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Abstract. This paper reports our recent work to use visualization to present
semantic relation for Chinese WordNet. We design a visualization interface,
named CWN-Viz, based on “TouchGraph”. There are three import design
features of this visualization interface: First, visualization is driven by word-
form, the most intuitive lexical search unit in Chinese. Second, the CWN-Viz
allows visualization of bilingual semantic relations by incorporating Sinica
BOW (Bilingual Ontological WordNet) information. Third, the semantic
distance of each relation is calculated and used in both clustering and
visualization.
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1 Introduction

George Miller [1] thought that synonym sets can be used to anchor the representation
of the lexicon concepts and describe the (mental) lexicon. This was the original
motivation to construct WordNet. Recently, there are many research teams to deal
with semantic relations by the knowledge-base of WordNet. With the bilingual
Chinese-English WordNet Sinica BOW [14], the Chinese WordNet Group at
Academia Sinica has been worked on dividing and analyzing Chinese lemmas, senses
and their semantic relations.

Regard semantic relations as the foundation, the establishment of the reliability and
relevant problems for the Chinese WordNet. In these data, we would put emphasis on
presenting visualization system and show their semantic relations of whole senses.
Finally, we will make use of calculating principle in order to cluster related senses
and present several different similar synonym groupings.
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Based on these viewpoints, we will obtain several different similar synonym
groupings. And then, we can auto-create more and more different similar synonym
groupings. In the same time, we also can establish huger Chinese semantic relation
WordNet.

2 Chinese WordNet

The relationship between language and meaning has always been one of the problems
that people think about all the time since human languages and cultures started.
“Word” is the minimum meaning unit in the human languages. Dividing and
expressing the meaning of a “word” and the interaction between accessing senses and
expressing knowledge are the most fundamental researches. Sense division and
expression need to be established basing on a complete set of lexical semantic
theories and on the basic frames of ontology. In the Institute of Linguistics at
Academia Sinica, under the direction of Chu-Ren Huang, the Chinese WordNet
Group (CWN Group) have been working on the research called “Chinese meaning
and Sense,” This research provides a explicit data by analyzing Chinese lexical senses
manually.

Huang [2] proposed the criteria and operational guidelines for process of dividing
lexical senses. Besides, the criteria are also the basis for constructing a Chinese sense
knowledgebase and codifying the Dictionary of Sense Discrimination. The entries in
the Dictionary of Sense Discrimination can be singular word, two words or multiple
words and are limited to the common words in modern Chinese. As shown in Fig. 1,
this dictionary lists the complete information of each entry, including the phonetic
symbols (Pinyin and National Phonetic Alphabets), sense definition, corresponding
synset, part-of-speech (POS), example sentences and explanatory notes.

WordNet was the first application that integrated all the different linguistic
elements, such as sense, synonyms (synset), semantic relation and examples. And
they have designed an online interface for their current version— WN3.0. In here, we
want to have the comparison of the data structures between WN3.0 and Chinese
WordNet.

As shown in Fig.2, in WN, the information of each lexicon is simply listed its
sense, synonyms (synset), semantic relations with other English synsets and some
examples. As shown in Fig.3, the data structure in Chinese WordNet is divided into
the parts of Chinese lexicon, Chinese lexical knowledge, and Linking to related
language resource. In the section of Chinese lexical knowledge, similar to WN, each
lexicon is accompanied with its sense, domain, English synset and synset number
from WNIL1.6, semantic relations with other lexicons and example sentences, but
common lexicons do not belong to any domain. Synset is used to link the other
English resources in the system. The uniqueness and value of Chinese WordNet are to
present the analysis result of after the Sense division and link the result with some
English resources.
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Fig.1 Example of Chinese Lexical Lemma.
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Fig.3 Data Structure of CWN.

In other words, Chinese WordNet equips the function for searching cross-lingual
information because Chinese WordNet integrates with the varied English resources,
such as WN and SUMO (Suggested Upper Merged Ontology). Therefore, users can
easily compare the concept differences between Chinese and English via Chinese
WordNet.

Normally, a text-searching system can only search a target document that include
the words as its content, but it cannot be searched by the word senses or other relevant
information of the words. Such searching function obviously cannot fulfill the
requirements of linguistic researches. Through the experience from the pervious
relevant linguistic researches, it is possible to collect a lot of varied lexical
information, which is considered and required for the linguistic research purpose.

This research is based on analyzing the Chinese lexicons. After conscientiously
analyzing and researching, each Chinese lexicon accompanies with the information
about lemma, sense, domain, sense definition, semantic relation, synset, example
sentences, explanatory note and so on. Such conscientious analysis is helpful to
preserve the lexical knowledge systematically and fulfill the different needs for the
relevant linguistic researches.

From the beginning of year 2003 to the beginning of September 2007, totally CWN
Group had analyzed 6653 lemmas and identified 16693 senses. In order to refer to the
data from the cumulative knowledgebase clearly, in 2005, we started to use “edition”
to divide the content in Chinese WordNet. The data cumulating until the end of year
2003 was the first edition. The research result cumulating until the end of year 2004
was the second edition. The third edition was the data cumulating until the end of year
2005 and was presented to the public on April, 2006. Now, the fourth edition was our
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sense division cumulating until the end of year 2006 and has already published on
April, 2007.

3  Visualization

In this study, we want to follow a well-accepted design paradigm to create a working
prototype of a visualization suite for Chinese WordNet which has sense division of
the data, as well as the ability to focus on specific synsets of interest and get some
details.

Before, information visualization technique was applied in computer science or
biology science and shown relationship constructions of large data. Ware [3] suggests
five advantages of effective information visualization:

1)  Comprehension: Visualization provides an ability to comprehend huge
amounts of data.

2)  Perception: Visualization reveals properties of the data that were not
anticipated.

3)  Quality control: Visualization makes problems in the data immediately
apparent.

4)  Detail + Context: Visualization facilitates understanding of small scale
features in the context of the large scale picture of the data.

5) Interpretation: Visualization supports hypothesis formation, leading to
further investigation.

Recently, this technique was applied in NLP gradually such as Visual Thesaurus
[15] and WordNet Explorer [4]. These studies only focus on usage and showing
partial information of WordNet. However, so few studies focus on WordNet for
designing, completely showing the relation between lemma and senses.

Following similar design, we construct a visualization interface, named CWN-Viz,
based on “TouchGraph”, a pen source graph layout system that has been extended and
adapted to suit our requirements. The interface can completely show all lemmas,
senses, and semantic relations for a word form recorded in Chinese WordNet. An
important design feature of this interface is the iconic representation of semantic
distance. We propose a set of principles to measure the distance of each semantic
relation by calculating the node distances connected by that semantic relation. The
distance information is used in clustering of related information and presented in this
visualization interface such as below Fig.4 to Fig.6:
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Fig. 5 Semantic relations of visualization construction.
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Fig. 6 The interface for semantic relations of visualization construction.

4  Analysis

According to above CWN analysis and visualization construction, we develop the
calculating principle in order to cluster for different lemmas and several senses and
cluster their semantic relations. First, we regard a keyword root as a center node and
extend two levels. Based on the first level nodes to calculate sub-roots of the sub-trees
such as A, B, C, and D, respectively expand and make several sub-trees. Through
calculating the numbers of semantic relations of these sub-trees, we can evaluate the
relationship score for each sub-tree. When we calculate the relationship score for each
sub-tree such as Fig.7, we would like present the calculating matrix for each cluster
such as Tablel. Finally, we select the most nodes of the numbers semantic relations
until all nodes were selected. Consequently, we can obtain Clusterl for [A, B] and
Cluster2 for [C, D].
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Fig. 7 The clusters of semantic relations of visualization construction.

Table 1. The calculating matrix for each cluster.

1 0 1
2 1
4

Following these constructs, we take CWN analysis into this model and the results
were shown as:
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Fig. 8 The visualization of semantic relations for Zheng4.

We name this visualization system as CWN-Viz. We make the idea of CWN
analysis and visualization construction into the website version. The available website
address is http://cwn.ling.sinica.edu.tw/cwnviz/. In this website, there are several
resources such as Chinese WordNet analysis, SinicaBOW, Sinica Corpus, WordNet
1.6 version, WordNet 1.7 version, the textbook of elementary school and Chinese
Dictionary of Ministry of Education. So far, there are 3000 lemma, 5568 senses, 1260
facets, 9828 nodes and 11978 relations in this website.

In here, we want to explain briefly for Fig.8 and Fig.9:

1~ zheng3 right

-2 The second lemma of -

17— 2(0620) The sixth senses of [—2

Z P mei3 1i4 beautiful

S FI(0101) The first meaning facet of the first sense of I
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m: for lemma
facet
: for facet

In this system, blue line represents synonym, red line represents antonym, green
line represents hyper or hypo and yellow line presents near synonym.

In this website, we can look up some words and check their semantic relations.
Also, we can select different resource to show different content in here. The website
is such as Fig.9 and if we select Chinese WordNet analysis or Sinica BOW as the
content resource, we can get some information in here such as Fig.10 and Fig.11.
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Fig. 9 The website of visualization construction.
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Fig. 10 The visualization of Chinese WordNet analysis for keyword.

HEHED) ] htp-fizwn ling sinica edu tuiewnvist

3
[ resoue tine Contant Tyns WWordNet 1.6 T+ 423 [v] seann R Zoom
E—
mﬂ /
S /
B 0]

& TSNP = 5523 15

mk

Click = or Sense title for mare information. FEEGE = BEFSEERELIENE SHERE

Sense (S%) 1fraction

Sense map with other version

o . Wiorchet! 7 1

53 map with synset of other

version TWa@ordet! 7.1
AR A TR R

[«]

[l Il

HE | EE >

4

| »

(&] Applet com touchgraph linkbrowser LinkBrowssr pplet started P FRREE
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5 Conclusion

WordNet by nature is a representation of a network of lexical relations in the mental
lexicon. It is no surprising that many previous works have attempt to make these
relational network more explicit and easier to understand and process by visualization
tools. Work such as VISdic [5] and University of Toronto’s WordNet Explorer all
made substantial contribution to this line of study. Our current study aims integrate
sharable tools from the visualization field with WordNet studies. We also design the
tool such that cross-lingual lexical semantic relations can be visualized in parallel. It
is hoped that such a tool will be facilitate linguists’ use and understanding of
WordNets, as well as facilitate international initiatives such as the Global WordNet
Grid. One area that has not been explored sufficiently so far is the calculation of
semantic distances according to visualized relations. According to above analysis,
calculating principle and cluster, we can obtain visualizations such as Fig.8 to Fig.11.
Ideally, we will create more related clusters and show their semantic relations.
Further, we want to show these related clusters by different color and link related
senses by different line in the interface. Also we provide more details for each sense.
Fig.12 will be presented our prototypical type for this study.
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Fig. 12 The interface for semantic relations of visualization with sense division.
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