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Abstract

The characteristic and an advantage of natural language is that, as a symbolic
system, it has an internal logical framework for organizing and positioning
conceptual knowledge, which is its lexicon system. This framework implements
the fundamental function of natural language to condense, absorb, organize and
position conceptual knowledge, and creates progressively a very large and complex
build-in knowledge system in the language. It is also the basis of the other two
fundamental functions of natural language; i.e., it serves as a tool for
communication and as a medium for conceptual thought. The natural language
semantics should reproduce the basic framework of natural language in their
theoretic realms to represent these three functions and their relationships. The

lexical semantics thereby become their core.

A word is the symbolic embodiment of a concept, and a concept is generated in a
peculiar cognition scheme, which will be called its generating scheme. We cannot
describe and define a concept clearly unless we put it into its generating scheme.
Meanwhile, the implementation of the concept involves a procedure that contrasts,
restores, and refers to its generating scheme in a special environment, which will

be called its application scheme.

We propose to use the situation as a mathematical model to describe a cognition
scheme. Therefore, the situation theory can serve as a unified theoretical
framework for constructing the lexical semantics and the natural language
semantics built upon it, as mentioned above. Therefore, many new viewpoints are
proposed. In this paper, only some elementary questions about them are discussed,
including: 1) using a situation to express a scheme and using a situation to
describe a concept (this is the key point of the paper); 2) formulating the situation
algebra for describing relations, transformations, and operations for situations so as
to simulate conceptual thinking by means of algebraic calculus; 3) constructing a
situation network to implement a scheme structure and conceptual structure, where
the key point is the constitution and organization of a semantic dictionary. We use
some practical cases to illustrate these methods. The mathematical theory relevant

to them will be presented in our future papers.
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A Study on Word Similarity using Context Vector
Models

Keh-Jiann Chen’, Jia-Ming You'

Abstract

There is a need to measure word similarity when processing natural languages,
especially when using generalization, classification, or example -based approaches.
Usually, measures of similarity between two words are defined according to the
distance between their semantic classes in a semantic taxonomy . The taxonomy
approaches are more or less semantic-based that do not consider syntactic
similarities. However, in real applications, both semantic and syntactic similarities
are required and weighted differently. Word similarity based on context vectors is

a mixture of syntactic and semantic similarities.

In this paper, we propose using only syntactic related co-occumrences as context
vectors and adopt information theoretic models to solve the problems of data
sparseness and characteristic precision. The probabilistic distribution of
co-occurrence context features is derived by parsing the contextual environment
of each word, and all the context features are adjusted according to their IDF
(inverse document frequency) values. The agglomerative clustering algorithm is
applied to group similar words according to their similarity values. It turns out
that words with similar syntactic categories and semantic classes are grouped

together.

1. Introduction

It is well known that word-sense is defined by a word’s co-occurrence context. The context
vectors of a word are defined as the probabilistic distributions of its left and right
co-occurrence contexts. Conventionally, the similarity between two context vectors is
measured based on their cosine distance [Alshawi and Cater, 1994; Grishman and Sterling,

1994; Pereira et al., 1993;Ruge, 1992; Salton, 1989]. However, the conventional measurement
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suffers from the following drawbacks. First of all, the information in the context vectors is
vague. All co-occurrence words are collected without distinguishing whether they are
syntactically or semantically related. Second, the coordinates are not pair-wise independent
(i.e., the axes are not orthogonal), and it is hard to apply singular value decomposition to find
the orthogonal vectors [Schutze, 1992]. In this paper, we propose to use only syntactic related
co-occurrences as context vectors [Dekang Lin, 1998] and adopt information theoretic models
to solve the above problems. In our study, the context vectors of a word are defined as the
probabilistic distributions of its thematic roles and left/right co-occurrence semantic classes.
The context features are derived from a treebank. All context features are weighted according
to their TF x IDF values (the product of the term frequency and inverse document frequency)
[Salton, 1989]. For the context features, the Cilin semantic classes (a Chinese thesaurus) are
adopted. The Cilin semantic classes are divided into 4 different levels of granularity. In order
to cope with the data sparseness problem, the weighted average of the similarity values at four
different levels will be the similarity measure of two words. The weight for each level is equal
to the information-content of that level[Shannon, 1948; Manning and Schutze 1999].

A agglomerative clustering algorithm is applied to group similar words according to the
above defined similarity measure. Obviously, words with similar behavior in the corpus will
be grouped together. We have compared the clustering results to the Cilin classifications. It
turns out that words in the same synonym class and with the same syntactic categories have

higher similarity values than the words with different syntactic categories.
2. Data Resources

Ideally, to derive context vectors, a large corpus with semantic tags is required. Furthermore,
to extract co-occurrence words along with their exact syntactic and semantic relations, the
corpus structure has to be annotated. However, such an ideal corpus does not exist. Therefore,
in this paper we will adopt the resources that are available and try to derive a useful but
imperfect Chinese tree bank. Since the similarity measure based on the vector space model is

a rough estimation, minor errors made at the stage of context vector extraction are acceptable.

2.1 Sinica Corpus

The Sinica corpus contains 12,532 documents and nearly 5 million words. Each sentence in
the corpus was parsed by a rule parser [Chen, 1996]. The parsed trees were tagged with the
structure brackets, syntactic categories and thematic roles of each constituent [Huang ez al.,
2000] as exemplified below, (Sinica corpus: http://www.sinica.edu.tw/ftms -bin/kiwi.sh):
Original sentence: /J\ ‘small’ # ‘dog’ BtEE ‘dance’
Parsed tree : S(Agent:NP:(Property:Adj:‘/J\ small’ | Head: N: 4@ dog’ )Head:V: BEEE

dance’)




A Study of Word Similarity by Context Vector Models 39

Although these labels may not be exactly correct, we believe that, even with these minor
errors, the majority of word-to-word relations extracted from the trees are correct. However,
the semantic label is not provided for each word in the parsed trees. In this paper, we will use

Cilin classifications for semantic labeling.

2.2 Cilin- a Chinese Thesaurus

Cilin provides the Mandarin synonym sets in a hierarchical structure [Mei et. al., 1984]. It
contains 51,708 Chinese words, and 3918 classes. There are five levels in the Cilin semantic
hierarchy, denoted in the format L, -1,-13-Ly-Ls. For example, the Cilin class of the word F1M
‘we’ is “A-a-02-2-017. In level 1, “A”, denotes the semantic class of human; in level 2, “a”,
indicates a group of general terms; level 3, “02”, means pronouns in the first person, and in
level 4, “2” represents the plural property. In kvel 5 “01” represents the order rank in the
level 4 group. This means that “01” in level 5 is the first prototypical concept representation
of “A-a-02-2”. In the rest of this paper, only the first four levels will be used. The fifth level is

for sense disambiguation only (section?2.3).

2.3 Sense Disambiguation

A polysemous word has more than one Cilin semantic class. In order to tag appropriate Cilin
classes, we have designed a simple sense tagging method as follows [Wilks, 1999]. The sense
tagging algorithm is based on the facts that the syntactic categories of each word in the tree
bank are assigned uniquely, and that each Cilin class has its own major syntactic category. If a
word has multiple Cilin classes, we select the sense class whose major syntactic category is
the same as the tagged category of this word. For example, 5t2& “Jie-Hwa” has two
meanings. One is for “project” as a noun and the other is “attempt”, therefore, if &t
“Jie-Hwa” was tagged with a noun category, we will assign the Cilin class whose major
category is “project”. Sense ambiguity can be distinguished by measure of syntactic properties
for most words. However, there are still cases in which the syntactic category constraints
cannot resolve the sense ambiguities. Then, we simply choose the prototypical sense class, i.e,
the word that has the highest rank in this sense class with respect to all its sense classes in
Cilin.

2.4 The Extraction of Co-occurrence Data

The extracted syntactically related pairs have either a head-modifier relation or head-argument
relation. For instance, two syntactically related pairs extracted from the example in section 2.1
are:

(<Thematic role > <Cilin> <wordl>), (<Thematic role> <Cilin> <word2>)

(agent Bi-07-2 ¥ ‘dog’), (Head(S) Hh-04-2 BEEE dance’)
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(property Ea-03-3 /\‘small’), (Head(NP) Bi-07-2 ‘dog’)

The context data of the word; 38 “dog” consists of its thematic role “agent” and the
Cilin class “B-i-07-2” ; the word, Bk%E ‘dance’ consists the thematic role “Head(S)” and the
Cilin class “H-h-04-2” and so on. The word /\ “small” and B £E “dance” are not

syntactically related even though they co-occur. Therefore , they will not be extracted.
3. Context Vector Model

There are three context vectors of a word: role vector, kft context vector and right context
vector. The role vector is a fixed 48-dimension vector, and each dimension value is equal to
the probabilistic distribution of its thematic roles. The left/right context vectors are closer to
the probabilistic distributions of its left/right co-occurrence words and their semantic classes.
The role vector characterizes a word based more on syntax and less on semantics, but the
left/right context vectors are just the opposite. The cosine distance between their context
vectors is a measure of the similarity of the two words. We will illustrate the derivations of
context vectors and their similarity rating with a simplified example using (3§ “cat”, i
“dog”). The role vector of “dog” is {127, 207, 169..., O}4g, which represents the values of
“agent”, “goal”, “theme”... and “topic” respectively, generated by Equation (1). The role

vector of “cat” is {28, 73, 56..., 0}45, which is also acquired by Equation (1).

Role vector of word W={ V;, V,...,Vyg }a8

Vi = Frequency (R;)) x log (1/P;) (1)

R;: We label thematic roles “agent”, “goal”... and “topic” from R; to Ryg listed in Table2 in the
Appendix.

Frequency (R;): The frequency of R; played by word Win the corpus.

P;: = Total frequency of R; in the corpus / Total frequency of all roles in the corpus.

log(1/P;): The information—context of R; [Shannon, 1948; Manning and Schutze, 1999]

The derivation of left/right context vectors is a bit more complicated. The syntactically
related co-occurrence word pairs are derived first as illustrated in section 2.4. We will
illustrate the derivation of the left context vector only. The right context vector can be derived
similarly. The left co-occurrence word vector of word W is generated from frequency(word;),
where word; precedes and is syntactically related to W in the corpus. Due to the data
sparseness problem, the feature dimensions of context vectors are generalized into (lin
classes instead of co-occurrence words. The generalization process reduces the effect of data

sparseness. On the other hand, it also reduces the precision of characterization since each
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word has different information content and two words that have the same co-occurrence
semantic classes may not share the same co-occurrence words. In order to resolve the above
dilemma, when we compare the similarity between wordx and wordy, 4 levels of left context
vectors and right context vectors for wordyx and wordy are created'. The weighting of each
feature dimension is adjusted using the TF*IDF value if word x and wordy have shared context
words. Equation (2) illustrates the creation of the 4" Jevel left context vector of word x. The
other context vectors for wordx and wordy are created by a similar way.

Left context vector of word x = {f1, f2,...f3018 }14

Where fi = Sum of

{ TF(word;) X IDF(word;) if wordx has the same neighbor word; with wordy

TF(word;) if wordx does not have the same neighbor word; with
wordy
} ; for every left co-occurrence word; with the ith Cilin semantic class. 2)

TF(word)): the frequency of pair ( word, Cilin(word;) ) in wordx's co-occurrence context.
IDF(word;): -log(the number of the documents that contains the word;/total document number

of the corpus)

In Equation (2), we adjust the term weight using TF X IDF, which is commonly used in
the field of information retrieval [Salton, 1989] to adjust the discrimination power of each
feature dimension. We will examine the difference in the adjustment of weights using
TF X IDF and TF in section 4.2. We will next give a simplified example. Assume that the
word ¥ “dog” has only three left syntactically related words: ( /J\ “small” Ea033 ) with
frequency 30, ( BJ & “cute” Ed401 ) with frequency 5 and ( & “raise” Ib011 ) with
frequency 10; and assume that the word §8 “cat” has only two leftsyntactically related words:
( & “black’ Ec043 ) and ( & “raise” Ib011 ). Assume that we are measuring the similarity
between i “dog” and 3§ “cat”.Then, we can compute the left contextdata of $ “dog” as
{TF(Aa011),...,TF(Ea033),... TR(Ed041),...,TE(Ib011) x IDF(& ‘raise’)?, ..., TR(La064) }4°

! IDF(&’raise’) = 4.188, the IDF values of all words range from 0.19 to 9.12.

% The granularities of the 4 levels of semantic classes are partially shown in Figure2. The four left
context vectors and their dimensions are shown below and the right context vectors are similarly
derived.
<LeftCilinl>; A vector of 12 dimensions from “A” to “L”.
<LeftCilin2>, A vector of 94 dimensions from “Aa” to “La”.
<LeftCilin3>;3 A vector of 1428 dimensions from “Aa01” to “La06”.
<LeftCilind>;, A vector of 3918 dimensions from “Aa011” to “La064”.
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= {0aq0115-- 30840335+ - -»9Ed041 5+ -s 10 X 418815011 -OLa064 14

= {0aa0115---,30E20335- - -SEd0415-- 4 1.881b011,-- OLa064} L4, Since ,they share only the same left
context word £ “raise”’. The other levels of left context vectors of i “dog” are
{0a401,--->30E203 - -SEd04 - 41 .881b015- - -OLa06 }1L3, {O0aa,---,30E4,...58d5- - 41.881p,...0 0 12,
{04,...,35g,...,41.88;,...0.} 1. The value of the E dimension is 35 because it is the sum of the
values of Ea(30) and Ed(5) from {...,30g,,...5gq,..-}12.The right context vectors of
<RightCilinl>g; to <RightCilin4>g4 are derived ina similar way.

3.1 Similarities between Two Context Vectors

Once we know the feature vectors of these two words, we can calculate the cosine distance of

two vectors as shown in Equation (3).

vector A=<al,a2....an> vector B= <bl,b2....bn>

n

Eaixbi
\/Eaiz ><\/2bi2

Therefore, the similarity of the two words x and y can be calculated as the linear

cos(A,B) =

3)

combination of the cosine distances of all the feature vectors as shown in the Equation 4. The
weight of each feature vector can be adjusted according to different requirements. For instance,
if the syntactic similarity is more important, we can increase the weight w. On the other hand,
if the semantic similarity is more important, the weights w1 to w4 can be increased. If more
training data is available, the level 4 vector will be more reliable. Hence, the weight w4

should increase.

similarity(x, y)=w x cos(< role vector> x, < role vector>y)

+wlx{wll cos(< LeftCilinl > x , < LeftCilinl > y)+ w12 cos (< RightCilin 1 > x, < RightCilin 1> y)}
+ w2 x{ w21 cos(< LeftCilin2 > x, < LeftCilin2 > y)+ w22 cos(< RightCilin2 > x, < RightCilin 2 > y)}
+ w3 x{w31cos (< LeftCilin3 > x, < LeftCilin3 > y)+ w32 cos (< RightCilin 3 > x, < RightCilin 3> y)}
+ w4 x{ w4l cos (< LeftCilin4 > x, < LeftCilind > y)+ w42 cos(< RightCilin4 > x, < RightCilin 4 > y)}

“
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|< LeftCilin K > x| + |< LeftCilin K > y|

wkl =
|< LeftCilin K > x| + |< LeftCilin K > y| + |< RighttCilin K > x| + |< RightCilinK > y|
|< RightCilinK > x| + |< RightCilinK > y|
wk2 =
|< LeftCilin K > x| + |< LeftCilin K > y| + |< RighttCilin K > x| + |< RightCilinK > y|
k=1234

w+wl+w2+w3d+wd=1

I< vector >Imeans the vector length

In the experiments, w = 0.3, wl = 0.1 x0.7, w2 = 0.1x0.7, w3 = 0.4x0.7, and w4 =
04x0.7.

4. Similarity Clustering

Because of the lack of objective standards for evaluating of similarity measures, a
agglomerative clustering algorithm is applied to group similar words according toa similarity
value. It turns out that words with similar syntactic usage and similar semantic classes are
grouped together. We will evaluate our algorithm by comparing the automatic clustering

results with manual classifications of Cilin.

4.1 Clustering Algorithm

To evaluate the proposed similarity measure, we tied to group words according to various
parameters. We adopted bottom-up agglomerative clustering algorithm to group words. In
order to compare the clustered results with Cilin classifications and reduce the data sparseness,
we picked the 1000 highest frequency words in Cilin for testing. First of all, we produced a
1000 x 1000 symmetric similarity matrix called SMatrix, where SMatrix (x, y) = similarity
(wordyx, wordy), for all x < y. The rest of the matrix was set to - INFINITY. Below are the

details of the clustering algorithm

Bottomrup Agglomerative Clustering (the greedy algorithm):
Initialize:
Assign the threshold; (a value ranging from 0.1 to 0.85)
Assign each word to its own group named Group(word)

Loop
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Find the entry [x,y] of SMatrix with the maximal value and let the value be M =
SMatrix([x][y];
If M is less than the threshold
exit loop
else
Grouping (wordy, wordy)
Recalculate SMatrix

End Loop

Grouping (wordy, wordy)
Merge Group(wordy) to Group(wordy)
Recalculate SMatrix

{ Smatrix (i)(y) = Smatrix (y)(j)= -INFIITE, where j !=y,i =y

2 2 similarity (word ,word )
p=lq=

SMatrix[x][i] =
mxn

O<x<i
Group ( wordx) contains word, 1< p <m

Group ( wordj) contains word, 1 =gq=n

m n

2 2 similarity (word, ,word )
SMatrix[j] [x] = 2=

mxn
O<j<x
Group ( wordx )contains word, .I< p<m

Group ( wordj) contains word,.1<q=<n
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4.2 Clustering Results vs Cilin Classification

We will make a comparison between the clustering results and Cilin classifications. There are
two simple examples shown in Figure 1 and Figure 2 representing the clustering results and

Cilin classifications, respectively.

B 071 FRSE 30F ST Z b A= R BT AL MERFEA BT
B 0 T4FEA BT BB LA
B LETBAZA

B OTBEEANETAE
e 072 %R 84 300, BT 26 A B BT AL B

Figure 1 Clustering results with threshold = 0.7

B Aa SEEE

B Ah BieEds

E-Ab01T BA Er A Bl

foE-ARDTT BA
L AR01T_01 BT BHEME ERETETEEABA

LoARDTT_02 &Pk ER. A 5E T

L - Ab011_03 2 SR BREF. 7.0 S5
Bl AR012 2 A
P ARD 201 IR IR AR TR ATELAR IF FEET 2R 2

Figure 2 Examples of Cilin classification

After the clustering algorithmis applied, the words are distributed into m groups, i.e.,
Group;, Group,, Groups..., Groupy,. Then, we can define the recall and precision of the

classification as follows.

Gki

recall ¥ = = - — ,(5)
The number of words that are clustered in the kth level of Cilin

i Gki

precision k = =1 - - ,(6
The number of words that are clustered by this greedy algorithm

Gki = representing the maximum number of words in Groupi that are classified in the
same Cilin class in level k.

Among our 1000 testing words, the number of words that were clustered in the 4" level

of Cilin was 658; i.e., they were labeled with 459 different level-4 Cilin classes and among
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them, 342 classes contained only one testing word, and the classes with multiple testing words
contained a total of 658 testing words. With the threshold=0.7, our method clustered 830
words, and only 167 words of them were clustered in the correct Cilin class. Therefore, by
Equation (5), recall 4 = 167/658 = 0.25 and with Equation (6) precision 4 = 167/830 = 0.20.
We adopted two methods for measuring similarity; one used Equation TF X IDF, and the
other used Equation TF. The results are shown in Figure 3 to Figure 6 in the Appendix. We
measured the performance by computing the F-score, which is (recall+precision)/2. We
discovered that the best F-score of levell was that 0.7648 located at a threshold equal to 0.65,
the best F-score of level2 was that 0.5178 located at a threshold equal to 0.7, the best F-score
of level3 was that 0.3165 located at a threshold equal to 0.8, and that the best Escore of
level4 was that 0.2476 located at a the threshold equal to 0.8. All were obtained using
TF x IDF strategy. Hence, we can see that the TF X IDF equation achieves better performance
than the TF equation does. We list the detailed Fsocre data for various parameters in
appendix. Although the clustering results didn’t fit Cilin completely, they are still alike to
some degree. From the results, we find that they are similar to syntax taxonomy under a lower

threshold and close to semantic taxonomy under higher thresholds.

5. Cilin classifications re -examined

To examine the practicability of our proposed method, we also inspected the similarity values
of these 658 testing words which were clustered into 117 4™ level Cilin classes. For each
semantic class, the average similarity between words in the class and their standard deviation
was comp uted. The results are listed in Tablel in the Appendix. We expected that synonyms

would have high similarity values, but this was not always the case.

According to the assumption noted above, synonyms might have similar syntactic and
semantic contexts in language use. Therefore, the average similarity should be pretty high, and
the standard deviation should be quite low. However, some of the results didn’t follow the

assumption. We analyzed the data offer explanations in the following.

a) Synonyms with different POS: Words with the same semantic classification in Cilin

could have different parts of speech (POS). (as shown below.)

Word set Average similarity Stand deviation
BREE 0544195 0.229534

The contexts of the noun (B2, “thinking”) and the verbs (EE,E=2.BE,

“think”, “consider”, “deliberate”) were quite different. As a result, the average
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similarity value was quite low, and the standard deviation was very high. A fter we
removed the noun from the word-set, we recomputed the values and obtained the
table shown below:

Word set Average similarity Stand deviation
EEEE 0770616 0.0429353

The results conform to our assumption. They also reveal that the context of

synonyms may vary from POS to POS.

b) Error in Cilin Classification: The classifications in Cilin could be arbitrary. For
example, the three words, E{&E “quantity”, %% “how many” and AE{ “the
number of people”, were classified in a Cilin group. They might be slightly related,

but grouping them together seems inappropriate according to the following table:

Word set Average similarity Stand deviation
HE XY 0379825 0.253895
AH

c) Different uses: Differences in their usage cause synonyms to behave differently . For
example, when we measured the similarity of 2B “America” to BZS “Japan”
and to P “China”, the results we obtained were 0.86 and 0.62 respectively, for
each pair. Accroding to human intuition, they simply refer to names of countries and
should not have such different similarity values. The reason for these result is that
the corpus we adopted is an original Taiwan corpus. As a result, the usage of B
“China” is different from that of 2B “America” and BHZS “Japan”.

d) Polysemy: The word senses that Cilin adopted were not those frequently used in the

corpus. See the following table:.

Word set Average similarity Stand deviation
+49.3E%, 045054 0.305209
558l

Although the three words, |93 “very/ten points”, JFH “very” and %¥
Al”special, extraordinary” might seem to be very close in meaning to “very”, the
polysemous word 455l “special, extraordinary” is different in its major sense. This

influenced the result.
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e) Words with similar contexts might not be synonyms: A disadvantage does exist
when the context vector model is used. Words that are similar in terms of their
contexts might not be similar in meaning. For example, the similarity value of %%
“marry” and ] “grow” is 0.8139. Although the two words have similar contexts,
they are not alike in meaning. Therefore, the vector space model should incorporate

the taxonomy approach to solve this phenomenon.
6. Conclusions

In this paper, we have adopted the context vector model to measure word similarity. The
following new features have been proposed to enhance the context vector models: a) The
weights of features are adjusted by applying TF x IDF. b) Feature vectors are smoothed by
using Cilin categories to reduce data sparseness. ¢) Syntactic and semantic similarity is
balanced by using related syntactic contexts only.

The performance of our method might have been influenced by the small scale of the
Chinese corpus and accuracy of the extracted relations. Further more, Cilin was published a
long time ago and has not been update recently, which may have influenced our results.
However, our experimental results are encouraging. They supports the theory that using

context vectors to measure similarity is feasible and worthy of further research.
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Appendix
level 1

1.2
1 A
08 e | [~=recal (TF4DP)
06 —a— precision (TFHDF)
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0 1
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Figure 3 Clustering recall and precision at levels one of Cilin’s semantic hierarchy

A partial data of Figure 3

0.55 06 0.65 0.7 0.75 08 085
recall (TF{DF) 0706 [0.709 0.725 0.657 0.498 0.313 0.138
precision (TFHDF) |0.700738|0.736726 |0.804756 |0.840602 (0.909853 (0.973881 |1
recal (TF) 0665 (0666 0.643 0.559 0.434 0.261 0.148
precision (TF) 0.727085(0.757479 (0.810962 (0.829545 (0.854202 (0.874302 |0.938776
F-Score (TFHDF) |0.703369(0.722863 (0.76488 |0.748301 |0.703927 |0.643441 |0.569
F-Score (TF) 0.696043(0.71174 |0.726981 |0.694273 |0.644101 |0.567651 |0.543388
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—o— recall (TFHDF)
—— precision (TFHDF)
—+—recdll (TF)

—*— predision (TF)

Figure 4 Clustering recall and precision at levels two of Cilin’s semantic hierarchy

A partial data of Figure 4
0.55 06 065 0.7 0.5 08 085

recall (TFHDF) 0.394763(0.429003 (0.475327 (0.467271 |0.367573 0.234642 |0.108761

precision (TFXDF) (0.389884(0.446903 (0.53567 |0.568421 |0.624738 |0.697761 |0.77027

recal (TF) 0.372608 (0.406848 (0.431017 {0.380665 (0.300101 |0.188318 (0.114804

precision (TF) 0.403708(0.455128 | 0.5279%64 |0.585859 |0.626072 |0.650838 |0.734694
F-Score (TFHDF) 0.392324(0.437953 (0.505499 |0.517846 |0.496156 |0.466202 |0.439516

F-Score (TF) 0.388158(0.430988 [0.479491 (0.483262 (0.463087 (0.419578 |0.424749
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—o— recall (TFHDF)
—— precision (TFHDF)
—+—recdll (TF)

—*— predision (TF)

Figure 5 Clustering recall and precision at levels three of Cilin’s semantic hierarchy

A partial data of Figure 5

0.55 06 0.65 0.7 0.5 08 0.85

recall (TFHDF) 0.169654 |0.20549%6 |0.252091 |0.270012 (0.243728 (0.181601 |0.087216

precision (TFHDF) [0.142255 |0.190265 (0.249061 |0.278195 |0.366876 |0.451493 (0.5

recal (TF) 0.16129 |0.20549%6 |0.237754 |0.221027 |0.20908 |0.144564 |0.088411

precision (TF) 0.146241 |0.183761 |0.236018 |0.285354 (0.349914 (0.424581 |0.49659

F-Score (TFHDF) [0.155955 |0.197881 |0.250576 |0.274104 |0.305302 |0.316547 |0.293608

F-Score (TF) 0.153766 |0.194629 |0.236886 |0.253191 (0.279497 (0.284573 |0.292505
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level4
0.45
04
0.35 /(A
0.3 Z —o— recall (TFHDF)
0.25 a —— precision (TFHDF)
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. -
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0
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Figure 6 Clustering recall and precision at levels four of Cilin’s semantic hierarchy

A partial data of Figure 6

0.55 06 0.65 0.7 0.5 08 0.85

recall (TFHDF) 0.164134 |0.200608 |0.237082 |0.25076 |0.218845 |0.159574 |0.083587

precision (TFHDF) (0.110643 [0.153761 (0.195244 |0.21203 |0.268344 |0.335821 (0.385135

recal (TF) 0.159574 |0.211246 |0.237082 |0.214286 |0.194529 |0.136778 |0.086626

precision (TF) 0.111226 |0.141026 (0.174497 (0.208333 |0.246998 |0.29329%6 |0.37415

F-Score (TFHDF) [0.137389 |0.177185 [0.216163 |0.23139%5 |0.243595 |0.247698 |0.234361

F-Score (TF) 0.134 0.176136 {0.20579 (0.21131 [0.220764 (0.215037 (0.230383
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Table2

Role index
RdelD| Role
R1 agent
R2 apposition
R3 benefactor
R4 causer
R5 CHINESE
R6 companion
R7 comparison
R8 complement
R9 condition
R10 conjunction
R11  |degree
R12  |deontics
R13 |DUMMY
R14 | DUMMY1
R15 |[DUMMY2
R16  |duration
R17  |epistemics
R18 |evaluation
R19 |excluson
R20  |experiencer
R21 frequency
R22  |goal
R23  |HeadGP]
R24  |HeadNP]
R25  |HeadPP]
R26 |HeadS]
R27  |HeadVF]
R28  |imperative
R29  |instrument
R30 |interjection
R31 |location
R32  |manner

A Study of Word Similarity by Context Vector Models

Rdle index
RdelD| Role
R33 |negation
R34 |particle
R3  |possessor
R36 |predication
R37  |property
R38 |quantifier
R39  |quantity
R40 |range

R41 reason
R42  |receipient

R43 |source

R44  |standard
R45 target
R46  |theme
R47  |time
R48 |topic
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Abstract

Word similarity is broadly used in many applications, such as information retrieval,
information extraction, text classification, word sense disambiguation,
example-based machine translation, etc. There are two different methods used to
compute similarity: one is based on ontology or a semantic taxonomy; the other is

based on collocations of words in a corpus.

As a lexical knowledgebase with rich semantic information, How-net has been
employed in various researches. Unlike other thesauri, such as WordNet and
Tongyici Cilin, in which word similarity is defined based on the distance between
words in a semantic taxonomy tree, How-net defines a word in a complicated
multi-dimensional knowledge description language. As a result, a series of
problems arise in the process of word similarity computation using How-net. The

difficulties are outlined below:

1. The description of each word consists of a group of sememes. For example,
the Chinese word “Eﬁfﬁ(camera obscura)” is described as: “part F"}B[’f{f ,
#TakePicture[f[1fik; %tool|*[5!, body|})” , and the Chinese word “Fi(5

(write a letter)”  is described as:

2. The meaning of a word is not a simple combination of these sememes.

Sememes are organized using a specific knowledge description language.
To meet these challenges, our work includes:

1. A study on the How-net knowledge description language. We rewrite the
How-net definition of a word in a more structural format, using the abstract

data structure of set and feature structure.

2. A study on the algorithm used to compute word similarity based on How-net.
The similarity between sememes, that between sets, and that between feature

structures are given. To compute the similarity between two sememes, we
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use the distance between the sememes in the semantic taxonomy, as is done in
Wordnet and Tongyici Cilin. To compute the similarity between two sets or
two feature structures, we first establish a one-to-one mapping between the
elements of the sets or the feature structures. Then, the similarity between
the sets or feature structures is defined as the weighted average of the
similarity between their elements. For feature structures, a one-to-one
mapping is established according to the attributes. For sets, a one-to-one

mapping is established according to the similarity between their elements.

3. Finally, we give experiment results to show the validity of the algorithm and
compare them with results obtained using other algorithms. Our results for
word similarity agree with people’s intuition to a large extent, and they are

better than the results of two comparative experiments.
Keywords: How-net, Word Similarity Computing, Natural Language Processing
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A Study on Noun Sense Disambiguation Based on

Syntagmatic Features
E-(4
WANG Hui

Abstract

Word sense disambiguation (WSD) plays an important role in many areas of natural
language processing, such as machine translation, information retrieval, sentence
analysis, and speech recognition. Research on WSD has great theoretical and
practical significance. The main purposes of this study were to study the kind of
knowledge that is useful for WSD, and to establish a new WSD model based on
syntagmatic features, which can be used to disambiguate noun sense in Mandarin

Chinese effectively.

Close correlation has been found between lexical meaning and its distribution.
According to a study in the field of cognitive science [Choueka, 1983], people often
disambiguate word sense using only a few other words in a given context (frequently
only one additional word). Thus, the relationships between one word and others
can be effectively used to resolve ambiguity. Based on a descriptive study of more
than 4,000 Chinese noun senses, a multi-level framework of syntagmatic analysis
was designed to describe the syntactic and semantic constraints of Chinese nouns.
All of these polyseme nouns were surveyed, and it was found that different senses
have different and complementary distributions at the syntax and/or collocation
levels. This served as a foundation for establishing an WSD model by using

grammatical information and a thesaurus provided by linguists.
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The model uses the Grammatical Knowledge-base of Contemporary Chinese [Yu
Shiwen et al. 2002] as one of its main machine-readable dictionaries (MRDs). It
can provide rich grammatical information for disambiguation of Chinese lexicons,

such as parts-of-speech (POS) and syntax functions.

Another resource of the model is the Semantic Dictionary of Contemporary Chinese
[Wang Hui et al. 1998], which provides a thesaurus and semantic collocation
information of more than 20,000 nouns. They were employed to analyze 635

Chinese polysemous nouns.

By making full use of these two MRD resources and a very large POS-tagged corpus
of Mandarin Chinese, a multi-level WSD model based on syntagmatic features was
developed. The experiment described at the end of the paper verifies that the
approach achieves high levels of efficiency and precision.

Key words: Word Sense Disambiguation, syntagmatic features, noun sense,
Chinese Language Information Processing
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Abstract

We introduce the development of the Electronic Lexicon of Contemporary
Newborn Chinese Words: (1) the definition of a newborn word, (2) the main
principle behind constructing the lexicon, (3) the collection of newborn words and
their feature descriptions of them, and (4) the classification of 40,000 newborn
words. In our opinion, a new bornword is a character string that appeared after
1978 in a new form, with a new meaning and with a new usage. In addition, it must
be frequently used and accepted, but the names of men and places are not newborn
words according to our definition. The approach to collecting newborn words is
quite unrestricted, that is, the more the better. Based on the Contemporary Chinese
Grammatical Knowledge Base of the Institute of Computational Linguistics at
Peking University, we have finished compiling a lexicon of almost 40,000 newborn
words semi-automatically. The lexicon, we believe, is a worthy resource for
research on Chinese word-building rules and Natural Language Processing. Firstly,
classification is done based on the preponderant grammatical characteristics of
each word, and then the detailed features are described in the database of ACCESS.
The lexicon contains a total base and three grammatical bases (i.e., a noun base,
verb base and adjective base); what’s more, it also has an old word base, a
loanword base and a acronym base. The entire base is related to the sub-bases
through the fields of word, phonetic notation and semantics fields, which form a
hypernymy hierarchy that is quite convenient for searching. Totally, there are more
than 200 fields in the bases that give information regarding phonetic notation,
semantics, sources, word building, syntax and pragmatics. Without doubt, this
lexicon is one of the largest domestic lexicons available with the most detailed

descriptions of newborn Chinese words.

Keywords: Chinese information processing, New words, Electronic dictionary
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Abstract

The typical approaches to extracting text knowledge are sentential parsing and
pattern matching. Theoretically, text knowledge extraction should be based on
complete understanding, so the technology of sentential parsing is used in the
field. However, the fragility of systems and highly ambiguous parse results are
serious problems. On the other hand, by avoiding thorough parsing, pattern
matching becomes highly efficient. However, different expressions of the same
information will dramatically increase the number of patterns and nullify the
simplicity of the approach.

Parsing in Chinese encounters greater barriers than that in English does. Firstly,
Chinese lacks morphology. For example, recognition of base-NP in Chinese is
more difficult than that in English because its left boundary is hard to discern.
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Secondly, there are many stream sentences in Chinese which lack subjects and
cause parsing to fail. Finally, in Chinese, the absence of verbs is also pervasive.
Sentential parsing centering on verbs, which is used with English, is not always

successful with Chinese.

We are engaged in research on knowledge extraction from the Electronic
Chinese Great Encyclopedia. Our goal is to extract unstructured knowledge from
it and to generate a well-structured database so as to provide information

services to users. The pattern-matching approach is adopted.

The experiment was divided into two steps: (1) classifying entries based on
lexicon semantics; (2) establishing a formal system based on lexicon semantics

and extracting knowledge by means of pattern matching.

Classification of entries is important because in the text of the entries of different
categories there are different kinds of patterns expressing knowledge. Our
experiment demonstrated that an entry of the encyclopedia can be classified
precisely merely according to the characters in the entry and the words in the
first sentence of the entry’s text. Some specific categories, e.g., organization
names and Chinese place names, can be classified satisfactorily merely
according to the suffix of the entry, for suffixes are closely related with semantic

categories in Chinese.

The formal system designed for knowledge extraction consists of 4 kinds of
meta knowledge: concepts, mapping, relations and rules, which reflect lexicon
semantic attributes. The present experiment focused on the extraction of
knowledge about various areas from the texts regarding administrative places
of China (how large is a place or its subdivisions). The results of the experiment
show that the design of the formal system is practical. It can accurately and
completely denote various expressions of simple knowledge in a Chinese
encyclopedia. However, when the focus of knowledge changes, e.g., from
administrative areas to habits of animals, it is a labor-intensive task to renew the
formal system. Therefore the study of auto or semi-auto generation of this kind

of formal system is required.
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