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Abstract

For a society based upon laws and reason, it has become tpfoeas to believe
that we live in a world without them. And given that our lingtics wisdom was
originally motivated by the search for rules, it seems geathat we now consider
these rules to be the exceptions and take exceptions asitime no

The current task of contemporary computational lingussgdo describe these
exceptions. In particular, it suffices for most languagecpssing needs, to just
describe the argument and predicate within an elementargsee, under the
framework of local grammar. Therefore, a corpus-basedaguprto the Chinese
Word Segmentation problem is proposed, as the first stegdisvedocal grammar
for the Chinese language.

The two main issues with existing lexicon-based approaahega) the clas-
sification of unknown character sequences, i.e. sequeheaesite not listed in
the lexicon, and (b) the disambiguation of situations whes@ candidate words
overlap.

For (a), we propose an automatic method of enriching thedexby comparing
candidate sequences to occurrences of the same stringsanuaity segmented
reference corpus, and using methods of machine learningléctsthe optimal
segmentation for them. These methods are developed in tireecof the the-
sis specifically for this task. The possibility of applyirtgese machine learning
method will be discussed in NP-extraction and alignmentaiom

(b) is approached by designing a general processing framlkdaoChinese text,
which will be called multi-level processing. Under thisrfrawork, sentences are
recursively split into fragments, according to a languageeific, but domain-
independent heuristics. The resulting fragments then el¢fie ultimate bound-
aries between candidate words and therefore resolve anyesggtion ambiguity
caused by overlapping sequences. A new shallow semantinatation is also
proposed under the frame work of multi-level processing.

A word segmentation algorithm based on these principlebbas implemented
and tested; results of the evaluation are given and compateée performance of
previous approaches as reported in the literature.

The first chapter of this thesis discusses the goals of segti@mand introduces
some background concepts. The second chapter analysestéetstate-of-the-
art approach to Chinese language segmentation. Chaptep8g&s a new corpus-
based approach to the identification of unknown words. liptdrad, a new shal-
low semantical annotation is also proposed under the frameaf multi-level
processing.
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Chapter 1

Introduction

The first step of any NLP task for any natural language is t@etion. For
some languages, such as English or German, the word boasdag given by
whitespace or various forms of punctuation. Other langsddes Chinese, do not
use whitespaces to delimit words. Therefore it is necegsasggment the Chi-
nese text in order to represent word-boundary informafldms is a very difficult
task; the first difficulty comes from the fact that there is mifying segmentation
standard, neither in the field of lingustics nor in the fieldcomputational lin-
guistics. The second difficulty stems from technical praidesuch as ambiguity
and unknown words. For most computational linguistic taskssuspect that the
most appropriate solution to the first difficulty is a segnaéioh under the frame-
work of local grammar. However, starting with such a segmgon standard is
impractical due to the amount of time and effort requireddoilding a training
corpus. Therefore, in section 2 we evaluate the existingisatation standards,
to find out which standard would be easiest to transform irgtaadard under the
framework of local grammar.

For the solution to the second problem, most methods reguiexicon re-
source for the automatic segmentation processing. Therefo this chapter
we introduce the lexicon resource of the Center of Infororatand Language
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Processing (CIS). The third section introduces the CIS';m&€de lexicon con-
struction.

Since the current state-of-the-art techniques are cdopaed, we will also dis-
cuss the corpora that are available to us. Furthermoreraauteresting studies

on the subject will also be surveyed in section 4.

1.1 Comments on the Existing Standards

After 20 years of development in the field of Chinese langyargeessing, there
are two big manually annotated corpora with POS informatowl one annotated
tree bank. Compared with the manually annotated corpoearée bank is rela-
tively small: there are only 5000 sentences. In order to lisexisting resources
to construct Chinese local grammar, we will discuss the tvainnsegmentation

standards.

1.1.1 The Beijing University Standard

The Beijing university standard has three components:

1. A word list drawn from various dictionaries such agtH zfjial i 82, i
RPCE A I, POEMZEE M, ICER S . (the most common
verb dictionary , the modern Chinese grammar word dictigribe Chinese

frequency dictionary and the modern Chinese languageodty)

2. A set of detailed rules, which include rules for the segtatéon of dates,

proper names, and so on.

3. Asetof rules to define a new word according to morpholdgiceanomena.
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The Word List Used in The Beijing Standard

The word list from this dictionary is collected accordingthe following princi-
ple: Entries consisting of two characters are more likelpeareated as words,
compared to entries with three characters. The entriesfaithor more charac-

ters are generally not treated as words.

Some Examples of the Set of Rules
1. In Chinese names , the surname and first name should bexthar
2. Foreign names should not be separated.
3. Country names should be not be separated.
4. Numeric words and measure words should be separated i cases, and
not in others.
A set of rules to define a new word according to morphological penomena

There are three word formation rules to build a compound worithe Chinese

language, namely reduplication, prefixation/suffixatiod aompounding.

Reduplicatioris usually in the form of AA, AAB, ABB, AABB, AEAB, ATAB,

(A and B are single Chinese characters).

1. AA-reduplication:

(a) verb reduplication, such &% "have a look" ;& %E"have a walk".

(b) adjective reduplication, such 82 slowly", #H{#H"sweet cake"
(c) noun reduplication, such &% "every family", A_\"all people"
(d) measure word reduplication, such’as~"each of"

(e) adverb reduplication, such &% "often", {{{X"only"

AA would be segmented as one word.

ABAB
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2. AAB-reduplication:
(a) verb reduplication, such & ¥t have a shower"f # % "have a
haircut".
(b) single verb reduplication, such &six.’E "have a try", & % &"have a
look™".
AAB would be segmented as one word.

3. ABB-reduplication:

(a) adverb reduplication, such #&5H 5 "lonely", 53 & "bright".

(b) measure word reduplication, such-asi™>{~"some".
ABB would be segmented as one word.
4. AABB-reduplication:

(a) verb reduplication, such & . %1/ %1/"to order around".

(b) adjective reduplication, such &&= >%>% " "happy", &7 & ik ik "pleasant".
(c) noun reduplication, such &s 77 T [ "all aspects".

(d) numeration word reduplication, suchi&s4 % £ "many".

(e) single word adjective reduplication, such-&sK/)>/)\"big and small

together".
() adverb reduplication, such a@$ H 7% 7% "day and night".

AABB would be segmented as one word.
5. AR/ AB-reduplication:

(a) adjective reduplication, such &8H1#:5K" " nervous".

7N

(b) verb/adjective reduplication, such &5 A~ FH 15 "believe or not" 2

5% By easy or not".
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A E/TSAB would be separated into three words, lik&Z/1~/1H(E "believe

or not", but we prefer to separatg(z 1~ 1H{Zas one word since the meaning
of 15 A H{Fis unique.

6. ABAB-reduplication:

(a) adverb reduplication, such &s>] %> "study".

(b) adjective reduplication, such &34 >4"happy".
(c) numerals reduplication, such 852 1R % "many".
(d) state word reduplication, such &H 2 H"white"

ABAB would be separated into two words, lik&'H/% ", but we prefer
to separate ABAB as one word since the meaning of ABAB is ugiqu

Compoundings usually in the form of:

1. Two character noun compounding:

(a) noun + noun, such &5 X"beef", 4 means "cow" antklmeans "meat".

(b) verb + noun, such && A "barbeque"fZmeans "skewer" and/means
"meat".

(c) adjective + noun, such &% %<"red tea",”NJ/K"small bed". We think
that /> /K"small bed" is unique and should not be separated into two
words, such ag\/JK.

2. Three character noun compounding:
(a) verb (two characters) + noun (one character), such &5 "letter of
confirmation”.

(b) noun (two characters) + noun (one character), su¢h&4i"jeans".

(c) noun (one character) + noun (two characters), sueh#sH "fingernail”,
FLI% 72 "electric thermos". In the Beijing standard, "electricrtnes”

is defined as two words but we prefer it to be one word.
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(d) adjective (one character) + noun (two characters), asghfi fi"old
lady". In this standard, "old lady" would be defined as onedyand
i 0 "sweetheart" would be defined as two words. We think that

both should be defined as one word.

(e) adjective (two characters) + noun (one character), asgil & "beautiful
island”. In this standard, "beautiful island" would be defiras one
word, but?T [ E"poor village" would be defined as two. We think

that both should be defined as one word.
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1.1.2 The ROCLING Standard

The ROCLING standard was fixed and applied to a corpus canta million
words by the Institute of Linguistics of the Academia Sinidanis standard has

two basic principles for determining the segmentationginit

1. A string, whose meaning cannot be derived by the sum obitsponents,

should be treated as a segmentation unit.

2. A string, whose structural composition is not determibgdhe grammat-
ical requirements of its components, or a string which hasaangatical
category other than the one predicted by its structural @smipn, should

be treated as a segmentation unit.
Based on these two principles, there are further rules fgmsatation:

e Bound morphemes should be attached to neighbouring wofdsoa seg-

mentation unit whenever possible.

e A string of characters that has a high frequency in the laggwea high co-
occurrence frequency among the components, should bedreata seg-

mentation unit when possible.
e Strings separated by overt segmentation markers shoulegmeented.

e Strings with complex internal structures should be segetemthenever

possible.

As we shall see, these rules are too abstract and many istemsies arise.
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1.2 The Goal of Chinese Word Segmentation

In the field of contemporary computational linguistics, natter what model we
use or which domains we analyze, there are always exceptiMegealize that it
is probably too early to derive abstract rules for any laggui@ross 1997]. We
should continue our attempts to give detailed descriptdhiaguistic phenomena
[Gross 1999]. In order to do this for Chinese, we must firstagpgmentation
methods. This is necessary as, unlike English, Chinesendase whitespace to
separate words. In order to satisfy the needs of naturaliEggyprocessing, it is of
great importance to identify the arguments and the preeliwdhin an elementary
sentence. In lexicon-grammar theory [Gross 1994], arguraed predicate are
the central concepts. The local grammar framework is thepeational method
underlying the lexicon-grammar theory [Gross 1997]. Lagalmmar can be con-
structed for Chinese(or for any other natural language)thia presupposes an

adequate Chinese word segmentation.

The Goal of the Chinese Word Segmentation is the Constructioof a Local
Grammar

The major assumption of Lexicon Grammar is that the unit o&nirgg is not
located at the level of the word, but at the level of elemgnsantences, and the
main components of an elementary sentence are predicategurdent [Gross 1997],
[Gross 1994]. Local grammars are computational implentemsof the lexicon-
grammar theory. They are finite-state grammars that represés of utterances of

a natural language [Gross 1997]. These finite-state gramaoaar be represented
as graphs, in which local grammars around a keyword or ebpntig around a
semantic unit are presented. These graphs can be used &tpargexts and

recognize meaningful strings, practically always disagnhted.
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Two Essential Properties of The Chinese Language and the LacGrammar

The Chinese language can be descripted in the form of loeahgpars , for two
reasons :

1. Each single character in the Chinese language can bedraata token in
the lexical representation. If we add a feature of the bognofemulti-word

lexeme in the local grammar, then we can have all the Chinese aways
disambiguated.

2. The comma in Chinese can be treated as the utterance lgusoid some-

times even as an indication of the boundary of elementargeseas.

Chinese Characters and the Use of Finite Automata in the Lexial Represen-
tation is a Possible Solution to Ambiguity Problems

Unlike syllabic languages, such as English or German, ehaineGe character can
be treated as a word, and all of the entries in lexicon or ctegment units can be
treated as multi-word lexemes. For example :

print

Figure 1.1: The Chinese Single Character as a Word and Moltil Lexeme in
Lexicon Representation
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This can give us a new perspective on Chinese language pmges$-or ex-
ample, Xu Tong Jiang [Xu 2004] argues that the smallest or@ifiinese language
is not a word but a single character. We reach predicatetategin fewer steps

compared to the syllabic languages, as we use charactézadnsf syllables.

Comma in Chinese as the Boundary of Utterances

In the history of Chinese written language, punctuation faidy new develop-
ment - until 1940 most Chinese texts were written without pagctuation at all.
Even after 60 years of experience, the Chinese people useittmaa and full stop
interchangeably, as there are no strict rules regardingiwhe or the other should
be used. Moreover, compared to English, Chinese writind¢¢éom be made up of
short sentences, and commas are used more frequently [00].20 English, the
average use of commas per sentence is 0.869 to 1.04 [Hill ]1886 in Chinese
itis 1.792, which is one and a half to two times more than inlishgIn Korean,
the comma is used even less than it is in English [Lin 2000]unbérg 1990]
classified commas in English into two categories, delinitenma and separator
comma, by whether the comma is used to separate the eleni¢héssame type
or not. While a delimiter comma is used to separate diffesgntactic types, a
separator comma is used to separate members of conjoinedr@e The com-
mas in Chinese are also classified into Nunberg’s two caegjdin et al. 2004].

However, we argue that:

1. These two categories (delimiter comma, and separatomegrare subjec-
tive classifications, and so inconsistencies could arisengst different an-

notators.

2. In Chinese, the use of a full-stop in a sentence is alsodoige. An occur-
rence of the full-stop does not necessarily signify the enith@ sentence,
as sometimes a comma is used instead. We cannot focus onrtimeaco

without analyzing the full-stop as well.
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3. In the last chapter, we will argue that the Chinese langus@ paragraph-
oriented language. If we treat the comma and full-stop aisnitefs of an
utterance, and the paragraph as a delimiter of a meaning gttoen it will
be more convenient for us to process the Chinese languagasyntax is
very flexible and semantic rules are more useful than syiotades. For

example, it is very common for a word to have more than one POS.

Therefore, if we change all the commas to full stops, thetihalsentences will

become utterances, which are convenient for the construofilocal grammars.

The Adaptation of the Beljing Standard to a Local Grammar

As we have discussed, the China Daily corpus, to which thgrigestandard is
applied, is the most consistent annotation (compared ter @brpora and other
standards); it is also the largest in size, soon reaching iBmwords. It is

practical for us to adapt this corpus to a local grammar. HKezeshow some

examples of how we deal with this corpus.

The Adaptation of the Beijing Standard to a Local Grammar—adaptation of

the Predicate

According to the famous definition of the "meaning unit" byo&s [Gross 1997]
("the unit of meaning is not located at the level of the wondt, &t the level of el-
ementary sentences"), we can extract such local grammarddicate-argument
structures. In most existing lexica, words which are taggegropositions and
verbs would be two types of words. According to Gross, weaeplboth mean-
ing types with a single type of tag: a predicate type. As altethe new unit

becomes the unit of segmentation. An example is shown inr€igL2.
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)

B

example

)

<Noun=

Figure 1.2: The Adaptation of the Beijing Standard to a LdBehmmar: An
Example of Adaptation of the Predicate

The Adaptation of the Beijing University Standard to a Local Grammar—

Adaptation of Organization Names

Names of organisations are always arguments in elemergatgrsces. The local
grammar can assist with recognition of such names, and hétBeijing standard
we can construct a local grammar for this purpose. Here ixample in Figure

1.3:
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<place name> } <place name> }

district

Figure 1.3: The Adaptation of the Beijing Standard to a Ld@ahmmar: An
Example of Analysis of the Organization Names

Practical Reasons for Choosing the Beijing Standard as the &eline in this

Thesis

There are three reasons for choosing the Beijing standatftea®st standard in

this thesis.

e Itis the most consistent standard, and the closest to adpaaimar.

e It is the largest , with 13 million words, and soon to be 30 ol The

others are no more than 5 million in size.

e To allow us to compare our segmentation approach to the appes taken

by other studies.

1.2.1 Conclusion

Why we do we say that our method for Chinese word segmentégitme first
step towards a local grammar for the Chinese language? Taleof&hinese

word segmentation is to satisfy the need of natural langymgeessing in the
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discipline of computational linguistics. Through the itiéoation of predicate
and argument structure in an elementary sentence, we caveadhis goal. We
have given some detailed examples to illustrate how to atiepatorpus under the
Beijing standard to a local grammar for Chinese languages iShpreparation for
the next step - to identify the predicate and argument. Taereve conclude that

our segmentation is the first step towards a local grammar.

1.3 The CIS’s Chinese Lexicon Construction

The Center of Information and Language Processing (Cl&gdtadwig-Maximilians
University in Munich has recently focused on the Chinesedvs@gmentation, and
two Master’s theses of interest ([Tao 2001] ,[Li 2005]) haeen produced on the
subject. Over the past three years, we have been develomogprehensive
word list, as the basis of a segmenter for the Chinese lamguaghis section, we
will introduce this lexicon and the outline of a segmentasystem.

In Chinese word segmentation, it is very important to carcéta complete
word list, because methods using good word lists (e. g. a@odiaty) for word
segmentation yield better results than those that do nas Wil be discussed in
Chapter 2.

As of April 2005, the CISLEX for the Chinese language curyecbntains
497,433 entries.

Table 1.1 shows the breakdown of the Chinese CISLEX.

1. Chinese place names are encoded in GB-Ascii, they areatmmation of

several lists off the Internet.

2. Non-Chinese surnames with their Chinese translitaraie also encoded
in GB-Ascii.

3. Chinese surnames are presented as surname-frequerscy pai
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4. Chinese surname-first name pairs were downloaded from

http://www.mandarintools.com/ and other free websites.
5. Verb-noun compounds were also obtained from http://waamdarintools.com/

6. Ofthe 201,143 words annotated by hand with only POS inftion, 146,668
entries are extracted from The People’s Daily Corpus, artdeofemaining
54,475 entries, around 40,000 were annotated by Liu, anceidy other
Chinese students. To match the People’s Daily Corpus atmiotghe an-
notation of 54,475 words was also done following the set o5P©OmM the
Beijing standard, as shown in Table 1.3. Every entry is niwkih a tag;
The entries with "/" are annotated by Liu and other studemkgre as the

entries without "/" are extracted from The People’s Dailyfiics.

7. The raw word list was downloaded from http://www.manderols and

other websites.
Table 1.2 lists the corpora we have access to.

1. The Hong Kong University Corpus is tokenized in the Hongnég&niver-
sity standard.

2. The CIS has licensed the Chinese Penn Tree Bank and théeRBebDaily
Corpus. The People’s Daily is the training Corpus we takeaim tour tok-
enizer. An example of the Corpus would be:

19980101-01-001-007/mh 9 9 7/t , Iw &IV FE/INs & FElvn [ H/n
AR EE af)/uRid ANd T aiiiu—/m g - lw FEhs A
B/n pRoo/d 4k v S5 2NFinr [R5 w5 in, fw RZE v p
v EN FEMsF A S E UUn /RN BTN o iw[FE/Ns
EURFInnt TR/ad K v 5 1p F#EIns {7 # v EAUn , Iw F/c # B/p

“w—EHG 7 w o~ w w TR w - w & Ed BRIV



CHAPTER 1. INTRODUCTION 19

| Type of lexicon | Entries |
Chinese place names 15,303
Non-Chinese surnames with their Chinese transliteratidf,507
Chinese surnames together with first name 217,913
Chinese surnames 619
Verb-noun compounds 28,948
Words annotated by hand 201,143
Words still to be annotated by April 138,788

Table 1.1: Breakdown of Lexicon

| Corpus | Size (No. of Words) | Description |
Hong Kong University | 1 million tokenized
Sinica Corpus 2.8 million segmented
Chinese Penn Tree Bank225,235 words and phrasesagged for POS/functiof
How Net(wordlist) 66,107
Words with Pinyin 80,342
People’s Daily six-months period tagged with POS

Table 1.2: Corpora Included

Hu 75 £t in ERFEIv F #ins B/u E R /an T8 %Efan - iw [ Elins 3t 7
seinint B lat/u AN T u ST Tim ikl 2E M AR K&, w
A INFHEIS I B K aBEIRn , w B BEM I EMN, IwE
B Filaiu i, wHlEN TuFEhsEiv 45 &Z v #lu
BN 940N - Iw

3. The rest of the corpora are obtained free from the Internet

-
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Tag | Description

| Occurrence]

Ag | bound adjectival morphemg 175

a unbound adjective 4,823
ad | de-adjectival adverb 109

an | de-adjectival noun 166

b attributive adjective 1,728
c conjunction 246
Dg | bound adverbial morpheme 13

d unbound adverb 1,709
e exclamative 77

f directional adverb 594

h prefix 20

i syntactically opaque idiom| 7,657
i abbreviation 3,078
k suffix 9

[ set phrases 7,994
m numerative 17,199
Ng | bound noun morpheme 742

n unbound noun 66,179
nr | person’s name 21,963
ns | place name 11,179
nt organisation 2,278
nz | other proper nouns 4,159
0 onomatopoeia 240

p preposition 177

q classifier 838

r pronoun 801

s locative noun 593
Tg | bound temporal noun 16

t unbound temporal noun | 1,992
u auxiliary 45

Vg | bound verb morpheme 436
Vd | de-verb adverb 60

vn | de-verb noun 3,167
w | punctuation mark 65

y aspect marker 77

z stative 1,146
% Verb 26,955

Table 1.3: Tags Used in The People’s Daily Corpus.
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1.4 Overview of the Recent Chinese Corpusin China

Since most of the methods for the segmentation of Chinesgsmavolve a corpus-
based approach, and since we also use corpora like the Chihaddrpus, it is

necessary to give an overview of Chinese corpora. In tadlevé. show an ex-
ample of an unannotated Corpus, and in table 1.5 an annaagfiVang 2001].
We also adapt the lexicon from the How-net lexicon projedainie 1.6. Finally
we give an overview to the national level project in Chinafasven in table 1.7.
Because the China Daily Corpus is converted to the Beijintyéfaity standard,
S0 we choose it as our training corpus.

In Chapter 2, we will explain why this is useful.



CHAPTER 1. INTRODUCTION 22

Corpus Si4 ku4 Quan2 shul
Contains | 3000 year up to 1772
Size 800M Characters
Tools Character-retrieving tools
Copyright | 183 CD(1999 Digital Heritage Publishing Ltd Hong Kong)
Corpus Scripta Sinica
Contains | Classical Humanities
Size 140M Characters each year 10M
Manual not annotated
Copyright | 47M Characters freely accessible on the Internet
Corpus The Modern Chinese Language Corpus (MCLC)
Contains | Texts from 1919 to the 1990s
59.6 percent humanities and 17.24 percent natural science
13.79 percent newspaper material and 9.36 percent miseelia class
Transcriptive of Spoken Language
Size 20M
Manual not annotated
Copyright | under development?
Corpus Synchronous Linguistics Variation in
Chinese Speech Communities (LIVAC) Corpus
Contains | Chinese newspapers and electronic media
in Beijing Hong Kong Macau Shanghai and Singapore withia ten years
Size 70M with 400,000 word forms in the electronic dictionary
Manual not annotated
Copyright | 16M with 190,000 word forms have been made available online

City University of Hong Kong

Table 1.4: Large-scale text databases
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Corpus The Academia Sinica Balanced Corpus(version 4.0)
Contains | texts from different fields, registers and domains
Size 5M Chinese words
Manuel tokenised, tagged and automatically syntactically arealyz
Copyright | Free
Corpus The Corpus of the Contemporary Chinese Language
Contains | Contemporary Chinese
Size 6M characters
Manual per machine and high quality
Copyright | Department of Chinese and Bilingual Linguistics

at the Hong Kong University of Science and Technology(HKY
Corpus China Daily
Contains | 6 months People’s Daily
Size 13M characters
Manual Annotated by hand
Copyright | Beijing University
Corpus Huayu
Contains | modern Chinese
Size 2M characters,treebank of 10000 Chinese sentences
Manual Cseg and tag 1.0 and then manually checked
Copyright | The State Key Laboratory of Intelligent

Technology and Systems (Key lab) Tsinghua University

Table 1.5: Annotated Corpora
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Lexicon | Grammatical Knowledge Base of Contemporary Chinese
-a Complete Specification
Contains | 50,000 Chinese Words are classified into 25 types
73,000 Chinese word entities with rich variety of
grammatical attributes and statistical information
adopted by around 20 information processing systems
within and outside China
Copyright | ICL of the Beijing University
Lexicon How-net
Contains | concept-based, semantically organized knowledge system
for natural language processing
50,000 Chinese word forms related
to 62,000 Chinese concepts
and 55,000 English equivalents related
to 70,000 English concepts
individual concepts are first described semantically
and then organized into a dynamic network.
Character Group replace the word concept.
a promising basis for the semantic grammar in Chinese
Copyright | free online
Lexicon Electronic information database of Chinese charactersiamds
(The Standard Segmented Dictionary)
Contains | 80,000 Chinese entities with parts of speech,
word frequency and pronunciation data
Copyright | Academia Sinica
Lexicon | A Chinese Word Segmentation Standard for Information Rsiog
Contains | compiled by combining the linguist’'s judgment with corpussed
statistics from a 100-million-word Chinese corpus
Copyright | Sun and Zhang 1997
Lexicon Comprehensive Dictionary of the Chinese Language
Contains | compiled by more than 1,000 scholars in mainland China
more than 400,000 entries
claims to be the most sophisticated multimedia dictionary
Copyright | CD-ROM by Chinese Dictionary Press and Commercial Press

Hong Kong Ltd.

Table 1.6: Lexical Databased for Information Processing
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Project Statistical Inter-Lingual Conversion (SILG) Project
Corpus 60 Mb English/Chinese parallel corpus

Result a precision of 96% in aligning sentence pairs (Wu and Xia 1995
Location | Computer Department of City University of Hong Kong

Project Live Dictionary Construction

purpose | to extract on-line key terms and language data
Technique| PAT-tree

Result a Precision of 72% and Recall of 65.5%
Location | Academia Sinica and National Taiwan Uni
(Lee and Chien 2000)

Project The national-level 863 Project
purpose | Chinese/English Abstracting System
Result Better than Office 97

Location | Jiao tong University Shanghai

Project 95national project-Disambiguation and
Segmentation and Proper Name Recognition
Corpus Corpus for Disambiguation 80,000 words
Corpus for 18861 names

Corpus for 88026 Chinese Geography names
People Kaiying Liu

Location | Shan Xi university

Project 95 national project-

The construction of Chinese words

Result only about 2860 characters can be used to construct new waqrds
People Yuan Chunfa
Location | Qing Hua university

Project 95 national project-Chinese verb study
Corpus modern Chinese verb machine dictionary
Contains | about 3002 detailed verb description
Location | Qing hua university,china people university,
Beijing culture university

Table 1.7: Some Interesting Project Concerning Chinesglage Processing



Chapter 2

Comments on the state-of-the-art in

Chinese Segmentation

2.1 Introduction

The Chinese word segmentation problem has already atfrattention for more
than 20 years. In this chapter we will classify the currenthuds according
their purpose (either for ambiguity, or for unknown wordsixstly, the unknown
word problem and the ambiguity problem will be illustratdthen, we will argue
that for Chinese word segmentation, a unified training aggtaloes not exist.
The problem is always split into ambiguity resolution andvngord detection,
each of which require different training methods. We amaliree methods in
detail, classifying each step as belonging either to anmtyigesolution, or to new
word detection. We conclude that all the analysed methods tvdo common

disadvantages:
1. They are unable to adapt to previously unencountered ilsma

2. The algorithm execution speed is not fast enough to beiusefeal life

applications, for instance, search engine applications.

26
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2.1.1 Description of the Unknown Word Problem and the Am-
biguity Problem

The Unknown Word Problem

We refer to those words that do not exist in the dictionanhefgpecified system,

as unknown words. There are two reasons why we need to sadvertdblem:
1. New words come into use every day in order to describe n@mngena.

2. The limitations of human resource: it is not possible teeha perfect dic-

tionary, which contains all possible words.

There are two essential differences between the unknowdsnaarChinese

and unknown words in English:

1. The coverage of the problem is in a different level of natdanguage
processing. Assuming that the procedure of natural largyagcessing
can be divided into four levels:
a)Syllable
b)Word
c)Phrase
d)Sentence
The unknown words in English appear at the word level, wiereahe

Chinese language the unknown word problem occurs at alktredd.

2. The occurrence of unknown words in Chinese is more frefivam in ei-
ther English or German. A new word can occur in almost evenyesee.
Experience shows that unknown word occurrence is betweZsdt-if we
compare all hand-annotated corpora to a randomly seleotednket web
page. On the contrary, if we build a English language corpus fanalysis
of a newspaper for a year, there are very few occurrenceskofouwn words

which do not exist in any dictionary.
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Therefore, identifying unknown words in Chinese remainsi@damental prob-
lem. Recent studies (e.g. [Sproat and Emerson 2003]) shatwrtbre than 60%
of word segmentation errors result from unknown words, ramew words that

are not stored in a dictionary.

The Ambiguity Problem

There are two types of ambiguity problems:

1. Overlapping e.g. say, AB and BC are both words in the dietig. Then
given a string ABC, how do we separate it: into A/BC or AB/C?

2. Join ambiguity: given 3 characters A B C, do we join them 8¢@\ ABC
or A/BC? To this question, most native speakers will ans\alrcases are

valid. Therefore this type of ambiguity is not our focus.

2.2 The Chinese Word Segmentation as a Unified
Problem does not Exist

For Chinese word segmentation, a unified training approaels dot exist. The
problem is always split into ambiguity resolution and newdvdetection, each
of which require different training methods. There are s@ystems, such as
[Zhang et al. 2003], which calculate the probability for thikole sentence. We
argue that this is unnecessary, because after applyingdkemam matching al-
gorithm with a word list, we can get 70-90% accuracy for the@lghext. The rea-
son for the width of the accuracy range is related to the fatadns of ambiguity
and unknown words in the processed text. Hence calculdtmg@itobabilities for
this non-ambiguous text is a waste of processing time. Toexréhe purely statis-
tical approaches without a word list produce bad resultsd&pand Shih 2001],

and so are not discussed in this thesis.
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2.3 Segmentation as the Combination of Training

Corpus and Methods

Most of the existing systems are a combination of Trainingogls and Methods,

as shown in Figure 2.1.

2.3.1 Training Corpus

There are four types of Training Corpora:

1. Raw unsegmented Corpora.
2. Segmented Corpora.
3. Segmented Corpora with POS annotation.

4. Special tag set for each character in a word.

2.3.2 Methods

1. HMM family: HMM, finite state automata, source channel.

2. Transformation- based.

3. Complicated statistic method, such as :Maximum Entreineector space.
4. Heuristic.

5. Iteration with some ranking techniques.

We can illustrated then in the following figure:
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[ Disambiguition } [New word detection}

E Word-level Training Corpus } ECharacter—level Training Corpgs

AN

Annotation within
Segmented Corp s[ }
Raw Corpu Segmented Corpu
[ P % With POS 9 Pu% {_aword

[Iteration] (Ranking Techniqge HMM Family Heuristic [Complicated Statisticzﬂ

Methods

Figure 2.1: Overview of Methods for Chinese Word Segmeonati
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2.3.3 HMM family: such as HMM, finite state automata,

source channel.

Figure 2.2 shows an overview of the HMM-family Algorithm.

[ Disambiguition } [New word detection}

[Word—level Training Corpus } [Character—level Training Corp}s

Annotation within
Segmented Corpus [ }
Raw Corpu
( P % [ With POS } a Word

[Finite—State Transduceas [ Source—Channel Mc}iel{ HH@VI

Figure 2.2: The Overview of HMM-family Approches

Since [Sproat et al. 1996], the finite state automaton agprbas been the
most important method for Chinese word segmentation, ftih dssambi-

guity and new word identification.

For ambiguity, Sproat uses firstly a word list to segment a cawpus,
and then estimates the Bigram probabilities for each enttiré word list

using the maximum likelihood principle. Similar work can fmeind in
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[Ge et al. 1999], [Peng and Schuurmans 2001],[Peng and 8olams 2001],
[Gao et al. 2002]. A simple version can also be found in [Andd kee 2000],
called the TANGO algorithm.

For new word identification, bigram probabilities are alsbraated for each
character within each entry in the word list. If a certainngrof characters
has a total probability above a threshold, then it is acckeasea new word.

The same methodology is also used to handle the followiregttypes of
new word problems: Chinese Personal Names , translitesatdforeign

words, Morphological units.

In 2003, Gao [Gao et al. 2003] suggested in his source-chamodel that
"class model probability” and "context model probabilicdh be combined
through simple multiplication, some weighting is addedhis imultiplica-
tion in practice. Regarding the context model probabgiti®ao’s model
uses the same approach as Sproat: these probabilitiesrareddeom the
segmentation of the raw corpus. However Gao's model useffexatfit
corpus with a word list, and instead of a Bigram model, a maxmexpec-
tation model is used. Regarding the class model, for eacheofailowing

five classes of new words, a new class model was built:

(&) Morphologically derived words.
(b) Person names.
(c) location names.
(d) organization names.
(e) transliterations of foreign names.
Similarly, Zhang in [Zhang et al. 2003], used HMM to train figrson names,

geographic names and organization names. A special tag heastad

for each character in a word; for example, the first charaotex family
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name would be tagged as "surname”. This ideal is probablyesdnom
Supertagging [Srinivas and Joshi 1999]. Since the larga&baily corpus
was available at that time, they used a HMM for disambigunedind POS at
the same time. The basic ideas of these three importantpapACL are
almost the same, therefore, we name them HMM families. &muiorks
can be found in [Chen and Chen 1994], [Kohlmorgen and LemniR00

2.3.4 Transformation-based Learning
The Formal Description of TBL

We use the following formal descriptions to make us undarsthe Transformation-
Based Learning (TBL):
¢ Notations.

e TBL formal description.

Notation

e X denotes the set of examples, e.g. for POS is the set of words.
e Cdenotes the set of classifications, e.g. for POS is the Tagset
e Sdenotes the set of relations betwegandC.

e 1tdenotes a predicate relation$e.g :
(word_j,tag 1) = (car,NN)and(word,tagy) = (exited V BK)

e 1 denotes a rule, it containg C). A rule such as = ( 1, C) will be

used on the exampk if Ttbe satisfied. e.g:

r=(pos ;=MD and pog=VBD,pos=VBN)
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e 1(s) denotes the result after using the rulen the state o§, and will

be defined in formal :

(s) = s ifm(s) = false
(x,c) ifm(s)=true

e T denotes the annotated Corpus, andenotated the test Corpus.

e Scoref) denotes the score of a rule:

Scorér) = S s.1 SCOrgr(s)) — Y sc1 Scorgs) whereas:
1 if c=truth(x)

scorg(x,c)) = 0 if ctruth(x)

TBL Algorithm

(a) Initialization: give each example a classification.

(b) use all the rules on training Dalg , and choose one best noted rule:

score(r). And use the best noted rule on the whole corpud.i¥ha
Terr =r(Tk)
(c) k=k+1

(d) goto step 2.

The based idea behind TBL is simple: one starts with hand+aited seg-
mented Chinese Corpus and an inventory of possible transtawns, such
as in Palmer’s system:

¢ Insert-place a new boundary between two characters.

e Delete-remove an existing boundary between two characters
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e Slide-move an existing boundary from its current locati@ween
two characters to a location 1, 2, or 3 characters to the tefgbt.

Moreover, the Gao 2004 uses the TBL for adaption of the setatien
standard. They use similar inventory as Palmer, like lim@dnd Deletion.
A similar method is used in [Palmer 1997] and [Chen and BaBlL99is a
single method that can handle both ambiguity and new woretbag, where
as they are weak in the new word detections, because thectérasaquence
between two single words which never appear together wilbedogether.
One can say it does a little for the new word detection, itabpbly only for
standard adaptation or disambiguity. In [Yao et al. 200&nsformation-
based machine learning is adopted because it is suitable@hiinese word
segmentation and POS tagging errors and produce effectivecting rules
automatically.

2.3.5 The Complicated statistical methods

[Goh et al. 2003] use the support vector machine for Chinese word

identification. [Peng 2004] demonstrates the ability oééinchain condi-
tional random fields (CRFs) to perform robust and accuratie&3e word
segmentation by providing a principled framework that lgasipports the
integration of domain knowledge in the form of multiple leans of char-
acters and words.

[Xue et al. 2002] use maximum entropy on the character taggeous |,
it works for both unknown word and disambiguity, and thenytbkear it
up with transformation-based methods. We do not necegshnik that a
more difficult model yields better result, but we do thinksiniot enough for
new word detection, since the new word formation should lyg senilar
to the training set. [Luo and Sun 2002] used some variatidfeofor Space

to handle the ambiguity problem.
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[Teahan 2000] describes a scheme that infers appropriaiggus for word
boundaries using an adaptive language model that is sthnd#ext com-
pression. For the segmentation of speech, a complicatédtistanethod
was used in such as: [Brand 1999], [Brand 1999a], [Brand [1988st of
them are entropy families. [Huang and Powers 2003] caleldath left and

right contextual entropy values for each bigram occurrmthie corpus.

The conceptual networks are also used for disambiguity [E&ah 1996],
later also in [Lu et al. 2004].

[GOH et al. 2004] combine different models, such as the supyector
machine model, the Markov model, the maximum entropy mo@sm-
bining those models is difficult and slow, therefore this moet reaches its
limit.

2.3.6 Statistical enhanced Heuristic

[Jin 1992] provides a typical heuristic for disambiguityheve an attempt is

made to balance the length of words in a three-word window.

In [Wu and Jiang 2000] the Independent Word Probability( )@Pa sin-
gle character is the likelihood for this character to appesaan independent
word in text , whereas the Anti-word probability is a binasafure de-
rived from IWP. We classify mutual information also as sttital enhanced
Heuristic [Wu and Su 1993],[Su et al. 1994].

[Ma and Chen 2003] use a set of 45839 rules, and then mutwahmation
(MI), a variant of Mutual information (VMI) , t-score and am:currence are
used in a Bottom-up Merging Algorithm.
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2.3.7 Iteration and Ranking Techniques

In this approach, the work of [Chang and Su 1997] and [Chai®F[Lare
prominent, so we examine closely how the system managegtova pre-
cision and record improved monotonically. The figure 2.3x&ha general

process of the iterative and ranking method.

@Maximum Matching and LM

—— (Inprove Lexicon )

V
Re-segment Corpys
V
(Re—filter(Ranking)
V
No
Yes | End

W

Figure 2.3: The Iterative and Ranking Method

According to our experiences on the new word problem, thewewd can-

didate should be in one of three types:
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(&) A correct new word.

(b) A correct new word with one or more single-character wqoceced-
ing or following it.

(c) Some sequence of single-character words (where no guésee is a
new word).

As demonstrated in the Figure 2.3, in this approach twotitergrocesses
are used. The first process uses Viterbi training to re-sagthe text. The
second process uses the Likelihood Ratio Ranking Model -fdtee the
new word candidates.

We can heuristically explain the first iteration: in the fitgration, type
b can be re-segmented correctly. The reason is that theesthglracters
(preceding or following the new word) are all known words ¢ diave high
probability to be a word. In this iteration, Vitebi trainifignctions to sepa-
rate the single-character words from the new word candsdatd of course

the type c are also separated into single-character words.

We can also heuristically explain the second iterationctitaplicated rank-
ing model, such as Likelihood Ratio Ranking Model, decidéeter a
fragment is a single-character word sequence, or a new \@ooayding to
the similarity to the known word. It obviously works for alltgpes. In
Chapter 3, we will see how our model handles these three typasw

word candidates. Similar approaches can be found in [LaMdun@000]

and [Zhao et al. 2000], especially [Zhao et al. 2000].
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2.4 Description of The Two Best Systems

[Zhang et al. 2003] was one of the best systems in the FirbBig bakeoff
and [Low et al. 2005] was the best system in the Second Siglieaieoff.
In [Zhang et al. 2003], the Hierarchical Hidden Markov Mdé#iMM)-
based Chinese lexical analysis comprises of five levelsn aegmentation,
simple and recursive unknown words recognition, clasgtasgmentation
and POS tagging.

(&) Atom segmentation. The bottom level of HHMM, is the iaitstep.
Atom is defined to be the minimal segmentation unit that caibeo
split at any stage. The atom consists of Chinese charasigarghol
strings, numeric expressions and other non-Chinese chiag.st~or
example: 2005.9. M| HH4= T - will be segmented as 2005.9/M#lll tH/4:/ T/ -
In this HMM, the original symbol is observation where as thmais

State.

(b) Segmentation Class-based HMM. In this HMM, only Persames
and Local Names would be recognized. The set of states agsset
Previous word in dictionary of a person name, Next word itidiary
of a person name, Surname, First token of 2-Hanzi given n8uorféx,
Token in transliterated name, Romote context... The obsiervare
then the atoms.

(c) Also Segmentation Class-based HMM. Since there are som@lex
unknown words, such a8l & > 1AL #ilEE 22 & 1 (Memorial Hall of
Zhou En-Lai and Deng Yun-Chao). They can be recognized girou
the recursion of the second HMM.

(d) Inthis Level of HMM, they use LEX+9, as the states of HMMEX+9
means: the are 10 states, such as LEX: the words in the seafioent

Lexicon. PER: Personal name unlisted in the segmentatigicte.
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LOC: Location name unlisted in the segmentation LexiconQORr-
ganization name unlisted in the segmentation Lexicon. TIViEe
expression unlisted in the segmentation Lexicon. NUM: Nuoex-
pression unlisted in the segmentation Lexicon. STR: Syrshaig
unlisted in the segmentation Lexicon. BEG: Beginning of risece.
END: ending of a sentence. OTHER otherwise.

(e) POS Tagging.

They use n-shortest-path based rough segmentation befwsteand the
second level of HHMM as the disambiguation strategy. Thageathm gen-
erates all the possible segmentations strings based oadgheesitation Lex-
icon and choose the 10 string with lest words in the sentehfter running
the other 4 levels HMM on all the ten possible sentences yttes) chooses

the one with highest possibility.
In the work of [Low et al. 2005], a Maximum Entropy ApproachQhbinese
Word Segmentation is introduced. They use the online opemaximum
entropy package v2.1.0 from Http://maxent.sourceforgfe and then they
specify the basic Features [Ng and Low 2004]:

(a) The current character.

(b) The character n positions to the right of the current atiar.

(c) The character n positions to the left of the current cttara

(d) The punctuation feature, such as "?", "-",",".

(e) Other features such as Dates, latin letters.
The maximum entropy as the disambiguation strategy is netaidea, but
how can they have the best result of all the 20 systems? Bectheyg have

a new idea of dealing with unknown word problem. Namely, a)eiternal
Dictionary. b) Additional Training Corpora. For a), theyeuan external
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dictionary, that means the enlargement of the segmentaggiton. For
b), they use the additional training Corpora, although ttditeonal training
Corpora are annotated in different standards, they caeddiot of words
which do not exist in the target segment text. They use anrighgo in
order to extract the new words from the annotated additiGuapora in 5

steps:

(a) Perform training with maximum entropy modeling using triginal

training corpudg annotated in a given segmentation standard.

(b) Use the trained word segmenter to segment another c@mamo-
tated in a different segmentation standard.

(c) Suppose a Chinese character C in D is assigned a bouratpatybt/
the word segmenter with probability p(from the Maximum ©ply
Model). If tis identical to the boundary tag of C in the gokdvsdard
annotated corpus D, and p is less than some threshold, theitrGté

surrounding context in D) is used as additional trainingidat

(d) Add all such characters C as additional training dateh&driginal
training corpudg, and train a new word segmenter using the enlarged

training data.

(e) Evaluate the accuracy of the new word segmenter on the testdata

annotated in the original segmentation standafdpof

2.5 A Brief overview of the Chinese Word

Tokenizer Developed at the CIS

We now take a brief overview of the tokenizer which has beemlde
oped at the CIS, as described in [Tao 2001] and [Li 2005]. p@@1]

has built the first version of CIS-segmenter, which consitsvo
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parts. The first part, tokenization, is done using the MaxmiMatch-

ing Algorithm. The second part, which handles the overlagirob-
lem, uses two statistical methods: the Uni-gram Frequenethod
and the Mutual information method, with the training forsbemeth-
ods done using the 1996-1999 online magazine "Hua xia weii zha
corpus. [Li 2005] corrected the mistakes in the disambygpibcess

of [Tao 2001], added some segmentation standard adaptatitre
Beijing standard, and re-implemented the second level oMiNHnN
[Zhang et al. 2003] in order to handle the Chinese name rétogn
problem. Finally, in this thesis we added the three modedsddbed

in chapter 3) to handle the unknown word problems.

2.6 Conclusion

We have analysed two state-of-the-art systems: [Zhang 208B]'s
system and [Low et al. 2005]'s system. We have found the fyst s
tem’s structure to be very intricate, and its runtime corapanally
expensive. Its capability of dealing with unknown wordsimited
due to the limitations of the training corpus. The lattertegs uses
a clever way to circumvent the unknown word problem, namely b
adding new words (that is, words unknown to the test corpughe
training corpus, and it was close to being the most precisteByin
every segmentation standard in the Second Sighan’s bakEoére-
fore, as we have concluded in the first section, the statbeshrt sys-

tems have two disadvantages:

I. Their runtime is computationally expensive, and

ii. Their capabilities of handling unknown words are lintite

For a general Chinese word segmenter, which can segmenthihe C

nese texts of different Domains, the central problem isgaimn of
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unknown words. Therefore in next chapter, we will presentea
approach to handle the unknown words problem in the field ef th

Domain Adaptive Chinese Word Segmentation.



Chapter 3

The Innovation for the Domain
Adaptive Chinese Word

Segmentation

3.1 Introduction

This chapter presents a new approach to the central probietonoain-
adaptive word segmentation in Chinese, i.e. the recogndfanew words
(unknown words to the system lexicon). Three heuristic nedees pro-
posed here to this end. We will also present below an evaluatf our
system and compare it to the performance of previous appesdound in

the literature.

Our starting pointis the ICLCLASS segmenter, which is régpafSproat and Emerson 2003]
to achieve a segmentation quality of. 9% (F-measure, after being trained

on the People’s Daily corpus). However, when we applied #reesseg-

menter to a text specific to the domain of chemistry, and exatlits per-

formance (based on a manual segmentation of the text aogaihe PKU

44
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standard), the quality dropped to.9%. We then developed a number
of ways for solving domain-specific segmentation problerte (with-
out doing domain-specific training, i.e. without the neednanually cre-
ate a domain-specific training corpus) by making more affeaise of the
(domain-independent) information contained in the Pégaily training

corpus.

In [Gao et al. 2004], the authors mention the two problemsdapéing the
segmenter to different domains and to different Chinesedveagmenta-
tion standards. Their approach performs quite well in teoimseing able
to adapt to the four different Chinese word segmentationdsteds, but
their solution to domain-adaptation is debatable, as theyat explain
how their approach can acquire new knowledge from domagaiip data
given an annotated corpus taken from a more general domainthef-
more, their test corpora do not contain domain-specifistdwnce the per-
formance of their system remains unknown. After reviewiagent de-
velopments in Chinese word segmentation, such as in [Gdo20@3],
[Ando and Lee. 2003], [Xue 2003], [Jin and Powers 2003], fPand Schuurmans 2001],
[GOH et al. 2004] and [Sproat and Emerson 2002], we estadaitiat most
of the state-of-the-art methods focus on acquiring "pesitknowledge
from a hand-annotated training corpus. Here the positieevkedge refers
to the Word Formation Rule as analyzed in Table 3.1. Thistpestnowl-
edge is then used to extract similar knowledge from an unsesus, for
example measures such as the independent word probaliB) @nd the
word formation analogy (WFA) [Wu and Jiang 2000] are calteda The
IWP derived from the general corpus must be modified sigmifigdor it to
be used in a domain-specific corpus, such as a chemical eodube word
formation, word combination and the compound formatior wiffer be-
tween the two corpora, as shown in Table 1. A domain-adapagenenter
should be able to handle this divergence, especially asuhisalistic to
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expect a large number of chemical corpora to be manuallyethgg that
they can be used as training corpora. Furthermore the ramdamains is

limitless - one sentence or one paper can be considered bdsomain.

3.2 Unknown Word and Domain-specific

Given an electronic text in Chinese, i.e. a strirgt; .. .t, where eacly €
andz is the alphabet of all Chinese characters, a segmentatgonitim is
expected to provide a segmentatagt) = (s1,...,Sn) (S1< S < ... < Sm)

where eacls; is the starting position of a new segment, i.e.
T(t) ={(ts.. .ty ,-1) 1< j<m}

is the set of all word segments in Later we will also use the notion of
single character sequencby which we mean a series of consecutive seg-
ments of length 1, more precisely, a maximal subsequspce.,s;, such
thatsj, + 1 =sj,, Sj, + 1 = sj, and so forth, an& > 2. Typically, when a
maximum matching algorithm does not recognize a certairtironéracter
word, it splits it into a single-character sequence, asghdticonsisted of
several single-character words. Thus single characteresegs (although
they sometimes represent the correct segmentation) aegajlgrindicators

of words unknown to the algorithm.

Hence the basic question is that for each single characleesee, whether
or not to accept it (or parts of it) as a new word, i.e. to mesgar(e of) the
single characters into a continuous string. In light of dowedaptation, we
are particularly interested in cases where the candidat@cter sequence is

a potential domain-specific phrase (e.g. part of the sulsjeetific terminol-
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ogy). Comparing general texts and domain-specific textetlobservations
can be made:

(a) Domain-specific phrases are generally new to the algorifafter it
was trained on a general text), but the single characteregiesnthey
consist of are usually known, and the combinatorial charsastics of
these tend to be the same across all domains. E.g. singlectéiael-
ements that typically occur at the end of certain noun plsrésg. the
sign for “plant” at the end of plant names) are likely to berfduat
the end of novel phrases (e.g. specific plant names) as weledwer,
when two single character elements A and B occur consetytivthe
training text such that a human editor has put a word bounicheank
between the two, it is likely that these two will not form a tonous
word AB (neither in general nor in domain-specific text). Aram-
ple of a character sequence marked as a fragment by MMA:ige"
(1E=in the process off=riding), as the two characters together do
not constituent are a word in the word list. The fragment wasd
in the sentence: AT IEEITE £ 5T - " (We are on the bus to
Beijing). The MMA would segment this sentence & f{1/1F/3®/I%,
/AL 3 - " (for convenience "/" is used instead of a spacel: "
Fe" is a new word candidate, since it is a fragment after MMA. The
observation was made that such fragments can appear in tipdeRe
Daily Corpus, so we extracted all the single-charactemfiragts from
the hand-annotated People’s Daily Corpus. We found, fumbee,
that all the substrings of these fragments are also noisecollected
all characters found in the People’s Daily Corpus Jan-J@81¢hich
constitute noise. A total of 800,000 noise fragments weunado There
are also "negative" examples. For example, in the segmeetaence

taken from the People’s Daily Corpus:

"SGR R LIRS, 1 R Z 0 2 I HERRINERY & 491 15T s R~ 17
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(b)

(€)

LEISRZRI " WIPRERRL, 1 DU SRR, 1 B0 R, 14
G52 WA, HEFEL, TR AHRE ) L

Fragments like 22 2 1", "Se b fg R, " LAAF ", and "IE k" are
treated as noise.

Furthermore, the substrings of these fragments are alsod=red noise:
2 ANE A UM C WAy W =E SN Ty Pl W =R

Noise fragments generated from the reference corpus usenglove
method could account for approximately 50% of the noise dauarthe

test sets.

Highly frequent single character words typically haeeywgeneral mean-
ings, such as]”(of), “ Fi”(use) etc., and occur across all domains.
They are often combined with noun phrases, including unknoaun
phrases in domain-specific text. Thus recognizing themeb#ygin-
ning or end of a single character sequence often helps fgend rest
of the sequence as a new (domain-specific) word. In addhionever,
there are domain-specific single character words that doeguently
only within their domain For example, it was found that" (to take
a photo) occurs with a higher frequency in the People’ Daibyplis
than in our chemical text.

There is a rather high number of single character seqsetiat rep-
resent frozen expressions that should (according to the stgktard)
not be merged into one token, but which can rather easily &tiited
as they occur in general texts as well as in domain-speckts.tdx-

pressions like N —{X'E 4" (next time it will) fall under this category.

Having made these observations (especially (a)), the keg af our ap-

proach is to learn the elements immediately preceding altmivimg a to-

ken boundary (set by the human annotator) from the trainorgus, i.e.

pairs (A,B) such that there is one or more occurrences inrén@ng corpus

where A is the end and B the beginning of a token. We refer teetipairs
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From general corpus to | Linguistic
domain-specific corpus | hypothesis

Vocabulary partly Changed
Segment Standard Unchanged
Word Formation Rule partly changed

Word Combination Rule | partly changed
Compound Formation Rule partly changed
Single-character-word
Distribution Mostly unchanged

Table 3.1: Linguistic hypothesis.

asnegative exampleBecause they indicate that AB is a sequence that is
(likely) not a new word; rather than to consider, like previous appraache

positive examples where AB would have occurred non-sepdrat

In addition, we take into account single characters fretjyeccurring in

the target text (as in (b)). To this end, it is necessary tomuafirst step a
(not yet domain-specific) segmenter over the text to idesiifigle charac-
ters that are part of many different unknown words (i.e. oksal SCS left

by the segmenter).

Thirdly, our approach attempts to identify common frozepressions by
using a special bigram look up of negative examples in theitgtext; all

of this will be detailed in section 3.3 below.

The single-character-word distribution in Table 3.1 refer the probabil-
ity of a single-character-word occurring adjacent to a nagls-character-
word. We assume that the reason that the distribution ofesicigaracter-
words remains unchanged is that most high frequency sitttdeacter-words

in Chinese are prepositions, pronouns and auxiliary words.
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3.2.1 General vs. Domain-specific

A few words are in order about the conditions under which vgare a text
as domain-specific vs. domain-independent. As we have dyfwen what
we call a domain-specific corpus, we expect major differeritoedomain-
independent texts, especially in regards to vocabularileTa.1 gives an

overview of expected differences between general vs. dos@ecific text.

We would like to propose a definition dbmain-specifitypased on this very
property, i.e. on the coverage of a domain-independentdexi (e.g. the
list of words extracted from a general-purpose, hand-atadtand very

large text) with respect to the terminologyin

Let T be a manually segmented tektbe the list of words of a large, man-
ually segmented reference téikt T is domain-specifi¢with respect td.)
if the percentage of segmentsiirthat are not irL is 7% or higher.

The 7% boundary was obtained empirically, by studying thenown seg-
ments rate of general newspaper text and comparing it toothaitibject
specific texts, e.g. chemical or medical scientific abstréeach time using
the same, general-purpose lexicon which had been creatextiacting all
multi-character sequences from the China Daily hand-atedttest cor-

pus).

3.3 System description

The input data provided to the algorithm consists of thresfil

() A plaintextfileT to be segmented;

(i) A reference corpu® of which the segment boundaries have been an-

notated by humans
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(i) Alexicon L of Chinese words (i.e. a list of n-grams of characters from
>, each of which may be a word (but needs not be, depending on the
context).

As we will see later, the algorithm described below workgipatarly well
whenT contains text specific to one or several domains, WRikea general-
language corpus, such as the manually annotated Peopliys@apus,
andL is also largely domain-independehtwill be used in the first step of
the algorithm to create a preliminary segmentation intalcate words ac-
cording to the lexicon; hence it is specifically the fact thags not been op-
timized or enhanced to cover the domain-specific terminotdgl, which
best characterizes the typical situation when our algaorghould be used.
And that is a situation which in fact occurs quite frequendg building
domain-specific lexica (and training corpora) is a costlg Eor-intensive

activity which people generally try to avoid.

3.4 Proposed method

We suggest a method that consists roughly of three steps:

(1) Apply a maximum matching algorithm (MMA) t®, using a general-
purpose lexicoi as its dictionary

(2) Improve the lexicon, based on the results of the first,ssp. by com-
paring single character sequences (SCS) left in it, to amaiharacter

sequences extracted frdRa The improved lexicon is called

(3) Re-apply MMA, usingd.’.
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Thus, we basically transforininto a domain-adapted lexicdr by adding
some of the SCS’ from the result of (1). The decision of whethenot to

include an SCS, or a part of it, in the lexicon is formalizeddsnction

f:s*—{-1,012,..}

where a return value of “0” indicates rejection, while anysipige valuex
suggests that the segment-final part starting at positstrould be included
in the lexicon, and a negative value indicates the inclusiaihe segment-
initial part starting at position 1 and ending at positios X. Hence, if
c=(cy,...,C) € " is a candidate SCS, andfifc) = x> 0,

c™® = (cx, ..., ck)
is accepted as a new entryldf if f(c) =x <0,
™ :=(c1,. .., Cix)

is to be accepted.

We consider three types of such functions: the “pure fragriléer” (PFF),

the “frequent single element filter” (FSE), and the “n-graitefi (NF).
Each one is applied in turn, i.e. we use PFF, next (upon aip@sesult)

we use FSE, then NF. Note that FSE and NF are only used if thvopise
filters returned # 0 (otherwise the candidate is immediately rejected as an
entry ofL’).
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3.4.1 Pure fragment filter

Given an SC& = (cy,...,C) € Z* as input, the PFF looks it up in the
hand-annotated corp&= (r1,...,rn) and computes two sets:

Pogc) := {(p,q) : (rp,...,rq) =C,

annotated as one continuous wordRh

Neqc) = {(p7 q) : (rp7 [ERE) rq) = C7
annotated as an SCSR}

In other words, these are the sets of positive and negataapbes forc as
a candidate entry df’. A general model of the PFF filter may be described

as

i INeg(c)|
PFR/(c) = 0 1t Goozrposgen ~ Y

1 otherwise

for somey € R. The simplest version of it is probably P§;k.e. when a sin-

gle negative example suffices to reject the candidate, aadstindeed the
version that we used in our experiments. Thus, comparecdhir &exical
decision filters proposed in the literature, and lookingtetmathematical
complexity, PFl is extremely simple and can be summarized as “accept a
word candidate unless there is one or more exampl&uwithere it is split

into single characters”. Therefore, if this filter is supeto previously sug-
gested methods, then this is because of the mere fact thativeegxamples

are taken into account, rather than because of the supgmdthe statisti-

cal model being used.
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Pure fragment filter in Perl-Code

The array "real fragment" contains all the fragments, such'sr 2 1",
SRR, " BRI, and EFE"

if (exists $real _fragment{$Candidates}) {

# if they are fragment

}elseg{

# they are unknown word candidates.

}

3.4.2 Frequent single element filter

When a candidate segmeit = (cy, ..., ) is wrongly accepted by PRF
i.e. if there are no negative examplesa@? in R, but it is not a word,
one common reason for this is tha¥) is comprised indeed of one (multi-
segment) word, plus one frequent single character eleniigar emmedi-
ately preceding or following the word (such single charaetements are
typically prepositions, postpositions or similar funetivords). Therefore,
after a word has been accepted by pR#e check if either its first or its last
character ¢ or cx) occurs extremely frequently as a single character in the
training corpus, and if so, regard the rest as the word @asté the whole
stringc®):

2  iffs(c))>T

FSHC) =4 -1 if fs(c) > T
1 otherwise

wherefs(c) is defined as the relative frequency of occurence of the chara
terc; as a single character sequence (of length 1) in the targeaftex the
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first (preliminary) segmentationT is a threshold that in our experiments
was set to M05.

Frequent single element filter in Perl-Code

if ((length($sen[$c]) eq "2"&length($sen[$c+1]) ne
"2"& length ($sen[$c-1]) ne "2") ||
#between two nontwo—character words
(length($sen[$c]) eq "2"
& exists $nature_seperates{$sen[$d]}
& length ($sen[$c+1]) ne "2")
#between natural separator and netwo—character words
|| (length($sen[$c]) eq "2"
& exists $nature_seperates{$sen[$c+1]}
& length ($sen[$c-1]) ne "2")
)

For example, given a sentence in the test set which has bgemes&d
using MMA:"IT G/ LU =E RS TE 44 F AMPIRE N 1, IHEE
TR ) RS OAT & T 113 &R WL/ - "The single-character words
extracted are 1", "J§#", "7E"," T "(they all occur between a non-single char-
acter word and a natural boundary), arid"{it occurs between two non-
single character words). If these single character wordsrogbove a cer-
tain frequency (from experience more than once in a 10k &@r@und they
are the first or last character in a new word candidate, we rin@ove the

single-word character from this new word candidate.
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3.4.3 N-gram filter

The purpose of the n-gram filter is to checlciis likely to be a frozen ex-
pression, or a similar construction composed of singleaidtars that should
each be kept as separate words. We do, however, not look wyhible se-
quence, but, it has length at least 3, compare all its bigragitg to the

set Neqcic;) of all negative bigram examples (i.e. all SCS in the training
corpus) to see for how many of the bigrams there is negatidepue. If
negative examples can be found for sufficiently many bigranesreject

the whole sequenaeand assume it is a single large frozen expression that

should be segmented into single characters:

0 if % > 33%
NF(c) =

1 otherwise

where
NegBi(c) := {cicj : Neg(cicj) # @,i,j € {1,...,k}}.

N-gram filter in Perl-Code

for (my $dot=0;$dotdength($candidate ); $dot++) {
$ch=substr ($candidate , $dot ,4);
$dot ++;
if (exists $real_fregment{$ch}) {
$count ++;
}
}#for
$long=length ($_);
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$n—gram=$countlength ($_);
if ($n—gram> "0.16") {
#it means the candidate is not likely a word.

}

3.5 Evaluation

The test sets included two test sets from the First Sighaedfb&nd one an-
notated domain-specific corpus dealing with chemistry. dlemical cor-
pus was acquired from the company Alibaba and is over 50 ME&& ue

to time constraints, we only annotated 474k of it. First,iBenhemistry

students annotate the text. After this, two Chinese lingastudents cor-
rected the chemistry students’ annotations accordingedtU segmen-
tation standard. In the final stage, two computational lisiies students
checked the annotated corpus again. As the percentage wbwnlkvords
in the chemical corpus was 25.9%, it qualified as a domaiciBpeorpus

as per Definition 1. We ran our segmentation system and th€ILBS seg-

menter over the chemical corpus use the same word list nm&attiabove
taken from the People’s Daily corpus (Jan - Jun 1998)

The PK (Peking University) test set was evaluated as an gsmusing the
word list from the People’s Daily corpus(Jan - Jun 1998).

In the final step, we made use of the same PERL evaluationgmrogsed
in the first Sighan bakeoff. The results of our evaluationstu@vn in Table
3.2 and Table 3.3.

The results above show that our segmentation system achaueost
the same level of performance as the ICTCLAS segmenter filomih

two of the test sets from the First Sighan bakeoff. Furtheemnour system
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Our system [ ICTCLAS |

Test Set Chemical Text| Chemical Text
Size 474k 474k
OOV Rate 0.259 0.259
OO0V Recall Rate|| 0.644 0.433

IV Recall Rate 0.843 0.927
Precision 0.799 0.653
Recall 0.792 0.799

F Measure 0.795 0.719
Test Set PK(open) PK(open)
Size 56k 56k

OOV Rate 0.047 0.069
OOV Recall Rate| 0.697 0.743

IV Recall Rate 0.962 0.980
Precision 0.952 0.957
Recall 0.951 0.963

F Measure 0.951 0.959

Table 3.2: Our system compared with the ICTCLAS segmenter.

| [ PFF_| PFF+FSE| All Models |

Size 474k | 474k 474k
OQV Rate 0.259| 0.259 0.259
OOV Recall Ratel| 0.633 | 0.645 0.644
IV Recall Rate 0.852| 0.831 0.843

Precision 0.780| 0.799 0.799
Recall 0.796| 0.783 0.792
F Measure 0.788| 0.791 0.795

Table 3.3: Our system with different models for Chemicat.tex
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performed exceptionally well when applied to the large diorspecific test
set, particularly in terms of the OOV recall rate. In Tabl2,3he OOV recall
rate of our segmenter is 0.644, whereas it is only 0.433 fel@TCLAS
segmenter. This result is particular pleasing as our tésaseal corpus, is
474k in size, and is much larger than the test sets used initsieStghan
bakeoff.

Table 3.3 lists the results of the different models usedcé&the OOV Rate
is 25.9%, we can see exactly which model makes the most uistefdél.
We found the pure fragment filter (PFF) and Frequent singlmeht filter
(FSE) to be the most useful. The N-gram filter(NF) actuallgrdases the
OOV Recall Rate. This shows that new knowledge is acquied the new

domain-specific corpus mostly by using the PFF and FSE.

3.6 Examples of Segment Results Comparisons

3.6.1 Organization Name Comparison of Our System and
ICTCLAS from the Chinese Academy

Result from Our System

IBATGRNL T & =M TIER AT

Result of ICTCLAS from the Chinese Academy

IBAT LT &2 ML TIERAFL

4:~%is a name of a company, and at the same time is a name of a flower.
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3.6.2 Place Name Comparison of Our System and ICT-
CLAS from the Chinese Academy

Result from Our System

HhELI R A

Result of ICTCLAS from the Chinese Academy

[HSELNL R B IFEIEY

F=1¥is the name of a place in the Shan Dong province.
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3.6.3 Date Comparison of Our System and ICTCLAS from

the Chinese Academy

Result from Our System

[— LI\ A

Result of ICTCLAS from the Chinese Academy

[—IULUSE\ A

Whether we segment "1994" and "year" together or separatelyeter-

mined by standards.

3.6.4 Terminology Comparison of Our System and ICT-
CLAS from Chinese Academy

Result from Our System

RIHEEA IR/

Result of ICTCLAS from the Chinese Academy

K IREIERIZ R ERIR [
STAEEZE IR F  is chemical terminology.

3.6.5 Running Text Comparison of Our System and ICT-
CLAS from the Chinese Academy

Native speakers of the Chinese language can easily inben, tihe compar-

ison of the running texts below, that our system has much reoceess
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at correctly segmenting terminology, entities, orgamganames, place
names, etc., when compared to the ICTCLAS. The mistakesthahake
are mostly due to violations of standards; however they dplay a part

in recognition of predicate-argument structure.

Manually Annotated Text under the Beljing University Standard as a

Model Example

IBENERIA L ARSI IR KRB ~ 14 ek~ B 2 1 g
B~ I YBIKIZRIAIZEN, T KIZS ORI SR BRIV~ IR
BN~ | R ZERI~ LEBh 8 - |

Result from Our System

LEENESH ¢ 1B R R ERS 18 FERA) - IR BS 2R 1B B
FEL~ THEIKIZSRAIREN], [TEKIZS PRI e MRERR/ - PP~ | FH
fE/EEN ~ | R ZER -~ REEN 75 -

ICTCLAS from the Chinese Academy

SEBNIEEBE (TR R IR R IR 1B FRERIAL - BB 1T 515
B~ T IBIKIZSAAIZED],  ITEKESIMFI( BEEE ) ~ EERR) ~ IFPIRIET ~ 1F
FLEIEEN ~ | RZEIR -~ BEEN P - |
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Manually Annotated Text as the Model Example

S PRk R W R IR & 58— 2R 1R ML RS IR R e os (R B ER FR I A
At L BRSSITFIR dl ~ 1R~ IR~ [ AR BIH & -~ 1T S
BATIE T o IARIA T EE MRS T2, PRAIZZI - 15

M~ BTSSR RRH ~ | R RLIRAR A, ~ IRIVEIRA S S FE7R DRI, IREME NI
GBI FEAF I SLARIREIR], IRIMEIRE! B & G - |

Result from Our System

JHAETE PRI BRI B 12— SR R IV E R R R B 5 1 4
s, 1RSSR S~ 1R~ IR | R E F &~ TR I
FATIZ T - 1IN FIEEIRROETIRIRZ T T2, PRAEIZZII -~ 3R
B~ ETUSENRE IR ~ 1 EMBRAZ T ~ IEIVEIRIA 250 SR8 BoRIBEI, TRElfH

IR = LSRR ISLARIREIR], PR8I BB, -

ICTCLAS from the Chinese Academy

I LRI M B IR N & 11— 2175 R IR E R R BB I2 ) A
At 1 IRSSITIE S~ 1R~ IAREEL ~ [ AR BIR 5 ~ 187 55

FITI T - IAR1A TR S PRSI0 R T2, PRI~ 1

B~ 1B TERRY « 1R R AR A ~ IHRIVEIRIA 2 R FREARIZEL, IREIEI I

R BNEIF IR SLARIRRRI, RIEIBNE B = RG] -
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Manually Annotated Text as the Model Example

1A BB RIS, 1R &MEE - BREG1 TI90ZIN, 14 Fhi5%
BIRE 11002141, |EIETFARE IS0 IE - 177 SR/ O /EE - 1H
AL, 12002 /5E A H A3 BB 15001711781 - |

Result from Our System

1A BB RIS, 1R &MEE - BREIG1 TI90ZI N, 14 Fhi5%
BIRE 11002161, |FEETFRE 160718 - 7= 58/ 0 /EE/ - 13
AL, [2002F/5E A H T2 B8 150082 F 17T - 1

ICTCLAS from the Chinese Academy

N TIRE a3, AR =HE R FRE 5 TI902 1IN, 14 Fhsg
BIRXEIL0016], |FEIEFGESI60T I, 7= 530 O /FEE/ - 15
AL, 12002 /5E R H TR BB 15001711781 - |
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3.7 Discussion

In our work, our strategy is not to search for the unknown watitectly,
but to determine the distribution and the environment ofnavkn word can-
didates. For example, in the PFF, the negative exampledlanstances of
fragments from natural text. In the FSE, we concentrate ersithigle char-
acters which occur next to unknown word candidates with pigibability.
The test set, i.e. the raw corpus, must therefore be at |€&SiriLlength,
not merely a single single sentence or short paragraph. iShdwhntage of
having a minimum test set size is that a short sentence caermiocessed
by our system. Nevertheless, our system has the advanthgéngfable to

process the world web web easily.

The NF (N-gram filter) is calculated using negative knowkedBhe reason
for this is because in any domain-specific text, the nega&txamples are
always negative; the positive examples, however, are naya positive.
As discussed in the introduction, the positive knowledgw®isreliable, be-
cause the word formation rule has changed. Therefore, tbpl®g Daily

Corpus is the only training corpus required by our method;dmytrast, the
other methods that use the knowledge of the word formatitanrequire a
training set for each different domain they are applied oillastrated in
the Figure 3.1 and Figure 3.2.

We further argue, that the methods that use the knowleddesaiord for-

mation rule, are unrealistic for two main reasons:

(&) The domain is limitless. Therefore the word formatiolerchanges
continuously.
(b) Human resources are limited, as we cannot annotate @ &rgugh

corpus for every domain.
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Chemical Training Corpus Chemical Testset Corpus]

Biological Training Corpus Biological Testset Corpus

Finacial Training Corpus

Finacial Testset Corpus ]

Common Training Sport Testset Corpus

[ Sport Training Corpus

Methods

China Daily Training Corpu China Daily Testset Corpu%

1898

[ Mechanical Training Corpu: Mechanical Testset Corpus]

Figure 3.1: Traditional methods.

Chemical Testset Corpus]

Biological Testset Corpus

Finacial Testset Corpus ]
Sport Testset Corpus j

[ China Daily Training Corpu

Our method

China Daily Testset Corpu%

Mechanical Testset Corpus]

Other Domain

Figure 3.2: Our method.
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To ensure that the evaluation is adequate, the proposed m¢fmodmust
be compared with the existing methods mentioned above.cbhmgarison

should be conducted in the following way:

(a) Use the same non-domain-specific training text and tine seon-domain-
specific text set.

(b) Use the same domain-specific training text and the samaitespecific
text set.

These two methods are, however, not applicable to domaptae meth-
ods, such as the one we are proposing. One may argue that ndaim u
to train the WIP using the non-domain-specific text set, dah tapply it
to the domain-specific test set, as we do not train the WIPerdttmain-
specific test set. The answer to this argument would be: otlvadeannot

be evaluated in the usual way.



Chapter 4

Segmentation in Chinese

Language Processing

4.1 Introduction

The Chinese word segmentation problem has been discussesiirely;
it is believed in some circles that the field of Chinese worghsentation
involving POS tagging is mature. We argue that this field heoty or in
practice, is still in its infancy. We have already discusgeattical develop-
ments in previous chapters; now we will discuss the lingeastspects of
the problem, such as the relationship between Chinese vegrientation
and POS tagging. Why is discussing POS necessary for us’slebk at
some examples from the China Daily; they all contain amlbigsti

ay%-4k[ Jcan be segmented into three cases:

(a) &/ ERIT(All of /the department )
(b) &ER/71/ (All of the department / the door)
(c) &EBI1AIl Department

68
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b)4: [E Ei/rcan be segmented into three cases:

(a) 4 E/ EPH(Whole Country/ Consulting Committee )
(b) 4/E B/ (Whole / Policy of Country / Help)
(c) 2 E B (People’s Consulting Committee of China )

C)/Z'E Hb si.can be segmented into three cases:

(a) &7&/ Hi55( Business/ Location)
(b) Z/EH/ 55 (Pass by / Campsite/ Point)
(c) Z’EHb = Branch

d) I Ecan be segment into three cases:

(@) N LE(Not /necessary)
(b) A /Z(Not necessary / want)
(c) A Not necessary

We have seen that all of these examples do not exhibit reaigatyp We

do not need to decompose the phrases: they are already mfdninits.

The first two examples, a)and b), are proper nouns; the thathple c) is
terminology, and the last one d) is a predication. The re&soneeding
to break these phrases into smaller units in the China Daithat the syn-
tactical theory behind this segmentation standard trigsmtbsimilar units
like wordhood in English. In Section 2, we will first compaveot Chinese
tagsets to each other, for the purpose of illustrating thastructure of the
Beijing University tagset. Then we will compare the Beijikigniversity

tagset to the German tagset proposed by CIS. Because thegaeaiset is
specified by the Chinese grammar theory in [Zhu 1982], in $&istion we
also introduce the most important argument of this work. Ve discuss
how to adapt the Chinese grammar theory in [Zhu 1982] to Igeainmar.

Section 3 will propose a semantical tagset, based on the@raily corpus,
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and outline details of adapting the POS tagset of this caiptise new se-
mantical tagset, with examples. Section 4 will propose almmaclearning
method, together with a multi-level framework to deal witle ambiguity

problem.

4.2 Comparison of Different Tagsets

We will discuss Chinese word segmentation within the fraor&vof Chi-
nese grammar. Generally speaking, the Chinese word segtiognis re-
lated in some way to all of the fields of electronic Chinesgleage process-
ing. For example, POS tagging, entity recognition, nourapérextraction
and practical applications are defined predominantly usimgar concepts
in Indo-European language syntactical theories. Thisrthismot necessar-
ily appropriate for the Chinese language. For example ey wccurrences
after the charactei’Jare nouns; this causes great difficulty in the field of
machine translation. They are almost identical, which $eweight to the
claim that the Beijing University tagset is too closely tethto the partic-
ular syntactic theory for Indo-European languages, as sliowable 4.1,
Table 4.2, Table 4.3 and Table 4.4. Finally, we review then€sé grammar
theory behind the Beijing University tagset and discusspttodability of
building a new Chinese grammar system from the perspectigeroputa-
tional linguistics.
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Tags| POS Examples
Ag | adj-morpheme EIAQEIAG, ENEEIAG, LTIV Bic TilAg
a adjective F T attu, (35 K alEiR n,
ad | adj-adv il /ads 5 v, I ladsE By, B 1 adii@ fii v
an | adj-noun TEBRIVE [ lan FE BvniuE-Ti/an Bl alf Y an
b noun-modifier IR0 B In JR &R i 22 vn 2[Rl /o OV N
c conjunction HZ/c. mt/c,Mic,5lcHic
Dg | adv morpheme BY/DgZ IVEL/DgTRIv,[E/DgfE/a 57 B InE/DgK/a
d adverb /&N, A58 v, T A E Ip. LTIy,
NIFAENAR AR /) Ul S n
e interjection Wk/e, e Ivichy, IR I /et /ub v, g /e
f localizer EEEINNZ B/, EL R vnH A,
h prefix FEMEERLX In Bl IR NS /n 2 IhBT H (A ns
i idiom EEFONIZNY NN
j abbreviation SRS S FNGEZ =3
k suffix ik T, L, 3k
I fixed expressions ENIBWEN, & H E 2N ME 0N
m number [ mNASDImIE M an 7 Im41q
PIFIIU ~ tw P F-Im & /d ZEiv fifi/a
Ng | noun morpheme R T2 IUERING, B /TgZ JuFE INg F-/afElp. FFINg
n noun A5 n,
nr proper noun-person names | YL/nr FEER/nr
ns | proper noun-places fedbnsit < i/ns
nt | proper noun-organisation nameft it /nt, 5% F1 I /nt, [E 55 BE/ntffF Jp/j]nt,,
nz | other proper name BRIz, [TE R Inzi: - Isii FH nnt, B 7R /nz BB /n]nt
) sound word TE¥/o,
p preposition Hi/p E#nT/ A8 2 v, N /p
q measure word hT/mEg, EimsriggiiMagev Lig t 4,
r pronoun i, B I I 19 F0ET I RGN T lu FE 240,
s localizer 23t s AT RIS 28 Sk /s, X Hil/s 2 s U JE /s
Tg | temporal morpheme HITg Fk/Tg Wi/m Z=/Ng,E/Tg BJ/u S E/n
t temporal noun R F—Im K1q,[FE M Ins Z & BRI In]nt
u auxiliary Zu,B&Id Hiu ERN T lu EKN Bu T Hin
Vg | verb morpheme Wi/d Bivg, & IVg B Im,BI/Vg [ 5 in, LU p 7RIVg
vd | verb-adv PEEvd FAE N, B B Ivd 155, AT v FfEEivd & JEIv
vn | verb-noun AR N A n T RIZE SN TAENN,
w punctuation .7
X non-morpheme no examples.
y sent-final part. RN TIy B T Iy EIdFEE: N Ty,
N5y, Bt A~Id F5iv T fy
z other verb Xz 4 Im g An & Ez ZF RGN,

Table 4.1: The Tagset of Beijing University for Chinese Laage(PKU ) with
examples [Yu et al. 2001]
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Penn Tagset PKU's tag
total tags 33 26
noun 3 4
temporal noun NT t
verbal noun NN vn
proper noun NR ns,nr
other noun NN nz
| localizer | 1(LC) | 1(H \
| pronoun | 1(PN) | 1(r) \
Verb 4 3
shi4 VC v
you3 VE,VV \Y;
other verb VV,VA v,a,Z
| adverb | 1(AD) | 1(d) \
| preposition | 1(P) | 1(p) \
determiner DT r
number CD,0D m
measure word M q
conjunctions 2 1
coord.conj CcC c
subord.con;j CSs c
particles 8 2
aspect marker AS u
iG] DEC,DEG,AS,SP u
H DEV u
5 DER u
sent-final part. SP y
& ETC u
other particles MSP u
other 8 4
interjection 1J e
sound word ON 0
punctuation PU w
noun-modifier JJ b
foreign words FwW ??
4 LB,SB p
it BA p
| tags for non-wordg 0 | 7 \

Table 4.2: The Comparison of the Tagset of Beijing Univgrdir Chi-
nese Language(PKU) and the Tagset of Penn Tree Bank of @hines
Language(Penn)|[ Xia et al. 2000]



CHAPTER 4. SEGMENTATION IN CHINESE LANGUAGE PROCESSING

)

S| Z 3 ( noun noun |
Argument | A% ( proper noun-person name)
14 (proper noun-Geo name
ML 144 (proper noun-Org)
Hth % 4 (Proper name)
B5f 8] 37 (temporal noun)
4b FriF (localizer)
U (number)
& 17 (measure word)
i (pronoun)
15 1H] 17 (pronoun)
Predicate | ZfjiF(verb)
& BhiF (verb-adv)
B4 17 (verb-noun)
B %51 (adjetive)
B 17 (adj-adv)
% 17 (adj-noun)
X 513 (noun-modifier)
R 1A] &l1A (adv)
Grammatical| 47-if (preposition)
Word 17 (Conjunction)
Bfiid (auxiliary)
T S,17 (aspect word)
FL 7 17 (sound word)
M3 (interjection)
Table 4.3: The structure of The tagset of Beijing univeriyu 1982]
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Tagset for uni-Beijing | Tagset for CISLex
Z 1 (noun) noun

i5f 18] 18] (temporal word)| noun
LbFirid] (localizer) noun

FiF (pronoun) pronoun
FiF (pronoun) determinator
B))iF (verb) verb

TE25 1M (ad)) adjective

B (adv) adverb

4114 (preposition) preposition
7£17 (conjunction) conjunction
BiiF] (auxiliary) verb particle
5= 1" (aspect wort) | particle

FI7 1 (sound word)

M1 (Interjection) Interjection
A (Number) rest classes
&= 17( Messen word) | rest classes

Table 4.4: The Tagset of Beijing university for Chinese laage and Tagset of
CISLex for German
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4.2.1 From Chinese Grammar to Local Grammar

One might believe that new theory is often proposed as atrefsdilscovery
of a new phenomenon. In reality, not all phenomena can le&al the right
answer. The important question is: how can we get a new pagpen
old phenomena? After partially solving the problem of unknavords, the
problem of disambiguation needs to be addressed. In ordeolte this
problem in a more meaningful way, we are going to rewrite tien€se
grammar from the lexicon grammar perspective. In the fameoik of

[Lu 2000], some examples of Chinese word analysis are given:

(@) T4 FEE AR X 4 24 2- What things make you so happy?
(b) FRATE E 242481 42 - What would you happily discuss?
(c) P IFF, TR 245 24! Tell me soon, so that | can be happy

too

In their work, only the morphology of "happy", specificalhetphenomenon
of repetition, is discussed. We argue that there is not drdy¢petition, but
also that the units "make happy" and "happily" are words.tHarmore,
they argue that in sentence 1) "happy" is a verb, in sentendeappy" is
an adjective, and in sentence 3) "happy" is also a verb. Wediiaterested
in specifying a part of speech tagset; we are more interésteigcovering
the argument and predicate in sentence 1). In this sentéame&e happy"
is a predicate; "what things" and "you" are arguments. Wegeilthrough
the milestone work of [Zhu 1982]; this is of interest as hiargmar work is
already adapted to the Beijing University Chinese word sagation stan-
dard.

Nouns

The noun has 4 properties.
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(@)

(b)

(€)

(d)

An adverb should not usually be placed in front of a nouereHve can
build a local grammar for all adverbs, that appear in the Elidaily
corpus.

A noun can be modified through numeration and classiftgirsce the
nouns are limitless but the classifiers are limited (in Coenthere are
about 400 classifiers), the numerations can be expressejblar ex-
pressions; thus that we can build local grammars for classifi
Nouns can be modified by other nouns. As we have discusseldap-
ter 2, for organisation names, we can build similar locahgraars for
this phenomenon.

A noun cannot be followed by these 3 charactéss: |, i, . For
each of these characters, we shall build a local grammathegeith

the verb which precedes this character.

Temporal Nouns

The set of base types of temporal nouns is limited. It is easys to build a

set of local grammars for temporal nouns, to express thenitelil possible

combinations.

Adjective

(&) A predicate, which does not allow any objects, but can beified

by 1§, is an adjective. In this principle, we argue that this chama
fRcannot be used to resolve whether a word is an adjective pthist
is because from the view of local grammar, it is one kind ofdigem-
bination. This character has a high frequency in most of €dertexts,
so it has many fixed combinations; therefore we cannot sayibials,

that cannot be modified by this character, are not adjectivese some
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adjectives cannot be modified by this character but instétdsochar-
acter, they have another fixed combination. This is illustteby the
following examples:

(b) Most adjectives can be modified By. We can build a local grammar
for this character.

(c) An adjective can be followed by a complement, suctfag. Since oc-
currences of those complements have a high frequency inhimege
language, we can build a local grammar for them.

(d) For each of those words, that have properties of both :iand adjec-

tives, we should probably build a local grammar.

(e) We ignore the differences between a adjective and aestati

Verb

The description of the properties of the verb class in therthef [Zhu 1982]
is very complicated. In fact, if we look at the annotated esrpmost of the
predication has either the structure, preposition - verlyedb - verb. This
makes it possible to redefine the predication from the thebfghu 1982].

4.2.2 Conclusion

The Beijing University tagset is similar to the German tageeClS, be-
cause the tagset adopts the framework of syntactic thedndofEuropean
language, particularly from [Zhu 1982], who argues thatnése grammar

has two special properties:

(a) The semantic component and the syntactic component dbave a

one-to-one mapping between them

(b) The construction rule of a Chinese sentence is similénéaconstruc-
tion rule of a phrase.
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The first special property is a typical observation from théo-European
syntactic theory perspective, because in languages suehgiish, such a
one-to-one mapping exists. For the Chinese language, thpimg is in

fact one-to-many. The subject maps to noun, verb and adgedtie pred-
icate similarly maps to noun, verb and adjective, and samé®adverb.

The current segmentation standards are all specified underamework,

and this causes confusion and inconsistencies. In the despmtial prop-
erty, the definition of the word "phrase” is still imprecisethe Chinese
language, so it is difficult to apply this property in praeticOf course, we
cannot say that this similarity necessarily implies thatthare inappropri-
ate for use with the Chinese language. Syntax and semargiessumed to
have a one-to-one correspondence to the syntactic theder time frame-
work of subject and predicate. Therefore, semantic classifin is our final

goal. The syntax is a necessary step between natural laaguagemantic
classification. For the Chinese language, this might nohbectise. Is it

possible to propose a semantic tagset directly, withoutlumg POS tag-
ging?

4.3 A Semantical Tagset and its Application to

the China Daily Corpus

Discussion of how to build a well-formed semantically aratetl corpus for

Chinese becomes a very interesting topic. Generally spgattiere are two

ways of building such semantically annotated corpora. Theifivolves au-
tomatically processing the treebank [Palmer et al. 20&ihdsbury and Palmer 2002]
,[Palmer et al. 2003], [You and Chen 2004] and [Daniel andi&&002],

and the second involves building a semantic corpus from énpus with

only POS information [Xu et al. 2004].
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A treebank is normally a syntactically processed corpuserdlare many
treebanks built for different languages such as the Pereb@reg [Marcus et al. 1993],
ICE-GB [Wallis 2003]. The Penn Chinese Treebank is a wetivikm re-
source [ Xia et al. 2000][Xue et al. 2002]. Its annotationasd&d on Head-
driven Phrase Structure Grammar (HPSG), just like its EBhglersion. As
we have demonstrated in the last section, the Penn Chinesbditk tagset
is a very complex one, having a maximum depth level of mora 8& It
is difficult for a human annotator to change it into a semaatinotation
in a meaningful way. Another important work is the Sinicaélvank at
the Academic Sinica, Taiwan [Chen et al. 1999]. Informati@sed Case
Grammar (ICG) was selected as the language framework. Argpito
the report, The Sinica Treebank contains 38,725 parses Witk 329,532
words. For the corpus-based methodology, its size is nGtuft.

Unlike full parsing, shallow semantical annotation is otalggeted at certain
local structures in a sentence. Instead of converting & pdlsed treebank
to a semantic annotation, perhaps we can construct a shadiovantical

tagset. Following [Xu et al. 2004], we agree with two of thggneral ideas:

(a) The use of the China Daily corpus.

Due to the lack of word delimitation in Chinese, word segmen-
tation must be performed before any further syntacticabsan

tion. High accuracy of word segmentation is very important f

this project. We chose to use the segmented and tagged Peo-
ple’s Daily corpus annotated by the Beijing University. The
annotated corpus contains articles that appeared in th@d’eo
Daily Newspaper in 1998. The segmentation is based on the
guidelines, given in the Chinese national standard GB13715
[Liu et al. 1993] and the POS tagging specification was devel-

oped according to the "Grammatical Knowledge-base of con-
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temporary Chinese" . According to the report from Beijing
University, the accuracies of this annotated corpus in $erm
of segmentation and POS tagging are 99.9% and 99.5%, re-
spectively [Yu et al. 2001]. The use of such mature and widely
adopted resource can effectively reduce our cost, ensure sy
tactical annotation quality. With consistency in segmgaotga
POS, and syntactic annotation, the resulting Treebank ean b

readily shared by other researchers as a public resouroest[l. 2004]

(b) The second design principle is low structural compiexithis
means, that the annotation framework should be clear and sim
ple, and the labeled syntactic and functional informatioogd

be commonly used and accepted. [Xu et al. 2004]

We agree, for the most part, with their proposals, but we atesatisfied
with the annotation set that is proposed. In the next sectiewill make
several comparisons between our semantical annotatiothandannota-

tions on the same text from the China Daily Corpus.

4.3.1 A Semantical Tagset and its Application to China
Daily Corpus

As discussed in the last section, adapting Zhu’s theory [@&P] to a lo-
cal grammar is possible but unfeasible, so we have to camtauapting
the Beijing University POS tagset to a semantical tagsetoddh this se-
mantical tagset, we define the segment units, and thus a rgmesgation
standard.



CHAPTER 4. SEGMENTATION IN CHINESE LANGUAGE PROCESSISG

Our semantical tagset contains 6 elements: topic, modiiiggment, pred-
ication, conjunction and logical term.

Topic

Before we consider a concrete example, we will argue thah&3a lan-
guage is a paragraph-oriented language [Tsao 1979].

Xu [Xu 2004]and Zhao [Zhao 1968] proposed the topic-comnfearhe-
work for the Chinese language. According to them, the tgpiciment
framework is proposed instead of a predicate-argumenttsime for three
reasons:

(a) There exists an obligatory syntactic relation betwednext and pred-

icate, whereas topic-comment do not have such a relation.

(b) The topic can only be in the first position within a senesnehereas

the subject is not necessarily in the first position.

(c) The relation between subject and predicate is veryicestt. The re-
lation between topic and comment is much looser and somstahe
lows sentences in Chinese which would be illegal in otheglages
[Zhao 1968].

We further argue that the topic and comment structure isgstiterned by
sentence-oriented theory; just like in English, one sergdras one subject
and one predication. But according to [Zhao 1968], 50% oih€se sen-
tences are without a subject. In Chapter 2, we have alreatyisied that
the usage of comma and full-stop is quite arbitrary, and ééme boundary
between sentences is imprecise [Tsao 1979]. In this work akem brave
assumption: that the first argument of a paragraph is the tifghe whole

paragraph. So, if a given sentence in a paragraph does netahswbject,
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and if the subject cannot be inferred from the precedinges®sat, then the
subject of this sentence is most likely to be the first arguroéthe whole
paragraph.

Logical term

Logical term represents the relations between argumaudhk,as : and , or.

Conjunction

Conjunction is the connection between utterances.

Modifier

Modifier is an attribute to the argument or predication.

Argument, Predication.

An elementary sentence contains arguments and a predicate.

For this semantical tagset we do not specify the exact defnsit we anno-

tate the 2 sentences below to illustrate how this annotatorbe applied.

4.3.2 Our Annotation Applied to Two Complex Sentence
Examples from the Original China Daily Corpus with Trans-

lations
Example from the Original China Daily Corpus with Translati ons

—ImA{i/q 2 9/m % /q v B EM , iw Fip 5/mEiqBfE/n, iw
fifiv — > Im Bl El AN Bilu 2 88in/Mal In, lw —/d BRIV BRI
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R FE/N FIV ZIm Tl ~ Iw R Bin #iv T 5 /m Jtlg Blu B XK
Tolb Nb/in B In, Iw FEIv Hlu 2V 4l 2 Iw

Translation

It takes 5 years for a 29-year old Army retiree to turn arousthall, almost
bankrupt factory in a town. Suddenly it becomes a big eniwepits sales
volume is over 100 million and the tax is over 10 million. Howshhe

managed to do this?

Our Annotation to this Complex Sentence in the Original Chira Daily

Corpus with translations

—/mAz/q 2 9/m % [qf/u (A 29-year old)

<—modifier—-LE{E/n, /w (Anarmy retiree) <—topic—i/p (It takes ) <—
predication—15 /m /q B [A]/n , /w (5 years ) <—argument4¥ /v (make)
<—predication—2—"1>/m #ilf/v fE FF /v #I/u (going bankrupt) <—modifier—
2 Z#In/Mal In, Iw (A small company in a town ) <—argument=2/d
EX/Vg (suddenly ) <—modifier—3% /v (become ) <—predication=ZF/d

(each year) <—modifier—4 modifier—1

F={&/n (sales volume) <—modifier—4 argument—1

#8/v (over) <—modifier—4 pedication—1

{ZIm JT/q (100 million yuan) <—modifier—4 argument—2
~ /w (and) <—modifier—4 conjuction—-1

F|Fi/n (tax) <—modifier—4 argument—3

/v (over) <—modifier—4 pedication—2

5 /m JT/q (10 million yuan) <—modifier—4 argument—4
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AJlu (of) <—modifier—4E ZX %/b 4= \k/n & Hl/n, Iw (big enterprise) <—
argument—3E/v /u 7&/v (Depend on) <—predication—3

f+ 20 ? Iw (what) <—argument—4

Example From Original China Daily Corpus with Translations

H/p XA Ak Bl KER 53 Im B Tin B 420d v #tv B m
J7oKIq BIu BB NG, w XU fi2/q BEN T /u iR a LS n #/u
IRE Nn B/u —/Im ZIn Eid 7598 1d v 7Elp 3 0 /m Z/m ~FJ5 KIq
K/ s s n BBAF i Ud 28I Bfi e Z21d Klafiiu g &Zivn | iw

Translation

While most of the employees of this enterprise all live in meems over
100 sgm in size, the family of the army retiree who is respaedor their

success, still lives in a 30 sqm room. This teaches us an taapidesson.

Our Annotation to this Complex Sentence in the Original Chira Daily

Corpus with translations

2 /p (as) <—predication-5

XA Ak/n #/u (the enterprise of) <—argument—4—modifier—1
KB4 /m BR T./n (most of the workers) <—argument—4—argument—1
242/d (already) <—argument—4—modifier—2

fEIv ¥ v (live in) <—argument—4—predication—t &/m *F 77 >K/q #/u
(over 100 sgm) <—argument—4—modifier—2

F1JEIn (new hause) <—argument—4—argument—2
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<—argument—4

Ff/Ng , /w <—predication-5

XIr filq Bl T u FEEa b Siin flu B ZE An #lu

(the army retiree who is responsible for their success) <dieo-5
—/m ZIn (whole family) <—argument-5

H1id 758%1d (still) <—modifier—6

fE£Iv #/p (live in) <—predication—6

3 0/m £ImF75K/q K/u (about 30 sqm) <—modifier—7

P SFEIn BUf |, lw (room) <—argument—6

iX/r (this) <—argument—%/d (again) <—modifier-&3/v (give) <—predication—
7

FA/r (us) <—argument—8
% /d K/af)/u (how big) <—modifier-9

B &Ivn ! lw (lesson) <—predication—7

4.3.3 Explanation of Our Annotation to the Two Complex

Sentences

The number after an element of the tagset simply indicaesticurrence
sequence of an element type. For examplé¥/r f)/u <—modifier—12

This annotationX #¥#/r f*J/u shows that the the first two of the 3 characters
are annotated as proper nouns, and the last character imtethas an aux-
iliary word, according to Beijing University Standard tajs<—modifier—12
This annotation is our semantic annotation; this meanghies® characters
together form a modifier: the 12th modifier in the text. In tample, we

see that predication 11 has two tokens, which are separgt@dbment 13.
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fiilv <—predication-11

FA1/r <—argument—13
#8%]/v <—predication-11

In the example below, there are modifier, argument and pa&dit struc-
tures within modifier 4. Intuitively, we draw the conclusitirat if we call
the structure within a structure a 2-level-deep annotatiben a Chinese
sentence will have no annotations deeper than 2 levels. Byrasi, the
treebank structure in the Chinese Penn Tree Bank contautdiates deeper
than 33 levels.

TE4E/d <—modifier—4 modifier—1

F={&/n <—modifier-4 argument—1

/v <—modifier—4 predication—1

{ZIm JT/q <—modifier—4 argument—2

~ Iw <—modifier—4 conjunction—-1

F|Fi/n <—modifier-4 argument-3

/v <—modifier—4 predication—2

73 /m Jt/q <—modifier—4 argument—4
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f*1/u <—modifier—4
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We can infer 3 general rules for adapting the China Daily asrip our
semantic annotation:

(a) The modifier to an argument or topic always ends with aadtarf’),
such as

—Imfii/q 2 9/m %'/q §J/u <—modifier—1

(b) In the China Daily corpus, the modifier to a predicatioalisays an-
notated as an adverb, such & /d <—-modifier—12
T % v <—predication-10

(c) In the China Daily corpus, a predication normally appearthe form
of preposition + verb, or verb + verb .
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| Annotation| Tag |

NP noun phrase

TP temporal noun

IC subordinate clause
VP verb phrase

NT proper name

PP preposition phrase
BL coordinate relation
FZ co-reference relation
SBU verb-object relation
DX object information

Table 4.5: Some Annotations in [Xu et al. 2004]

4.3.4 Our Annotation to an Example Text from the Orig-

inal China Daily Corpus with translations

In [Xu et al. 2004], an article from the China Daily Corpus veamsotated.

For comparison, we annotate the same article using our g=hiagset.

19980402-07-009-001/m PHF/m&/q Hij/f 7 44/n 5 & Ivn 7K In INPINP<—
topic-1 (Technique for mummification from 4000 years agd)8®102-07-
009-002/n¥% T 2% 5 In <—topic-2[[f/p <—predication-14 0 0 0/m%£/m
fE/1q Fi/f f)/u <—modifier-1—/m B./q & Jz/ns K 4 /n <—argument-iif
fTiv B 3 /vn [VP<—predication-1/5/f<—modifier-2 ]TTPZ iV |, /w <—
predication-2 (After studying a 4000-year-old mummy, thehaologist dis-
covered ,) [[i/ai% }2/nsINPA/n]NP<—argument-2f-/a#£/p<—conjunction-
1 3B /r]AP-SBU<—argument-3ifit/d <—conjunction- /] /v <—predication-
3 F#Hn <—argument-4#17/v <—predication-4 " f&/n <—argument-%Jj
J&Ivn <—predication-4 /w]VP]VP

(the ancient Egyptians already at that time used perfumeeeept body
decomposition)
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19980402-07-009-003/ni/p<—predication-5 [{/w % &% ffi/ns HE #i/n

) Iw <—topic-3fRki&/v , /w<—predication-5 [&[E/nsts EAR/Nz KZ#/MINT
KJ/u <—modifier-32 B &7 55 ZE /Rinr/u\/n <—argument-6]NP-FZ]NP
[X/p <—predication-6 [1 9 1 4 &/t 7E/p & Je/ns FH:FL/ns i +/v #/u
<—modifier-4 [F#t/nr #/u K T35 In]NPINP]PP-DX<—argument-igi 17/v
<—predication-G /u <—modifier-4f&%%/vn <—predication-6. /w
(According to a report in the Washington Journal, Ulrich W&ar et at in
Tuebingen University carried out a study on the Itu mummyicliwas
excavated in Jizha, Egypt in 1914.)

19980402-07-009-004/1iif1/r <—topic-4%4 /v <—predication-7 /w [H/r

H + InN]NP <—argument-8F %5/d <—modifier-5 [H/p <—predication-7%
fig/n <—argument-/c <—Logical term-124/p #4/n 7 £ /v f)/u <—modifier-

6 1L & ¥)In]PP-GJ <—argument-1@lf¥/v <—predication-#3/u T /y ]VP-
SBU]VP <—modifier-7- /w (They discovered that the bones had already

been processed with a mixture of turpentine and sodium.)

[ g/ <—argument-1%fl/c <—Logical term-2i/n 1t &4)/InN]NP]NP-BL
<—argument-122. 5 /v <—predication-7 [ J&/v Fllc LR FEIv P KIn]VP-
BL fJ/u <—modifier-8Z/ #i/n NP <—argument-13 /w (The mixture of
turpentine and sodium functions as an antiseptic and presdne body.)

A #Me <—conjunction-2  /w it f1/r <—argument-14iff/d <—modifier-9%
v VP <—predication-8 [ 1t/nr i {4/n f]/u <—modifier-10& + /n]NP
<—argument-1%% 1% /v <—predication-9] /u <—maodifier-11 EH v £-F/vn
YEFIn #1/u <—modifier-12 {5 14:/n %1 5t /In]NP]NP]IC <—argument-16 /w
(Moreover, they have found the bones of the body of Itu wemraarsed in

some adhesive liquid which functioned to protect it.)

19980402-07-009-005/f £t:/nr <—argument-172&/v <—predication-10 [}X
251d ~AICHI 2 1 5 0 -/ FINg Hi/a ik e £ El/ns i B/ 1TPHI/u <—
modifier-13 [fA7R/n % Z/vn B 5i/n INP]NP <—argument-18 /w
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(Itu was a deal trade officer in the period of ancient Egypkargdom,
around 2150BC.)

Comparison of The Two Sets of Annotations

(@)

(b)

()

Their semantical annotation tagset, as shown in Tablp. et al. 2004,
is based on Zhu's principle [Zhu 1982] , namely that "the tats
tion rule of a Chinese sentence is similar to the constraatite of a
phrase"”. As we have discussed in the previous section, timsijple is
not practical, because the definition of "phrase” is im@ecif we con-
sider each of their three annotations, we shall see thatisanbhom-
patible with our semantic tagset. For example, their makphaase
definition is incompatible with our definition of elementasgntence.
Their definitions of base-phrase and middle-phrase propesdctice to

be imprecise.

Each non-root element in a tree structure possessesefition, a
unique parent. For a treebank, brackets are used to deraEn#te
tree structure. The brackets are not permitted to overta;vge want
to categorise two elements, which are not adjacent, in otegogy
such as predication, in this case the annotation of the traetgre is
not sufficient for this task.

We categorise the POS annotation of preposition andinghe China
Daily corpus in one category - predication. For exampféon)......1#
FTHF5T - ( carry out studies) in Chinese betwegiton" and i 47
Zy"carry out", there is normally an argument. There are twsoea as

to why we treat the whole unit "carry out studies on" as ondipegion:

e This unit can be treated as a fixed expression.

e The order of word positions in the Chinese language playsya ve

important role. In this case, the word "on" determines wiaigju-
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ment should follow, and then the argument itself determmieish
predication should be built to this argument. The pairingarf"
and the verb "carry out" is due to the argument being unlidhibet
the verb and preposition being limited. And hence this pgiof
verb and preposition is also limited. If we can describe &lhem,
then it would be very easy for us to find the predicate-argumen
structure in a sentence.

(d) Their annotation is not for the whole text; some passag@staining

important information, have not been annotated.

According to [Guenthner and Blanco 2004], predication cacdtegorised
into three categories: simple verb, support verb, frozgmessions. We can

find some examples of each in this annotated article.

Simple Verb

&Iv(is)<—predication-10

Support Verb

o #H1TIv <—predication-4 ......[Jj J&/vn <—predication-4 ( prevent ......
decomposition)
e Xf/p <—predication-6 ......7# 1T/v <—predication-6 ......5& % /vn <—

predication-6 (carry out examination on)

Frozen Expressions

In Chinese, such an idiom will be expressed with one wordctvihias no
more than 4 characters, and usually in every segmentatgiaraythis kind
of expression will be treated as a single unit. Conversal§nglish such

idioms will be expressed with separate words, such as: tookail for(
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| Application Domains|| Chinese unknown word detection | NP detection|
Category one words which appear in the lexicon NP
Category two words which do not appear in the lexicgnnon-NP

Table 4.6: Two Category Assumption in Different Domains.

SE=F), to cut to the chaseX J71E{%). Therefore, in Chinese this type of

predication is not our focus.

After automatically adapting the China Daily corpus to oemsntic an-
notations, we need to check it manually. This is a huge uakierg, that
cannot be managed in a short period of time, but after thikwer would
have an enormous set of modifiers and predications. In theseekon, we

will finally propose a new approach to disambiguity using thet.

4.3.5 Two Category Assumption(TCA) and Multi-level Frame-

work for Disambiguity

Two category assumptions as machine learning methods@pesed specif-
ically for the domain adaptation problem. Compared with TBiey are
simpler and more direct. The argument goes that if we carauidd the
unlimited entities directly, we circumvent the problem amdlyse only the
limited components of the sentence, such as predicate. @W$epfor lan-
guages such as German and English, morphology knowledgbecased
to identify most of these entities, but for the Chinese |lagguthis is not
the case, as one weakness of Chinese is the lack of morpbalegidence.
Therefore, two category assumptions are suitable for doadaptive Chi-

nese language segmentation.

The first implication of TCA: we start with a sentence, anduass that the

sentence has two categories. This can be seen in the fofiohaiple 4.6.
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In Table 4.6, we can see in the domain of Chinese unknown wetettion
that a Chinese sentence has two categories: words whiclaaippie lex-
icon and those which do not. Similarly, in the domain of NPedabn, we

assume that a sentence has only two categories: NP and non-NP

The second implication of the TCA: if we remove one of the gates Iin
a sentence, then we assume that the remaining sentencemempbelong

to the other category.

For example, if we remove the words which exist in the lexjdben we
are safe to assume that the remaining words in a sentenceeargord
candidates. Similarly, if we remove the non-NPs, we canrassilat the
remaining components are NPs. In some NLP application dwmnauch
as Chinese unknown word detection and NP detection, statishbethods
are widely used. The advantage of these statistical metisothat they
can learn positive knowledge, such as the formation of NB, @se this
knowledge to discover similar knowledge in a raw corpus.réfuee, their
disadvantage is that they ignore the use of negative kngeledthe hand-
annotated corpus. Here, we define the negative knowleddgeeasnbwn
category in TCA. In other words, the knowledge that remaftes aemov-
ing the positive knowledge is the negative knowledge. Fangxe, in the
domain of NP detection, the conjunctions and verbs remder #ie NPs

are removed.

4.3.6 Multi-level Processing of Chinese Text with TCA

Here we propose multi-level processing of Chinese text Wthmachine

learning method. We will be processing the text in 4 steps.

(a) We take the sentence marking as the first level of praogs$ie use

the two category assumption method: we assume that a serttasc
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two categories. One category is "sentence mark and comnhdg tue
other category is "complex sentences". We remove the fitsgoay
and assume that the rest are complex sentences.

(b) We take conjunctions as the second level of processirgadsume that
the complex sentence has two categories: one categoryjisnoions,
and the other is "utterance". We remove the conjunction$ assume

that the rest are small sentences.

(c) We take the modifier as the third level of processing. Ve that
the utterance has two categories: one category is "modifiensl the
other is "elementary sentences". We remove the modifiedsassume

that the rest are elementary sentences.

(d) We take the predication as the fourth level of processitg assume
that the elementary sentence has two categories: one categpred-
ication”, and the other is "argument". We remove the preating, and

assume that the rest are arguments.

Through these four levels of processing, we can not only wentlbe am-
biguity in a Chinese text, but can also construct a sematrtictsire in a
meaningful way.

If we can build a local grammar for conjunctions, modifierad gredi-

cations from the China Daily corpus, and if this local gramnsagood

enough, we can extract all the arguments from a Chineseuextretically.

And if a sentence can be segmented into conjunctions, mmjifeeedi-

cations and arguments, then this segmentation is enoughdset natural
language processing tasks. Therefore, we can call thise@giion a se-
mantical segmentation standard, though it does not exisHgvever, after
adaptation of the Beijing University standard to our sencahainnotation,
this semantical segmentation should become widely acddptaifferent

applications.
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Appendix A

Comparison of Our System and
ICTCLAS

Native speakers of the Chinese language can easily inben, tihe compar-
ison of the running texts below, that our system has much reoceess
at correctly segmenting terminology, entities, orgamganames, place
names, etc., when compared to the ICTCLAS. The mistakesthahake
are mostly due to violations of standards; however they dglay a part

in recognition of predicate-argument structure.

A.1 Result of Our System for Chemical Text

WL PG 828 S B4 = 1M T8 BR A B3 7 R TR R TR R LT R
BN IRABR S/ JRHER RS JREER FEI 55/ | LA RAEL IR — SR8
RIS I SRITEBR ¥4 SR AR IR BR BUSE SRR S % YEITEE] 17K
e/ A G/ THEE/ (1 A B HTT 2D, LOK AN/ IR R T 1% S5 1A 1R A .
1@/BEE"y S 7510 LFME Ayl F|/1E*
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Mistakes in Some Example Texts
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FRIZR BRI SR, 1FEIR FIEE PR 221801 SERE B AT R ZRA0 1)
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w/, YR BEEE A F)/90.6 8558158 18 BI91.90K XU, 1552

T3 BRR /7 IR IR SO BRIAIE UL, 17650 A PRI 2R R S TR AR R B
EIFES 15 IEE3ATIEIZ BT IS AT R T8 el RIGSIEZL 5 1554175 /1]
T T RIS RSP G ST IRFAEI5R E IO RES 5 1RSI IHERI T 1anArT 1
FTIEBIGRY , 1FRIE BT ISE98 I R o 15 I3 12 S AT 1R A - 1

B.4 Texts of Politic

IRFREAE I 12 T SV ERRIR EIRE (14230

SAI23H/, [TE/FEIF B ATIE 200 15 1Rl v 4 N K 2%
eI K S [ E AL PRE B H B 7 75 12 RR B VERBEZIT R, 13EIR
FRIEZENETE o FREANCE R AFBAR

FETSEIMPRE B 5 H 12 3 B EI4E BN K & 212 5 RIZGT
[E/ 2 3 HIHEIFIFIZRISEREIE bI% FIEBEE - 42U
VR

170 175 155 T B AR

I IR IR IEVENRIE LI RE
IFEIEEIANRIFZSIZRK IRFE]

[ (1200 64/5H/23HI IHH) /

TR LIS, 1211~ 151~ IRR R < 1
JEIFRIFF ST BRI B A BE L AT IIE A T 15 (R8RS H
I 712 BRIA VENR IR, 15145 A0 2 IR R LT, 1REENA 53
Sl e TE 5, BRAENREIRIAE FHR RS EURTL, 11015 217014
FURR IR P15 < |

RS B — IR (017 R - TE BN — DL o [—18 A 2y /6
M/, IFATA A B L L A BRI X~ TRE AL BT UL SRR
FEAREIOSTACIT IS ] o 175 BE LRIV 75 1 SC BRI RS 1BMRIT 5T/ F
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2|~ RIS IR Gy IR, PRI ISR 3R I E T T T
FITTRN - 12 0 0 4 FFIUBINZEI T I 2 8 BB, IFIR/A M
NIRRT 17 B I8 2 S BRIS I ARRER - IVE RIF BN RIFIE
WA &L, 1 BN RO A BEIN BP0 3 5 S BRI 78R
ISR B EN R R AR !

1M~ 15T~ TR

[—RRFEIE, L5 ERR RS AR BT Z IR AR
ZIWUN IR ZE NI o IFELRX Y, 1R IR FKINBIRIE], 1PX
HITFR 2 8 IS, [—INFEREALIRIE R E -

[ IR ELROEIR RIIE R - 15 R E I —1E 5] [F

E/E BT 0 AR ISEATIABIN 5 HEME S BB 5T UL
FIVICE!, 155G E IS8, N RIS H 242w, - I 1

9 7 8LEAEN2 0 0 5F, IENEFEMEIN2 1 6/512IFETTIHYE
AN 2 . 2 3TTMLIZETT, FEEIBE K9 . 6 %/« INIIIE RN/
BAEII2 2 6 1FETTAEIAEN L T10 TIZETT, BEKIT RN T IR - R
BRI 3AZIEIEF=E 4 AL, TREIHIFRIRIT 15 55 2

2 SGIN ORI RIEI R o (7R A e AE2e) 9 0 /AR L RIZL, BRI R
ICHAI4 . 1 HIARL, JRTFIE . 12 0 0 5 FE4E 0/RYIE

M AEI 4 92 < IEBRIERERGIA R AAI T 5 810 JI/FRIERE, [EV I
FIE— o M2 ITERIFEMONI RIS . VMRS . 2148, IA
PIMERMERY, BEAIERIN G . 7 KA 2 5 FER K, 11
MiERIAIS . 1PEREEREEN2 91, TRFK. IREIEAGE
MNFEMEWRI, 12 0 0 5 FEAFEEHERICHEI3 1 3 HIEH - INKIFF
W& 1 9 4 91FEIF[IR3 51% 1 EFIENT 2151, FREIHEENT
NERIFIFIIIKT o FEARFE T ITUEISLSEE], IR T I
HELCE, IERIKEAEINEYN 1 9 T 8K 8 6 FFINMEAN/EF] 2

00 54/MI1 56 2/FIN - I EMIFAFISEUZEB 1AL ITE %I
SHIEL &I IR EAE BT . 413120 IRMIEERIANOIN 2 . 5
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{CINIEAIEN 2 3 615 FIN - AR FIRITAERG, [E2 04K, 14
BT NE 201 5 1 e R E K IR NEU R T 5 %61 -

I RERTINERURIEZ o RIMTRUZ I EREEAIE T - 13517
SPISEEIG I ] MERITESRIZE R GRIRESRS 135 ASFIEVASEIRE - 17 I 1
9 8 0, ITESEEAERFIN -~ BRI~ MUK/~ 1B FNE R
SEITISINZEF X 119 8 4 5, hE—BIF T8~ IR
VRS ITTMIEEN T A NSRRI . 119 8 SRR, IRESIGIEITI=
N~ ERITI= FN -~ ERE = MK~ NLZRIE R~ BIRIER - 1A
A6~ 1T VIREIERIZ BT RURL TR 2257 JT 78U proper name-
ambi/- /199 0/, [FE/EFREFLZFFIU EEERHRGTIX, GHFF
B — BT R8T, TR AR AR IR0 S BT R - 11

9 9 24F/LLRS, [—HLHNEEAR T AN B IR S~ THRXIE
IR T IE 50 FE U - 1R BB IAE JR IR MEE SLIT 15 4 I 12 I
ARFFEXL, 15 3INTEHHEARIFAFE LKL, 11 4 1SRRG A
VERXS, 11 2/ RIEE R IX, 15 T/ A TR, 11 51
BLIXAN 2 5 34— 20 o [ EE T BT 8~ ST~
U~ IR B RS A 1A T L~ IREIARES < 122 2 IRIFAIGT 1 T
g fEle 12 0 0 1 4E/1 2 A/1 1 B/, /4 EIE AL R 5
IR LURIRL 5, B8 S E T 98 TF BUE NI B - 12 8 J4E
e, 1 E AR AR SR BUN 2 016 {ZIFETTHEIEI . 4 2
FMZIZE T, FESBE KB 1 7 %1, 1SR R B =K 5
[E/ o (E A, OESME K1 6 %5100 B, 1R SEAE O&LI6 6

0 0A{Z/ZETT) - ISEBRAF RN B AR BT R 6 2 0 0 /{23
Tol, FEEY 1 3 FIRIZEF ERIZIE IFNCIGERIFILT 9 7 8
FIIL . 6 TAZIZEITTAE IENE Fif 8 7 0 0/Z2N1CIFE T, L
RIS —1 o 15 5 FIZIFIINEHENEAE T E D A R - i
5 0 0 /54 /M RER S ENAELIAR BT, 1L/ E A 7 LR 1L
KIEERIFI A IR OEERSIBNIFRE - 1615 012 1/NME RIS RN
/R 5E AT E BT AL o IMCEFFUET, HRERET T IEIE BRI
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22, LEEIL ONMEZRK, BAEIE]2 3 3 1%/EFRIf 2R E 5 i
BRI WS AR . IR B FRINSER 2 E 1 9 7T 8 I8
0 /ZIFIANIRBEIEN 2 0 0 5401 . 2421 NIRE, 13RI ANE 2
0 0 54EAKI3 1 0 0/ZIFHINIK - 17 E X FLZZ5 15 K 00157 ik
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El/LASES, R ENAREE G &, BESLT 1—8EMHIE - R
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IR BIERIFEIE OIF o 155 TN R 3£ K S BIR 5%
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24015 RITEN9 0 26122 Al - 170 BRI AT B X XA AR
REFERE, IBFINKREIFLHI2 8 012171, MR BEIFK
S, (BB ZEMERM, RN R EIE KR 718/ E
KIFET MBI N KIB TN IR S, IRIZRFERES ; It
RN & B B, 13 BIRERIIRR BRI - 1510 B R TRITE I
Bz 1, AT 2 BICKRARR . P EL INRIE R
I — 1T BIE KIRL T, T RIAT BUNL S ~ 18 AL SRS R
FIERIINKIF= L, IHAKIATR ], 1ZINKIEE - HEBUE I, 15
FriA B/ 7= 5T 8 S 2 158 A VERIIEIG 10 T I 5 - e A
SRS, RANBUGTL, 1S IR ETIRINRAER 5w, [FINRIR
S, T RIS BT o 17 72 50 28 T 2R 56 551 12 KT T ==
SRR F B 32 5 URIFE eI T, IBR B 1E BRIV REMLEL, 1SR 1
I 77 = - 1B HL IR EAED SR E IR, FEE 56
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BE AN EE 2 0 0 0 M8 —3FK/, 1ERALE N EEEE
TRNEFEIELI 2 0 0 5 1FERIBER 2 0 2171 - IRISSERAXI—IB R, 13k
MR IR FFI LURL AN A RIS 2T It =T & el 2 Rl 1BFFHKIN
TITTEE, 1SR ECTEI TAVALERS], TINTRIZZ IS RS, 1%
BIZFTIERITTRS, 1BEmEIEEIBFEEN ], AREEIRILIBCEEL, IR
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BIR RIS NI 2 FEl I EE] - [

IR ERMEF YR KREIFRI—I511, (TR IRFFERIFIR LR - [
/B & Rl 5 1 SR R LB SR, - 11 S/ EINGE BV NFRIAE
TG, BXA SN SR~ 1% RRIAAES B TR/ E KITTER - [
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VERRHE T BRAI A P -

1M1~ 15T~ AR

17 B AS BT SRR L 5 oK, HEFRTEN B0 R R T 3
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FHITIEER, BXEPEIERIZEFEERRIiIF, 17 13RI E
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BIFEIG TS~ INKUSE AR D6 B BRI SRS 1, PR 517 fis 1 19
BOIFRBRI R 2R eI P MU AR T - |

IXGNI2E B K Rl — BICR TR R AFIR IR, 17 B2 AR A S
N TIEEIZ RN - 12 0 0 05/ 58RI T 1512157, 132
0 0 SE/MAGELRENTI2 0. 212IFETT, ITIFEMEK 315121 1B
AT/ FEIAE S B 2% BT BIB AT 5 814, IWhiU& & 1 12I1%15
Tol o IRIFEIZEAT IR AR BIE FIR &8 2 . 9{2ZETT, 1572
RUE L& 2 . A ACIZETT - LTI G155 /IS IS &, 17 T3 1H
/7 & AR LR RD R T ROR 7 S EC B BB SR K, 175 5 I7E IS 155 140
s/ 517 5 AT T ARG AR« 15 SEILLRL, IR R
RINGHIRA BIEIZE N T IZ RIS R SR, 13381 T IFRIE N KIGAIR
SIENEIRIR IR o [

1M~ 15T~ TR

R E A REITRIR SCRRIAT Y, 153 SIS ARIERR IR, 12551 % RIS
BEIRSES, JRIRIE A ZH BEANRL, SUES& R, BRI IZ
[EINETEI SEIRRAS MBS E IR IR B RS, I RN FE &
ZIRFE IR 5 o REA IR I TR A AR URF A TFRIEN RAAR
AR RS, 5 R A 14 THT MR WK P15 BRI BN 2 - 13K
IR >4IHIE BN, [ I7 DT DS ISR B RN AR BRI VR EAFIIK
SERPIE 125 /IR - 1R, 1BRABIFR I 112 R 1A VERS IR
A1, BRI—ERE—F R 1712 R A EIR AR .

[—ERRAIRB] ~ BEMS IR GRS AR o TRT LI — 14508850 &
VEEERY B, TEAMEARGR o [ EAE DR AN AR K SR
tH ERE ad, PE1S 0 26/ LA LS HiF BRI ARSI - 17 BE R/
T LIS — KRz E, AR A 1A BRI 7 fE BRI 520
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A, SEEE R AU proper name-ambis/ /77 5 IRGEIAE 152 1 1RIF

1AV B R A B AE A MEMRT B, 1SR 1SE 1R A
b/ 17 BE IS BRI 1)~ TR SIS IS, IEIRI S 13 T IR R
KIPRIENN BB IE B T2 5 13 1 121140305 /1] SR 550/ 1 X1
FrpEELER -

| IR R BIBRF ~ 125 BT AT B AV 17017 RIS & ~ 15T
AT, TR ISR A2 1B o TRIFAL R A BEI0ME S 7, 177
& IE RS IR SE 2E RREIRAL, 1R R RS IEE 1A
B/ o BRI LR R SR D4 o (R R R 1 B 1 KR
Wl VR E, MRS EIRIRI KR G - 12 0 0 8 /9 E/AL
SR IZEIMEE 2 O IJRIFIAB S o 175 REIBRZ IR R RE L, 152 2 — 1l 3
BRI, I MR SN A I RAZ 1235 75 TS 1R % 1

B Z A0 o IUT7 IFEIRRIE AN BLE AT38 F A AR, TEAMERLARAR, 7
WUTERRI, WEHIE KR - 1ZEI 517G R TR AT EWLE, 17
TEIRBES, IRAARAR RIRIE ~ 1BBIfAVEDTE, TR TR ~ 1R
BIRIEVEDKFE -

| Z 1R IR IE I HE IR R SRR R EZIWER - 12 M E s8I+
I, IBEERGHIZE RIS VEIRIERR - IR IRIRIZ 5], 7181
FIBVEIA REIUSEIU KL, 17 GBI BB BERINIE A 11 - TH B E
A/ B AR AN KA, 1B REAEFRIE AR L/ 58/ & VEI8AE ZU R
SEARALIRIELSEL, A TG — TR KRR - [T ISR
SRI VI EEL, IWE BRI RIS 142 B IA AR e 75 18], IFR AR
BIEISESI - FEIFESE NI, 1T R 2 R 2 B B IR 5 15
ARIEAEL - IFRIEEUTIRLFERIBE 11, ARSI SRR S HERA, IR IE 4
/B E R A AEIRE R IRZR I~ BRI IS - IRLIFE 517
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HEINRIZ eI RER L, T AR B A AU S0 SR IR 7Y

T ISCERIE 22 AT R, IREBRAERES o [a045 1 SRR IRALIPR S 13C
BRI BRI ZE T, IR BIRENES o (BN PRI, IAN I BARIVEL 25
KIRGHEIBIBNT BAY , | 175 RS PRI AR A T
Fel o REIBATIAERE TR, HIET B &85 L&, DFRITIF 14
BRI E VIR R, DRI 12257 % R AN N RIAE AL, DIt
FHII BRI S IFRVEIE G R DTk, - [

1BG 1, IR0 13 142 38 1A VERS B R Th ! 1
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Examples of Mistake

Source

Type of Mistake

Source of Mistakes

D

MR Terminological Terms proper name | Ambiguity
SIS Terminological Terms proper name | Ambiguity
FEERE Terminological Terms proper name | Ambiguity
IET 1 Terminological Terms proper name | Ambiguity
THRREL 155/ Terminological Terms proper name | Ambiguity
ANRIETT - 1 Terminological Terms proper name Unknown Word
GBS Terminological Terms proper name | Unknown Word
1PRIRHER 5 Terminological Terms proper name | Ambiguity
it&EME Terminological Terms proper name Ambiguity
ENETR Terminological Terms proper name Unknown Word
ekl Terminological Terms proper name | Ambiguity
IFAER B X/ Terminological Termsg conjunction Ambiguity
[BRET/EHIRAF | Terminological Terms proper name | Ambiguity
el Terminological Terms proper name Unknown Word
1HEE Terminological Termg proper name Unknown Word
15—, | Terminological Termg proper name Ambiguity
IFLHEMES Terminological Terms proper name | Unknown Word
HEEMY Terminological Terms proper name | Ambiguity
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Examples of Mistake

Source

Type of Mistake

Source of Mistakes

D

eIELRE

Terminological Terms

proper name

Unknown Word

I15ER K, Terminological Terms Date Ambiguity
3,4-_ B F/FFIWIELEL/ | Terminological Terms proper name | Ambiguity
1HE/EE 1 Terminological Terms proper name | Ambiguity
N —/ News proper name | Ambiguity
) News proper name Ambiguity
R = F0/ News conjunction and| Ambiguity
person name
IR News proper name | Ambiguity
K/ E LA News conjunction and| Ambiguity
person name
[FESLAN News conjunction Ambiguity
Hil—5e News proper name Unknown Word
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Examples of Mistake Source | Type of Mistake| Source of Mistakes
BAEED]] News | conjunction Ambiguity
IFRFKIFEE] News | proper name | Ambiguity
SN Technic| proper name | Ambiguity
BIE A Technic| proper name | Unknown Word
IBEAAE Technic| proper name | Ambiguity
IFIE]RE Technic| conjunction Ambiguity
FE E AL Technic| proper name | Ambiguity
Pl e S - | Technic| proper name | Ambiguity
[EIH ]~ PRIF Technic| proper name | Unknown Word
I Technic| conjunction Ambiguity
IFAE]: Technic| conjunction Ambiguity
s Technic| proper name | Unknown Word
B3 Technic| proper name | Ambiguity
FEICES Technic| proper name Ambiguity
IFETIZE] Technic| proper name | Ambiguity

177 B Technic| proper name | Ambiguity
b Politic | proper name | Ambiguity

IR L= Politic | proper name | Ambiguity
U Politic | proper name Unknown Word
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Source of Mistakes-Unknown Wond26.5%
Source of Mistakes-Ambiguity 73.4%

Source of Mistakes-Unknown Word

proper name 92%

conjunction and person name 8%

Source of Mistakes-Ambiguity

proper name 75%

conjunction and person name 5%

conjunction 17%
Date 3%
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Appendix C

Resume

Lezhong Liu

PERSONAL INFORMATION

Name Lezhong Liu

Marital Status Single

Nationality Chinese

Birthday 10-21-1974

Place of Birth Fu Jian, China

Email lezhong.liu@gmx.de

EDUCATION

07.1993 College Board Exam

09.1993-07.1997 Studies in International Finance at tlaméen
University in China. Degree: Bachelor of Eco-
nomics

09.1997-04.1998 Studies of the German language at the iTongj

University in Shanghai.
09.1998-03.1999 Studies of the German language and Limggiis
at the University of Mannheim.
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04.1999-09.2002

10.2002-07.2005
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Studies of Computational Linguisticst(fina-
jor) and Educational Science (second major) at
the University of Heidelberg. Degree: Master
of Arts (Magister)

PhD program in Computational Linguisties
structed by Professor Franz Guenthner at the
Center of Information and Language Process-
ing (CIS), University of Munich. Degree: PhD

RESEARCH AND EMPLOYMENT EXPERIENCE

04.1998-09.1998
02.2000-06.2000

11.2000-09.2002

03.2004-10.2004

09.2004-03.2005

05.2005-07.2005

LANGUAGE SPOKEN

Employee at WanGuo Stock Consulting.
Student employee at Linguatec Developmen

services (www.linguatec-es.de) Heidelberg, in
the area of text corpora for lexicographical

work.
Student employee at the European Media Lab

oratory (www.eml.org), Heidelberg, in the field
of Natural Language Processing, support by Dr.
Michael Strube (http://www.cis.upenn.edu/).
Consultant in the development of busiress
lations between the cities Jindezhen(China) and

Mitterteich(Germeny)
Guest scholar at the Chinese Academy of Sci

ence
Student employee at FAST

German
English
Chinese

Very Good
Very Good
Mother Tongue
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AWARDS
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10.1989

10.2002-03.2005

PAPERS

Silver Medal at the National Competition of

China for optimistic jalor
FAST Scholarship

Master Thesis

Doctor Thesis

Submitted Paper

Munich, 06.06.2005

Dialogue Act Tagging using the Hidden

Markov Model
A Corpus-based Approach to the Chinese Word

Segmentation as the First Step Towards a Local

Grammar for Chinese Language
Lezhong Liu and Jonnanes Goller. Domain

Adaptive Chinese Word Segmentation. October
14,2005. ACL-Sighan.

Lezhong Liu



