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Abstract

This paper introduces our research and experiment on searching for semantically correlated
vocabularies in Chinese Wikipedia pages and computing semantic correlations. Based on the 54,745
structured documents generated from Wikipedia pages, we explore about 400,000 pairs of Wikipedia
vocabularies considering of hyperlinks, overlapped text and document positions. Semantic relatedness is
calculated based on the relatedness of Wikipedia documents. From comparing experiment we analyze the
reliability of our measures and some other properties.

1.Introduction

In natural language, vocabulary is usually used to express a concept or object in the world. As things
are associated universally, several semantic relations could be found, such as kind-of, part-of, instance-of,
attribute-of or other complicate relations. Semantic information and semantic relations are more and more
important in Natural Language Processing (NLP), being applied in text retrieval, information extraction,
machine translation and other aspect of NLP applications.

In order to achieve semantic computing for NLP, a semantic knowledge-base is necessary. For the
complexity of semantic relations, the majority of famous semantic resources are summarized or constructed
artificially. The WordNet produced by Princeton University is a synonyms based Ontology formatted
semantic knowledge-base, which is widely employed by NLP researchers. For the Chinese language,
Hownet and Cilin are famous ones. Hownet gives the semantic tagging and explanation with units founding
according to Chinese characters. Cilin is a collection of synonyms with different semantic distance and
relatedness, organized in a multi-level pool of categories. As the creation is time-consuming, automatic
acquisition of semantic knowledge is important for research. On the other hand, the web would be a good
selection for semantic knowledge exploring because of its amount of human knowledge.

Paying attention to the Wikipedia, a Wiki technology based open encyclopedia with millions of multi-
language hyperlinked documents. As the documents are written cooperate by Internet users, the text and
hyperlinks could express some semantic relations. Wikipedia also contains a Category Graph to index its
vocabularies according to their semantic relations. In NLP applications, the Wikipedia resources could not
only act as a big corpus, but also a knowledge base or a semantic resource comparable to artificial
constructed ones. It has been evaluated in the researches of Gurevych and Strube. Some researchers have
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explored the use of Wikipedia for applications such as semantic relatedness computing (Strube&Ponzetto,
2007), name entity disambiguation (Bunescu&Pasca, 2006), automatic question answering (Ahn, 2004), etc.

In this paper, we work on searching and computing Chinese semantic relatedness from Wikipedia
documents massive excavation of human knowledge and information of semantic relations. As the
vocabulary is enormous, taking account to our aims, firstly we select about 50,000 words according the
word frequency of search engines. Then we download the responding Wikipedia pages to generate a
structured Chinese Wikipedia Page Corpus for NLP. On this basis, considering of hyperlinks between
documents, as well as text overlaps and the location information, about 400,000 word pairs with semantic
correlations are selected in our way. The semantic relatedness is calculated from the text location and word
frequency information in the Wikipedia pages. For evaluation, we employ different algorithms and
experiment on two 1,000 word-pairs sets between one of high level semantic relatedness and the other with
low.

In the second part of paper, the preparing work for a Wikipedia document corpus is briefly introduced.
In the third part, we introduce details of finding semantic correlated words and the calculation of relatedness.
Different algorithms employed for semantic relatedness computing and compare experiment are described
in part 4. In the fifth part we do some further experiment to find the self clustering property in the result set.
The final part is conclusion and outlook.

2.Prepare document corpus from Wikipedia

A total of 322,121 Wikipedia vocabularies with hyperlinks to pages are selected from the section of
"All-pages" from website of Chinese Wikipedia (zh.wikipedia.org). Given that the majority of professional
terms have low frequency in normal text, the selection of vocabulary set is needed. The Wikipedia
vocabularies are filtered according to frequency in two Internet wordlists, one of which created by the
search engine Sogou (www.sogou.com), the other with 800,000 words and frequencies from Google and
Baidu (www.baidu.com) collected by some Internet users. Entries existing in the text corpus of People's
Daily 2001 were also selected as candidates.

For the selected 66,725 of Wikipedia vocabularies with URL to Wikipedia pages, we download the
pages from Chinese Wikipedia (zh.wikipedia.org) and some mirror sites with speed-limited download tools.
In others' works, the Wikipedia image package with Wiki format documents is mainly applied instead of
web document, but for research on Chinese the usage is impossible. Chinese Wikipedia allows Internet
users from the mainland of China, Singapore, Hong Kong, Macao, Taiwan etc editing the source file in their
own custom and Chinese format. So the Simplified Chinese and Traditional Chinese are mixed in the source

Before generate web pages, a localization translation services is called automatically to translate into one

of the 6 localized Chinese, such as the "mainland simplified Chinese". In order to get the localized document,
it is necessary to use the webpage instead of the source file. Since redirect pages exist, we actually have
54,745 HTML pages.

The next step is to analyze the structure and create a structured corpus in accordance with the need of
our study. In Wikipedia document, text of the first part is usually the most fundamental and important
explanation for the topic word. Usually it could be found before the outline with less than 3 paragraphs from
the document. The following paragraphs of a Wikipedia document are detailed information around the topic
with less importance than the first part. Some paragraphs of table or lists with manually grouped
vocabularies around some topic may share in more than one document, which were called the Shared Tables.
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Saying to the degree of semantic relation to the topic word, they are different for the 3 kinds of text parts, so
in the process of reforming the Wikipedia document, they should be separately saved in different fields of
the text corpus.

As the document hyperlinks between the text lines are important for our research on searching for
semantic relations, for a hyperlink pointed to another Wikipedia document, we get the text words, URL
keyword and its count of appearance in each part of paragraphs. In the final structured Wikipedia corpus, the
following information for a document are saved, such as the length of raw text and html-text, total count of
links and duplicated links, keyword and hyperlinks to the Wikipedia Category Graph, the related hyperlinks
to an English or a Japanese Wikipedia document with the same title keyword.

For synonyms, a page redirecting is used to access the same document. The synonyms could be found
from the title word and the keyword following a mark of "Redirected from" in the redirected Wikipedia
document. As synonyms are important for NLP and even semantic computing, we collect groups of
synonyms from the Redirected Pages. In the following tests of our research, all the synonyms should be seen
as one word in the computing of semantic relatedness, so this step of collecting synonyms is also important.
As it is not enough of synonyms, more were collected from the text paragraphs. For example in a document
we can find such kind of text :"China Central Television commonly abbreviated as CCTV-+-", "An astronaut
or cosmonaut---". We collected more than ten thousand groups of candidate synonyms, and after manual
check 7440 were left and added combined with the redirect page synonyms.

Taking account of synonyms, the amount of vocabularies in the Wikipedia research corpus is raised to
89,994, following with 54,745 XML formatted structured documents generated from the Wikipedia pages.
As synonyms and redirection exists, one page is statistically shared by about 1.6 Wikipedia vocabularies.
There are totally 1,823,883 hyperlinks found from all the pages, that is averagely 33.3 in one page. 411,402
pairs of pages hyperlinked to each other, which was seen for pages with more relatedness and being
considered more useful in our research.

3.Exploring Semantic Correlated Vocabularies

Many research on NLP referring to the semantic relations between words, or even on computing
semantic similarity or relatedness. Semantic similarity is shared among instance with same hyper concept,
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such as (“apple”, “pear”, “orange”) in semantically similar due to being a kind of “fruit”. The degrees of
similarity are different between (“apple”, “pear”) and (“apple”, “rice”) according to the relation of hyper
concepts. Synonymous and semantic similarity is an important property considered in the WordNet. The
Chinese Cilin is also a collection of synonymous with more than 70,000 Chinese words grouped in different
levels according to semantic relations and the degrees of semantic similarity.

As being noticed in the head or this paper, the semantic relationship is complex and diverse. At least 4 basic
types of basic semantic relations (kind-of, part-of, instance-of, attribute-of and other complicate relations)
and more functional relations are founded. For example ( “Bush”, “Clinton”, “Lincoln” ) are related by
“President of the USA”, (“man”, “woman”) are relative ones," (“Beijing”, “Olympics”, “Fuwa”) are
related due to  “ The 2008 Olympic Games ” . Comparing to semantic similarity which shows only
the “kind-of” semantic relation, semantic correlation is broad and comprehensive. So in the computing of
semantic correlations, any type or aspect of semantic relationship should be in the scope. As the standard of
semantic relatedness computing is not unique or even not exists. Different researchers applied their own
interpretations. Someone employed the semantic category tree with algorithms of looking for public nodes,
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counting the depth of node or finding the shortest path between nodes .Different algorithms on WordNet,
Hownet could be find in many NLP related papers.

In the public cooperate edited Wikipedia documents, the semantic correlations between the title
keyword and the text paragraphs are higher than many other document from web. In one view, the text was
usually seen as the representation for the title keyword. In our Wikipedia research corpus, 1,823,883
hyperlinks between lines are explored, which are linked to the corresponding Wikipedia documents,
showing relations on semantic meaning of the text lines.

We pay more attention on the 411,402 pairs of pages which have hyperlinks to each other. After
studying tens of the pairs by viewing the pages by reading the lines with hyperlinks, we got a pleasant
discovery. Most of the title word pairs are semantically correlated, at least sharing some topic or events. As
relatedness is a kind of importance of one to another, if something could be noticed easily or usuaily, the
importance should be high, correspondingly their must be some semantic relations exists. As correlates is for
both sides, the relatedness between each other should be exists. According to this view we designed our way
of finding semantically correlated words and do the relatedness computing from the co-hyperlinked
Wikipedia documents.

For word A and B, they are semantic correlated if one ore more of the following conditions meet. Such
as A being used in the definition of description of B; A being noticed in introducing of one aspect of B and
with importance; A being frequently or easily thinking of if B noticed ;A exists in a list containing B as the
topic or similar data. The condition is not enough but useful.

Experiments for semantic correlated vocabularies are done using the information of document
hyperlinks. Firstly in Experiment 1 our aim is to find the most correlated word pairs. This time only the
Wikipedia basic definition and description of topic keyword is used, which lies in the first part of document.
As during the structure work, we separately saved the main part of text and hyperlink information, we
directly used the data. For the document with title word A, we got hyperlinked groups (B, C, F, G), then we
search for hyperlinked A from each linked documents in this group. If C and G match the rule, we got two
result of (A, C) and (A, G). This experiment was done using a C++ test program using a dataset of word and
links with integers IDs. As noticed before the IDs for a group of synonyms are the same, so during the
experiment and result bellow, they are considered as a unique word. From Experiment 1, 5,512 pairs were
explored. We viewed the whole set of result, most relatedness are obvious. Some of which were listed in
Tgp_le 1 in the form of (A, B)_with the English translations.

AN ABN BN BEN) . ACY  AEN  BEW  BEN
HH Fitness 18 Jogging c EE Sl Button AAZH  HCT
EjE Halfmast [EHiE Flag 5 FE EasterEgg SET Easter
%8  Evening F& PM HHEE Piano 2= Accompaniment
: BEER  Baseball EfkE Bat Phig#E  Challenger  FK¥AL SpaceShuttle
T Gambling NEfE Gamblers A% Automobile  ZER# LicensePlate
LRl College #HBT Educate EH Battery W2 MemoryEffect
YAt Software VFHIHE License | {H¥#& Consumer EAN e Economics
&9 Signals A Traffic | X% Folders SCHFRSE File_system
3K Cubic Ik Cube BT Chair R Wheelchair
R Ramen ZMT Lanzhou | ZRIL  GameTheory ik Evolutionary
CBEE Cancer  JEEME  Oncogene | TEI  ActionParty 3KWEW  Malaysia ,

— 108 —



P #eb Hanshin EF—FD Koshlen I‘;&—f‘ Chopstlcks EF‘I ‘?”I ChineseCook
o o 7 Table 1 Some of Semantlc Correlated Word Pairs

In the following experiment II, we extend the scope of search to the whole Wikipedia document. As the
basic definition or introduction refers only a little part of a topic keyword, the most related materials exists
in other paragraphs of the documents. As the result of experiment I show the reliability of semantic
information between text lines, the aim of experiment II has been changed to find a semantic correlated
word set of a bigger coverage of correlates. For word pair (A, B), if each could be find in any position from
the other's document as a hyperlink, they are selected as a candidate pair of Set A, and if one noticed in the
main part of another, which is more reliable, we select the pair to Set B. So the rule of Set B is more strict
than Set A but looser than what in Expenment I We get the result descrlpt in Table 2.

Experlmenf D Result Set Count of Word Palrs ' Revxews : L
1 15,512 Obviously correlated
I A 79,150 Most obviously correlated
Il B 411,402 With more unrelated pairs

Table 2 Result of Expenment I and II with Manual Evaluation

According to the artificial review, result of Set A is also reliable with most of correlated pairs, but with
a high coverage and amount. According to general judgments, part of them has lower relatedness comparing
to the set of Experiment I. We also found that for some pairs in Set A, the importance is different from each
other, though have correlations. Such as the related words of “# %7 (Spring Festival)” with “ ¥ 4E (Say
Happy New Year) », “#f 1 (Firecrackers) ”, “4F [H (New Year Pictures) ”.,the “Spring Festival” is more
related or more important for “New Year Pictures”, but “Spring Festival" could have relatedness with more
object such as “Firecracker” , “Say Happy New Year” etc other than “New Year Pictures”. For Set B it could
be reviewed that though the coverage is large, the accuracy is not acceptable. This count is equal to the co-
hyperlinked documents. As text of document except the main part is so free that co-relation of text line may
not show enough semantic relations.

As the data of Set B is useful, as a lager percent of valuable correlations are included other than those in
Set A, such as words with semantic similarity in lists or tables. A refine work should be down relies on more
information not limited to the word frequency, document frequency etc. We checked the most un-related
pairs and detected that a common result is that at least one in a pair has a high document frequency. Such as
the words of “ P [H (China)”, “ /2 & (Company)”, “ 11X (Regions)”, “ % & (English)” etc are selected as
semantic correlated words for many other keywords but really not. The mistake appears because these words
are easily appears in most of the everyday text files, including the Wikipedia documents with a high
Document Frequency (DF).

In Experiment III the document frequency and word frequency information are used as filter based on
the result of Set B from Experiment II. Firstly by accessing the documents in the corpus, we get the count of
document including the object word as a hyperlinked text for all of the selected Wikipedia keywords. The
DF value could be calculated with this count divided by the total count of document in our corpus. Then the
word pairs with semantic correlations are selected from co-hyperlinks. During this process the Text
Frequency (TF) for each keyword is also recognized. For filter, we pay attention on the pairs not appears in
Set A of Experiment II. Several times of test are done for getting a proper threshold for a better result with
more correlated word pairs and less unnecessary ones. After this work the amount is 360304 pairs, which
covers 90%.
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4.Semantic Relatedness Computing and comparing experiment

The data of correlated words in our experiments are grouped with a header word and a set of other
keywords with different semantic correlations. As it is more meaningful to search and compare between
these words. For measuring the semantic relatedness, the location information in documents are mainly
considered. According to different level of semantic relatedness, they are ordered in 4 groups.

Level " GroupRules PO Réiatednesé
4 First part co-hyperlinked Very High
3 Hyperlinked from the first part High
2 Hyperlinked to the first part Normal '
1 Any other related pairs Low

Table 3 Group with Different Semantic Relatedness

A value of semantic relatedness are calculated with the normally used the Text Overlap based

Measure(TO) which measures based on the relatedness between two words defined as a function of text

overlap(Lesk,1986). Commonly this measure computes the overlap score by extending the glosses of the

concepts under consideration to include the glosses of related concepts in a hierarch. Given two document of

D1 and D2, the overlap(D1,D2) is computed as ¥ nm for n phrasal m-word
overlaps(Banerjee&Pedersen,2003),the length of text is also need to get a normalized result.

overlap(t,,t,) J

(Formula 1)

Relate(t,,t,) = tanh
length(t,) + length(t,)

In the case of Wikipedia corpus, text overlap between documents for words is used for calculation. The
full document is used in order to consider to more overlapped information. The frequencies of hyperlinked
text keywords are considered with a higher weight for text overlap computing.

Another algorithm making use of Shared Document Frequency (SDF) is also selected as one result of
our semantic correlations. For word pair (A, B), using a coops large enough, we get the document count
which contains A in text lines as Hit(A), for B it is Hit(B). Then a shared document count Hit(AB) is counted
with the documents both noticed A and B. The relatedness value is calculated with the Jaccard Formula

Hit(AB)

Jaccard = (Formula 2)
Hit(A)+ Hit(B)— Hit(AB)

As different algorithms make used of different semantic information, so the result of semantic
relatedness is not always following the same order. But a common understanding of semantic relatedness
should be shared, that is decided to the real semantic correlations and distance of the words. By comparing
the result of different algorithms, we a hoping to find the common information, and in another way the
reliability could be evaluated for each other. In this compare experiment, two 1,000 word-pairs sets between
one of high level semantic relatedness and the other with low are used. Word pairs in Group A are selected
from the result of Experiment I, which are considered to be highly correlated. As a lower-related set, we
randomly select pairs from the result of Experiment I'V.

Hyperlinked text and frequency are collect by text program into a unified data file with integers as
identification. That is a big sparse matrix with 54,745 rows and columns used for the two algorithms to pick
up useful information. For the TO algorithm, firstly the two lines representing vectors in document of the
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title keywords are selected, then overlapped nodes with frequency are found and summarized into the value
of overlap. The length of document is used instead with the count of hyperlinked text keywords. For the
SDF way, according to the Jaccard Formula, all the lines are viewed to select each pairs in the test sets where
exists in the same document. And also the document count covered each keyword are also fetched. As
limitation of length, only part of the experiment data are listed in Table 4 with the inter IDs changed as a
keyword in Chinese and English.

Word A . ~ VWord B SDF 10
— M iZ%E (First order logic) 15, (Domain) 0.0600 0.0185
it 28 (Medieval) A (Castle) 0.0376  0.0288
A2 # (Symphony) SRE (Movement) 0.0923 0.0185
" AFr3< 2 (Interpersonal relationships ) BA & (Friends) 0.0232  0.0101
£ 75 (Taiwan) H e m(NT) 0.0170  0.0351
K2 (Husband's family) FEZK (Wife's family) 0.0667  0.1818
B A (Hewlett-Packard) FTERHL (Printer) 0.0412  0.0206
Z17 (Spring Festival) Y7 (Dumplings) 0.0160  0.0210
% B F X (Imperialism) 58 I 3= X (Colonialism) 0.0506  0.3548
{5 R FE (Shampoo) % % (Conditioner) 0.0500  0.0870
HEARE N (Overseas Chinese) 5EJE (Settlers) 0.0210 0.0106
Wi (Lion Tiger) FEWE (Tiger lion) 0.1250  0.1633
% 2% (China) &7l + (Kaolin) 0.0160  0.0197
- P55 (Lugou Bridge) FK SE T (Yongding River) 0. 0440 0. 0305
e (Chicken) ; K& (Poultry) 0.0314  0.0357

Table 4 Result of Semantic relatedness Calculation
For the group with 1,00 pairs of high semantic correlated pairs, they get a average score of 0.050 with
the SDF algorithm and the resuit of TO algorithm is 0.110. Compare to the other group with a SDF value of
0.028 and a TO value of 0.037, they are both higher. It means that the standard of our group set is
meaningful. In the mixed set with 2,000 pairs of correlated vocabularies, we ordered the result by the result
of both algorithms and then give an indexed position ID. Then the following result is generated as Chart
1showing the percentage of pairs from different groups in different position sections.

100% - 100%
90 Q0%
8O 804
TR - 0%
[SIEEA GO%
500 504
107 40%
30% 0% —
20% 20%
10% 10% |-
0% 0%

Chart |  Semantic Relatedness with Different Algorithms on Two Groups
From this experiment, it could be found that for Group A with high relatedness, the result calculated
using both algorithm give a acceptable performance, with 35.6% and 41.2% calculated with a high result in
the top 25% (with index from 1501 to 2000) among all the 2,000 pairs in this experiment. Most of the pairs
selected in the group with high semantic relatedness are supported by both algorithms, with a rate of 69.5%
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and 63.6%, which means that our way of exploring words with semantic correlation is generally reliable. It
also means that the semantic information in text lines of the Wikipedia document is useful for semantic
computing in NLP.

5.Conclusion and Outlook

In this paper, the Chinese Wikipedia pages are used in semantic computing for NLP by searching and
Chinese semantic relatedness. We generated our structured Chinese Wikipedia Page Corpus from Wikipedia
website. On this basis, considering of hyperlinks between documents, as well as text overlaps and the
location information, word pairs with semantic correlations are selected into different groups with different
level of semantic correlations. We also employed different algorithms for semantic relatedness calculation,
with their result supporting the reliability of our research works.

The hyperlinks between in Wikipedia documents, which help users a lot for research on Chinese word
semantic relations, are mostly added by Internet users. As being impossible for authors to know which
keyword should be marked as a hyperlinked keyword. Though Wikipedia has programs checking for
hyperlinks, the coverage is too less for all the text related informations. Inorder to find more semantic
relations, text mining test could be helpfull considering of word frequency or text overlap information in the
later research works. For research on semantic relatedness, the Wikipedia Category Graph (WCG) could
also be considered as a important resource.
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