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Abstract. Most corpus-based lexical studies require considerable efforts in
manually annotating grammatical relations in order to find the collocations of
the target word in corpus data. In this paper, we claim that the current tech-
niques of natural language processing can facilitate lexical research by automat-
ing the annotation of these relations. Besides, the technique of word sense dis-
ambiguation can provide sense distribution for the word of interest. We exploit
the above techniques and report an online open-resource for the comparison of
lexical behaviors and sense distribution in cross-strait Chinese variations. The
proposed resource is evaluated by juxtaposing the results with previous lexical
research based on the same corpus data. The results show that our resource
could provide more comprehensive and fine-grained grammatical collocation
candidates in the case study.
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1 Introduction to Collocation Extraction

Collocation is a tendency for words to occur together (Sinclair, 1991). In order to find
word collocation, most researchers devote considerable efforts on manual annotation
of the corpus data in corpus-based lexical studies. With the advancement of corpus
development, however, there have been many lexical resources such as Word Sketch
Engine! (WSE, Kilgarriff et al., 2004) designed to display automatically extracted
grammatical collocations. For example, in Fig. 1 this online English resource shows
that the collocations of the English noun goal include the words score, achieve, con-
cede and so on, and each with the grammatical relations of object, subject, etc.
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object of 59,154 3.20 subject of 25,630 2.00 ||adj subject of 2,159 1.40 || modifier 75150 1.40 || modifies 12,980 0.20
score 8.555 11.03 || score 1.029 8.39 (| galore 27 7.30 (| ultimate 1929 9.15 || scorer 353 8.94
achieve 9.504 969 || disallow 270 8.28 || achievable 43 6.95 || winning 569 7.66 || kick 619 857
concede 1418 9.31 || concede 223 7.52 || attainable 15 6.77 || long-term 878 7.58 || tally 127 758
accomplish 588 7.88||gape 76 6.48 || unrealistic 14 559 || league 638 7.19 (| keeper 179 6.79
reach 1937 7.42||kick 93 5.45 || intact 19 5.04 || primary 1,003 7.19 || drought 77 645
net 351 7.42 || orientate 37 5.2 (| worthy 36 4.82(|second 2.067 7.11 || scramble 49 644
grab 413 7.31 || rule 64 4.91 || ambitious 21 463 || strategic 642 7.02 || cushion 52 5.99
attain 406 7.30 || come 1319 4.75 || realistic 22 417 || common 1539 7.01 || lead 264 5.86
pursue 646 7.27 ||cap 20 4.28 || enough 92 3.98 || realistic 420 6.93 || setting 382 585
bag 193 6.66 ||spark 19 3.99 || inevitable 14 3.82 || shared 361 6.82 || difference 673 5.84
pull 0: 6.60 || elude 13 3.89 || simple 83 3.24 || achievable 290 6.81 || Cort 26 5.81
set 2413 644 ||undo 14 3.87 || forthcoming 9 2.85 || stated 274 6.76 || thriller 46 567

Fig. 1. Word sketch for the English noun goal

Among Chinese language resources, the Chinese WSE (Huang et al., 2005) has also
applied these automatic techniques to large-scale corpus data in simplified Chinese
and traditional Chinese corpora, which provides lexical comparison of language varia-
tion. In this paper, we will focus on similar construction of lexical resources for Chi-
nese variation. The next section will briefly review the current issues of WSE and
other resource; in Section 3 we describe the design of the proposed approach and the
corpus data used in our lexical resource; Section 4 discusses the evaluation issue and
presents a case study based on our results; in Section 5 we demonstrate our online
system; this paper ends with a conclusion of the proposed lexical resource for Chinese
variation research.

2 Toward Grammatical Collocations as Dependency Relations

Among the resources of automatically extracting grammatical collocations from sen-
tences, the WSE used regular expressions over part-of-speech (POS) tags to achieve
this. For instance, to capture the verb-object relation, they would manually devise the
following expression:

1:v (DET|NUM|ADJ|ADV|N)* 2:N

That is, for any sequence matching the first word tagged as V followed by either de-
terminer, number, adjective, adverb or noun, and ending with a word tagged as N, the
first word would be treated as the 1st argument in the verb-object relation, and the
ending word as the 2nd argument.

Although the Chinese version of WSE? has gained its popularity among corpus lin-
guists and language teachers (e.g., Hong & Huang, 2006; Kilgarriff et al., 2015), it is
proprietary, limited to 27 grammatical relations, and requires a POS-annotated corpus
in advance. In the following study, we will investigate the approach of exploiting a
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dependency parser to automatically tag 45 relations, which can also be applied upon a
raw corpus even without any segmentation if necessary.

Unlike the more known constituent grammar which decompose a sentence into
constituents in a hierarchical manner as illustrated in Fig. 2, dependency grammar
(Tesniere, 1959) analyzes the grammatical relations between words in a sentence in a
flat manner, e.g., the direct object relation dobj(3g,H15) between §& and &5 in the
sentence i A & fEiEss. This kind of relations could be useful in lexical research if
properly defined.
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Fig. 2. Constituent hierarchy in the example sentence

nummod nsubj dobj
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Fig. 3. Dependency relations between words in the example sentence

Though among those resources of dependency parses the manually annotated Chi-
nese Dependency Treebank (Che et al., 2012) has been available, this parsed corpus
contains only simplified Chinese newswire stories from People’s Daily. In this paper,
however, we aim to further compare grammatical relations of words in not only sim-
plified Chinese but also traditional Chinese variation. On the other side, the LIVAC
corpus (Tsou et al., 2006) also collected simplified and traditional Chinese texts, but it
mainly focused on KWIC (Key Word In Context) search without annotation of
grammatical relations. In order to compare fine-grained grammatical relations of
words in the two language varieties, in this study we attempt to use a dependency
parser (Chang et al., 2009) to automatically parse a simplified Chinese corpus and a
traditional Chinese corpus.



3 Methodology

In the proposed approach, we apply Stanford Dependency Parser 3.6° upon one sim-
plified Chinese corpus and one traditional Chinese corpus respectively. The parser
could tag words in a sentence with up to 45 relations as mentioned before (see Table 1
for some examples of the relations).

Table 1. Chinese grammatical relations and examples (Chang et al., 2009)

abbreviation Example relation

1.nn AR L nn(F0 iRF%)

2. punct TGRRSRETRA punct(FZHi, - )

3. nsubj HEAERSEH nsubj (B 5, HEAE)
45. nsubjpass SRR LR EEE | noubijpass(iIE5)

Our datasets include 744,536 sentences of traditional Chinese Sinica Corpus 3.0* and
764,943 sentences of simplified Chinese Xinhua News. After parsing, the output con-
tains the grammatical relations between words in every sentence, which will be later
counted as grammatical collocations when properly defined. Fig. 4 shows the sche-
matic structure of our lexical resource designed for comparative research in Chinese
variation:

Dependency
Parser

Sinica
Corpus

Grammatical
Collocations

Fig. 4. Design of the proposed resource of language variation

3 http://nlp.stanford.edu/software/lex-parser.shtml
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An online user interface has been also available for querying the word of interest in
the parsed data.®

4 Evaluation Issues

To evaluate the whole parsed corpus, it will require manual annotation of this large-
scale corpus data, which is not available yet. Even if we could manually annotate the
whole corpus and calculate the accuracy rate, the overall performance will still rely on
the assessment of each stage in Chinese language pre-processing. For example, when
we intend to compare our overall performance with that of other resources such Chi-
nese WSE, we have to take into consideration the assessment of word segmentation
and POS-tagging in each resource respectively, which has complicated the evaluation
or even makes the results not comparable on the same base.

For the above two reasons, here we choose to present one case study comparable
with previous literature, and evaluate the annotation in this case study: Cai (2014) has
studied the pro-verb #5 [gao3] (do) both in the simplified and traditional Chinese
variation. 418 sentences of 5 in Sinica Corpus 3.0 (the same corpus used in our pars-
ing approach) were manually annotated, and 213 instances of 5 + noun object were
found as shown in Table 2 and Table 3.

Table 2. Collocation comparison of the verb §& [gao3] in simplified and traditional Chinese

SEREA Fel P K EE ZEEE
BErEE ME+3sE | 269 26.9% 144  26.5%
TEE 3 579  57.9% 213 39.1%

Table 3. Prototypical collocations of the verb #5 [gao3] in traditional Chinese

Tl R | Bis

BEhEE | fErfsE | 9 AIERELT) - THIEB) > M) - RE) - AER)
FREAREQ) - 15BHRQ) - BEARERI2) > 15
MNLEIER)

a2 | 12 L EE£EG) > BUAO) - HEEFE@) - BEKE
@) - EEF(2) > TERR(2) > FEE(2) > /NEE
(2) - 2 (2) - ZHH(2) - THCH(2)

FEEhE | FErEE | 5 F—@) > WFE(2) > BEE) > FLHE) - TH(2)
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To be comparable with other research, we queried on the proposed resource for the
same word #5 [gao3], and found in the parsed traditional Chinese corpus 211 cases of
F&+noun object. By juxtaposing our results with those from WSE and Cai’s study, we
could observe in Table 4 that our resource have provided more comprehensive collo-
cations for the case of #5+noun object, based on the same Sinica corpus:

Table 4. Comparison of the noun object counts for the verb f& [gao3] in Cai (2014), WSE and
our proposed resource, all based on the same data from Sinica Corpus 3.0

Noun Object
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By further examining the entry of & + 7&&f; which is absent in other research, we
also found that most of the six cases are long-distance dependency relations, which

may need much more efforts for human annotation:
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In addition to grammatical collocations, our system also exploits the technique of
word sense disambiguation (WSD) to provide information of sense distribution for
lexical research. We begin by investigating the approach of using a dictionary-based
WSD module® (Lesk, 1986) built in the open-source Natural Language ToolKit
(NLTK 3.0), in order to examine the sense distribution of a word in Chinese. We did
not use more advanced supervision-based algorithm because training data with Chi-
nese sense annotation is not available yet.

This preliminary function adopts the sense inventory from Chinese Wordnet’
(Huang et al., 2010), which is also compatible with the NLTK WSD module. Howev-
er, the previous case of f& has only one sense in the current version of Wordnet, so
here we examine the sense assignment of another word {§7] [bian4li4], which has
been the target word of other lexical research (Tsai, 2011). According to the Wordnet,
there are three senses for the word {& ], and after applying the WSD module in
NLTK 3.0 to the 154 sentences of {§4I] in traditional Chinese Sinica Corpus, this
function can provide a summary of the sense distribution with corresponding sentenc-
es as illustrated below:

Table 5. Sense distribution for the word {41 [bian4li4]

Sense Definition and Sentences Count
LIpEEZEFIEAER 3

* Al PR EHRARRIER]

o fRELEFINE E

* eSS BT RN L {ENS%
2. (PR E R H A B ER 6
* TRREEADHE & 2 e g

3. A AR ] 145
o — QIR

5 System Demonstration

The proposed lexical resource has been online for users to query the word of interest.®
Table 6 illustrates the structure of the output with a sample query of {F%] [bian4li4]:

6 http://nltk.org/_modules/nltk/wsd.html
7 http://github.com/loperntu/cwn2



Table 6. System demonstration of the grammatical relations of f& [gao3] for simplified and
traditional Chinese in our resource

Xinhua News Sinica Corpus
Nsubj L2 BIIWAMERL S AT | 1 808 © w5 fE Bl A R a8 & (5 7]
JF S LR RFI IR S5 B | 20 8 AR RS —F B R
{EF BITE NA & R B SR
2. W ¢ FERSCARO O | 3 48RS ¢ BURHVAERS S A ER]
T ZEBIEREERREE |
3. Bl RIOHE SR E
TR AT IKFE R AT 5
...
Assmod LOEAT L RUOPITNOT R | 1B ¢ OT=A B TR AT

IRELA Gfefit 5 fHaEf Ty E
Gl
2. FIRTT R EMZ I E R

bR 2 (FEA
2. 4G EFORITI A IS
Gl

P LR Ul N B 2R T
SN EIHTEASS A .

1L PEESEIERED

o iEH PR EITRAAYER]

o RRHLEMAEE

* FEEREE TR L ER]
"%

2. R E R H S S R

* TRREMERIDR B S 2 BRI

sense distribution | n/a

3. AR P I
o — i (BRI

The system has provided for the query word grammatical collocations in simplified
and traditional Chinese variation respectively. Since the Stanford Parser is trained
mostly on simplified Chinese data, we may find more errors in the traditional Chinese
output (e.g., ;% and #5 incorrectly parsed as the subject of {§F1] in the right panel of
Table 6). However, in this demonstration we can also observe that the collocations of
the fine-grained assmod relation (associative modifier) such as assmod({EF1],4:7%)
are presented, while in WSE it will be treated just as the more coarse-grained modifier
relation. Finally, with regard to the function of sense distribution, we currently only
show the results for the traditional Chinese variation. The sense distribution for the
simplified Chinese is still not available yet because we are still looking for an appro-
priate sense inventory.
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Conclusion

In summary, though the accuracy rate of the current parsed corpus may not be as good
as human annotators, the parser is able to capture long-distance relations and thus find
more grammatical collocations as shown in the case of dobj(¥5,% &), which is absent
in previous research. For the function of sense distribution, while we are still consid-
ering a sense inventory for simplified Chinese, the WSD system also needs to update
to more recent supervised algorithm if sense annotated corpora are available, in order
to achieve better accuracy rate.

In the future, we will continue further examining other grammatical relations in our

online resource such predicate and complement.
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