Computational Linguistics and Chinese Language Processing

Vol. 10, No. 4, December 2005, pp. 417-430 417

© The Association for Computational Linguistics and Chinese Language Processing

The Sinica Sense Management System:

Design and Implementation

Chu-Ren Huang’, Chun-Ling Chen*, Cui-Xia Weng’, Hsiang-Ping Lee*,

Yong-Xiang Chen® and Keh-Jiann Chen*

Abstract

A sense-based lexical knowledgebase is a core foundation for language engineering.
Two important criteria must be satisfied when constructing a knowledgebase:
linguistic felicity and data cohesion. In this paper, we discuss how data cohesion of
the sense information collected using the Sinica Sense Management System (SSMS)
can be achieved. SSMS manages both lexical entries and word senses, and has been
designed and implemented by the Chinese Wordnet Team at Academia Sinica.
SSMS contains all the basic information that can be merged with the future
Chinese Wordnet. In addition to senses and meaning facets, SSMS also includes
the following information: POS, example sentences, corresponding English
synset(s) from Princeton WordNet, and lexical semantic relations, such as
synonym/antonym and hypernym/hyponym. Moreover, the overarching structure of
the system is managed by using a sense serial number, and an inter-entry structure
is established by means of cross-references among synsets and homographs. SSMS
is not only a versatile development tool and management system for a sense-based
lexical knowledgebase. It can also serve as the database backend for both Chinese

Wordnet and any sense-based applications for Chinese language processing.
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1. Background and Motivation

A sense-based lexical knowledgebase is a core foundation for language engineering. WordNet
and Euro WordNet are two well-known examples. Two important criteria must be satisfied
when constructing a knowledgebase: linguistic felicity and data cohesion. Huang et al.
discussed how linguistic felicity can be achieved when building a comprehensive inventory of
Chinese senses from corpus data [Huang ef al. 2003]. They introduced five criteria as well as
operational guidelines for sense distinction. In this paper, we will discuss how data cohesion
of the sense information collected using the Sinica Sense Management System (SSMS) can be

achieved.

2. Introduction to the Content of the SSMS

The structure of a lexical semantic web can provide not only materials for linguistic research
but also an infrastructure for NLP and other applications. Two main tasks are involved in
constructing a Wordnet. One is distinguishing synsets which are clustered according to word
senses, and the other one is collecting the semantic relations connecting the synsets. A
wordnet is formed by taking these synsets as the nodes and then connecting each node by
using the semantic relations. Of the two tasks, constructing the synsets is the most
fundamental work. Constructing a synset involves classifying a series of synonyms that carry
one specified lexical concept. A polysemous word is assigned more than one synset in order to
show the variety of word senses. Analyzing and distinguishing word senses are two crucial
steps when constructing a Wordnet. In order to lay a solid theoretical foundation of the current
work, we developed a series of principles for analyzing Chinese word senses [Huang et al.
2003]. These principles not only satisfy the conditions of felicity and cohesion but also serve
as guidelines for distinguishing and analyzing large numbers of Chinese word senses. Based
on the word-sense identification criteria, the linguistic knowledge can be consistently
described, and we can easily map the linguistic knowledge to ontologies or transform it into

formal representations.

The SSMS system is designed to store and manage word sense data generated in the
analysis stage. SSMS manages both lexical entries and word senses. This system has been
designed and implemented by the Chinese Wordnet Team at Academia Sinica. It contains all
the basic information that can be merged with the future Chinese Wordnet. SSMS is
meaning-driven. Each sense of a lemma is identified specifically and given a separate entry.
When further differentiation at the meaning facet level is called for, each facet of a sense is
also described in a full entry [Ahrens ef al. 1998]. In addition to senses and meaning facets,
this system also includes the following information: POS, example sentences, corresponding
English synset(s) from Princeton WordNet, and lexical semantic relations, such as

synonym/antonym and hypernym/hyponym. Moreover, the overarching structure of the
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system is managed using a sense serial number, and the inter-entry structure is established by

means of cross-references among synsets and homographs.

Currently, the Chinese Wordnet Team is focusing on analyzing middle-frequency words
in the Sinica Corpus. Our reason for choosing middle-frequency words as our target ones is
that with only three to five senses of a word, we can investigate the senses and meaning facets
of each word deeply and accurately, while avoiding the simple situation of one sense for
low-frequency words and the complicated situation of numerous senses for high-frequent
words. So far, nearly 3,000 more lemmas have been analyzed, and close to 4,000 senses have
been identified. These data are presented in a technical report that is updated yearly [Huang et
al. 2005]. In the near future, these results will be used as a basis for Natural Language

Processing or E-learning applications.

3. Design Principle of SSMS

A sense-based lexical knowledgebase with data cohesion must meet three requirements:
unique identification of senses, trackability of senses, and consistent sense definitions. SSMS

uses four tools to satisfy these requirements.

3.1 Unique Serial Number

Each sense or meaning facet is identified by a unique serial number in SSMS. In Princeton
WordNet [Fellbaum 1998], each synset is given a unique offset number. However, the offset
number does not have a logical structure. Hence, although it guarantees unique identification,
it is not easily trackable. An alternative approach is to set up a base ontology and assign senses
to an ontological node with a unique ID. However, this is not feasible since we cannot
pre-designate all the possible conceptual and semantic relations. In addition, if a decision is
made to encode only certain higher level nodes, the random assignment problem will occur
because of the coarse granularity inherent to an upper ontology. In our system, the unique
serial number of each sense is composed of three segments: sequential information indicating
when the lemma was processed, the lemma form, and the sense classification code for each
lemma (including the meaning facet level). Take “bao4 zhi3 (newspaper)” as an example:
“bao4 zhi3” has two senses as well as two meaning facets for the first sense. The lexical entry
of “bao4 zhi3” is as follows:
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Example 3-1: The result of sense distinction for “bao4 zhi3 (newspaper)”

5% baod zhi3 g \Ww

BB 1 [ Na] FEHI T T  JRE ST A -
EY fF'[I[Jf'f’J ] "fhif‘lat"[ F"SFB[]J o { newspaper, 03039218N}
Bler D G s MR BARRER AT SRR o ARTF g B R R B AR
AF12: }"’IQ‘—_E VS > L] R ?‘If“gﬁ FUREIRE £) o { newspaper, 04738466N }
Bler D B4 - REER S Th A m o BT E’L??“%‘mﬁ""~wq}§ﬁrﬁ S B3E e

#1952 - [EFH > Na] frit Ay - ] - 1H 5 PR ATRHYAER - { newspaper,
06009637N }

PERE Tt N N R S RN ae o S

The four-level unique serial number shown below contains four segments of the unique
serial number for the first meaning facet of the first sense of “bao4 zhi3”. Note that the lemma
form ID “0018” can be replaced by the actual lemma form “¥#§5%” or “bao4 zhi3” for
processing purposes:

it “bao4 zhi3 (newspaper)”

Lemma processing year 03-
Lemma form ID -0018-
The first sense -01-

The first meaning facet -01

There are four advantages to managing the sense database with unique serial numbers.
First, the sequential number not only gives a unique code for each lemma; it also enables a
project manager to track work progress more easily. Second, including the lemma in the serial
number helps human users to quickly identify the relevant senses. It also facilitates
man-machine interaction, such as keyword search for senses. Third, it also provides a logical
structure for the sense serial number, since each lemma represents a small number of possible
senses. Lastly, four digits are reserved to identify senses and meaning facets belonging to each
lemma. The first two digits are reserved for senses and the last two for meaning facets. These
four digits also allow the minimal amount of space needed to identify exact sense in the
database. For instance, when stipulating a synonym, we can identify it as word0200, which
refers to the second sense of a certain lemma. There is no need to repeat the complete sense
serial number. The sense serial number enables unique identification and also assists

trackability.
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3.2 Cross-Reference Device

SSMS automatically prompts all possible cross-references. When a lemma is called up for
analysis, all existing records that contain this lemma are prompted. These include either
lexical semantic relations, such as synonyms and hyponyms, sense definitions that contains
this lemma, or explanatory notes that contain this lemma. In addition to offering rich semantic
association information, this feature allows sense relations to be clearly defined, and
inconsistencies to be detected. In addition, any anomaly in a definition or expression format
can also be discovered. This process also helps us to narrow our focus to a set of control
vocabulary for sense definitions. This feature also improves both the trackability of senses and
the consistency of sense definitions. For example, if we enter the term “you2 mu4 (nomadic)”
in a query, SSMS will automatically prompt two possible relevant references, ‘“man3

(Manchu)” and “meng2 gu3 (Mongol),” both of which refer to areas where nomads live.

3.3 Concurrent Access to the Lexical Knowledgebase and Corpus

In addition, SSMS enables parallel and concurrent access to the lexical knowledgebase and
corpus. When a lemma is chosen in the system, all tagged examples of that lemma from the
Sinica Corpus are retrieved. This allows closer examination of how the senses are used and
distributed. It also enables automatic selection of corpus example sentences. In turn, when
sense classification is completed, SSMS allows all the corpus sentences to be sense-tagged
and returned to be merged with the original corpus. In other words, a sense-tagged corpus is
being processed in parallel. This feature allows each lexical sense to be traced to its actual
uses in the corpus. It also allows linguists to examine the data supporting each sense
classification. For example, if we enter the term “you2 mu4 (nomadic)” in a query, 9 tagged
examples of the lemma from the Sinica Corpus will be retrieved, as shown in Figure 1.
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Figure 1. Tagged examples of the lemma “you2 mu4 (nomadic)’’from Sinica corpus
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3.4 Linking to the Sinica BOW
Lastly, SSMS is also linked to the bilingual wordnet information at Sinica BOW. Candidate

English synset correspondences, including offset numbers, are shown after a Chinese lemma is

chosen. This aids cross-lingual trackability and consistency.

4. The Implementation of SSMS

The implementation of SSMS can be divided into three stages as shown in Figure 2. In the
lemma analysis stage, based on the criteria and operational guidelines proposed by [Huang
2003], we distinguished senses and meaning facets for each word. At the same time, the Sinica
Corpus and Wordnet were referred to for POS, examples, and English translations. Then with
the help of dictionary resources or word mapping done by the system, we determined the word
relations. The second stage involved two steps. First, we designed the schema of the sense
management system database for storing analysis results obtained in the first stage. Then, for
the purpose of database management, we developed an interface to help the Chinese Wordnet
Team accessing and revising the database. We employed the DELPHI tool to design our
system interface. Through the interface, the data in the database can also be exported in
lexicon documents. The last stage of this system implementation is the application stage. The
aim of our project is to build Chinese Wordnet web sites for user querying. The development
languages for these web pages are HTML and ASP. The web pages in these web sites will be
viewed through web servers. Through the Internet, people will be able to retrieve data from
our sense management database system everywhere, at anytime. The flow of the Sinica Sense
Management System is displayed in the following chart. There note that when the initial goals

of all three stages are met, work on the first stage will continue to expend the database.

The First Stage The Second Stage The Third Stage

Lemma Analysis Stage Sinica Sense Application Stage -

Management System Web Sites Implement
Implement Stage

/ Work Project N / Work Project N Work Project

= Sense Definition

* Facet Definition

= Wordnet Svnset

* Example Sentences
= Pos

\'\Wm'd relation /

Figure 2. The flow chart of the Sinica Sense Management System

» Interface Develop * Chinese Wordnet
* Database Implemen Web Sites
Implement
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We represent the overall framework of SSMS diagrammatically in Figure 3. As the
diagram indicates, the Chinese Wordnet Team uses SSMS to access the database and
electronic documents as Lexicon reports. Moreover, users on the Internet can browse

HTML/ASP pages to query the database through web servers.

Lexicon
report

Interface of
Sinica Sense 5 - ., )
Management —
Results r5----
System

] I-B‘W‘\' |
Web Server HTME/ASP |_DTOWSET )
XL Pages

Chinese Wordnet Team

Figure 3. The overall structure of SSMS

4.1 The Schema of the SSMS Database in Class Diagrams

In the section, we will discuss the schema of the SSMS Database. The Unified Modeling
Language (UML) [Booch et al.1999; Oestereich 1999] is a graphical notation that provides a
conceptual foundation for assembling a system out of components from 4+1 views and nine
diagrams. Each view is a projection into the organization and structure of the system, focusing

on a particular aspect of that system.

We employ the class diagram notations in UML to provide a static view of application
concepts in terms of classes and their relationships including generalization and association.
Therefore, we will only provide some details about class diagrams in the following.

Class diagrams [Booch et al.1999; Oestereich 1999; Mullar 1999] commonly contain the
following features:
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1. A class diagram shows a set of classes and their relationships. For example, the class diagram
of the Suppliers-and-Parts database is shown in Figure 4. The terms in italics in Figure 4

indicate concepts concerning class diagrams.

: aSsolciion
class name —w | Suppliers * Parts
Tosno flppno
Soname  |Subject  SUPPLY  Object |Foeno
aitri bute—p | @STANS 1 ] Sppname
ity i & gweight
- grolar
operation—m | %1ddg) Shipments
%QIY 1.%
inheritance —m > aggreaation
: . 1
Domestic Foreign 5 -
Bchinesename pobon Computers
Tecno

%cname

Figure 4. A class diagram for the Suppliers-and- Parts Database

2. A class is a description of a set of objects that share the same attributes, operations,
relationships, and semantics. A class mainly contains three important parts: its name, attributes,
and operations. We will explain these terms in the following:

(a) Class name: every class must have a name to distinguish it from other classes. For example,
Suppliers and Parts are class names.

(b) Attribute: an attribute represents some property that is shared by all objects of that class. A
class may have any number of attributes or no attributes at all. For example, in Figure 4,
the class Suppliers has some attributes, such as sno, sname, city.

(c) Operation: an operation is the implementation of a service that can be requested from any
object of the class in order to influence behavior. A class may have any number of
operations or no operations at all. For example, in Figure 4, the class Suppliers has one
operation: add().

3. There are three kinds of relationships between classes:

(a) Association: an association is a structural relationship that specifies objects of one thing to
be connected to objects of another. For example, in Figure 4, a line drawn between the

involved classes (Suppliers and Parts) represents an association named supply.
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(b) Aggregation: an aggregation is a “whole/part” relationship, in which one class represents a

(©)

larger thing (the “whole” class), which consists of smaller things (the “parts” class).
Moreover, an aggregation represents a “has-a” relationship, which means that an object of
the “whole” class has objects of the “part” class. To represent an aggregation, an empty

diamond will be drawn at the “whole” class end of the line linking two classes.

Inheritance: An inheritance relationship can be regarded as a generalization (or
specialization), which is a taxonomic relationship between a general (super class) and a
special (subclass) element, where the special element adds properties to the general one and
behaves in a way that is compatible with it. Therefore, it is sometimes called an
“is-a-kind-of” relationship. An inheritance relation is represented by means of a large empty
arrow pointing from the subclass to the super class. For example, in Figure 4, Domestic

and Foreign suppliers (two subclasses) together are a kind of supplier (the super class).

Based on the need for SSMS content and design principle, Figure 5 shows the schema of

SSMS database using the concepts of class diagrams.
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SSense_nearnord
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Figure 5. The schema of the Sinica Sense database

4.2 The Function of SSMS

In this section, we will discuss the interface marking for SSMS. Our task orientation is to
design a clear and easy interface because we are trying to provide a helpful tool that the

members of the Chinese Wordnet team will be able to easily use to access their analyzed

records and query words, and compare senses with senses.
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The development language for the SSMS interface is DELPHI 7.0. Based on the need for
program execution, the architecture of SSMS is shown in Figure 6. The SSMS has different
functions, and these functions have been represented in different sub-windows of
main-windows interface and with inter-linked ASP pages. Sense management and sense
visualization are two major functions in SSMS. With the Sense management function, the
Chinese Wordnet term can insert, update, and delete datas including lexical entries, word
senses, meaning facets, POS, example sentences, English synset(s), and lexical semantic
relations. The sense visualization function is the SSMS interface and can be divided into two
parts: sense query and lexicon report. The main interface of SSMS is shown in Figure 7. The
SSMS interface provides a user-friendly interface for operation and maintenance. With the
sense query function, users can enter a serial number or a lexical entry for sense querying
using the SSMS interface. Figure 8 shows the system view of the query sense function.
Various information about individual words can be shown in the working window, include
synonyms, antonyms, hyponyms, and variants. Through the clear presentation, lexical
semantic relations can be understood and compared. Another function, the lexicon report, uses

the development software Crystal Report9 to produce electronic documents as shown as

Figure 9.
The users of
. Chinese
The program of SSMS Wordnet team
/ -
7 il *
ASP 1o 1 _ 1 ]...* g
Web Pages | Function Windows
Sense Management Sense Visualization
| I
Sense Query Lexicon Report

Figure 6. The class diagram of an SSMS function description
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Figure 7. The main interface of SSMS
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Figure 8. The system view of the query sense function
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Figure 9. The format of a lexicon report

5. Results and Discussion

There is no question that semantic knowledge is needed to solve many problems in natural
language processing. Building a sense-based lexical knowledgebase will be a subjective
process, and the quality of this lexical knowledgebase will be highly dependent on the criteria
which it must satisfy. In this paper, we introduced five criteria as well as operational
guidelines for sense distinction and described how the Sinica Sense Management System can

be used to manage both lexical entries and word senses.

More than 10 members of Chinese Wordnet Team were involved in the project. When we
began this work, middle-frequency words were selected as the main terms to be analyzed.
There are 2,018 middle-frequency words in Sinica Corpus. To date, 3,344 lemmas have been
analyzed, and 5,914 senses have been identified. Among these records, the word “xia4”

includes 42 senses and is the most complex term analyzed so far.

While more work needs to be done to improve the quality of this sense-based lexical
knowledgebase, the goal of refining the procedure for word sense distinction needs to be
accomplished at the same time. We believe that is a well-designed sense-based knowledgebase

that it will serve as an important tool in Chinese knowledge processing applications.
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From Frame to Subframe:
Collocational Asymmetry in

Mandarin Verbs of Conversation
Mei-Chun Liu® and Chun Edison Chang"’

Abstract

This paper examines the collocational patterns of Mandarin verbs of conversation
and proposes that a finer classification scheme than the flat structure of ‘frames’ [cf.
Fillmore and Atkins 1992; Baker et al. 2003] is needed to capture the semantic
granularity of verb types. The notion of a ‘subframe’ is introduced and utilized to
explain the syntactic-semantic interdependencies among different groups of verbs
in the Conversation Frame. The paper aims to provide detailed linguistic
motivations for distinguishing subframes within a frame as a semantic anchor for

further defining near-synonym sets.

Keywords: Mandarin Verbs of Conversation, Semantic Frame, Subframe,
Collocational Association

1. Introduction'

As the importance of lexical semantic research has grown with the need to represent human
knowledge, various lexically-based information networks have been proposed. This includes
the comprehensive work on differentiating word senses and sense relations in WordNet
[Miller et al. 1990], the ontological hierarchy in SUMO [Niles and Pease 2003], and the more
linguistically-motivated model of FrameNet [Baker er a/. 2003]. While all these databases

provide valuable information regarding word senses, the first two are constructed in a more

* Graduate Institute of Foreign Literatures and linguistics, National Chiao Tung University, Taiwan
E-mail: mliu@mail.nctu.edu.tw

" Graduate Institute of Linguistics, National Tsing Hua University, Taiwan
E-mail: d948704@oz.nthu.edu.tw

! This paper is a part of a research project funded by the National Science Council (NSC
92-2411-H-009-020-ME). An earlier version was presented at the Sth Chinese Lexical Semantics
Workshop at National Singapore University. We thank Chu-Ren Huang, Kathleen Ahrens, and two
anonymous reviewers for their valuable comments. Of course, the authors are responsible for any
possible errors.

[Received April 13, 2005; Revised June 14, 2005; Accepted August 14, 2005]



432 Mei-Chun Liu and Chun Edison Chang

intuitive and pre-theoretical manner without detailing the linguistic evidence for sense
distinctions. FrameNet, on the other hand, is based on the theory of Frame Semantics
[Fillmore and Atkins 1992] and attempts to define meaning within a set of shared knowledge
or background information, that is, a frame. However, as pointed out by Liu and Wu [2003], if
meaning is anchored in the notion of a ‘frame’, then we need independent motivations for
postulating different frames. What seems to be lacking in the current framework is a cognitive
linguistic explanation as to how individual ‘frames’ are distinguished and interrelated. To
answer this question, we will show that within a frame, a more elaborate classification system
is needed to account for the variety of verb behaviors. The notion of a ‘subframe’ is
introduced and utilized to capture the syntactic-semantic interdependencies observed in corpus
data’.

2. Defining the Conversation Frame

Compared with the other communication frames®, the conversation frame is unique in that it
profiles the property of reciprocality or two-way communication. Mandarin verbs in the
conversation frame encode reciprocal communicative events, where participants are involved
as Interlocutors, such as tan 3% ‘talk’, taolun 5]‘—5];% ‘discuss’, xietiao FZ’%I%‘.# ‘negotiate’,
chaojia ['JHH ‘quarrel’, xianliao FH‘J?QP ‘chat’, etc'. These conversation events highlight a
particular subpart of the communication schema with its core being frame elements, as
proposed in Liu and Wu’s conceptual schema for the conversation frame [2003]. We can

further characterize the conversation frame as follows:

(1) The conversation frame:
a) Cognitive Schema (grayed and bolded area):
b) Domain: communication;

¢) Definition: a two-way communicative process between Interlocutors (Intll, Intl2, or

Intls) via a certain Medium, on a given Topic;
d) Semantic profile: reciprocality between Interlocuters;

e) Core frame elements (FEs): Intl1/Intl2 or Intls, Medium, Topic;

? A preliminary model of the Mandarin VerbNet (http://140.114.75.18/verbnet/webform1.aspx/) has
been constructed by researchers from National Chiao Tung University and National Tsing Hua
University.

? For details, please see [Liu ez al. 2004], where the communication domain is divided into 14 frames
and provides conceptual motivations for the cognitive bases of individual frames.

* The lemmas discussed in this paper are high-frequency words of the conversation frame used in

Taiwan.
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f) Basic syntactic patterns: [ fFEJ[Intls]E'[é“%‘flf&'[[Medium]?ﬁﬁ‘?{"‘[Topic].

IS [Intl 114 I/%?/E@ﬂ[lntu]?iﬁ?ﬁ i[Topic].

Message Encoding Sign/Signal Decoding Understanding
|
Topic ----Noise----- - Noise-----
——————— ) —
Intll +——1 Medium L Intl 2
Motivation

(Internal Cause)

By specifying its cognitive schema, definitional description, semantic profile, a distinct
set of frame elements, and the basic syntactic patterns, the conversation frame can be uniquely
defined and proved to be well-motivated in relation to other communication frames. However,
given the diverse range of lemmas included in the frame, there is a fundamental question to be
answered: within the conversation frame, are there semantic subtypes that need to be captured?
This paper aims to show that corpus-based analyses of verb behavior render clear evidence for

further distinguishing ‘subframes’’.

3. Motivations for Distinguishing Subframes

As mentioned above, verbs of conversation share a set of core frame elements: Interlocutor 1,
Interlocutor 2 (or combined as Interlocutors), Topic, and Medium. However, a wide range of
verbs are found in the conversation frame, such as tan/tanlun g’i/@i% ‘converse, talk’, i’J‘%/
fyEl “discuss’, xietiao/goutong FEI%/]%{EJ ‘negotiate’, chao/chaojia '}/, 5 ‘quarrel’, and
lia/liaotian TP/7=. ‘chat’. One inevitably wonders how these verbs differ from each other.
Although sharing the same basic pattern, these lemmas differ obviously in terms of manner,

register, and purpose. Consider (2):

5 Although Fillmore et al. [2005] put the label ‘subframe’ under the description of frames in the new
version of FrameNet (http://www.icsi.berkeley.edu/~framenet), they did not explicitly discuss how to
distinguish subframes, that is, what the linguistic motivations for distinguishing and defining subframes

are.
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@) Poiffie FEPARE 0

The five verbs in (2) may share the same topic, but encode distinct types of
conversational events. We would like to know: what exactly are the distinctions in their
lexical meanings and what grammatical correlations can be found to such lexical semantic
distinctions? In the following, a detailed discussion regarding the coding of their core frame
elements (FEs) and the various collocational associations will be given to capture the

grammatical motivations for distinguishing subframes.

3.1 Realization and Profiling of Core Frame Elements

As mentioned before, a frame is distinguished according to syntactically expressed core frame
elements (FEs). Subgroups of a frame may be further distinguished based on frequent
foregrounding or backgrounding of certain frame elements observed in the corpus data.
Among the core frame elements of the conversation frame, Intl1/Intl2, Intls, Medium, and
Topic, the first two are commonly shared by all conversation verbs, but Medium is most
frequently found with the ‘converse’ verbs, tan/tanlun Ff’ﬁ/?élﬁ (4.3%) but not common with
other verbs (less than 1.2%):

3) & "[InterlocutorS]E[’%TEI[Medium_Means]?ﬁ[Conversation—Converse] B ﬁlﬁf
é*f?Vr::[TEfl' °

Although Topic is a default FE for conversation events, only the ‘discuss’ verbs occur

most frequently with a topic (73%) and allow a Topic to be preposed, as in (4):

(4) H[Epydi[Topic] "5~’['F‘EJ[Interlocutors]FJiﬂ‘F EA};W [Conversation-Discuss] °

In addition, Topic tends to be absent in a chatting event. In the Sinica Corpus, Topic is
simply not found with the verbs liaotian 7= and xianliao FEFJ?ZF ‘chat’ (0%). The suppression
of Topic indicates that Topic may not be important in ‘chat’ events and, thus, tends to be

backgrounded:

(5) FEE . = AL F WP f S [Interlocutors]ﬁﬁﬂ{ﬁzﬂ[Conversation—Chat]{é_Wé o
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Another interesting observation regarding the coding of Topic is that it may overlap with

the marking of Cause; the ‘quarrel’ verbs tend to take a Topic-Cause as one important role:

(6) f49{M E/NEE &/ [Topic_Cause]f’l % [Conversation-Quarrel] °

£

The overt marking of Topic-Cause with the marker wei/yinwei ‘because of” (6% with
chaojia/zhenglun P’J}’éﬂ/gfﬁ%u) seems to indicate that the ‘quarrel’ events, coding a highly
marked manner of communication, require an explanation for their occurrence. The overt
Cause in the above examples also fulfills the role of Topic, since what is being argued about

has to do with the cause of the argument.

Finally, a unique pattern is observed regarding the coding of interlocutors: with the
‘negotiate’ verbs, xietiao/goutong E’é%}/?ﬁ 3f], there may be a third participant, Interlocutor 3,
since a negotiating event is often conducted between Interlocutor 2 and Interlocutor 3 with a
Mediator, Interlocutor 1. Syntactically, Intl2 and Intl3 may be foregrounded as the Direct

Object, as exemplified below:

(7) flIpNESE *%@iéﬁ ) ’d’_}lﬁ'[lnterlocutor_l]u E?ﬁ[\(ignversati?n—l\{egotiate?]L;[;@
[Interlocutor_2]ﬂlﬁ[lnterlocutorj] s SRS ST T B ’J)Eﬁ Ay ﬁ “Fi
[“’I:Eitﬁ)ﬁ@ °

The additional participant, Interlocutor 3, is only found in the ‘negotiate’ events (3.1%) but
completely absent with other verbs. Although most verbs only take the Topic as the direct
object, the ‘negotiate’ verbs may encode Interlocutor 2 (or with Interlocutor 3) as the direct
object without adding the associative marker han/yu/gen #1/=°/P5L ‘and’, as further

exemplified below:

(8) a. [#h I':’%‘M‘? [;]1nt11L'Tff“JJl§i'ﬁf [ZE'EE;)ﬁEf',‘j’]lntlz ’ b. N9 ] e Eﬁlgi?%iﬁj (12 T ez

This observation suggests that with the ‘negotiate’ verbs, the co-participant, i.e.,
Interlocutor2 (or/and Interlocutor 3) may be viewed as the undergoer or the affected target of
the event, which is a unique pattern that sets the ‘negotiate’ verbs apart from other

conversation verbs.

The distribution of core frame elements across different conversation verb types is

summarized in the following table:
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(9) Distribution of Core Frame Elements among Conversation Verbs:
VerbsFES Intls Intl1/Intl2 Intl3 lI;l :IISZ/]I)I(I; Topic ngilcszels Medium
Converse 40% 14 % 0% 0% 17.3% 0% 4.3%
KRS | (441/1103) | (156/1103) | (0/1103) (0/1103) | (191/1103) | (0/1103) | (47/1103)
Discuss 62% 29% 0% 0% 73% 0% 0%
e (129/208) (60/208) (0/208) (0/208) (152/208) (0/208) (0/208)
Negotiate 15 % 29.5% 3.1% 7% 16.7% 0% 0.9%
R ] (74/485) (143/485) (15/485) | (33/485) | (81/485) (0/485) (4/485)
Quarrel 48% 11.4% 0% 0% 10.4% 6% 0%
FhEE/ETER | (101/211) (24/211) (0/211) (0/211) (22/211) (13/211) (0/211)
Chat 38% 46 % 0% 0% 0% 0% 1.1%
TP | (66/174) (81/174) (0/174) (0/174) (0/174) (0/174) (2/174)

It is clear from the table that each verb type displays a distinct pattern in coding the core

frame elements through either the foregrounding or backgrounding of certain participant roles.

3.2 Lexical Collocations and Grammatical Functions

Besides the realization of core frame elements, conversation verbs also differ in terms of
lexical collocation and grammatical function. Looking closely at their collocational
associations in the Sinica Corpus, we found that there are asymmetrical distributions in four
respects: 1) V+V pattern: some verbs may occur with a preceding light verb, such as jinxing
&5 ‘proceed’ or dacheng 3E Y ‘achieve’; 2) metonymic subject: the subject of some, but
not all, verbs of conversation may be inanimate entities taking the role of Interlocutor based
on the principle of metonymy; 3) V+ Complement pattern: some verbs take a postverbal
complement or adverbial adjunct denoting ‘result evaluation’, such as chenggong =%)s
‘successful’ or shibai 4" ‘failing’; 4) in terms of the distribution of grammatical functions,
conversation verbs exhibit different frequencies of nominalization. Based on the above four
criteria, verbs of conversation can be further divided into 5 subgroups with a corresponding
set of unique behaviors. We will address the syntactic-semantic interdependencies manifested

by each association pattern in the following sections.

3.2.1 V+V Pattern: with Light Verbs Jinxing 3£= or Dacheng 35

The use of the light verb jinxing 3£/ ‘proceed’ entails a formal register and encodes a
procedural process or atelic event, according to Huang et al. [19951°. 1t tends to occur with an
activity verb that is compatible with the formal register and involves a durative process, as
shown in (10):

® Huang ef al. [1995] claimed that jinxing ‘to proceed’ takes a processed type argument, which denotes
the process of an event. In other words, the verb jinxing implies a non-punctual and non-telic event.
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(10) . FEo | 52 [Intls] &4 35 [0 ] ff (=% B B 2 AR R A 20 2 & 6 g

[Conversation-Discuss]

b *1#17 —:&Fru/]]J/—/\E]/qu_\ °
Below is the distributional tendency of jingxing in the Sinica Corpus:

(11) Distribution with jingxing 3%~ ‘proceed’

V2 taolun goutong Other Verb Types
Vi ?ﬂ‘ﬁﬁ ?ﬁ{ﬁj tanlun/chaojia/liaotian kTu/PJ/mE[/?QF«
Jingxing X577 | 4% (3/83) | 11% (25/231) 0%

Another verb, dacheng 3E=5 ‘achieve’, is also found with some conversation verbs; it
requires a formal register but encodes a zelic event. Denoting goal-orientation, dacheng 3£ 1Y is
compatible with activity verbs entailing a semantic endpoint with an incremental theme, and it
occurs mostly with the nominalized forms of ‘negotiate’ verbs, such as goutong/xietiao/xieyi

3%:1&/%%/%%’ as in (12-13):

(12) a. €= 33 Y1993 [conversation-negotiate] °

St Sk /SRS S S ] /AT ST .
b. ¥Ry Fw/FkFPu/rﬁWU/PJ/wE[/:’IFPU/JF—\/FHFJJF
Additional examples are found with goutong Jﬁﬂ and xietiao E’é%‘ at the Kimo website:

(13) a. E,l%“’é""ﬁ"gh =f J]EH]:F IRS=d ﬁzE |[conversation-negotiate] (yahoo 2005/07/01) -
Ffﬁj el %H‘fﬁJ;‘:}F [conversation-negotiate] (yahoo 2005/06/13) -

(14) Distribution with dacheng 355

A\ xieyi Other Verb Types
V1 173 tanlun/taolun/chaojia/liaotian »qm/ =1 ﬁ/]J RN
Dacheng 3555 | 23% (36/154) 0%

The co-occurrence with the preceding verb jinxing 3£/ ‘proceed’ or dacheng E Y
‘achieve’ serves to distinguish a conversation event in terms of its pragmatic mode (formal vs.

informal) and event type (telic vs. atelic).
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3.2.2 Use of an Inanimate Subject

Interlocutors in conversation events are, by default, human participants. However, unlike the
‘chat’ verbs, other verbs may all take inanimate subjects (place or institute names) as

Interlocutors via metonymic extension from institute/building to human organization:

(15) a. /';:I“j)?[l;[“:gi [Intli and IntlZ! F%/Fﬁiﬁ/ﬁé]‘ﬁ%ﬁ%@ L
EAE b e [ VA RO E

Metonymy tends to be associated with verbs that are formal in register and also require
an official or non-personal topic (e.g., public affairs). The Sinica Corpus shows that verbs
ecoding informal events, such as the ‘chat’ verbs, seldom occur with metonymic non-human

subjects:

(16) Distribution with inanimate subjects

Vv tanlun taolun goutong Other Verbs
Subj. type v i gt Liaotian/xianliao T =/TH|™
Inanimate 3% 6% 9% 0%
Subject (8/262) (5/83) (21/231) ’

3.2.3 Postverbal Complement with Result Evaluation

Among the conversation verbs, only the ‘negotiate’ verbs (e.g., xietiao F}’JF% and goutong‘]% )
may collocate with result-evaluating complements, such as chenggong 75771 ‘successfully’
and shibai J.f" “failingly’, as shown below with examples and percentage rates for the Sinica

Corpus:

(17) a. WW?‘}W['F‘J@%L‘F]W&% By o
b. T‘jJP%E_%fF FRrE > At FIJ»%ELEAELE:&E[THF'V% °

(18) Distribution of result evaluating complements

A% xietiao Other Verb Types
Result Comp: T’*ﬁ?ﬁf tanlun/taolun/chaojia/liaotian Fg/ i1 /[y A/ 24—
chenggong/shibai o .
iyt 4 % (3/66) 0%

Additional data obtained from the internet show that the verb goutong J%{EJ behaves in the

same way:
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(yahoo 2005/03/20) -
(yahoo 2005/03/17) -

(19) a. BRI AN IR E7 > OFiEle | I b )
b. ‘i—“é“b*]ﬁﬂig‘:;;ﬂ’o( s PRI | o

The co-occurrence with effect-evaluating complements indicates that the two-way

communicative events with xietiao ‘negotiate’ or goutong ‘communicate’ involve a
solution-seeking process, which is semantically bounded and may be evaluated as to whether

the solution has been achieved.

3.2.4 Frequency of Nominalization

With regard to grammatical functions, some groups of verbs tend to be nominalized more
frequently than the others. Comparing high-frequency verbs and their distributions over

grammatical functions, we see clear skewing in nominal uses based on the Sinica Corpus:

(20) Distribution of predicate vs. nominal uses

A% tanlun taolun goutong chaojia liaotian
Function ?ﬁﬁﬁu ?ﬂ‘ﬁﬁ T 5 LR
Predicate 7% 52% 55% 76% 94%
(202/262) (83/161) (231/419) (123/162) (134/142)
Nominalization 23% i I 24% 6%
(60/262) (78/161) (188/419) (39/162) (8/142)

Nominalization serves to mark activities as event nominals that may be referred to as

quantifiable entities and nominalization is also highly correlated with written texts that are

formal in register.

The following table summaries the collocational patterns discussed above:

(21) Distribution of collocational variations

locational Variation | 3£/~+V | #EFY+V | V+Result
Subtype phoprti | oM
Converse Fi’é/]?‘é?% No No No Low
Discuss fﬂ[jﬁﬁ/ﬁﬂé? Yes No No High (with F:T‘J‘ﬁ%)
Negotiate E’%Eﬁ‘?fﬁ% S| Yes Yes Yes High
Quarrel L4/47 FE% No No No Mid
Chat =/ F%EEQF No No No Low
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The syntactic patterns of coding frame elements and collocational variations discussed
above provide crucial evidence and support for categorizing conversation verbs into
syntactically motivated subgroups, termed ‘subframes’. The division of subframes serves to
provide the semantic ground for further distinguishing near-synonyms, as one important layer

in the hierarchical structure of frame-based semantic classification.

4. Subframes: A Semantic Anchor for Near-synonyms

4.1 Defining Conversation Subframes

As mentioned above, the asymmetrical distributions of conversation verbs over different
collocational associations clearly suggest that verbs can be further divided into subtypes.
These subtypes may be viewed as different subframes as they further characterize the semantic
distinctions within a frame. Each subframe displays unique patterns of its basic structure
(Basic Patterns) and collocational skewings (Collocational Associations) that manifest its

unique semantic properties.

The table shown below recaptures all the crucial syntactic distinctions for the 5

subframes:
(22) Collocational patterns associated with conversation subframes
V-R
CP | Intl2 as | Inanimate | Topic as | Absence S NN s
- ST Y+ i/ +

Subfra DO Sub;j. Cause of Topic BEEV | RSV j [*Nom]

R
1.Converse
N No Yes No No No No No Low
i a1
2Diseuss | Yi N N Yi N N High
?‘Tgﬁ /F:?J £ 0 es 0 0 es 0 0 ig
3.Negotiate .
142010 5 Yes Yes No No Yes Yes Yes High
e !:1 ﬁ Jﬂ
4. Quarrel .
el g[ﬁ:]’é” No Yes Yes No No No No Mid
5. Chat
T /FETEEF No No No Yes No No No Low

Based on the above syntactic behaviors, we attempt to differentiate and define five

subframes within the conversation frame, each with a clear definition, a set of foregrounded or

backgrounded FEs, a unique set of semantic features, and representative lemmas.
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(23) Conversation Subframes: definition, FEs, semantic attributes and lemmas

a) Subframe 1 _Converse

Definition: Interlocutors exchange ideas on a given Topic, via a Medium (including a means

or language) -- the most generic subtype of conversation;
FEs: (the default set) Interlocutors, Topic, Medium;

Semantic attributes: [event type: process], [register: unmarked], [manner: unmarked],
[purpose: underspecified];

Lemmas: tan/tanlun/jiaotan/jiaoliu FEK/F»&FFU/—'J{\ I?ﬁ/ﬂi i, ete.
b) Subframe 2_Discuss

Definition: Interlocutors exchange opinions on a given Topic to establish pros and cons in a
serious manner;

Foregrounded FE: Topic;

Semantic attributes: [event type: procedural process], [register: formal], [manner: serious],
[purpose: establish pros and cons];

Lemmas: taolun/shangliang/
shangtao/shangtan ’]‘ —ru/ HE £1/RS i rﬁ /7 FFQ =K, etc.
c¢) Subframe 3_Negot1ate

Definition: Interlocutors confer and negotiate on a certain Topic-Purpose (Topic may overlap
with Purpose) in order to reach a consensus or settlement;

Foregrounded FE: Topic-Purpose;

Semantic attributes: [event type: procedural process], [register: formal], [manner: serious],
[purpose: achieve consensus];

Lemmas: xietiao/xieyi/goutong/xieshang %?ﬁ/ﬁﬁ/iﬁﬁ/ﬁﬁ, etc.
d) Subframe 4 Qarrel

Definition: Interlocutors dispute actively or vehemently exchange different opinions on a
certain Topic-Cause in a heated manner;

Foregrounded FE: Topic-Cause;

Semantic attributes: [event type: process], [register: underspecified], [manner:
marked disagreeable], [purpose: pertaining to the Cause];
Lemmas: chaojia/zhenglun/zhengcha/zhengzhi |V, %/ _3le T[p/=T4R, etc.

e) Subframe 5 Chat

Definition: Interlocutors engage in an informal verbal activity in a rather casual and
entertaining manner;
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Backgrounded FE: Topic;

Semantic attributes: [event type: process], [register: informal], [manner: casual], [purpose:

underspecified];
Lemmas: xianliao/liaotain/xiantan/tantian FEJFJEEP/EZP =/ Fkﬂﬁfﬁ/ﬁfﬁ:\, etc.

The five subframes as defined above may serve as semantic anchors for further exploring
near-synonym sets, such as % % jiaotan vs. % jiaoliu ‘converse, exchange’; taolun fﬂ‘ﬁ%ﬁ
vs. shangliang [4El ‘discuss, talk about’; or xietiao Tfﬂjr,gﬁf vs. goutong ?%{m ‘negotiate’, etc.
It is at the level of subframes that we may find the most relevant information for fine-tuning

lexical distinctions among near-synonyms (For further discussion, see [Liu ef al. 2004]).

4.2 Semantic Inheritance

The layered structure of frame-based classification entails semantic inheritance from top to
bottom in a hierarchical structure. At the subframe level, multiple inheritances may happen;
i.e., a given subframe may inherit features from two or more different frames. For example, as
mentioned above, verbs belonging to the ‘Quarrel’-subframe highlight Topic-Cause for the
marked Manner. This is a result of multiple inheritance. The ‘quarrel’ verbs inherit the
element Topic from the Conversation frame, and the element Cause from the

Hostile_encounter Frame, where a Cause is normally specified.

5. Conclusion: Frame-based Hierarchy of Verbal Information

To fully represent the semantic relations among verbs, a multi-layered classificational
structure is needed, which helps to manifest different levels of semantic generalization. In this
paper, the syntactically well-motivated level of subframes is proposed, rendering a 5-layered
hierarchical structure of lexical semantic representation: Domain > Frame > Subframe >
Near-synonym sets > Lemma. This model is also adopted in building the lexical network of
Mandarin VerbNet [Liu ef al. 2004]. With the proposal of subframes within the theoretical
constructs of frame semantics, verb meanings may be defined with finer semantic distinctions
that are syntactically motivated. The next task is to show that further fine-grained lexical
distinctions are needed to differentiate near-synonyms within each subframe. The postulation
of subframes is a necessary refinement of the frame-based approach to lexical semantics. With
its detailed lexical information, subframes provide the most relevant semantic anchor for

further disambiguating near-synonyms as well as individual lemmas.
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Feature Representations and Logical

Compatibility between Temporal Adverbs and Aspects
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Abstract

In this paper, we propose clear-cut definitions of distinct temporal adverbs and
provide descriptive features for each class of temporal adverbs. By measuring time
points in temporal axis, we revise and reclassify the temporal adverbs listed in [Lu
and Ma 1999] into four classes of semantic roles, namely, time, frequency, duration,
and time manner. The descriptive features enable us to distinguish temporal

relations and predict logical compatibility between temporal adverbs and aspects.

Keywords: Temporal Adverbs, Aspects, Temporal Schema, Speaking Time,
Reference Time, Event Time

1. Introduction

There are about 130 temporal adverbs in Mandarin Chinese. Lu and Ma [1999] classified
temporal adverbs into two groups, speaking-time related adverbs (abbr: ST-related adverbs,
’—EEHJ‘? E\ij FE?JF&'JE:-ﬂ) and reference-time related adverbs (abbr: RT-related adverbs, T '—&Eij‘ Eﬁ FEFJFTJ
&1). The ST-related adverbs consist of 27 temporal adverbs, which are subdivided into three
subclasses. In the class of RT-related adverbs, 104 temporal adverbs are listed and subdivided
into 18 subclasses. In Lu and Ma’s definition, ST-related adverbs modify events that happen at
specific time points; RT-related adverbs modify events that have happened in the past or will
happen in the future. However, the subdivisions are vague, and the definition is
incomprehensible. For example, cengjing ﬁﬁ%’; ceng ﬁFT', yeyi ¥ = and yejing ¥ 75 are
grouped into two different subclasses of ST-related adverbs. The former two are grouped into
the same subclass, which includes actions or situations that happened or existed before the
speaking time. The later two are grouped into the same subclass, which includes actions or
situations have been completed or have occurred. In fact, it is difficult to differentiate between
actions or situations that have ‘happened’ or have ‘completed’, especially when the situation
type is an achievement situation with SHORTLY-PRECEDE(t,,t;) or NEARLY-EQUAL

* CKIP, Institute of Information Science, Academia Sinica, Taipei
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(t,t,)." Moreover, temporal adverbs may not have the same syntactic behaviour even though
they are classified into the same subclass. For instance, the ST-related adverbs cong f§,
conglai &, zhijin = %, xianglai [ﬁj"{é, sulai 27, lilai @1, su 2k, and yixiang — {F[J
are grouped into the same subclass. When they co-occur with the aspect markers le ', guo
&{'E}, and zhe F, however, cong, conglai, and zhijin are incompatible with /e and zhe; in
addition, xianglai, sulai, lilai, su, and yixiang are incompatible with /e and guo. The reason for
the difference in the compatibility of temporal adverbs with aspects will be discussed in the

following.

In this paper, based on the application of Smith’s proposal for temporal location, we
suggest more clear-cut definitions and provide descriptive features for each subclass of temporal
adverbs. The descriptive features help us to define temporal relations and to predict the

compatibility between temporal adverbs and aspect markers.

2. Literature Review and Methodology

To make clear-cut differentiations, time points in the temporal axis and the notion of temporal
location proposed by [Smith 1991] will be used here to redefine the temporal relations of the
temporal adverbs treated in [Lu and Ma 1999]. We will use the data in the Academia Sinica

Balanced Corpus (Sinica Corpus) to analyze Mandarin Chinese temporal adverbs.

Smith [1991] discussed aspectual systems in language. She mentioned that the temporal
information in a sentence is located in the time when the situation occurs. Adverbials further
specify temporal location. Time is represented as a straight line stretching in both directions

from Speech Time. The linear representation is presented in (1):

(1) Time Line [Smith 1991]

Speech Time

Past Present Future

! The terms SHORTLY-PRECEDE(t,,t,) and NEARLY-EQUAL(t,,t,) were mentioned by Yang and
Bateman [2002]. The predicate SHORTLY-PRECEDE(ty,t,) indicates that time point t; only shortly
precedes time point t,. The predicated NEARLY-EQUALC(ty,t,) indicates that time point t; lies close to
time point t,. Applying the terms to the explanation of achievements, we can treat t; as Yang and
Bateman’s t;, the event initial time, and as Smith’s [1991] I, initial points, and regard t, as Yang and
Bateman’s tg, the event finishing time, and as Smith’s F, final points. Yang and Bateman’s expression
for the predicates used to express temporal relations are revised of assertions in [Allen 1984].
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Following Reichenbach [1947], to temporally locate all types of sentences, three times are
required: Speech Time, Reference Time, and Situation Time. Speech Time (ST) is the center of
the temporal system. Reference Time (RT) is the temporal standpoint of a sentence, and, in
complex sentences, it is a secondary orientation point. Situation Time (SitT) is the time of the
event or state, identified as the interval [I]. To show the temporal location of these three times,
Smith [1991] gives example 2a and its time line 2b. In 2b, time 2 is Reference Time, while time

3 is Situation Time:

(2) a. Mary said last Tuesday that she was leaving in 3 days.

b time 2............... time 3. .ooiiiiie time 1
last Tuesday + 3 days Speech Time
Mayr said Mary leave

Mandarin Chinese does not have the grammatical category of tense, so temporal location is
expressed directly by adverbials and indirectly through the use of an aspectual viewpoint.
Temporal adverbials function as locating adverbials, which are classified as deictic, anaphoric,
or referential, according to the type of orientation they take [Smith 1991]. Furthermore, Smith
illustrates each situation type and viewpoint type with temporal schemata. Below are the
temporal schemata of the Mandarin Chinese aspectual markers /e, guo, and zhe, which are
represented by symbols I, F, F+1, .... and /:

(3) Temporal schema for the —/e perfective [Smith 19917
I F
/ / (RVC)

(4) The Mandarin —guo perfective viewpoint [Smith 1991]
I...FF+1
/ /

2 1 and F indicate initial and final points. F+1 indicates a stage distinct from the final stage. The dots
indicate internal stages and the slashes indicate the interval process.
3 RVC is an abbreviation of Resultative Verb Complements.
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(5) The —zhe viewpoint [Smith 1991]

Klein [1994] points out five temporal features and notes TT, TU and TSit. TT, topic time,
is the time span to which the speaker’s claim on the occasion is confined. TU is the time of
utterance, which is the time at which the utterance is made. TSit is the time of the situation,

which is the time at which the situation occurs.

In addition to Smith’s and Klein’s terminology, we can apply the event modules in the
MARVS framework proposed by Huang et al. [2000] to analyze the temporal relations of
temporal adverbs. Event modules are the basic building blocks of the event contour. Five event
modules stand alone or in combination; they are Boundary, Punctuality, Process, State, and
Stage. The event module Boundary is defined as an event module that can be identified with a
temporal point and must be regarded as a whole (including a complete Event). It is adopted in

this paper to define the Boundary Point.

Yang and Bateman further discussed the semantic temporal relations of an aspect system
and proposed principled semantic conditions for aspect combination. In their opinion, the
Chinese aspect system is actually composed of both aspect morphemes (-le, -zhe, -guo4, etc.)
and aspect adverbials. The Chinese aspect system has, basically, seventeen simple primary
aspect forms. These simple primary aspect forms belong to perfective, imperfective, or
future-existing subsystem, according to the semantic properties of individual cases. Some simple
primary aspect forms can combine to form an aspect of secondary type if their temporal
attributes are in harmony. The temporal relation of the combination is represented graphically by
time points t;, t;, t., and t,".

In this paper, we adopt the terms proposed in the research described above to clarify the
temporal relation of each subclass of temporal adverbs listed in [Lu and Ma 1999]. We use the
notations ST, RT, ET, BP, Start, and End to define temporal relations. Each, respectively,
denotes the speaking time, reference time, event time, boundary point, start point of the event,
and end point of the event. The symbols <, =, and =, respectively, indicates priority, inclusion
and overlap in temporal location. For instances, the temporal features for le, guo, and zhe are
defined as follows in our system and they are compatible with the temporal schemata proposed
in [Smith 1991].

* As the second footnote mentions, t; is the event initial time, and t; is the event finishing time. The
symbols t; and t, are the reference time and speaking time, respectively.
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le: BP=ST, which means that the prominent boundary point of the referred event precedes the
speaking time;
guo: End<ST, which means that the end point of the referred event precedes the speaking time;

zhe: ET=RT, which means that the referred event time overlaps with the speaking time.

3. Temporal Relations and Compatibility between Temporal Adverbs and
Aspects

Temporal adverbs were classified by Lu and Ma into two classes, ST-related adverbs and
RT-related adverbs, according to the time point of the situation referred to. ST-related adverbs
establish constraints between event time (ET) and speaking time (ST), but RT-related adverbs
establish constraints between ET and reference time (RT). For example, the ST-related adverb
cengjing only denotes events or situations that happen or exist before ST. To be precise, the
end points of events occur prior to ST. or example, the sentence wo shangci cengjing jieshao
guo =y 7% l?ﬁxﬁ fi ;JFJI’H ‘I have introduced it last time’ is grammatical, however, *wo
xiaci/mingtien cengjing jieshao guo =% *» 7%/fH=C ﬁfﬂ: fi 5% ﬂ\I:[IH “* have introduced it next
time/tomorrow’ is ungrammatical. The RT-related adverb yijing =!3% is used to refer to
events that happen or exist before either a certain specific time, an event, or ST. For instance,
the sentences shang libaiwu wo yijing chuguo le =iFE= 2SI T had gone abroad
last Friday’ and xia libaiwu wo yijing chuguo le > TgFET IS SIZEHIETS" T have gone
abroad next Friday’ are both grammatical even though xia libaiwu is a future specific time.

Lu and Ma divided ST-related adverbs into three subclasses and RT-related adverbs into
eighteen subclasses. Three subclasses of ST-related adverbs were subdivided into nine
sub-subclasses. Eighteen subclasses of RT-related adverbs were subdivided into thirty
sub-subclasses. Checking Sinica Corpus, we find that some of the RT-related adverbs in Lu and
Ma’s classification behave like ST-related adverbs. Some temporal adverbs denote the order of
events and establish constraints only between two ETs. Some temporal adverbs refer to habitual
situations, which are not related to temporal relations. Therefore, our classification of temporal
adverbs is somewhat different from Lu and Ma’s. In this paper, temporal adverbs are divided
into four classes according to temporal relations. More detailed subclasses will be introduced in

the following sections.

3.1 Temporal Relations and Compatibility between ST-related
Adverbs and Aspects

In our classification, ST-related adverbs are classified into eleven subclasses. Each subclass is
characterized and represented by its temporal features and is assigned one semantic type: Time,

Duration, or Frequency. Table 1 shows the temporal features of each subclass.
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Table 1. Temporal relation and semantic role of each subclass of ST-related adverbs

Temporal Adverbs Temporal Relation | Semantic Role
cengjing 17, cengty End<ST time
yeyi¥ =1, yejing¥ 7% End=ST time
zhongyus3Hhe, bijing2' 31, daodiZ||'k End=ST time
xianxingJ. = Start<ST time
zaorif' [, jizao™ B!, chenzao®Zf! ST<Start time
zhongjianga3ity, zhongjiun’ ., zhongguix3 5, ST<BP time
zongguAsa;, bijiang/u\}{%’ , chizao#$!, zaowanfi 'L

zhongjiuzi3 %% End<ST time

cong (g, conglailEs, zhijin®= %5, xianglai[ﬁj“{ﬁ Start<ST duration
sulaizx s, lilai’ﬁﬂﬁ suzk, yixiang— [F[J

zhan?’?, zhanqie;%’?ﬁ' , guqiei[ﬁ,ﬁ' , quangiefi =" gie*' | ET=ST duration
yongyuan?|<ist, yong?ls, shizhonglf 3%, zhiff ET=ST duration
yidu— " BP<ST frequency

For instance, cengjing and ceng are grouped into the same subclass of ST-related adverbs.
Since they denote actions or situations that happened or existed before ST, the end points of
the situations precede ST. Thus, the temporal relation of cengjing and ceng is defined as
End<ST.

Temporal features not only clearly indicate the relations among these ST-related adverbs
but also predict and verify the correctness of the co-occurrences of temporal adverbs and
aspectual markers, including /e, guo, and zhe, by unifying their temporal features. The temporal
features of le, guo, and zhe are BP =<ST, End<ST, and ET=RT, respectively. If the corpus data
shows that a given sentence is grammatical after the combination step, its combination of
temporal relation will be in harmony; otherwise, there may be something wrong with the
temporal relations or some other essential factors may cause incompatibility. On the other hand,
we assume that by detecting harmony in the combination of temporal relations between temporal
adverbs and aspects, we can predicate whether a given temporal adverb is compatible with /e,
guo, and zhe. Here, we will use an example with cengjing and ceng. The corpus data in the

Sinica Corpus show the following combinations of cengjing with le, guo, and zhe:

(6) ceng jing co-occurs with le, guo, and zhe
a2 PO FTRSAT v i o
women de tongxin cengjing gei ta henda de kuaile

She had been very happy while we wrote letters each other.
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b. =S TR
women cengjing ti guo

we had mentioned before

. FTREHER | i
cengjing ti zhe xiao baofu

ever carried little backpack

The combination of cengjing with le, guo, and zhe is grammatical, so we conclude that the
temporal relation of cengjing is correct and assign the semantic role of time to the subclass of
cengjing and ceng. On the other hand, from the observation of the temporal relations of /e, guo,
zhe, and cengjing, the temporal relation of cengjing is compatible with that of /e, guo, and zhe,
respectively. Thus, before checking the data in the Sinica Corpus, we can predict the that
co-occurrence of cengjing with le, guo, and zhe, respectively is grammatical. The grammatical
sentences in (6) prove that our hypothesis and prediction are correct.

Temporal adverbs classified into the same subclass with the same temporal relation may
not have the same syntactic behaviours. For instance, cong, conglai, zhijin, xianglai, sulai, lilai,
su, and yixiang are grouped into the same subclass and assigned the semantic role of duration.
The temporal relation of these temporal adverbs is defined as Start<ST. We find, however, that
cong, conglai, and zhijin are incompatible with /e and zhe; in addition, xianglai, sulai, lilai, su,
and yixiang are incompatible with /e and guo. Although this subclass of ST-related adverbs has
the above temporal relation, their compatibility with aspectual markers is somewhat different.
The Sinica Corpus sentences shown below reveal that cong, conglai, and zhijin are usually found
in negative sentences. The feature [+NEG] brings about the different syntactic behaviours:

(T) R 2 5
hoaxing zhejian shicong mei fasheng guo

It seems this thing hasn’t happened before.

conglai buhui taobi

never evade
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zhijin shangwei chuxian zai ta shengming zhong

haven’t appeared in his life

Shih-Min Li et al.

Temporal adverbs usually co-occur with aspects. The compatibility of temporal adverbs

with aspect markers can verify the correctness of temporal relations. Therefore, we focus on not

only temporal feature representations of temporal adverbs and aspects but also the co-relations

between temporal adverbs and aspects. Table 2 is the reversion of Table 1 and it shows the

compatibility of temporal adverbs with aspects. The asterisks indicate a lack of grammaticality.

Table 2. Temporal relations and compatibility between ST-related adverbs and aspects

Semantic | Temporal Adverbs Temporal | Compatibility with le,
Role Relation guo, and zhe
time cengjing {15, ceng ] End<ST |le guo zhe
time yeyi¥ =1, yejing¥ 7= End=ST |le guo zhe
time zhongyui3H?, bijingB ¥, End<ST |le guo zhe
daodiZ|'k,
time xianxing ¥ = Start<ST | le guo  *zhe
time zaorifi' [ 1, jizao® fl, ST<Start | *le *guo  *zhe
chenzaoZf!
time zhongjiangi3 K, zhongjiurs =, | ST<BP | *le  *guo  *zhe
zhonggui 3% 87, zonggu 7 57 ,
bijiang }{ﬁj’ , chizao &= k! |
zaowanfi 'l
time zhongjiu 7¥%% End=<ST |le guo zhe
duration | cong ($-(+NEG), conglai f§- | Start<ST | +NEG: *le  guo *zhe
(+NEG), zhijin = 4 (+NEG), others: *le  *guo  zhe
xianglai [Fﬂé, sulaizk s,
lilaiTFE s, suzk, yixiang~ [r'lj
duration | zhan®'7, zhangie®7 =", guqie;‘[ﬁj ET=ST |le “*guo zhe
=, quangiefs = | gie "'
duration | yongyuan < & , yong < ,| ET=ST |le *guo zhe
shizhongi!f,i’:é‘, zhi@l
frequency | yidu— " BP<ST |le guo *zhe
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3.2 Temporal Relations and Compatibility between RT-related
Adverbs and Aspects

Having adopted the corpus-based approach and analyzed the time points along the temporal

axis, we show in Table 3 the sub-classification of RT-related adverbs.

Table 3. Temporal relations and Compatibility between RT-related Adverbs and Aspects

Semantic Temporal Adverbs Temporal Compatibility with le,
Role Relation guo, and zhe
time yijing='3%, yi©l, zaoyi'=!, zaojiu BP<RT le guo zhe
!0, doufl
time ganglf], gangganghf|i], cai ¥ BP=RT le guo zhe
time xian-, yuxianfi-, shixian®1 - BP<RT le guo zhe

time JijiangA[LK], jiangyaoife!, jiuyao | STSRT<Start | *le  *guo  *zhe
WERI, kuaild, xingjiang = }Iﬁ]’
time like - Jl, Liji*v A1, jike A%, | RT=Start |le *guo zhe
mashang F, &, ganjin & B
gankuai & 11, ganmang & T ,
lianmangsg@ e, jimang2 1T, jiudik,
bian{gl, dangji%{'}’f\lﬂ

time dunshiﬁEEﬁ, a"engshiﬁ]ﬂﬁ, shashi | RT=Start |le *guo zhe
S, lishi?t [, yixia(zi)~ ™ (3)
time turan(jian) & (M), zouranfRIR, | RT=Start |le *guo zhe
mengran(jian)’3 (), mengdi?s
P, modi®i

duration | zheng 1, zhengzail~+, zaiit ET=RT *le  *guo  zhe
duration | hai 3, haishi & Fl., reng 7, BP<RT le guo zhe

rengran| i3, rengjiu(1E,, yiran
(S, yijiu ™ E, zhaojiu i1 £,
Zhaoyangﬁﬁ%;, zhaochang \\ﬁpﬁf

The RT-related adverb yijing represents actions or situations that finish, happen or exist
before a certain specific time, another action, or a situation. The BP of a situation denoted by
yijing must precede RT; therefore, its temporal relation is BP<RT. The Sinica Corpus data point

yijing is compatible with aspect markers.

(10)  —E CESITH T 408
yiding yijing dapo le jilu

have certainly broken the record
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(11) CENZiE R

yijing chiguo fan

have had a meal

(12) M asmEfh 7
she yijing yao zhe ta le

A snake has bitten him.

We find that the combinations of temporal relations of some classes and those of aspect
markers contradict the corpus data. The temporal adverbs classified in subclasses with like,
dunshi, and turan(jian) indicate situations or events that happen immediately after ST or another
situation. Their temporal relation is defined as RT =Start. The corpus data show that these
RT-related adverbs are incompatible with guo; however, their temporal relation RT = Start is

compatible with guo. Sentence (13) shows the temporal relation of /ike between RT and ST:

(13) P EREL > A
ta yi tingdao xiaoxi like hui le dianhua

He immediately called back when he got the news.

In sentence (13), RT is ta yi tingdao xiaoxi, and ST is the present. The temporal relation of
like in sentence 13 is defined as RT = Start<ST, which is compatible with the aspect markers
le, guo, and zhe. However, the corpus data show that guo is not compatible with /ike. The
temporal relation RT = Start focuses on the start points of events, while the aspect marker guo
focuses on subsequent stages following the end points of events. On one hand, an event can be
viewed as a whole or as consisting of different parts. When it is viewed as a whole, the
temporal relation is defined by BP. When it is viewed as consisting of different parts, its
temporal relation is defined by either the start point or end point. Since Start is the focus of the
temporal relation RT = Start, the aspect marker guo indicating End is incompatible with it.
Thus, RT-related adverbs that are assigned to the same subclasses as like, dunshi, and
turan(jian) are actually incompatible with guo even though their temporal relations seems to
be compatible. On the other hadn, the main feature of —guo is that it indicates a discontinuity
with the present or other Reference Time [Smith 1991]. The subsequent stage cannot be
considered part of the event and is separate from the situation, so the temporal relation of guo

is not compatible with the temporal relation RT = Start. Thus, guo is incompatible with the
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temporal adverbs classified into subclasses with like, dunshi, and turan(jian).

3.3 Temporal Relations and Compatibility between ET-related

Adverbs and Aspects
In Lu and Ma’s classification, some temporal adverbs are neither ST-related adverbs nor
RT-related ones. These temporal adverbs establish constraints between two ETs, and denote
the order, sequence, or succession of two situations. Thus, we classify these temporal adverbs
into another class: ET-related adverbs. Table 4 lists the ET-related adverbs and their feature
representations and co-relations with aspects.

Table 4. Temporal relations and compatibility between ET-related adverbs and aspects

Semantic Temporal Compatibility with le,
Role Temporal Adverbs Relation guo, and zhe
time xianhou % xiangjyitf & ET,<ET, |le guo zhe
time tongshilfil[ ET=ET, le guo zhe
duration ranhouffiz, erhou|i| &, ET,=<ET, |le “*guo zhe
suthoul§& %, sufjilfEd[], congcifEH=

Since these temporal adverbs refer to the successive of events, their temporal relations have no

relation with ST and RT. These temporal adverbs only concern the sequence of events in time.

3.4 Feature Representations and Compatibility between other Temporal
Adverbs and Aspects

Some temporal adverbs mark habitual situations or the temporal manner of situations.

Habitual situations represent that situations go on without focusing on any time points in the

time axis. Temporal adverbs denoting the manner of situations are not related to temporal

relations. Consequently, these temporal adverbs are classified into another subclass shown in

Table 5.

Table 5. Feature representations and compatibility between other temporal adverbs
and aspects

Semantic | Temporal Adverbs Features Compatibility with le,
Role guo, and zhe

frequency changchangﬁf”f’,chang@?, shichangﬁ.ﬂjgf’, high frequency | le  *guo  zhe
wangwang (= 17, shishilk Eﬂj‘, shikeE\ﬂj \Xd, *experience
bushi 7 E%ﬁ, meimei = 5, lao¥, zongi,

yizhi— i
frequency ouer[ﬁé‘f, ouer['ﬁﬁlj, Jianhuof]§Y, youshi®| | low frequency | le  *guo  zhe
i *experience
time Jian¥Er; jianjianFE jianci¥: N, zhujianid | slow le  *guo zhe
manner T rijian | W rijian | §L, zhubuiz ¥ stage change

*experience
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time suishi[%“ﬂﬁ preparatory *le  *guo  zhe
manner

time anshi}%’ﬁ?*]-,anqijfi@’ﬁfj preparatory *le  *guo  *zhe
manner regular

4. Conclusion

In sections 3-1 to 3-4, we classified the temporal adverbs listed by Lu and Ma into four main
classes. The subclasses in each main class are somewhat different from Lu and Ma’s although
the majority are similar. Lu and Ma’s two-class classification of temporal adverbs is vague, so
we adopt four more detailed classes. The corpus data in the Sinica Corpus verify the
correctness of our temporal relations. In addition, the co-relations of temporal relations
between temporal adverbs and the aspect markers /e, guo, and zhe help us to predict the
co-occurrences of temporal adverbs with aspect markers. The feature representations of
temporal relations are also helpful for assigning semantic roles to temporal adverbs in the

Sinica Treebank.

In future work, if necessary or for other reasons, the subclasses of temporal adverbs may
be subdivided into sub-subclasses. Furthermore, certain classes of temporal adverbs can

co-occur grammatically, while certain classes cannot.

(14) Py

ta ceng xianxing liqu

He had left in advance.

(1) *PoThif I
ta ceng zaori liqu

He had left soon.

In sentence (14), the temporal adverb xianxing co-occurs grammatically with ceng; however,
in sentence (15), zaori cannot co-occur grammatically with ceng. Temporal relations or other
linguistic factors causing such differences in compatibility are worth investigating. In addition,
the RT-related adverbs may be temporal points, temporal durations, or event times, as in ‘fa yi
tingdao xiaoxi’ in sentence (13). The reference of RT-related adverbs may be further

investigated.
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Abstract

At present, worldwide scholars from different countries attach great importance to
the knowledge resource construction of language information processing.
Knowledge includes the aspects of lexicology, syntax, semantics, pragmatics and
even general knowledge. The knowledge of semantics is the core, of which the
most basic and most important one is the semantic knowledge of vocabulary.
During the last 10 years, scholars of Tsinghua University and Cooperators have
conducted systematic and complete studies on lexical semantic knowledge of the
main categories of Chinese content words (including verb, adjective, noun, etc),
and developed and studied “the Machine Tractable Dictionary of Contemporary
Chinese Predicate Verbs”, “the Machine Tractable Dictionary of Contemporary
Chinese Predicate Adjectives”, “the System of Relations of Slots Centering on
Nouns for Contemporary Chinese”, and “the Thesaurus Dictionary of
Contemporary Chinese for Information Processing”. However, research on lexical
semantic knowledge for information processing in particular of Chinese functional
words has so far been limited. Firstly, this paper discusses the value of functional
words in Chinese Information Processing. Chinese is a language whose typology
involves isolated language and root-word-based analytical language. The vast
majority of Chinese words can not themselves clearly express grammatical sense.
Chinese syntactical methods mainly depend on the use of functional words and
word order. In addition it is important that Chinese functional words express
meaning of sentences and structures of texts, e.g. voice, tense & acpect, mood,
modality, positive and negative, relation of sentences, degree, range, draw into
object, etc. Therefore, the study of lexical semantics of Chinese functional words is

great importance to Chinese Information Processing. Secondly, this paper
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introduces our research on the Machine Tractable Thesaurus Dictionary of
Contemporary Chinese Functional Words. The results of our initial research are
presented. The Chinese functional words are divided into ten main-level categories,
e.g. Voice Category, Tense & Aspect Category, Mood Category, Modality
Category, Positive and Negative Category, Relation Category of Sentences, Degree
Category, Range Category, Object Category, Other Category, etc. Each of
main-level category is divided into a number of middle-level categories or
minor-level category once and again according to expressing different meaning.
This paper also presents some ideas of designing information terms for dictionary
entries. Finally, we proposes the conception of constructing a base platform for the

Contemporary Chinese Semantic Knowledge Bank.

Keywords: The Machine Tractable Thesaurus Dictionary of Contemporary
Chinese Functional Words, The Modality Representation System of Chinese
Sentences for Information Processing, Voice Category, Tense & Aspect Category,
Mood Category, Modality Category, Positive and Negative Category, Relation
Category of Sentences, Degree Category, Range Category, Object Category, Other
Category, Dictionary Entries, Information Terms
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An Unsupervised Approach to Chinese Word Sense

Disambiguation Based on Hownet!
Hao Chen®, Tingting He*, Donghong Ji* and Changqin Quan*

Abstract

The research on word sense disambiguation (WSD) has great theoretical and
practical significance in many fields of natural language processing (NLP). This
paper presents an unsupervised approach to Chinese word sense disambiguation
based on Hownet (an electronic Chinese lexical resource). In our approach,
contexts that include ambiguous words are converted into vectors by means of a
second-order context method, and these context vectors are then clustered by the
k-means clustering algorithm. Lastly, the ambiguous words can be disambiguated
after a similarity calculation process is completed. Our experiments involved

extraction of terms, and an 82.62% average accuracy rate was achieved.

Keywords: Word Sense Disambiguation, Hownet,Second-Order Context,
K-Means Clustering

1. Introduction

Ambiguous words are widely used in various kinds of natural languages and are distributed
widely. Word sense disambiguation (WSD) has long been studied as an important problem in
natural language processing (NLP), and the research on WSD has great theoretical and
practical significance in many areas of NLP.

Much work has been done on WSD. In [Lu et al. 2002], the author presented an

unsupervised approach to WSD based on a vector space model. This method defines the
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matrix of a word and calculates the importance of the context to depict the word, so that the
precision position of the word in vector space can be located. However, a lot of information
provided by the word sequence in the context is ignored by #f.idf. method. Li Juan-zi used
Cilin(Chinese dictionary) to get semantic vectors, using a machine-readable method [Li 1999].
There are three drawbacks when using Cilin as a lexical knowledge base: (1) Semantic vectors
are hard to determine accurately because of the coarse classification of word senses. (2) There
are not enough words; Cilin only contains sixty thousand. (3) Cilin is based on the semantic
frame of a hierarchical tree, with which it is hard to express the semantic relativity, especially
the domain relativity between words. Yet such information plays rather important role in the

WSD processing.

This paper presents an unsupervised approach to WSD based on Hownet. Compared with

the above works, the main characteristics of ours are as follows:
(1) The synonymous set provided by Hownet can express word senses more concretely.

(2) Contexts that include ambiguous words are converted into vectors by means of

second-order contexts, so that more information about word senses in contexts can be provided.
(3) Features are selected based on the extraction of terms.

Section 2 describes our method. In section 2.1, we introduce some related information
about Hownet. Section 2.2 describes the method for establishing second-order contexts and
the method for clustering these context vectors by means of the k-means algorithm. Section
2.3 describes the method for calculating the similarity between context vectors. In section 3,
we describe experiments that we conducted using our method. We compare our method with
other similar methods and find that we were able to obtain better results. In section 4, we

conclude our work and offer some suggestions for further improvement.

2. An Unsupervised Approach to WSD Based on Hownet

With the rich lexical resources of Hownet, we firstly convert contexts that include ambiguous
words into context vectors; then, the definitions (DEFs) of ambiguous words in Hownet can be
determined by calculating the similarity between these context vectors. The whole process is

completed automatically, so a sense-labeled corpus is not needed.

2.1 Hownet and WSD
Hownet [Dong and Dong 2000], which describes concepts in Chinese and English, is a
knowledge database that determines the relationships between concepts or the attributions of

concepts. In our method, we focus on the knowledge dictionary.
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2.1.1 The Record Mode of the Knowledge Dictionary

The knowledge dictionary is the fundamental document in Hownet. In this document, a record
contains a concept of a word and its description. Each record is made up of 4 parts .In each
part, the part on the left side of “=" contains the name of the data and the part on the right side
contains the value of the data. Their alignment is as follows:

W_C= Chinese Word,;

W_E= English Word,

E X= Example of the word;
G_C= Part of speech in Chinese;
DEF= Definition.

2.1.2 An Example of Ambiguous Word in Hownet:
One sense of “iF‘,(Gu)”:
No =032339;
W_C=(Gu);
G C=v;
W_E=sell;

DEF=sell, commercial;

The other sense of “iﬁ[(Gu)”:
No=032340;
W _CH F‘ 1(Gu);
G _C=v;
W_E=buy;

DEF=buy, commercial.

2.1.3 Word Senses of Ambiguous Words

Several different W_C in Hownet correspond to the same DEF; in other words, each word

sense has a synonymous set. Table 1 gives examples that show the numbers of synonyms of
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ambiguous words in Hownet.

Table 1. The numbers of synonyms of ambiguous words in Hownet

Ambiguous DEF The number of | Total
Word synonyms number

A Value|’:rﬁ]‘l‘§ (i1 kind K %] ,ordinary% ,desired| U 1

AL A value|’:r:ﬁ‘l;i il physique] ]'Zliﬁ,strongﬂf&,desiredﬂl 38 47
attribute|Tsﬁj‘[‘ik ,physique| fZ[iﬁ‘,,&Animal Human|z4 8
result|ZF A #succeed|7Y 71, desired| AL 29

N gI 3 5 3

H * cultivate|i?ﬁ3r‘fr 24

Perhaps the words in a set of synonyms are also ambiguous words. We can solve this
problem using the following method: for each word in the set of synonyms, we collect its
contexts and cluster these contexts by means of the k-means algorithm (section 2.2). Each
word has several categories. We select one category with the smallest distance from the others,
and the contexts in that category are the contexts that we want. Finally, we synthesize the

contexts as the context set of the ambiguous word.

2.2 K-Means Clustering Based on Second-Order Contexts

The k-means clustering approach presented by [MacQueen 1967], is an important method for
data mining and knowledge discovery, and it has the characteristics of simplicity and fast

convergence.

When the k-means clustering algorithm is used, the first problem is translating the
content of the document into a form that can be processed mathematically. Here, we convert
contexts that include ambiguous words into vectors by means of second-order contexts. Our

method is as follows:

(1) We Extract terms from the contexts that include ambiguous words by the method that
offered in [Pantel and Lin 2001].

(2) A parameter called “m” represents the number of calculated occurrences. We then select
terms with high “m” values as features. This step is based on our assumption that there is at least
one feature in each context. If the context contains several features, we calculate the sum of the

vectors of the features.

In the following, we will take [Ht% (health )as an example. We select the features whose
numbers of occurrences are above 8 from 445 texts. Table 2 presents the co-occurrence
frequency of two features in 445 texts; and Table 3 presents the vectors of 5 contexts in Table
2.
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Table 2. The co-occurrence frequency of two features

feature/m P s - E; ?ﬁ . vl | e | e x g "
come R | Do | A | HE - S e T i B I A I I [

/11 /11 /13 /9 /8 /10 /16 /8 /9 /10

|feature /9

C1 ﬁb’;i \ 7 7 1 1 1 2 1 1 0 5

Cl o 7 \ 7 0 2 1 2 0 1 0 5

Cl R 7 7 \ 1 3 1 0 2 3 2 6

C2#mw * 1 0 1 \ 5 3 2 1 4 5 0

c2 % fﬁﬂj # 1 2 3 5 \ 1 1 2 3 3 0

C3 f& 1 1 1 3 1 \ 2 0 3 2 1

C3 =zl 2 2 0 2 1 2 \ 4 2 4 2

C3 :,:"5‘?] 0 0 2 1 2 0 4 \ 0 6 5

C4 =)k 1 1 3 4 3 3 2 0 \ 3 4

C4 :,%“’frj 0 0 2 5 3 2 4 6 3 \ 6

C5 I 5 5 6 0 0 1 2 5 4 6 \

Table 3. Vectors of contexts

\ e [ | e | | e | e | ey | e | e | A
Context; ' REa J )
C 14 14 14 2 6 3 4 3 5 2 16

G, 2 2 4 5 5 4 3 3 7 8 0

Cs 3 3 3 6 4 2 6 4 5 12 8

Cqy 1 1 5 9 6 5 6 6 3 3 10

Cs 5 5 6 0 0 1 2 5 4 6 0

Then we perform clustering using the Novel K-means algorithm [Li et al 2002].

K-means adopts the iterative way to renew. In each iteration, the value of the objective

function decreases. When the smallest value of the objective function is related, the best

clustering result can be obtained. During k-means clustering, determining k is always a key

problem .If the ambiguous word has n word senses in Hownet, we can define k as being equal

to n. But if the contexts we extract from the corpus do not contain n word senses, we can using

the following method to get k: for each k, we cluster separately from 2 to n. Take k=3 as an
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example, to each category of the three, we can get the highest score between the category and
the word sense in Hownet. Then we can take the average score of the 3 highest scores as the
final score. Lastly, we can determine k when its corresponding score is the highest. In the
example discussed in section 2.2, we find 5 contexts in which “health” occurs .We determine
that k=3 when the highest average score is obtained, in other words, we can get the best result
by 3 categories .The results are as follows: (C;) > (C,.C4.Cs) > (C3) .

2.3 A Way to Calculate the Similarity between Two Vectors

The similarity between two context vectors can be calculated using the ‘cosine’ formula,

which is show below:

t
> wqj X wdy

sim(Q, D2) = /=1 : (1)

J > () x X (war)’

J=1 J=1

The formula makes good use of the vector space model, which can formalize the content
of the context into a spot and convert it into a vector. This is because documents can be
defined in real number space, models can be identified, many algorithms in other realms can
be applied, and the calculability and maneuverability of documents in NLP has greatly

improved.

3. Experiment and Results

3.1 Experiment Based on Hownet
The steps in the algorithm are as follows:
(1) Select some contexts containing ambiguous words (W) from a corpus;
(2) Cluster these contexts into several categories using the k-means clustering algorithm;

(3) Find the word sense (w;) of W (w;, w,, wy) in Hownet and compose the synonym set
for each word sense (w;). We then extract some contexts containing synonyms from the corpus
and finally, convert the contexts into second-order contexts. Each word sense is replaced by a

vector, which is constructed by means of second-order contexts based on its synonyms set.

(4) Calculate the similarity between the categories in (2) for word sense; the similarity of

the word sense with the largest value is the correct one.

Experimental data are shown in Table 4. Concerning the experiment, several points must
be noted:

(1) The training data in our experiment came from a modern Chinese corpus.



An Unsupervised Approach to Chinese Word Sense 479

Disambiguation Based on Hownet

(2) The extraction of contexts takes the sentence as a unit, and a context that lacks features
is removed.

(3) Hownet, 2000 version, by Dong Zheng-Dong was adopted in our experiment.

(4) Our experiment does not have the difference between open test and close test because
of the unsupervised approach.

Table 4. Experimental data and results ( Hownet )

. Number of contexts | Number of experimental contexts Accuracy (%)
Ambiguous
words Word - Number of | ) et Correct contexts Average
sense synonyms (%)
S1 3
ﬂiﬂ S2 61 65 51 78.46
(cai 'liao)
S3 7
L S1 33
d¥(gai) 72 60 83.33
S2 44
S1 20
=, S2 47
2 84 68 80.95
(dai biao) S3 0
S4 6
S1 8
. [@gi S2 38 50 40 80.00 82.62
(jian’kang)
S3 1
(Bl S1 27
i 66 56 84.48
(bao Chl) S2 51
375 S1 24
. 46 40 86.95
(da qi) S2 13
ny S1 21
%7 55 47 85.45
(gua’cai) ) o»)
S1 2
= uti]
. }ﬂh S2 37 75 61 81.33
(biao’xian)
S3 24
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3.2 Discussion

We have compared our results with results reported in the literature [Lu et al. 2002]; [Li 1999].
The results in [Lu ef al. 2002] are listed in Table 5 (excerpted from reference [Lu et al. 2002]
page 1086) along with the word senses of ambiguous words from the <Modern Chinese
Lexicon>, 1996 edition. Figurel shows the accuracy of 5 ambiguous words; the results [Li
1999] are listed in Table 6 (excerpted from [Li 1999] page 76), and the word sense of
ambiguous words came from Cilin, a Chinese thesaurus.

Table 5. Results of experiments in reported in [Lu et al. 2002]

Polysemous words Number of senses Accuracy (%)
F1R (cai’liao) 4 72.83
d¥(gai) 3 78.71
FJl(biao xian) 3 90.39
< Z<(fa’biao) 2 89.11
fHS (jian kang) 2 75.07
100
90 \‘/
80 [ ./A\./
70
60

50 —— B
40 Jin] 2 4 (1]
30 F

10 |

ML B RO IR AR R

Figurel. Accuracy of 5 words based on Hownet

Table 6. Results of experiments reported in [Li 1999]

Polysemous words(D) Sense ID(2) Accuracy® (%)
1l (cai’liao) Dk17/ba06/al03 81.7
d¥(gai) 1h02/hg18/hj66 70.6
#JJji(biao’xian) Jd06/di20/hj59 68.9
1 #<(fa’biao) Hel1/hi14/jd03 73.4
{H5(jian’kang) ed43/eb37 70.1

(MDAmbiguous words, @type of ambiguity, (3accuracy.
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Notice: we did not select “Publish” as an ambiguous word in our experiment because

several word senses of “Publish” in Hownet are very close to each other.

Compared with the results reported in [Lu et al. 2002], we obtained good results for
some of the ambiguous words. What is more, for the selected 5 words, the average accuracy
improved. Compared with the results reported in [Li 1999], the accuracy achieved was greatly

improved.

4. Conclusion

Cognitive linguists believe that the similarity of contexts has a great influence on the process
of differentiating diverse semantemes [Miller and Charles 1991]. This paper adopted this
assumption that the similarity of contexts determines the similarity of semantemes of the
words. The experiments proved that our approach is feasible. However, there are still some

shortcomings:

(1) The selection of features. The features that we select must provide as much information
for word sense disambiguation as possible and, at the same time, should contain as little noise as

possible. This is important for clustering.

(2) The accuracy of clustering. The clustering of k-means clustering has some drawbacks in
that it is sensitive to the center of the cluster and it is difficult to get a superior overall solution of

overall situation. Thus the accuracy we achieved was influenced by the accuracy of clustering.
(3) Expanding the scope of ambiguous words. It is difficulty to evaluate the overall results

of our approach, so many people are concerned about the issue. The applicability of our

approach should be further tested in large-scale experiments and with other languages.
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Abstract

This paper explores the correlation between lexical semantics and syntactic
construction, with particular attention paid to delimiting the lexical semantic
distinctions between the multiple senses of the polysemous verb song4 ‘to send’.
Different types of syntactic constructions are first categorized according to the
distribution of arguments, such as direct objects, indirect objects, and locatives.

Four senses and two meaning facets are then identified and formulated.
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Abstract

This paper, set within the theoretical framework of Construction Grammar, aims to
pave the way for a comprehensive investigation of the behavior of Chinese lexical
meaning with a focus on word sense and structure sense. Taking a top-down view,
we discuss observed nuances in the meaning based on different syntax distributions,
and describe the related semantic features, distributions and observed dynamic

change. In addition, taking a bottom-up view, we use the analytical methods of the
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semantic system and also describe and explain many kinds of semantic relations
between different structures, such as polysemy, synonymy, antonym, and

homonymy.

Keywords: Construction Grammar, Form-Meaning, Structure sense, Lexical Sense
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Abstract

In contemporary Chinese, there is a subclass of verbs called Dummy Verbs. After
briefly introducing the lexical meanings of two typical dummy verb, ‘Jiayi’ and
‘Jinxing’, this paper discusses the grammatical attributes of ‘Jiayi’ and ‘Jinxing’ in
detail and further explores their functions as markers of syntactic constituents and

semantic roles.
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A Synchronous Corpus-Based Study on the
Usage and Perception of Judgement Terms in the

Pan-Chinese Context
Oi Yee Kwong" and Benjamin K. Tsou®

Abstract

This paper reports on a synchronous corpus-based study of the everyday usage of a
set of Chinese judgement terms. An earlier study on Hong Kong data found that
these terms were more polysemous than their English counterparts within the legal
domain, and were even more fuzzily used in general news reportage. The current
study further compares their usage in general texts from other Chinese speech
communities (Beijing, Taiwan, and Singapore) to explore the regional differences
in lexicalisation and perception of the relevant legal concepts. Corpus data revealed
the distinctiveness of the Singapore data, and that the contrasting frequency
distributions of the terms and senses could be a result of the varied focus in
reportage or the use of alternative expressions for the same concepts in individual
communities. The analysis will contribute to the construction and enrichment of
Pan-Chinese lexico-semantic resources, which will be useful for many natural

language processing applications, such as machine translation.

Keywords: Synchronous Corpus-Based Study, Legal Concept and Terminology,
Regional Differences, Pan-Chinese Lexico-Semantic Resources

1. Introduction

In this paper, we report on a synchronous corpus-based study on a set of semantically related
legal terms, and propose a Pan-Chinese lexico-semantic resource for the legal domain, such as
one in the form of a thesaurus, to differentiate the usage and perception of closely related legal

concepts and terminology across various Chinese speech communities.

The situation with language and law is a very interesting one in Hong Kong. As pointed

out by Tsou and Kwong [2003], the legal system in Hong Kong has operated through English
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solely for more than 150 years. Following the implementation of legal bilingualism in the 90’s,
Hong Kong became the first community that follows the Common Law system which at the
same time allows the use of both English and Chinese in court proceedings. In contrast to the
many precisely lexicalised legal concepts in English, given its long and established tradition in
Common Law, the use of their Chinese equivalents is apparently more fuzzy, as is evident
from the lack of one-to-one correspondence of legal terms between English and Chinese.
This difference in the cross-lingual lexicalisation of legal concepts between English and
Chinese has thus become a substantial linguistic hurdle in the implementation of legal
bilingualism, and is directly related to whether both languages could eventually be used in
balanced and proper ways to the same effect in the legal domain. The apparent fuzziness with
Chinese legal terms is nevertheless peculiar in the Hong Kong context, but not in other places
where Chinese is also used as the official language in the legal domain, such as in Mainland
China. A possible reason is that preciseness is somehow diluted upon translation. In English,
for instance, a “verdict” and a “sentence” are sufficiently distinguished, despite their semantic
relatedness (as both are related to the results of a trial). However, when expressed in, or more
often translated into, Chinese, the preciseness is somehow weakened. On the one hand, the
expression or translation in Chinese might have to take into account the corresponding
syntactic constraints and stylistic differences in the two languages in order to sound natural,
hence the variation in expressing the same concept in different contexts. On the other hand,
the translation could sometimes be affected by usages in other places. For example, although
“contract” is mostly expressed as “F’—‘[;’TQ” in Hong Kong, it is sometimes expressed as “F’—‘[ [ﬁj”,

which is the term used in Mainland China for this concept.

A set of semantically related legal terms was studied by Tsou and Kwong [2003] with
respect to their usage in the legal domain and in general texts. The terms are “F%7-" (hold,
convicted), “F5 1} (determine, verdict), “Z{[¥{” (judgement, conviction), “F}%r (find,
finding), and “§32{” (Magistracy)', all of which have one or more senses referring to some
aspects of “judgement”. Their uses were studied via a corpus of bilingual court judgments’
and a general corpus of news articles from Hong Kong. From the corpus of bilingual
judgments, it was observed that these Chinese terms were considerably polysemous, such that
most of them were found as the renditions for multiple English terms, which are distinct

though closely related in meaning. Even more varied usages were found for the Chinese terms

The English terms are the more common translations of the corresponding Chinese terms as observed
from Hong Kong court judgments. They are included here for reference only and are not necessarily
the absolute or correct translations per se.

An explicit distinction between the use of “judgment” and “judgement” is drawn here, as the inclusion
or omission of the “e” is not arbitrary. “Judgment” refers specifically to the concluding writing for a
court trial, while “judgement” refers to the action of judging in general.
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in the general corpus, and the sense boundaries appeared to be more ambiguous. Although
the confusion might be insignificant to the perception of the general readers, the subtlety
therein could bear significant conceptual difference in the stricter legal domain, which is far
less tolerable of impreciseness and ambiguity. Attempts were made to identify
near-synonymous senses from the corpus examples, and to arrange them in terms of their
semantic relatedness into a verb hierarchy and a noun hierarchy, in a way similar to WordNet
[Miller et al. 1990].

The current work aims at expanding on the above study, to further explore and analyse
the different usages and finely grained senses of the aforementioned Chinese legal terms,
among news texts from various Chinese speech communities including Hong Kong, Beijing,
Taiwan, and Singapore. Based on the usages of these terms in the corpus texts from different
communities, we look for local differences in the lexicalisation, if any, and thus the perception
of the corresponding legal concepts, which might be a result of the differences in social
structures or legal systems. On the one hand, the different societies and legal systems might
share similar legal concepts which are expressed in the same ways. On the other hand, in the
case where they do not share similar lexical items, it is important to see what alternatives are
used in different places to express related concepts. This is a necessary though preliminary

step in the development of a Pan-Chinese lexico-semantic resource for legal terminology.

Efforts have been made by researchers in lexical semantics on the study of semantic
relations among Chinese lexical items, with a view toward organising the lexical items into
semantic networks. Gao [2001], for example, proposed a quantitative measure for the
closeness and differentiation of near-synonyms among verbs denoting physical actions from a
range of lexical semantic features. Cheng [2001] discussed the differentiation of related words
from their individual focus and orientation. Nevertheless, work on lexical semantics and
corpus-based lexicography often only drew reference from one particular corpus. Huang et al.
[2000] worked on verbal semantics and near-synonyms of Mandarin Chinese as used in
Taiwan. Tongyici Cilin [f&=~ 1984] is based exclusively on Chinese as used in post-1949
Mainland. However, linguistic variation is significant and especially salient for Chinese
language used in different communities [Tsou et al. 2004]. Our corpus-based, Pan-Chinese
approach, beginning with a set of domain-specific lexical items, thus has additional
advantages for its indigenousness, portability, and versatility. Such a Pan-Chinese lexical
resource, when done in large scale, could contribute to natural language processing
applications like machine translation and serve as a rich reference for legal and paralegal
professionals. More importantly, the resource would capture the linguistic norms from more

than one Chinese speech community.

In Section 2, we first briefly review the polysemy of legal terms and the complexity of

translating legal terms from English to Chinese. Then in Section 3, we present the details of
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the corpus analysis done in the current study. Results are discussed in Section 4, and we will

conclude with future directions in Section 5.

2. Polysemy of Legal Terms

Tsou and Kwong [2003] started with a set of Chinese legal terms, all with senses related to
“judgement” or “the action of judging” in the legal context, to study how the preciseness of
legal concepts lexicalised in English is captured in their Chinese translations as shown in
bilingual court judgments in Hong Kong, and how the preciseness of the latter is in turn
preserved in a general corpus. The set of “judgement” terms includes “%% - (hold, convicted),
B (determine, verdict), “Z{F” (judgement, conviction), “#3%r” (find, finding), and “#
HJ” (Magistracy). They observed that in Hong Kong, despite the implementation of legal
bilingualism for several years, legal concepts are not as precisely lexicalised in Chinese as in
English. Thus while a particular legal concept could be relatively unambiguously expressed by
one term in English, the same concept may not have a direct one-to-one corresponding term in
Chinese. The fuzziness is carried over from legal contexts as in court judgments to informal
contexts as in news reports. For instance, “F31}” has been identified as the translation
equivalent for “decision”, “verdict”, and “award” in the bilingual corpus of court judgments.
Similarly, the word “decision” has been rendered as “VR7, “F51k”, and “Z{}1”, among
many possibilities. Such a complex correspondence (as further illustrated in Table 1 and
Figure 1) between English and Chinese legal terms can be explained by the fact that the use of
English is much more mature in the Common Law system in Hong Kong. Many legal concepts
are thus lexicalised and can be precisely expressed in English, whereas this preciseness is

greatly weakened when terms are translated into Chinese.

determine
e
decision

AR

hold
verdict E3Re
award .
e

find

Figure 1. Interwoven mapping between English and Chinese legal terms
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Table 1. Example of multiple renditions between English and Chinese legal terms

English Chinese Examples

Decision ES e In Mayson v. Clouet [1924] ﬂﬁ{fﬁﬁ}%& Mayson v. Clouet
AC980 the Privy.C.oun.cil ([1924]AC980) — z;,gH 1% Howe
approved the decision in v. Smith([1884]27Ch.D.89) — %’
Howe v. Smith (1 884) EU?ESH{%;J??WJ R

Verdict E e The jury returned their 1997 F 9 [ 2 I » Fﬁ%[@' =3k
verdicts on 2 September 1997. | ¢ -

Award E3Re This was followed by a B fﬁ“g’]j;,’; RIS %‘j\ HiEy

request that the tribunal izﬂ?{fﬁxj (Bt E ] B S e o
should postpone making an
award for two months.

Decision HoE None of these decisions assist | sFEFE DV HLE - %\'%’f% *
the appellant. g B -

Decision HIH The Court of Appeal, by a R AN (R
majority (Nazareth V-P and = JFJ Sy A - R EIEJ [ﬁj
Liu JA, Rogers JA dissenting) | 1 > ek E[E'%I’%\Fﬁ )
r«a.ver.sec'i her demspn, %ﬁ”éﬁ?%ﬁ B - %jgﬁ ﬁﬂ i
d1sm1551ng the claim to IR AT BT S £
specific performance and Q;{; A i |
holding that Douglas was =
entitled to forfeit the deposit.

Despite the complexity of multiple renditions, the morphemic structure of the individual
Chinese terms might nevertheless indicate a core sense of the term, and thus suggest the focus
of the relevant concept. For example, while the words “F 2, “F3 11 and “Fy'%r share an
identical morpheme “%%” (to judge), they could be differentiated by their second morphemes,
which focus on “conclusion”, “decision”, and “inference” respectively. This distinction is
similar to Cheng’s [2001] discussion of word families where similar and related words could

be differentiated by their individual focus and orientation, or meaning facets.

In the current study, we are interested to see if the same kind of polysemy appears in the
usage of the same legal terms in different Chinese speech communities. It is hypothesised that
we may not find exactly the same usage of the same terms in the various communities, as their
different social structures and legal systems might lead to different perception of the
corresponding legal concepts, and the same concepts may not be equally salient for people in
different communities. We will probe, using authentic corpus data, the perception of the
various legal concepts in different communities, and see how the salience of “judgement” is
reflected in the language used in different places; and if they do not use the terms in the same

way, what alternative words are used to express similar concepts.
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3. A Synchronous Corpus-Based Study

3.1 Materials

In this study, we further analyse three terms (called “target words” hereafter) which Tsou and
Kwong [2003] studied, namely “F$ - (hold, convicted), “¥51%” (determine, verdict), and “Z{|
. (judgement, conviction). We leave out “$y¥” (find, finding), as it was only found in the
bilingual court judgment corpus but not at all in the general corpus (LIVAC, as introduced
below), and “#5 2" (Magistracy), as it was found to mostly refer to the sense of “umpire” or

“adjudication in a contest” when used in the general corpus.

Sentential contexts for the target words were extracted from a subset of the LIVAC
corpus [Tsou et al. 2000]. LIVAC (http://www.livac.org) is a synchronous corpus developed
by the Language Information Sciences Research Centre of the City University of Hong Kong.
The corpus contains newspaper articles collected synchronously and regularly from six
Chinese speech communities. The subset we used in the current study consists of texts from
Hong Kong (HK), Beijing (BJ), Taiwan (TW) and Singapore (SG), covering local news,
international news, sports news, entertainment news, and financial news, collected over the
same period of time (for two years, 1997-98 and 2002-03). Each sub-corpus, that is, texts from
each of the four places, contains about 5SM Chinese characters, which yields about 3M words

upon segmentation.

3.2 The Analysis

For each target word, 30 samples of their sentential contexts (where there was sufficient data)
were randomly selected from each sub-corpus, and assigned a sense from the sense inventory
as in Tsou and Kwong [2003] where appropriate. New senses were recorded when found.
Upon sense tagging, the samples from the various sub-corpora were further analysed with
respect to the sense distribution of each word in each community, and the similarities and
differences of such distributions across the various communities. As in the previous study, the
assignment of senses took into account the collocation patterns of the different senses and
subcategorisation patterns of the verbal usages where applicable. In addition, bi-syllabic
words containing the morphemes “#F$”, “”, “3K” or “2{” were retrieved from the
sub-corpora. The retrieved words and their relative frequencies were studied, to disclose any
perceptual difference of the related legal concepts and any alternative expressions of such

concepts in the different communities.



A Synchronous Corpus-Based Study on the Usage and Perception of 325

Judgement Terms in the Pan-Chinese Context
4. Results and Discussion

4.1 Relative Frequency Distribution

The frequency of the target words from the various sub-corpora is shown in Table 2. The
relatively low frequency of all the target words in BJ data is most notable. The small numbers
readily indicate that court news does not receive as much attention in Beijing newspapers as in

other places.

Table 2. Frequency of the target words in the sub-corpora

Word HK BJ T™W SG

FH 122 38 80 19

R 142 32 54 139

e 160 66 210 | 341

Just comparing the absolute frequencies, “#{[}¥.” ranked highest across the board. Its
relative frequency is especially high for TW and SG. In the most dramatic case of SG data,
there are 341 occurrences of “Z{[}}” but only 19 occurrences of “#53". This is very different
from, for example, HK data, where the relative frequency of “Z{[}}” and “%% " differs by less
than 10%. To a certain extent, this difference in relative frequency suggests a variation of
focus in news reportage in the two communities, assuming that the use of these words in them
is not arbitrary. According to many legal dictionaries [e.g. (1F=Z5H4l") ?ﬁlﬂgﬁ%‘ & fﬁ 1985;
i‘r‘,"J‘}%F:J 20017, “#{yk” and “F57” refer to different aspects of the ruling of a court. In
particular, “#{[{}” is often associated with the final determination on the main issue in a trial,

whereas “F9 72 usually refers to the conclusions to other factual disputes during a trial.

4.2 Sense Distribution

Sample sentences of the target words from BJ, TW and SG data were examined and each
occurrence of the words was assigned a sense with reference to the sense set defined by Tsou
and Kwong [2003]. The sense distributions were compared to those reported for Hong Kong
data in the same study. The results are tabulated in Tables 3 to 5 for “F¥ 2, “F¥ i and “2{]
¥ respectively (the number in brackets below each place refers to the number of samples
checked and all figures reported are percentages). The second and third columns refer to data
gathered from a bilingual corpus of Hong Kong court judgments and a subset of the current
HK data from LIVAC respectively as reported in the earlier study. In this subsection we focus
on the sense distribution with respect to individual words, and in the next we will further

explore the regional differences observed.
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4.2.1 HE

“F9 L was earlier distinguished into four verb senses and two noun senses. No new sense was
found from the data in the current study. The dominance of its verb usages is observed in all
places except BJ. Over 70% of the samples for BJ were assigned sense 6 (as in “[E 735K F
7 TEEEAR - BV, SERRAIVE L, etce.). This contrasts enormously not only
with other places but also with data from the legal domain. It also contrasts dramatically with
SG data where no nominal usages were found at all for “#%t-”. This may be a consequence of
the small number of SG samples but is more likely a genuine difference in the usage of the
word, as we will further discuss below. Another interesting observation is that in the legal
corpus, “F% " is seldom used to state the order given by the court (sense 3) and the BJ data
are more or less in line with this. However, over 25% of the samples from HK, TW and SG
fall under sense 3. This thus raises interesting questions regarding the saliency of the concepts

in individual places.

Table 3. Sense distribution of “# £

Legal | HK BJ ™ SG

Sense and Example (30) (30) 30) (30) 19)

. [v.] the court decides on the outcome of a case

SRS 4333 | 43. 33 | 16. 1.
.. BT - 333 | 4333 | 333 | 16.67 | 31.60

. [v.] the court resolves an issue in a case

e NP 36.67 | 20.00 | 6.67 | 30.00 | 26.30
e.g ¥ E&%&—LFH—},{J HAVRITR g @?Uyﬁ%ﬁ ﬁ?i o

. [v.] the court gives an order

bt T B 3.33 | 26.67 | 6.67 | 26.67 | 42.10
e.g. VP E VIR -

. [v.] to judge on some issue to resolve dispute

cg iit’ihpl[%'??&iﬁﬁ ?F”Flﬁ: [ 0.00 6.67 0.00 3.33 0.00

. [n ] the resolution of an issue in dispute
o H L[pi ;ﬂ =] "R A FEL ESEE | 1000 | 0.00 | 6.67 | 667 | 0.00
J_*PE— e

. [n.] the decision on the outcome of a case

y e 6.67 3.33 76.67 | 16.67 | 0.00
e.g. J:y|:|§r--« t JF 2 3:": Eﬁ F[ J%} t‘i_l_#ﬁ’éﬂ‘] ©

4.2.2 FHk

Sense tagging is notorious for its difficulty as the meaning in the new occurrence of a word is
not always so clear-cut that a pre-defined sense could be unambiguously assigned to it. In this
regard, the tagging for “$%11 was most difficult and confusing. The difficulty may be largely
attributed to its relatively general meaning. For example, according to the hierarchies
suggested by Tsou and Kwong [2003], the verb sense #%1}/1 and the noun sense F%1}/5 are
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the top nodes® in their respective hierarchies. Having the most general sense amongst others,
it means that the word can be used in a relatively wide variety of contexts. When it comes to
general news reports, they are not necessarily the correct and legitimate contexts. This is
evident in two respects from Table 4.

Table 4. Sense distribution of “Z/A”

Legal HK BJ T™W SG

Sense and Example (30) (30) (25) 30) 30)

1. [V ] the court makes a decision based on evidence

.
B8]0 HEI) I A [ A < 1667 | 6.67 | 000 | 2333 | 33.33

2. [V ] the court decides on the outcome/sentence/etc.

eg BP# A, erI *%%ﬁ%\r%& 0.00 3.33 0.00 23.33 | 20.00

3. [n.] the court’s decision on the outcome of a case

IS 2 LA 2 30.00 | 6.67 | 20.00 | 13.33 | 0.00
e.g. [ EIE = FHR[U - - 7

4. [n.] the court’s decision on monetary compensation 2333 0.00 0.00 0.00 333
g . AR RS AL ' ' ' ' '

5. [n.] the court’s decision on a case and orders

PP e S EHV R 8 | 16.67 | 5333 | 40.007 | 30.00 | 23.33
AU e 3T o

[
6. [n.] the resoluti(fl o)f an i’ssue 1333 | 2000 | 40.00" 0.00 0.00
g ...%&Eﬁ‘%‘—%&%aﬁ[@g@%ﬁ A ' ’ ' ’ ’
7. [n ] religious orders etc.
g‘%ﬁ[ i‘glid T 0.00 10.00 0.00 0.00 0.00
*8. [V ] the court decides on the outcome of a case
e.g. PR pLIIER Y # APt - - - 3.33 10.00
*9, [V ] the court resolves an issue in a case B B B B 6.67
A R 2 R - '
*10. [V ]to Judge on some issue to resolve dispute
e.g. [J I AU ULl FEI AR | - - - - 3.33
g -
*11. [v.] the action of judging by referee in sports events
I BERAEASSRE WA - | - | - ) e -

3 In the verb hierarchy, {5¥1/1} subsumes {$5 /1, 21}, {352, HF/2), (BE3, B2, 23,
while {#%/2, #7k/2} further subsumes {#5%/4}. In the noun hierarchy, {£57}/5, #}/4} subsumes
(E5 /6, F13Y, (FE/5, $1U6Y, (F911/4}, while {#£/6, #571/3} further subsumes {#{1}/5}. Senses
within curly brackets belong to the same synonym set [Tsou and Kwong 2003].
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First, the use of “%%}K” is almost abused in the SG data. Senses 8 to 10 in Table 4 were
unexpectedly found from SG. They are essentially equivalent to individual senses identified
earlier for “#3 - and “Z{|¥}”. In particular, #37}/8 is apparently synonymous to {F5/1, 2|
LY, #9979 to {F53E/2, 22}, and F57R/10 to {F$7E/4}. However, the low relative
frequency for these senses of “#37}” and their absence from other regions suggest that these
senses might more appropriately and specifically be replaced by the relevant senses of “%% -

and “Z{[}1” instead, as the examples for these senses in Table 4 sound slightly unnatural.

Second, the loose restriction on “#%31” is also reflected in the BJ and TW data (marked
with T in Table 4) as the word is often used to refer to the decisions (or the action of making
decisions) made by non-judiciary units (e.g. “3& = fl1/= 3&}*%&[%” — TW, “H] B7x" % pg fit
R — BJ, ete.). Apart from this, an additional sense for “F¥¥1” related to a referee’s
judgement (sense 11) was found from the TW data; while sense 4 (decision on monetary
compensation) is so domain-specific and technical that it is rarely found outside legal

documents.

4.2.3 A

As seen from Table 5, all regions show a similar sense distribution for “Z{[{}”, where senses 4
and 1 are the major senses. Sense 5 (i.e. conviction) is specific enough to appear only in the
legal texts. Additional uses referring to a referee’s judgement in a sports event were observed
from TW and SG data.

Table 5. Sense distribution of “Z{}%”

Legal | HK BJ ™ SG

Sense and Example (30) 30) 30) (30) 30)

1. [v.] the court decides on the outcome of a case

13.33 | 20.00 | 20.00 | 36.67 | 16.67

2. [v.] the court resolves an issue in a case

e.g. i’ﬁ‘ﬁ"]ii\—f%@@l 0

) arZe k£ . 3.33 6.67 0.00 0.00 3.33
eg. FEREIREATE S T MG -

. [v.] the court gives an order or sentence

.. BIEE o LA o] - 0.00 | 6.67 | 333 | 333 | 0.00

. [n.] the decisions made by court, and related orders

g ... %J’\';FF%%EI?J}"J;‘J\—... 56.67 | 66.67 | 76.67 | 53.33 | 70.00

. [n.] convictioﬁ, the judgment of being guilty

eg. I') FhL fﬁﬁéf[%ﬁ%}"l AL 3 o 26.67 | 0.00 0.00 3.33 0.00

*6. [v.] the action of judging by referee in sports events

c.g B EHHH L BPOTEETIE E - R

*7. [n.] the judgement of referee in sports events

- - - - 10.00

N L R i ol e R 12 i | A
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4.3 Regional Variation

An obvious difference among the three target words is that verb uses tend to dominate for “F}
% whereas “$51 and “Z{[}}” are used more often as nouns. However, from Table 3, it can
be seen that BJ has a lot more nominal usages (sense 6) of “F¥3t”. This observation is
nevertheless in line with the findings of Kwong and Tsou [2003] on verb-noun categorial
fluidity in Chinese, where in texts from BJ, about 18% of the verbs were found to undergo the
verb-noun shift, compared to about 15% of the verbs in the TW and HK data. Hence this
linguistic phenomenon might account for the dominance of sense 6 of “%% 3" in BJ data.

There remain some interesting questions regarding the differences in sense distribution

across the various regions:

1. Table 3 shows that “#% 7 is mostly used in SG to state the order given by the court, that is,
sense 3. Does this tell us anything about the salience of court orders in SG reportage?

2. Table 3 also shows that “F$7-” is least used in sense 3 in BJ, compared to other places.
The frequency of its synonymous senses #y31/2 and Z{[{}/3 is also extremely low in BJ
data. So is the concept missing or expressed in another manner?

3. #93/3 is absent from SG data, and so is its synonym %5 t/6. Do SG news reports pay little
attention to verdicts? Otherwise where has the concept been absorbed into other

expressions?

The difference in sense distribution across various regions is on the one hand a result of
the different linguistic norms and styles of language use, as exhibited by the dominance of
nominal usages in BJ. Hence even though BJ does not use #¥3/3 or its synonyms, the
relevant concepts might have been expressed via nominal uses such as Z{}}}1/4. On the other
hand, it could reflect the varied approaches and perception in different communities regarding
the concepts of judgement. For instance, these concepts are apparently less salient in BJ
contexts given the relatively low frequency of the target words in BJ data. Moreover, since SG
is found to use #¥7/3 heavily but not #57K/3, it suggests that SG news tends to treat the

conclusion (verdict) and the consequence (sentence and order) as a whole.

To further understand this Pan-Chinese variation, we have simultaneously, though only
briefly, surveyed the use of more similar and related lexical items from various resources.
For instance, among the words mined from the seed morpheme “Z{|” from the corpus materials
used in this study, words like “Z{#[”, “Z|[E7", “?[J%ij”, “HI[M and “2{EL” (all related to
sentencing) are relatively more abundant in HK and TW than in SG, suggesting that HK and
TW tend to distinguish between the verdict and the sentence more clearly. On the other hand,

* In particular, sense 1 and sense 6 of “# % both refer to the same meaning but differ in syntactic
category.
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a preliminary survey through some internet resources on legal documents (e.g. websites with
PRC judgments® and Taiwan judgments®) shows that terms related to ‘“decision” and
“sentencing” like “Z{|<=”, “H|5%{”, “?[J—?J”, and “Z{[}}” are shared by judgments produced in
Hong Kong, Mainland China, and Taiwan region. However, a related but probably more
specific term, “?[JFAH” (which appears to combine decision, sentencing and order), is found
only in Taiwan judgments. The variation and the subtle difference among such related terms
would be useful and should be captured in a comprehensive Pan-Chinese lexico-semantic
resource for the legal domain. Thus the use of these words, their relations with the target

words, and their variation in the Pan-Chinese context all require further investigation.

5. Conclusion

Thus in this study we have further analysed the usage and sense distribution of a set of closely
related legal terms pertaining to judgement in the Pan-Chinese context. Linguistic data reveal
variation in the salience of these concepts in various Chinese speech communities and the
distinctiveness of the SG data. Based on the subtleties among various uses, we have further
probed the salience of these concepts in the various communities, and the differences therein
might be a result of the difference in legal systems. For instance, the use of the target words in
HK and SG might be more influenced by translation from English legal terms than in BJ and
TW. Alternatives for expressing similar and related legal concepts should be further explored

and the study should be expanded with other sets of closely related legal terms.

As mentioned in the beginning of this paper, the subtle differences among the target
words may be insignificant to the general readers. However, when it comes to high quality
translation, especially translations which bear legal implications, the preciseness therein will
definitely be indispensable. Hence our analysis of the use of legal terms in various Chinese
speech communities will provide useful information for the construction of a Pan-Chinese
legal term lexical resource as we witness the growing maturity of the Chinese language in the
legal domain. Such an enriched lexical resource would be useful to legal and paralegal
professionals, and for legal document translation between English and Chinese, by machines

or by humans, as well as for many other natural language processing tasks.

> http://www.chinaiprlaw.com/wsjx/wsjx.htm
o MEVE 5 http://db.lawbank.com.tw/FJUD/FJUDQRYO01-1.asp
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Abstract

Named entity recognition is a very important part of information retrieval and
information extraction. Classification is also very important. This paper
investigates the sub-classification of named entities from the point of view of
information retrieval and information extraction. This paper also presents
multi-classification and gives detailed information about each sub-class. We have
manually annotated people’s daily corpus (1998) and conducted a serial of

experiments using the statistical model of named entity recognition. The
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experimental results show that the sub-classes presented by this paper can enhance
the recognition system’s performance and aid information retrieval and information

extraction.

Keywords: Named Entity, Classification, Corpus, Natural Language Processing
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Abstract

This paper presents a bidirectional investigation on linguistic form and meaning.
On the one hand, based on the Chinese Concept Dictionary (CCD), this paper
examines the semantic relations between the heads of the conjuncts of nominal
coordination. Most of the conjuncts show semantic similarity, a few of them show
semantic association, and a few of others show semantic opposition. On the other
hand, the semantic relations between the conjuncts provide a new perspective on

the noun taxonomy and suggest ways to improve the taxonomy.

Keywords: Coordinate Structure, Semantic Relation, Semantic Similarity,
Taxonomy
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Abstract

The use of lexical resources in linguistic analysis has expanded rapidly in recent
years. However, most lexical resources, such as WordNet or online dictionaries, at
this point do not usually indicate figurative meanings, such as conceptual
metaphors, as part of a lexical entry. Studies that attempt to establish the
relationships between literal and figurative language by detecting the connectivity
between WordNet relations usually do not deal with linguistic data directly.
However, the present study demonstrates that SUMO definitions can be used to
identify the source domains used in conceptual metaphors. This is achieved by
identifying the relationships between metaphorical expressions and their
corresponding ontological nodes. Such links are important because they show
which lexical items are mapped under which concepts. This, in turn, helps specify
which lexical items in electronic resources involve conceptual mappings. Looking
specifically at the concept of PERSON, this work also establishes connectivity
between lexical items which are related to “Organism.” Therefore, the
methodology reported herein not only aids the categorizing of lexical items
according to their conceptual domains but also can establish links between these
items. Such bottom-up and top-down analyses of lexical items may provide a

means of representing metaphorical entries in lexical resources.
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1. Introduction

Many studies have found that metaphors are not represented separately in lexical resources
[Alonge and Castelli 2002ab, 2003; Peter and Wilks 2003; Lonneker 2003]. When metaphors
are found in lexical resources, they are most often represented using meaning entries in
addition to non-metaphorical ones. WordNet [http://www.cogsci.princeton.edu/~wn/;
Fellbaum 1998] is one of the lexical resources that sometimes lists metaphorical meanings as

different senses along with other non-metaphorical ones.

However, where conceptual metaphors [Lakoff 1993; Lakoff and Johnson 1980] are
concerned, there is no uniform representation of source (concrete) and target (abstract)
domains in WordNet. Due to this fact, studies have been carried out which have attempted to
represent figurative meanings by indicating the source-target domain pairing in addition to the
literal meaning [Lonneker 2003; Alonge and Lonneker 2004; Peters and Wilks 2003]. In order
to do so, these studies first established the relationship between the literal and figurative entry
in the lexical resource. As a result, the mapping between the source and target domains could

then be extracted.

Researchers who have attempted to incorporate metaphors into WordNet include Eilts
and Lonneker [2002], who created the Hamburg Metaphor Database, a database which
provides French and German metaphors by creating links between metaphorical expressions
and their related synsets in WordNet. Another possible way to establish the relationships
between literal and figurative entries is to determine the semantic relations between lexical
entries. For instance, Lonneker [2003] and Peters and Wilks [2003] suggested that the
meronymic relations in WordNet can be used to identify the links between lexical items by
establishing a connection between the event and its participants or the action carried out by
the participants. However, neither of these studies used ontologies to link the concepts in the
source or target domain. Alonge and Castelli [2003] were the first to suggest that the
EuroWordNet Top Ontology needs to be extended with more concepts in order to deal with
figurative language. The advantages of ontologies have been outlined by Navigli and Velardi
[2004]; they include the fact that a) an ontology has a wide “coverage” of domain concepts; b)
that it is a result of “consensus” reached by a group of people and c) that most importantly, it

is easily accessible through electronic resources.

Most of the above mentioned works, which tried to generate the underlying connectivity
between synsets, have based their mechanisms on distributed models of processing
[Rumelhart and McClelland 1986] or the coarse-coding of lexicons [Harris 1994]. Harris
stated that the “representational units” in a coarse-coding mechanism “do not match the
information represented...in a one-to-one fashion” [Harris 1994]. Rather, they are connected

to one another, and when one unit is activated, the others will also be activated. It is through
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these units that clusters of information (which contain one or more concepts) are built. This
activation of concepts governs the generation of underlying relations between WordNet

relations.

Working within this framework, our aim in this work is to establish links between
metaphorical items by identifying the shared concept carried by a cluster of lexical items. For
instance, when one active concept (from a lexical item) such as “Growth” is activated, the
related concept, such as “Organism” is also activated. This link between lexical items in the
same domain is necessary to show which lexical items are mapped under which concepts; i.c.,
lexical items with the same shared concepts will be sorted into the same source domain of a
metaphor. In this paper, the building of a “concept” involves the use of knowledge nodes from
an ontology, which is a shared understanding of some domain of interest [Uschold and
Gruninger 1996]. Keil [1979] stated that the knowledge representation in an ontology ‘“has
unique properties and is highly structured. Moreover, it constrains the nature of semantic and
conceptual knowledge.” The particular ontology we use in this paper, SUMO, was developed
by the IEEE Standard Upper Ontology Working Group. Huang, Chung and Ahrens (In press)
applied SUMO to explore how an ontology can be used to predict metaphorical mappings. Our
work herein extends that of Huang et al. (In press) by focusing on how the source domain of a

metaphor can be determined via SUMO definitions.

All metaphorical instances in this work are identified using the Conceptual Mapping
(CM) model [Ahrens 2002], and data in this study come from both English and Chinese
corpora. Searching for ontology nodes is facilitated by the Academia Sinica Bilingual
Ontological Wordnet [Sinica BOW, Huang, Chang and Lee (2004) http://BOW .sinica.edu.tw],
a system that integrates WordNet, the English-Chinese Translation Equivalents Database
(ECTED), and SUMO.

2. Conceptual Metaphor, Concept Domain and Ontology

Ahrens [2002] suggested that the metaphorical expressions can be analyzed in terms of the
entities, qualities and functions that can map between a source and a target domain. When
these conventionalized metaphorical expressions have been examined, an underlying reason
for these mappings can then be postulated. This particular study collected data from native
speaker intuitions to determine the mappings from the source to the target domain. For
example, in the three examples from the metaphor LOVE IS PLANT, given below, the
Mapping Principle (MP) of “Love is understood as plant because plants involve physical
growth and love involves emotional growth” was extracted based on the fact that all the

examples in some way had to do with growth.
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L@p  ~ BB M R
liang ren de ai miao zuijin  cai gang  mengya
two  people MOD love seedling lately just recently sprout

‘Their love just begins to sprout lately.’

(b) =5 % 9 W PR
wo dui tade ai-yi Jjianjian  zizhang

I for his love gradually grow

‘My love for him has grown gradually.’

©FER @Eorw P owE

aiqing xuyao Xxingin de quangqai
love need industriously water

‘Love needs to be watered industriously.’

[Ahrens 2002]

Ahrens, Chung and Huang [2003] extended this study by proposing a corpus-based
approach to establish the systematicity between source and target domain pairings (i.e.
Mapping Principles (MPs)). They suggest that each source-target domain pairing will have a
prototypical instance of mapping determined by the most frequent mapping, as compared with
other mappings. In a later paper, Ahrens 2004, they use Suggested-Upper-Merged-Ontology
(SUMO) in combination with WordNet to determine Mapping Principles when there is no
highly frequent mapping. SUMO can be used to infer knowledge through automatic reasoning
as well as to constrain the falsifiability of the MP.

This study extends the previous works of Ahrens, Chung and Huang [2003, 2004] by
using SUMO to define the concepts involved in source domains through the use of two major
databases -- WordNet (1.6), and SUMO nodes along with their definitions. The integration of
WordNet and SUMO by Niles and Pease [2003] enables us to examine the ontological nodes
in SUMO that have hyperlinks to WordNet semantic definitions.

3. Metaphor Analysis: CAREER IS A PERSON as a Sample

In order to find conceptual metaphors in corpora, a single target word was used for the target
domain. Four target domains were chosen, namely, CAREER, CULTURE, STOCK MARKET
and ECONOMY, of which the latter two are composed Chinese-English data (see Table 1).
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The target domains of STOCK MARKET and ECONOMY have been discussed by Ahrens et
al. [2003] and Chung, Ahrens and Sung [2003], and in this paper, we further refine the
previous findings. In this paper, also, the Chinese only CAREER and CULTURE target
domains will be added to strengthen the methodology discussed herein.

Table 1. The sources and frequencies of the corpora instances found

Number of
Target domains Sources Number metaphorical
g u of hits P
expressions
(Chinese) Shiye Sinica Corpus 1062 84
g1 CAREER (http://www .sinica.edu.tw/SinicaCorpus/)
(Chinese) Wenhua ..
¥ [~ CULTURE Sinica Corpus 2000 335
(Chinese-English) 1997 Huashishingwen
Gushi ﬁg‘ﬁ | & i Y] & B
STOCK MARKET | 1997 Gungshgaﬁngshibao NA 133
~ By ¥ [Chung, Ahrens and Sung, 2003]
1994 Wall Street Journal
(Available at the Language Data Consortium 500 130
http://www.ldc.upenn.edu/ldc/online/index.html)
(Chinese-English) | Sinica Corpus 2000 311
Jingji SV
ECONOMY 1994 Wall Street Journal 500 215

The four target domains were used to extract instances from the corpora. After all
instances were extracted, they were analyzed manually for the instances of metaphors. A
metaphor was identified when there was a source-target domain mapping. The following
sentence shows a metaphorical instance for the target domain CAREER: f“JEIfJ Ej EAH JIET
BE- % “the life-force of his career is becoming exuberant day-by-day,” the concrete meaning
of “life force” is mapped onto CAREER. In another example, gi3 fl[{f} “the wound of
career,” the more concrete source “wound” is mapped onto the abstract target CAREER.
Through similar analysis, all metaphorical instances were marked and extracted. Once all the
metaphorical instances had been identified, the next step was to define the source domains of
these instances. In order to do so, the corresponding WordNet and SUMO nodes for each
lexical item were searched for in Sinica Bow. Through this system, each metaphorical instance
was keyed in at the WordNet page. This was done to extract the WordNet explanations which
were linked to the corresponding SUMO nodes in the system. In order to obtain the WordNet
explanation, a prior step was performed, i.e., the most appropriate meaning was selected from
the list of senses available. This selection was done manually, but most often, the most
appropriate meaning was found to be the most concrete meaning in the list. For example,
when the Chinese keyword chuangshang £} “wound” from the target domain CAREER

was searched for in Sinica Bow, the senses listed in Table 2 were extracted.
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Table 2. The search result for chuangshang gJ/&E “

wound” in Sinica Bow
WordNet (1.6)

WordNet Explanations Corresponding SUMO Nodes

an emotional wound or shock often

RES)
having long-lasting effects EmotlonaIState(I?ﬁ A )

Sense 1:trauma

any break in the skin or an organ caused

Sense 2:wound ) .
by violence or surgical incision

Injuring( '%%F 9]

Among these senses, the more concrete sense (i.e., the more concrete meaning that was
mapped from the source domain) was selected. In this case, sense 2 was selected and then the
corresponding node (the rightmost column in Table 2) was found. In this case, it is “Injuring.”
The SUMO definition for “Injuring” is “The process of creating a traumatic wound or injury.
Since injuring is not possible without some biologic function of the organism being injured, it
is a subclass of biological process.” The keywords in the SUMO definition (shaded in the
previous sentence) are the terms that helped us categorize the metaphorical instances. Through
the collection of SUMO definitions for all the metaphorical instances, all the similar
metaphorical expressions with the same related nodes are grouped into categories. For
instance, all the metaphorical expressions related to “Organism” were grouped together. Then,
from these instances, the source domains were decided. The expressions that were grouped
under the same source domain formed a cluster of lexical items under a domain. In the

following discussion, we will provide a detailed example using the CAREER domain.

For the target domain CAREER, all 84 metaphorical instances are listed in Table 3. Each
of the items in Table 3 was looked up using the Sinica Bow system to find their corresponding
WordNet senses and, later, the SUMO nodes.

Table 3. Metaphorical expressions related to shiye ‘career’ (tokens are in brackets)

FHID 59 e VO[PS0 BSBO)  BERO[FETEO R
ae [Evo e BRI - wo BolEmo o
FIAICD [ pI@) &) #- () fls) SHOPER® PR
HAI) [57- 5 ()| 5LRAS) FRpp) [T HiPE(1) SR (1) (1)
PO M) [ard) )[R B || @) )
OGS w0 FEE(1) Hi(1) HA1(1) | 2 YD)

EO O [mEo  rro Pane e

WEHG) ) ) ENmKS) [ERI(1) Bl L)

Table 4 shows how the SUMO definitions help us differentiate between source domains.

However, due to limited space, only selected instances from Table 3 will be discussed.
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Table 4. Defining source domains through WordNet and SUMO

Expressions WordNet WordN.et SUMO nodes [SUMO definitions
senses explanations

the act of concealing A Contest where one participant
yourself and lying in |ViolentContest |attempts to physically injure another

wait to attack by g%F_l JU{ERYIETET) [participant.

fﬁ]‘ﬁ'ﬁ ‘tactic’ |6: ambush

surprise

a pair of parallel rails A TransportationDevice is a Device

providing a runway |Transportation |which serves as the instrument in a
FUE ‘track’  |2: track for wheels Device Transportation Process which carries

ey S the patient of the Process from one
point to another.

For the expressions listed in Table 4, their SUMO definitions (the rightmost column)
provide the keywords referring to the source domain to which these expressions might belong'.
For instance, the keyword “Contest” for 'ﬁ:f fi%  “tactic” might refer to WAR or
COMPETITION, whereas “TransportationDevice” and “Transportation” for ﬁ*tiﬁ “track”
might refer to VEHICLE. When all the lexical items in Table 3 are looked up, the similarities
of these items at the upper ontological levels can be established. In this paper, we will use
CAREER IS A PERSON as an example. All items in (2) are found to have “Organism” as the
shared concept’.

(2) HG “consciousness” 4 PAH 4 “the force to live” Ry~ “grow”
fllfE “wound” 27—~ H “first step” &H “start a step”
= “let go” Affi| “walk towards”

Table 5 below shows the SUMO definitions for the items in (2). The original method
produced the list of all instances in Table 3 in the form shown in Table 5; however, due to
space limitations, this paper does not include the full list of all 84 items in Table 3. Only the
ones related to “Organism” are shown. Among the SUMO nodes listed in Table 5, “Awake”
and “Emotional State” are related to the upper node “State of mind” or a psychological

process. The other nodes are related to a physical aspect of the organism, such as “Body

There are also underlined keywords in the “WordNet Explanations” column. Although these keywords
might also contribute to determining the source domains of metaphors, what we wish to discuss is
connectivity at the ontological level.

Note that though an item like fousheng #+=| “to throw oneself to” can be intuitively linked to PERSON,
it is not listed in (2). This is because this lexical item is not found in the Sinica Bow. These items are not
categorized in this paper. The limitation of the Sinica Bow will be discussed later.
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motion” for “Walking.”

Table 5. CAREER IS A PERSON: SUMO definitions

Expressions |WordNet senses |SUMO nodes [SUMO definitions

i . . Attribute applies to Organisms that are
. B . ,|1: consciousness |Awake (V&) . PPIICES &
consciousness neither Unconscious nor Asleep.

The process of creating a traumatic wound or
injury. Since Injuring is not possible without

o » | e
Al “wound™ |2:wound I‘mﬂgﬂﬁﬁ‘) some biologic function of the organism being
injured, it is a subclass of BiologicalProcess.

EmotionalState| The Class of Attributes that denote emotional

S 43 2 .
W= tletgo” |1:let_go ([Fia#f=)  |states of Organisms.

‘é‘ﬁ . L } |- animation Living (=69 This Attribute applies to Organisms that are
life force alive.
The Process of biological development in
Y=L “grow” |3: mature Growth (* =) |which an Organism or part of an Organism
changes its form or its size.
E(H) 1: pace Any BodyMotion which is accomplished by
“start a step” P means of the legs of an Organism on land for
) [F[J 1: foot Walking (= |the purpose of moving from one point to
“walk toward” |’ ) another.
97 (%) .
“first step” I pace

Although the linking concept is found to be “Organism,” the concept of “Organism” is
too broad, because it comprises all living things, including all plants and animals. For
conceptual metaphors, preference is given to source domains that are in contact with human
conceptualization, i.e., more concrete concepts which human can easily recall when describing
an abstract idea. Furthermore, as indicated in Table 5, the type of organism should not only
have the abilities to grow and to walk, but should also to have an emotional state. Based on
these criteria, PLANT and ANIMAL are ruled out as possibilities, and HUMAN or PERSON

is suggested.

Table 5 also lists the keywords in SUMO that are related to “Organism” (shaded). These
keywords are important because, as explained in the parallel distributed model, one active unit
will lead to the activation of other representation units. If a semi-automatized program is to be
generated for the purpose of metaphor extraction, one first needs to establish the link between
active units. In this case, the active units can be these keywords, and in the future research, the
links between these keywords can be established using a computerized program. However, at
the present stage, the analysis of metaphors, the selection of WordNet senses, and the

selection of keywords has to be carried out manually.

In this paper, we incorporate more target domains to test the reliability of using SUMO

nodes. If the same repeated SUMO nodes are found, then there is a systematic pattern that
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links the lexical items within a similar source domain. In the following sections, we will skip
the steps for obtaining SUMO nodes and focus more on comparing the different target

domains which share the same source domain (of PERSON).

3.1 CULTURE IS A PERSON
The example CULTURE IS A PERSON is shown in (3) below.

(€I U = S 2 R S e gl i |

shi  kejia  wenhua zouru xiandai  xianshi  zhizhong Exclam

cause hakka  culture walk into modern reality inside Exclaim

122

“To make Hakka culture walk into the modern world

In this example, CULTURE is seen as something that can “walk.” Comparing it with
CAREER IS A PERSON, we find that the similarities and differences are those summarized in

Figure 1.

Source: PERSON
Emotional State( {555 HaEN,

--» Injuring({E55)

Target: CAREER )
let go FrE €------Y oo oi-
wound Al «--------

CONSCIOUSIESS fi,if *-----F----- s

f--nmmm - Growth (5 [£)
--=-------pWalking({T5)

befoemmem oo 22w Living(EEY)

grow/growth 7% 5 <

step rfwalk & .-
liveliness & & 7] -

life Eap--—"""

soul @ #------c----h- o
behavior 75 +--------- --d-----» BodyMotion( EHIEBTEEED

-------» Human( } ¥H)

decide HLiEe----—-----

H R
A - - - » TrastAttribute A F545ET)
sychological Attribute ([ Fjl i {5

self-examunation 7 7]« --
R

temperament 47

thought A0 - f--

lifeblood A «-------

die out i -----
Target: CULTURE

\‘Q_ntulogic al Concept: Organ__js'!m

Figure 1. Categorizing the ontological nodes for CAREER and CULTURE



562 Siaw-Fong Chung et al.

In this figure, the target domains CAREER and CULTURE are placed on the left side
and the source domain PERSON on the right. All metaphorical instances in the target domains
are related to their ontological nodes on the right side inside the circle of PERSON. Since all
the SUMO nodes are related to “Organism” in one way or another, they can be subsumed
under the ontological concept of “Organism,” which forms the outer circle of PERSON. As
mentioned previously, the metaphor CAREER IS AN ORGANISM is not selected because
some nodes in “Person” (especially those related to psychological ones) cannot be accounted
for by the other subsets of “Organism” such as PLANT and ANIMAL.

From Figure 1, we can see that a concept (i.e., PERSON) can be generated by looking at
a cluster of lexical items (i.e., metaphorical expressions) and by looking at their SUMO nodes.
The more general concept of “Organism” can be seen as the linking concept of all these
lexical items. The overlapping area between CULTURE and CAREER (concepts such as
“Growth” and “Walking”) are linked to lexical items that are more lexicalized, as these items
can apply to more target domains than the other items can. In other words, lexical items within
several overlapping source domains (such as ¥+ “growth” and (i) [l “walk towards™) tend

to be lexicalized faster than the other lexical items.

3.2 STOCK MARKET IS A PERSON in Chinese and English
The application of SUMO to two knowledge systems (Chinese and English) was discussed by

Huang, Chung and Ahrens (in press). The focus of this paper is to investigate which
conceptual nodes will be similar or different when a similar source domain (PERSON) is
created in two different languages. For example (4), the Chinese metaphor STOCK MARKET
IS A PERSON is found.

@) 7250 I I ST
neuyue gushi fusu de  huoli Jjingren

New York stock market recovery DE  vitality  shock people

“The vitality of the recovery of the New York stock market is surprising.”

An English example is the nervous tumbled 67.85 points yesterday. A
comparison of the Chinese and English data for STOCK MARKET is shown in Figure 2.

Previous analysis of Chinese and English STOCK MARKET was reported by Chung,
Ahrens and Sung [2003], who also re-evaluated Charteris-Black’s [2001] English and Spanish

data. However, neither study incorporated ontologies in their analyses.

In Figure 2, all the metaphorical instances of STOCK MARKET are linked to their
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ontological nodes under PERSON. No overlapping metaphorical items that have the same
meaning are found. However, the ontological nodes “BiologicalAttribute” and
“OrganismProcess” overlap in the Chinese and English data. If one compares Figure 1 and 2,
one finds that there are no overlapping metaphorical expressions in Chinese and that only
three ontological nodes are repeated in both figures. These nodes are

“IntentionalPsychologicalProcess,” “TraitAttribute” and “PsychologicalAttribute.”

:-'ll'-'lg :E_i.: 5 |J.- -

wound {i7{5 - # Injuring {97

. face i - . # BodyPart{ 5y =)
I-" Tegain consciousness {5k -llil _ Biological Processi 4 Si s L
l energy % F { Biological & ttributed 4| '-'“‘."'g-v'i‘\a \
l. encourage JiiEH - ,| , dtentionalPsvcholosicalProcess & ’
\ / -'..'-"r / s ll'"'.
Illl
\

_or Subjective Assessment Attribute! 7§ |
- {

/ reacherous :>- I'I, ! Source: PERSON

I-'I somber I'-I | |

] i

f nervous ) \i | |
f ebullient \d | |
|| volatilicy || 5: II * TraitArmibute] B85 7T) ||
| moad - ¥ lI » Psvcholozical Atmibuted) B0 II
| depressed ~, | | __..» Emotional State(|{ /i) |

jitters IS I} 4 !

| version S' | I"., ,n"l
| NeTVOUsness | \ /
| jittery f

I, recover+ rl \bDlseaaEDr Syndrome(FEEF o F ‘)4

I|I sent & chill through« I|I " PathologicProcess{i= 2 "":{'-ﬂ/

'|I to hurt — ||' . b ---w Physiologic Process{ B F§E)

! recovery o ’llil" :
V' soffering/suffer frotn |

©ntological Concept: Organism
™~ -

.

-

arget: STOCK MARKET
{(English)

Figure 2. Categorizing the ontological nodes for STOCK MARKET
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The few overlapping ontological concepts in Figures 1 and 2 suggest that the metaphorical
items in CAREER and CULTURE are different from those in STOCK MARKET, even
though all of them are linked to the concept PERSON. In the next section, the ontological
nodes of ECONOMY will be examined.

3.3 ECONOMY IS A PERSON in Chinese and English
The example ECONOMY IS A PERSON in Chinese is shown in (5) below.

G mE o R T & sl

zhi  xiang zhanshi weichi bu rang  jingji shuaitui

only think temporary maintain NEG. let economy degenerate

“only want to temporarily maintain and not let the economy degenerate”

An English example is the remains anemic in that period. A comparison of the
SUMO nodes for Chinese and English ECONOMY IS A PERSON is shown in Figure 3.

From Figure 3, the Chinese and English data of ECONOMY overlap with the concept
“Growth” in both languages. In fact, previous works [Ahrens et al. 2003; Chung et al. 2003ab]
suggested that the meaning of “growth” is mapped most frequently in both Chinese and
English ECONOMY metaphors’. As shown in Figure 1 earlier, the concept of “growth” is also
found in the target domains CAREER and CULTURE, indicating that this concept can be used
to describe not only ECONOMY but also CAREER and CULTURE. This repetition of the
same lexical items in several target domains may mean that this lexical item is a common
concept and that its frequency of occurrence as a metaphor is high, indicating that its

metaphorical meaning is strongly conventionalized.

In order to understand which aspects of PERSON are involved in all the target domains
CAREER, CULTURE, STOCK MARKET and ECONOMY, a comparison of ontological

nodes will be discussed in Section 4 below.

3 This paper only considers the types of lexical items and their related SUMO nodes (regardless of whether
the items that appear many times will affect the number of times an ontological node will appear). This
is so because the aim here is to extract the ontological nodes that form a concept, not their frequency.
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Figure 3. Categorizing the ontological nodes for ECONOMY
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4. Discussion

When ontological nodes are contrasted, they are found to fall into two main types, namely,
physical and psychological. This means that both the physical and psychological aspects of a

person are selected when a metaphor is created.

(6) Physical Psychological
DiseaseOr Syndrome Injuring Subjective Assessment Attribute
Growth PathologicProcess Emotional State

Physiologic Process TraitAttribute Psychological Attribute
OrganismProcess Awake IntentionalPsychological Process
Walking BiologicalProcess Proposition

Living BodyMotion

BiologicalAttribute BodyPart

Blood Damaging

Death Human

The distribution in (6) shows that many aspects of the physical concept of human are mapped
when constructing metaphors. Comparing Figures 1, 2 and 3, one finds that the node
“DiseaseOrSyndrome” comes from both Chinese and English ECONOMY and STOCK
MARKET only (where more lexical items in ECONOMY have this node). A similar situation
is found with the ontological node of “Growth,” where more types of lexical items come from
the target domain ECONOMY (rather than the other three target domains). The preference for
(both English and Chinese) ECONOMY for the physical aspect of PERSON shows that these

two languages do not differ greatly in terms of the types of lexical items found.

On the other hand, most of the lexical items that denote the psychological aspect of a
person come from STOCK MARKET (refer to “Subjective Assessment Attribute” and
“Emotional State” in Figure 2). Compared with English ECONOMY, which maps onto the
physical aspect of a person, STOCK MARKET seems to be described more in terms of a
psychological change of a person. This finding is interesting because as Ahrens [2002] noted
in her discussion of the Mapping Principle Constraint, that “a single target domain must use
different source domains for different reasons.” In this case, the selection of the single source
domain by two different target domains in the same language occurs for different reasons.

With this in mind, one can see the underlying motivation for the formulation of different
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conceptual metaphors. That is, the motivation governing the selection of a source domain by a
target domain is not ad hoc; rather, it is governed by principles. This is only reflected when

the ontological nodes involved in the source domain concepts are extracted.

5. Conclusion

The results obtained from the WordNet lexical representation and SUMO searches prove two
major points: First, the manual analysis performed using the CM Model in previous studies
can be further automatized. Second, there is conceptual connectivity between the metaphorical
expressions found within a source domain. As the philosopher Kamppinen pointed out,
“representations do not operate in isolation,” they are “clustered into systems of
representations, cognitive schemata” [1993]. In this case, this cluster of representations is
connected through the overlapping concept or “Organism” in the lexical items found. This
connectivity between lexical items can be established by using computational tools such as
SUMO definitions, along with a linguistic model (i.e., the CM Model) to identify conceptual

metaphors in corpora.

Despite the usefulness of WordNet and SUMO for determining source domains, there are
two limitations to this study. First is the process of selecting senses from WordNet, which has
to be carried out manually. Second is the missing entries that are found in the Sinica Bow
look-up (especially Chinese adjectives). Even though the few missing items do not affect the
results of categorization as a whole, their inclusion would have made this study more

complete.

Nevertheless, the incorporation of an ontology helps pinpoint at which level of
knowledge conceptual metaphors occur. The discovery concerning the motivation for using
conceptual metaphors contributes to identifying cognitive differences across speech
communities. From the perspective of anthropology and language processing, this study has
provided linguistic evidence about how humans represent concepts mentally when using
metaphors. It is hoped that the line of research discussed herein will stimulate more research
on how computational approaches can help set parameters for determining metaphorical
senses and point the way to creating a systematic relationship between literal and figurative
synsets in WordNet. In addition, it may also be possible to conduct psycholinguistic

experiments to verify the metaphorical expressions that have been extracted from corpora.
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Abstract

Metaphors in idioms are universal in languages. The progression from conceptual
meaning to metaphorical meaning is a cognitive activity of mapping from one thing
to another. This paper, based on the analysis of 2,347 metaphorical idioms, their
linguistic features, grammatical structures, grammatical functions, and semantic
categories, tries to identify categories of metaphorical idioms. Most of the

metaphorical idioms in Chinese are found to be composed of projective semantic
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elements and descriptive semantic elements, among which the former are the basis
for mapping from explicit to the implicit meaning, while the latter are the key to

understanding the relevance of the two parts.

Keywords: Idiom, Metaphorical Idiom, Semantic Mapping
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Abstract

This paper introduces the attributes of emotional evaluation in the Grammatical
Knowledge-base of Contemporary Chinese. Lexical emotion tagging is studied by
means of both qualitative and quantitative approaches. Based on the statistical
results from the People’s Daily tagging corpus, lexical emotional trends are
described and formulated in our Knowledge-base. Lastly, we also discuss potential
applications of emotion tagging in related tasks such as text filtering, information

retrieval and web page evaluation.
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