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Abstract

This paper describes the Chinese grammar developed at PARC, including
its three basic components: the tokenizer and tagger, lexicon and syntactic
rules. Some of the challenges and issues that we have encountered in the
process of development are discussed. In addition, we present our methods
of handling these issues. We also illustrate how we evaluate our grammar,
providing the evaluation results and some error analyses.

1 Background Introduction

This paper describes a Chinese grammar developed at the Palo Alto Research Cen-
ter (PARC). This grammar is designed for machine use and is implemented in the
framework of Lexical Functional Grammar (LFG) (Kaplan and Bresnan, 1982;
Dalrymple, 2001; Bresnan, 2001).

LFG is characterized by its two parallel levels of syntactic representation: Con-
stituent Structure (c-structure) and Functional Structure (f-structure). C-structure
encodes information about phrasal structure and linear word order. F-structure
encodes information about ‘the various functional relations between parts of sen-
tences, information like what is the subject and what is the predicate’ (Sells, 1985).
Both c-structure information and f-structure information are carried in syntactic
rules such as (1).

(1) S—> NP:(" SUB))=1;
VP: " =1

The = refers to the f-structure of the mother node and the ! refers to the f-structure
of the node itself. ("SUBJ) =! means that the SUBJ part of the mother’s f-structure
(the f-structure of the S in (1)) is the f-structure of the node itself (the f-structure of
the NP in (1)). "= ! means that the f-structure of the node itself (the VP in (1)) goes
into the f-structure of its mother node (the S in (1)); that is, VP is the functional
head of S.

(2) shows two additional phrase structure rules. Together with the rules in (1),
these will derive the c-structure and f-structure in (4) and (5) for example (3).

2) NP-> N:" =1
VP-—> V:© =1
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(3) David left.

(4) c-structure of (3)

David left

(5) f-structure of (3)

PRED ’'leave<SUBJ>’
SUBJ [PRED ’DAVID’}

'leave <SUBJ> in (5) means that the lexical item ‘leave’ subcategorizes for a
SUBJ. This information comes from the lexicon portion of the grammar.

PARC has been involved in the Parallel Grammar (ParGram) project, which
is a world-wide collaborative effort that aims to produce robust and large scale
grammars for a wide variety of languages, such as English, German, Japanese,
Turkish and Arabic (Butt et al., 1999, 2002). All of these grammars are written
within the LFG framework and are implemented on the XLE system (Crouch et al.,
2006; Maxwell and Kaplan, 1996) developed by PARC. The Chinese grammar
described in this paper is part of the ParGram project.

2 The Chinese Grammar Developed at PARC

Like other grammars in the ParGram project, PARC’s Chinese grammar is devel-
oped on the XLE system. To parse a sentence, the system minimally requires three
types of linguistic specifications: a tokenizer/morphology, a lexicon and syntactic
rules. This section describes these three parts of the Chinese grammar.

2.1 Morphology: Segmentation and Tagging

For languages that have morphological inflection such as number, gender, case etc,
the morphology processing component of the grammar normally includes a mor-



phological analyzer and a tokenizer.! The morphological analyzer also provides

part of speech (POS) information for words: therefore, it also functions as a tagger.

In contrast, Chinese is an isolating language, which does not have morpholog-
ical inflections. Therefore, our grammar does not have a morphological analyzer.
Instead, PARC’s Chinese grammar uses the tokenizer and tagger developed by Bei-
jing University.”> The tokenizer and tagger is plugged into the system as a library
transducer (Crouch et al., 2006). For an input string such as (6a), the output from
the tokenizer and tagger is (6b), which is in turn fed to the XLE system as the input
string for syntactic analysis. In order to construct a tree for each lexical item from
this type of tagged string, we specify sub-lexical rules such as (7).

6) a. BFPHT -

chuang hu kai le

b. ®F/m v Ty o /W
chuanghu Kkai le
window  open ASP?3
“The window is open.’

(7) N-> Nbase
POS
NSEX.

Following (7) and combining information from the lexicon entries for ‘& f7°, ¢/’
and ‘n’ (as illustrated in (8)), XLE can build a tree and an f-structure for the lexical
item “&JF'” as shown in (9).

(8) EF' Nbase * @ (NON-ANIM-NOUN % ).
/ POS  * .
n NSFX * (* CHECK*.NSFX)=+.

)
i

TN

Whase POS NSFX

-
BEF / n

"Many languages use finite state morphologies (Beesley and Karttunen, 2003) as part of their
XLE grammars (Kaplan et al., 2004a).

“http://www.icl.pku.edu.cn/icl_res/

3 ASP stands for aspect marker.

“The CHECK feature is a feature used throughout the ParGram to indicate features that are nec-
essary for internal processing, but not necessary for applications. Applications built on top of the
ParGram grammars can delete the CHECK features in their initial processing.




PRED 'BF

CHECE [ NPSUBTYPE NPcommon, HNPTYPE HPnon-neminalized, NSFY 4]
ITYPE HSYN common|
LpERS 3

As is broadly acknowledged, Chinese segmentation and tagging are notoriously
difficult problems. This is because Chinese does not have morphological inflection,
and furthermore, spaces are not inserted between words in written text. For exam-
ple, the string “H&EL” can be segmented as (10a) or (10b), depending on the
context.

(100 a. H EW
you  yijian
have disagreement

b. = Ui
youyi jian
have the intention meet

The contrast shown in (11) illustrates that even a string that is not ambiguous
in terms of segmentation can still be ambiguous in terms of tagging.

(11) a. H/a ftm
bai hua
white flower

b. Hid  fE
bai hua
in vain  spend
‘spend (money, time, energy etc.) in vain’

Not surprisingly, the performance of the tokenizer and tagger presents some
serious challenges to our grammar as described below.

Challenge #1: Low accuracy of segmentation and tagging Although the to-
kenizer and tagger developed by Beijing University is state-of-the-art, it achieves
about 93% accuracy in segmenting and tagging sentences from the Chinese Tree-
bank5.1 according to our measurements. This level of performance means that
each segmented and tagged Chinese sentence of more than 10 words would typi-
cally have at least one mistake. Obviously, segmentation and tagging errors directly
cause incorrect syntactic analysis and even complete parsing failures.

Challenge #2: Too many verbs In addition to the general accuracy problem,
our grammar also suffers from some specific linguistic decisions adopted by the
tokenizer and tagger. One such case is illustrated below.



(12) a. B&EN~N  JHAMm
jiancha  bingren
examine patient

b. v q REN
zZud  ge jidncha
do CL  examination

In (12), the word ¥ jiinch4 corresponds to a verb meaning ‘examine’ in English
in (12a), and it corresponds to a noun meaning ‘examination’ in (12b). Neverthe-
less, both meanings share the same written form. Zhu (1982, 1985) and Yu (2003)
argue that the same word can appear in different syntactic positions and have dif-
ferent grammatical functions; however, that word does not belong to different word
categories and should be assigned just one POS tag. Adopting this theory, the tag-
ger developed by Beijing University tags both £ jifinch4 in (12) as a verb. This
decision might not be an issue for other tasks or other systems; however, it turns
out to be problematic for our grammar.

First, this decision can cause parsing failures. For example, our grammar re-
stricts the category following a classifier in Chinese to be a Noun Phrase (NP),
which we believe to be a correct generalization. Following this rule, (12b) will
be rejected by the parser because the classifier 1> ge is followed by a verb & &
jidncha.

This decision also poses an efficiency problem for our grammar. In Chinese, a
majority of the verbs have at least two subcategorization possibilities: intransitive
and transitive. In the LFG framework, each verb has to satisfy its subcategoriza-
tion requirements in order to successfully unify. Therefore, putting intransitive and
transitive verb entries for everything that is tagged as a verb produces many extra
edges in the chart as those verbs try to combine with the words around them as sub-
jects and objects. Consequently, verbs are computationally expensive, and tagging
many words as verbs can significantly slow down the parser.

Because our goal is to parse Chinese written text that is not manually seg-
mented or tagged, our grammar implicitly inherits all of the challenges for Chinese
segmentation and tagging as well.

Our initial explorations in this area are two-fold. First, we improved the tok-
enizer and tagger by directly modifying the existing lexical entries and by adding
new lexical entries to the dictionary that the tokenizer and tagger use. At the same
time, we improve the final segmentation and tagging results by using finite state
(FST) rules to post-process the original output from the tokenizer and tagger. For
example, a FST rule such as (13) can change an output string from the tokenizer
and tagger such as (12b) (repeated below as (14)) to be (15).

(13) v->n||q “TB” CHAR" {12} “/* _

(14) fav g KBEN
Zuo  ge jidncha
do CL  examination



as) frv q BAEM

What (13) specifies is that if a ‘v’ appears after a */* following one or two charac-
ters, which in turn appear(s) after a ‘q’ followed by a token boundary (TB), change
that ‘v’ into ‘n’. (15) is derived by applying (13) to (14).

In this approach, more information is available in the output string from the
tokenizer and tagger compared to the original raw string; by taking into account
this additional information, the final segmentation and tagging results are more ac-
curate. For example, compared to the original raw string f{{>1& &, the output
string from the tokenizer and tagger ff{/v “1~/q #22/v contains additional informa-
tion indicating that the string % is preceded by a classifier. With this additional
information available, we can safely and accurately change the POS tag of &£
in this case to be a noun without impacting the tagging of f % in other circum-
stances.

It is also noteworthy that XLE allows non-deterministic segmentation and tag-
ging. In other words, in cases where it is hard to resolve the ambiguity of segmenta-
tion or tagging locally, the XLE parser accepts a string with multiple segmentation
possibilities and a token with multiple possible tags. For example, the word 17E%%
xuanju ‘elect/election’ is equally frequently used as a verb and as a noun. In this
case, the best solution is to allow both the ‘v’ and the ‘n’ tag and hand off the res-
olution of that ambiguity to the syntactic processor. Similarly, when the ambiguity
of segmentation is hard to resolve locally, multiple segmentation results for a string
are allowed, and the XLE parser will try all of these different results as input to the
grammar.

Based on our initial observations, the system has been improving with the FST
rules integrated. However, more work still needs to be done in this area. As part
of this process, we plan to evaluate how much the FST rules improve the tokenizer
and tagger against grammar performance on real world data.

To summarize, this section describes the tokenizer and tagger that we integrate
into our grammar, the challenges that our grammar has to face in this regard and our
approach to improve the tokenizer and tagger. The following sections describe the
other two important components of the grammar, namely the lexicon and syntactic
rules.

2.2 Lexicon

The lexicon component of the grammar contains lexical entries specifying infor-
mation particular to different lexical items. For example, (16) is the lexical entry
for the noun 7 mao ‘cat’, and (17) is the lexical entry for the verb JI A jiaru ‘join’
in the Chinese grammar.

(16) 7 Nbase * @ (ANIM-NOUN 7).



(17) S Vbase * { @(V-SUBJ fIIA)
(* SUBJ CHECK _SUBJ-TYPE)=c np
|@(V-SUBJ-OBJ fllA\)
(* SUBJ CHECK _SUBJ-TYPE)=c np}.

(16) specifies that the category of the lexical item 7# mao is Nbase. Combining this
entry with information from lexical entries for POS tags produced by the tagger (as
shown in (18)) and sub-lexical rules such as (7) (repeated below as (19)), XLE can
build a c-structure such as (20) for % mao.

(18) / POS*.
n NSFX * (* CHECK _NSFX)= +.

(199 N-> Nbase
POS
NSFX.

(20) c-structure of 7

H
'--T.“'
__.-'"- T,

Hbase POS KSFA

(16) also invokes a template ANIM-NOUN (shown in (21)), which defines
features and values for all animate nouns in Chinese.

(21) ANIM-NOUN(_P) =
(" PRED)='_P’
(" PERS)=3
(" ANIM)=+
(" NTYPE NSYN)=common
(" CHECK _NPTYPE)=NPnon-nominalized
(" CHECK NPSUBTYPE)=NPcommon

Combining this information, XLE can build an f-structure for J8, as illustrated
in (22).

(22) f-structure of 7

PRED ' JH'
CHECE [ MESUBTYPE NPcommon, NPTYPE NPnon-neminalized, NSF¥ 4]

TYPE [SYN commor]
NIM +, PERS 3



Similarly, (16) defines Il jiarl ‘join’ as a verb that can be used either intran-
sitively or transitively. It also specifies that the subject of fJll A\ must be a NP.

Currently, the lexicon component of the Chinese grammar has several hundred
manually coded lexical entries, including closed class items such as punctuation.
We handle words that do not have a listed lexical entry through a “guesser” lexical
entry exemplified in (23).

(23) -unknown Nbase * @ (PROPER-ANIM-NOUN %stem)
(" CHECK _NAME)=c +.

(23) specifies that if a lexical item does not have a lexical entry elsewhere, it can
be posited as an Nbase; if it has a feature ‘CHECK -NAME’ whose value is ‘+’,
then it is an animate proper noun. The value ‘+’ of ‘CHECK _NAME’ is derived
from the POS tag produced by the tokenizer and tagger: the tagger tags a person’s
name as ‘nr’, and we assign ‘(" CHECK _-NAME) = +’ in the lexical entry of ‘nr’,
as shown in (24).

(24) nr NSFX * (* CHECK _NAME)= +.

Combining information from (23), (24) and the template of PROPER-ANIM-
NOUN, the c-structure and f-structure of a person’s name such as 5K55 zhangqidng
‘Zhang, Qiang’ are illustrated in (25).

(25) N

P

Nbase POS HSFX

P
SE3E / nr

PRED '3
CHECE [ HEME +, HPSUBTYPE HPproper, NPTYPE HPnon-nominalized
ITYPE HSYN proper]
ANIM +, PERS 3

In addition to names, our guesser postulates locative, time and common nouns,
as well as adjectives, adverbs, numbers, classifiers, conjuncts, prepositions and
verbs in a similar way: we first write a lexical entry for each tag, such as (24) for the
‘nr’ tag; we also assign a value to a feature for each tag, for instance, ‘(" CHECK
_NAME)= +’ is assigned for the tag ‘nr’ (as in (23)), and ‘(" CHECK _VSFX)=
+’ is assigned for the tag ‘v’. The guesser then posits the category of the unknown
item based on the ability to form a particular c-structure category via the sublexical
rules and on the value of particular features. This process is quite efficient in part
because XLE first builds the c-structure, before any unification occurs, and hence
many possible entries are eliminated early in the parsing process. For example,
if the f-structure of the unknown item contains a feature ‘(" CHECK _VSFX)’
whose value is ‘+’, that item must be associated with a tag ‘v’, thus the guesser




can postulate the unknown item as a verb. Note that because the tags and the ‘/°
do not have PREDs, their features and values are projected to the mother node’s
f-structure, which is identical to the f-structure of the unknown lexical item.

Verbs pose the biggest challenge to the guesser. In LFG, subcategorization
information is required for verbs. However, this information is not encoded in the
‘v’ tag of verbs returned by the tagger, and we have not found any suitable resource
from which we can extract the subcategorization requirements for verbs in Chinese.
We have manually coded the entries for some high frequency verbs.”> These verbs
do not go through the -unknown entry. For all other verbs, our compromise solution
is to postulate each unknown verb to be either intransitive or transitive. The guesser
also allows a verb to subcategorize for a XCOMP, if the PRED form of the XCOMP
is the PRED form of one of the verbs, such as Hwéi ‘be’.°

Nevertheless, the lack of reliable and complete subcategorization information
for Chinese verbs poses challenges for our grammar, as discussed in the evaluation
section of this paper. Possible enhancements are discussed in section 4.

2.3 Syntactic Rules

The third part of the grammar involves the Chinese syntactic rules. Currently the
grammar has 114 rules with 2203 states and 4301 arcs.” This means that the
grammar has 114 left-hand side categories (such as the X in ‘X -> Y Z’) in its
phrase-structure rules, and these 114 rules compile into a collection of finite-state
machines with 2203 states and 4301 arcs (Butt et al., 2002). The grammar covers
common phrasal constructions such as NPs, VPs, ADJPs, PPs and ADVPs. The
grammar also covers all four clause types in Chinese: declarative, interrogative,
exclamatory and imperative.

Due in part to the lack of morphology, Chinese tends to present many ambi-
guities at both the c-structure and f-structure level. For example, for a NP such as
(26), the internal NP structure can be very ambiguous (5 trees), as shown in (27).

20) HE &£ BE
guémin shéngchdn zdéngzhi
people  produce total value
‘GDP’

SCurrently the grammar has manually encoded entries for the 20 most frequent verbs, and our
goal is to expand the lexicon to contain entries for the 100 most frequent verbs in Chinese.

%Verbs such as J wéi ‘be’ are frequently used as the %MNE bilyll (‘complement’ in conventional
Chinese linguistic terminology) in a ¥ ) dong bl jiégdu ‘verb-complement construction’ such
as 2% bian wéi ‘change to be’. #ME biiyli in the BIFME#E dong bii jiégou is treated as XCOMP
in our grammar.

Some common XCOMP verbs are 5Ewén ‘complete’, Rjin ‘complete’, fif{chéng ‘succeed’, |
Hshanglai ‘go up (towards the speaker)’ , I Z<shangqu ‘go up (away from the speaker)’, T
Sxialai ‘go down (towards the speaker)’, N Zxiaqu ‘go up (away from the speaker)’, i qilai
‘get up/begin’, AZqi ‘get up/begin’, Fql ‘go’, Hldi ‘come’, HiKchilai ‘come out’, H Fchiiqu ‘go
out’ and [E|>huilai ‘come back’.

"XLE compiles the grammar into a finite-state machine.
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The corresponding f-structures of these c-structures are also different: while (27¢)
and (27d) involve coordination, the others not.
The ambiguity issue is one of the contributing factors to the current grammar’s
efficiency issues. The following section describes this problem in a greater detail.

3 [Evaluation and Error Analysis

To evaluate the coverage and accuracy of the grammar (Crouch et al., 2002; Kaplan
et al., 2004b), we use a set of 200 sentences from the CTB5 (Xue et al., 2002, 2005)
chosen by Dublin City University (DCU) as gold standard sentences for evaluating
Chinese deep grammars. These 200 sentences are 10-20 words long. 50.5% of the
sentences are chosen from the Xinhua sources, 3.5% are from HKSAR and 46%
are from Sinorama. The topics of the gold standard sentences cover economics,
politics, culture, sports and entertainment. The writing style of the Xinhua and
HKSAR sentences is formal, whereas the writing style of the Sinorama sentences



are mixed: some are formal, and some are colloquial. All 200 sentences were
unseen to the grammar prior to the evaluation.

We also use DCU’s gold analysis as a basis for evaluating the accuracy of the
grammar. However, PARC’s analysis is based on the segmentation and tagging
results from the integrated tokenizer and tagger, which are different from the seg-
mentation and tagging in CTBS5 on which the DCU gold standard analysis is based.
Therefore, some of the errors in the results shown below are caused by the different
segmentation and tagging standards adopted by CTBS5 and the tokenizer and tagger
developed by Beijing University. The reason why we did not evaluate our grammar
based on gold segmented and tagged sentences is because we want to know how
good the results would be over novel, untokenized text.

Parsing the 200 gold standard sentences with PARC’s Chinese grammar (as of
March, 2007), 188 sentences had full parses, 7 sentences had fragmented parses,
4 sentences ran out of storage (the maximum storage is set as 1500 MB in this
grammar), and 1 sentence had O parse, as shown in Table 1. Fragmentation Rate is
3.5%.

Table 1: Coverage Results

Total Full Parses Fragmented Ran Out No Parse
Parses of Storage
200 188 7 4 1

To evaluate the accuracy, we adopt the same algorithm described in Crouch
et al. (2002). The results are shown in Table 2.

Table 2: Accuracy Results

TOTAL: precision=73.1 recall=72.4 f-score=72.7
DEPENDENCY  PRECISION RECALL FSCORE
adjunct 939/1228 =76  939/1267 =74 75
comp 15/22 = 68 15/25 = 60 64
conj 182/271 =67  182/278 = 65 66
obj 330/452 =73  330/449=173 73
obl_ag 9/9 =100 9/9 =100 100
passive 9/9 =100 9/9 =100 100
subj 318/478 =67  318/455 =170 68
topic 0/0=0 0/1=0 0
xcomp 42/53 =179 42/55 =176 78

The Chinese gold standard has only predicate argument/adjunct structure (that is,
everything with a PRED and the path into it). There are no ‘easy’ features like



CLAUSE-TYPE, V-TYPE, PERS, which tend to be correct if the core structure is
correct. Therefore, the f-score would likely be higher if the Chinese gold standard
did contain those features.

As mentioned above, some of the mismatches between the analyses produced
by PARC’s Chinese grammar and DCU’s gold analyses are caused by the different
segmentation and tagging standards adopted by CTBS5 and the tokenizer and tagger
that our grammar uses. For example, CTBS5 treats 2 di ‘ordinal marker’ + number
as one word, whereas the tokenizer used in our grammar treats it as two separate
words.

The tagging standard between the two systems is also different. For exam-
ple, for the same string in (28), (29a) is the tagging results from the tagger in our
grammar, and (29b) is the tagging result from CTBS.

(28) UEFF iR fE R X HY
zhengquan shiching jiankang  fazhdn de
stock market  healthily/ develop/ MM?
health development
PN S
zhongda jlicuo

important  measure

(29) a. WEFR/n T/ f@FE/a K&V B B K/a 2548 m
b. UEF* NN T3 NN f#5E_JJ 4 8 _NN {)_DEG K _JJ 2545 NN

The major difference between (29a) and (29b) is that in (29a), the word K& fa-
zhdn is tagged as a verb, meaning ‘develop’, while in (29b), it is tagged as a noun,
meaning ‘development’. At first glance, (29b) seems to yield a reading of ‘the im-
portant measure regarding the healthy development of the stock market’, which is
very parallel to the English structure. However, (29b) cannot yield such a read-
ing: this is because if & & fazhin is a noun, and its adjunct is {5 jiankang,
we should be able to insert a F'J de, which introduces a head NP, rather than a
H de, which introduces a head VP, between them. However, {2 % & jian-
kangdefazhin only entails ‘the development of health’ in Chinese; in contrast, &
JJE % J& jiankangdefazhin can entail ‘healthy development (the nominalization
of ‘develop healthily’)’. Therefore, while (29a) would yield a reading of ‘the im-
portant measure (which assures that) the stock market develops healthily’ or ‘the
important measure (which assures) the healthy development of the stock market’,
(29b) would mean ‘the important measure regarding the development of the stock
market’s health’. Such a difference would yield very different analyses. Based on
(29a), UEZ7 T4 zhéngquan shiching ‘stock market’ is the subject of % & fazhin
‘develop’; while based on (29b), IEZ7 1% zhéngquan shiching ‘stock market’ is
an adjunct.

$MM stands for modifier marker.



In addition to this mismatch, another significant source of errors is our incom-
plete lexicon resources. In the 200 gold sentences, 17 sentences receive incorrect
analyses for this reason. Among the 17 sentences, five fail due to the lack of proper
subcategorization information for verbs, while the remaining 12 fail due to missing
lexical entries for other lexical items.

Chinese tends to be ambiguous in both the c-structure and f-structure levels as
described above. One way to control ambiguity is to use a special optimality (OT)
mark (Frank et al., 2001) called a STOPPOINT provided by the XLE system. In
XLE, if an analysis contains an OT mark that is ranked behind the STOPPOINT,
that analysis is not tried unless everything else fails. Therefore STOPPOINT is
useful for eliminating rare and incorrect analyses when correct analyses are present
and for speeding up the parser in those cases.

Ironically, although Chinese has been recognized as a topic prominent language
(Li and Thompson, 1981), we place the topic analysis before the STOPPOINT,
because we have observed that allowing the topic analysis significantly slows down
the parsing while not greatly increasing accuracy. The following three reasons are
likely to be responsible for the inefficiency caused by including the topic analysis
in the grammar. First, the position of topics in Chinese is flexible. A topic can
occur in the first or second NP position, and a sentence can have more than one
topic, as demonstrated in (30).

(30) a. SER B
pinggudé wo xthuan
apple I like
‘Apples, I like.

b. K e &' & A
da  chéngshi béijing wo zui shux1
big city Beijing 1 most familiar
‘Among big cities, I am most familiar with Beijing.’

(30a) has one topic, which is 3% 5% pinggud ‘apple’ that appears in the first NP
position; (30b) has two topics. While the external topic A3 da chéngshi ‘big
cities’ occurs in the first NP position, the internal topic 4t %% béijing ‘Beijing’ oc-
curs in the second NP position. Second, unlike the topic in English, which must
be linked to another grammatical function, the topic in Chinese is not necessarily
linked to any another grammatical function. For example, while the topic in (30a)
is linked to the grammatical function of object, the topics in (30b) are not linked to
any other grammatical function. Third, topics generally occur in a ‘NP1 NP2’ se-
quence at the sentence-initial position; however, it is very common to analyze NP1
as the adjunct, possessor or conjunct of NP2 in a ‘NP1 NP2’ sequence. Therefore,
allowing topic analyses significantly increases the level of ambiguity for sentence
initial ‘NP1 NP2’ sequences, which are extremely common in Chinese sentences
according to our observation.



At the same time, the topic function often overlaps with other grammatical
functions such as adjunct in Chinese. For example, in (31), ftf ta ‘he’ can both be
understood as the topic of the entire sentence or the adjunct of i duizi ‘stomach’.
Therefore, it does not seem to be a significant drawback if the topic analysis is
blocked unless it is the only possible analysis.

(31 fb T (i

ta dozi e
he stomach hungry
‘He is hungry.’

By placing the topic analyses behind the STOPPOINT, the grammar’s effi-
ciency is improved. However, occasionally, the intended topic analysis will be
suboptimal and hence not available. In the 200 gold sentences, one sentence should
have a topic analysis that is incorrectly suppressed by our system as shown in the
accuracy results above.

Another method that we adopt to control ambiguity is to use OT marks more
generally to rank preferences for different analyses. Through this method, the less
common analyses can be suppressed as suboptimal analyses. All of the OT marks
in the Chinese grammar are manually coded, and it is noteworthy that a significant
number (24 out of the 200 sentences) of correct analyses are incorrectly suppressed
as suboptimal analysis by the OT marks specified in the grammar. The suppressed
suboptimal analyses cannot be picked to compare against the gold standard, which
implies that the OT marks in the Chinese grammar need to be better tuned in order
to improve the grammar’s performance.

4 Summary and Future Work

This paper describes the Chinese grammar developed at PARC, including its three
basic components, namely, the morphology, lexicon and syntactic rules. We also
describe the challenges and issues that we have encountered in the process of de-
velopment, as well as our methods of handling these issues. In addition, we illus-
trate how we evaluate our grammar, including the evaluation results and some error
analysis.

The three major challenges currently confronted by our grammar are (1) the
tokenizer and tagger; (2) lexicon resources such as subcategorization requirements
of verbs; and (3) ambiguity control.

As far as the tokenizer and tagger is concerned, the initial results of improve-
ments to segmentation and tagging accuracy by using FST patch rules to post-
process the original results returned by the tokenizer and tagger are encouraging.
We will continue our investigations in this direction and plan to investigate inte-
grating machine learning algorithms in this process.

Because the subcategorization information of verbs is critical to our system,
we are looking for suitable resources from which we can automatically extract this



information. Resources such as Chinese Word Net or electronic verb dictionaries
can be useful. We are also considering learning the subcategorization information
from the Chinese Treebank.

C-structure pruning (Crouch et al., 2006) has proven to be very effective in
terms of reducing ambiguity and accelerating the parser for the English gram-
mar developed at PARC and the German grammar developed at the University
of Stuttgart. We expect that this technique can help mitigate the ambiguity issue of
our Chinese grammar as well.

Despite all of the challenges, the Chinese grammar described in this paper has
reached a relatively stable stage, and we are planning to use it as a base to produce
Chinese core semantics parallel to that developed for English (Crouch and King,
2006). We also plan to use this grammar to start initial exploration on Chinese-
English and English-Chinese machine translation.
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