-below(y,z)--> position-
below{x,z))

Axiom4: {Vx.y: historical official title), ( position-above(x,y)<--> position-below(y,x))

3.4 Formalization of HOT text

To achieve the abilities of machine-readable and machine-operable, we must
formalize historical texts during the construction of HOT ontology. For unitary siot-
value, such as integer, string and Boolean are used, richly semantic contexts included
in historical knowledge can not be clearly expressed. During the formalization of
historical texts, we mainly adopt the following approaches to solve these problems.

Firstly, the formalization of concepts in HOT domain is based on Context. HOT
concepts are highly correlative with time. Contexts of these concepts are organized by
time too. During different historical periods, knowledge of the same concept is inde-
pendent respectively. So, we regard a HOT concept as components of a series of sub-
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concepts: Al, A2, ..., Ai, where Al, A2, ..., Ai contain the knowledge of concept A
during a special period. For every sub-concept of a special concept, there are no other
semantic relations except for the same time or the same historical organ during the
same period. To describe the context relations of every sub-concept, a series of prop-
erties constrained by time are defined, such as time-function, time-title-rank etc. By
this kind of properties, knowledge of the same sub-concept is organized through the
same time. But, these sub-concepts are not absolutely isolated. The context relations
among sub-concepts must be described. Some relations about contexts, mainly includ-
ing inheritance of slot-value and evolvement of slot-value, are summarized on the
basis of concept analysis. In HOT domain ontology, we have defined properties to
describe these relations, e.g. Time-inheritance (timel; time2). It means that the sub-
concept of time2 inherits the slot-value of every properties described in the sub-
concept of timel.

Secondly, the description of concepts involves affluent semantics. For every sub-
concept, the main problem during the text formalization is how to clearly express rich
semantic meaning contained in the knowledge. One HOT concept often involves other
concepts, including other HOT concepts and other historical concepts. Namely, exis-
tence of HOT knowledge is restricted by some relative concepts. To clearly express
the knowledge, relations contained in the concept must be described. So, we defined a
series of multi-properties to illustrate the relations between one concept and other
concepts, e.g. Time-organ-position (time; organ; string). It means, in this time, the
position in the organ, described as the string, is occupied by the fitle.

The following textbox is an example of knowledge formalization of a HOT concept,
named Siwei.

def-frame siwei

f
]

is-instance: HOT
firstly-erecting-time: Suiyangdi period
time-is: (Suiyangdi period; female HOT of royal court
time-is-member-of: (Suiyangdi period; twenty-four bureau
time-rated-number-of-official: (Suiyangdi period; two)
time-title-rank: (Suiyangdi period; hypo-sixth grade)
time-belong-to-organ: (Suiyangdi period; Shanggong bureau)
time-function: (Suiyangdi period; control key and manage eunuch)
successive-time: Tang Dynasty
time-changed-title-rank: (Tang Dynasty; sixth grade)
time-with-same-system: (Song Dynasty; Tang Dynasty,

and (Jin Dynasty; Tang Dynasty),

and (Ming Dynasty; Tangdynasty)
time-function-is-transfered-to: (Ming Dynasty; eunuch)

)

4 Conclusions

The requirements of knowledge base of Chinese historical official titles, which can
be sharable and interoperable, are increasingly apparent and urgent. We have con-
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structed the HOT ontolagy, and this ontology provided an efficient approach {o man-
age knowledge in HOT domain. The method we shown can be generalized and ap-
plied to other areas, because the process of concepts analysis is common.

The benefits of the proposed approach are manifold: (Mithe construction of certain
ontology can clarify the properties and relations.([I}the method of HOTKB project
provided a methodology to build historical knowledge base, such as historical events,
historical characters, and historical organ.(()the HOT ontology and vocabularies
defined in this project is a fundament of semantic WEB.
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