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Abstract 
The present paper notes that the lexical item PO, literally meaning ‘to break’, bears 

multiple semantic imports in Mandarin Chinese. Given the lack of well-documented research 
on the semantics of the lexical item, this paper aims to explore the various meanings of PO. 
By examining the collocations of PO, thirteen meanings are identified, with predicative and 
attributive senses. It is proposed that the manifold meanings are interrelated with each other 
and that several meanings are derived from the core verbal meaning of the lexical item. Three 
generalized metaphors are observed to assume a mediating role in the semantic extensions of 
PO. In light of the semantic relatedness of the various meanings, the polysemous nature of 
the lexical item PO is substantiated. 
 
Key words: PO, polysemy, semantic extension, lexical semantics 
 
1. Introduction 
 

Since a growing number of psychological studies shed new light on human cognition in 
1970s, the field of semantics has witnessed flourishing cognitive-oriented approaches to 
semantic representations of lexicon and grammar—especially lexical semantics and cognitive 
semantics (Rosch 1973, 1977, 1978, Lakoff and Johnson 1980, Lakoff 1987, 2002, Johnson 
1987, Langacker 1987, 1990, 1999, Geerearts 1993, Talmy 1985, 2000a,b, Taylor 1989, 
2002a,b, 2003, among others). These cognitive-theoretic proposals have spawned a 
voluminous literature pertaining to conceptualization, categorization, semantic extension, and 
grammaticalization of polysemous lexical items in Mandarin Chinese, such as guo ‘to cross’ 
(Wang 2002, Hsiao 1997, 2003, Wu 2003), gei ‘to give’ (Huang 2004), and kai ‘to open’ 
(Tsai 2006). 

When it comes to the issues of polysemy, one point meriting our note is the distinction 
between homonymy and polysemy. Homonymy refers to the relation between different 
lexical entries which have unrelated meanings but accidentally exhibit an identical linguistic 
form, orthographic or phonetic (Ravin and Leacock 2000). A polysemous word, in contrast, 
is one single lexical item which bears different, but etymologically related, meanings (Lyons 
1995, Ravin and Leacock 2000). The English word break is a case of polysemy (Tang 2004), 
and breken ‘to break’ in Dutch also has multiple meanings (Kellerman 1978). The present 
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paper observes that the lexical item PO, literally meaning ‘to break’, seems to bear versatile 
semantic imports in Mandarin Chinese. A question arises as to whether PO is a polyseme or 
two or more homonyms in Mandarin Chinese. It is noted that studies on the semantics of the 
lexical item PO, if any, are underrepresented, or even undocumented. Hence, this study aims 
to probe into the manifold meanings of PO. A cognitive approach will be drawn on to 
explicate the relations between different semantics of PO and to substantiate the polysemous 
nature of the lexical item. 

This paper is organized as follows. Section 2 is concerned with the research background 
of the present analysis. Section 3 deals with the various senses of PO and proposes a possible 
account for the semantic relatedness of the manifold meanings. Section 4 concludes this 
paper. 
 
2. Research Background 
 

In linguistics, the theory of prototypes has exerted a momentous impact on lexical 
semantics and cognitive linguistics (e.g. Rastier 1999, Chu and Chi 1999, Ravin and Leacock 
2000). The prototypical category framework has laid theoretical foundations for research on 
polysemy, and mechanisms for meaning extension have also derived much inspiration from 
prototypes. The prototypical theory and apparatus for semantic extension are reviewed below. 
 
2.1 The Prototypical Category Theory 
 

The human kind seems to have an innate ability for categorization; for example, our 
brain divides the world into two primary types of entities, things that exist and situations that 
take place (Huang, Li, and Li 2006). Frameworks for human’s categorization include the 
classical approach, the prototypical approach, and the relational approach.1 Among them, the 
notion of prototypes is adopted in this paper. 

Prototypes are amenable to two interpretations. The concept of prototypes is reminiscent 
of the renowned American psychologist Eleanor Rosch (1973, 1977, 1978). Rosch introduces 
the role of prototypes to elucidate human’s categorization. People categorize objects on the 
basis of the resemblance between the objects and the prototypical members of the category. 
According to Rosch (1978:36), prototypes can be defined as the ‘clearest cases of category 
membership defined operationally by people’s judgments of goodness of membership in the 
category’. A prototype of a category is thus viewed as a salient exemplar of the category. 
Some instances of a category are more typical than others and hence emerge in human’s mind 
more easily. For example, robin is a representative, prototypical instance of the category 

                                                 
1 For detailed information of the classical approach, please refer to Katz and Fodor (1963), and for the relational 

approach, please see Evens (1988) and Fellbaum (1998). 
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BIRD in English,2 while penguin is not a central, salient case. 
Alternatively, prototypes are construed as an abstraction, a mental representation, rather 

than as a particular, concrete referent or instance. Lakoff (1987, idealized cognitive models 
(ICMs)), for instance, puts forth a prototypical concept of such a type—the cluster concept. 
The cluster concept consists of several cognitive models. For example, the meaning of 
MOTHER comprises the following cognitive models: the birth model, the genetic model, the 
nurturance model, the marital model, and the genealogical model. MOTHER forms a radial 
conceptual model; it has a central category where all the above models converge, as well as 
peripheral categories where fewer models congregate. 

One point of categories merits our note here. Categories are not homogeneous; they are 
characterized by a prototype, with core and peripheral members, and fuzzy boundaries 
(Rosch 1973, 1977, 1978). Membership in a category is not contingent on whether an entity 
possesses all the attributes of a category. Rather, it is the degrees of family resemblances that 
link category members together (proposed by Wittgenstein 1953). 

It has been maintained that our categorization hinges much on the structure of the 
outside world (Johnson 1987, Lakoff 1987). There are three levels of categories, i.e. 
basic-level, superordinate, and subordinate categories. Above and below basic-level 
categories exist superordiate and subordinate categories, respectively. The former are more 
abstract and embracing than the latter. For instance, DOG is a basic-level category. 
Superordinate to it is the category of ANIMAL, and the category of COLLIE, for example, is 
subordinate. The relations of the three levels of categories form a hierarchical structure of our 
language. Shifts from basic-level categories to superordinate ones lead to generalizations, 
while specifications are achieved from basic-level to subordinate categories. 
 
2.2 Semantic Extension 
 

Polysemy is a consequence of lexical semantic evolution towards different but related 
directions; different meanings are linked in terms of the semantic relatedness. Two traditional 
concepts assume a mediating role in semantic extension, viz. metaphor and metonymy, and 
avenues leading to polysemy involve semantic radiation and meaning chain. 

Metaphors are one of the major mechanisms contributing to semantic change (e.g. 
Bybee and Pagliuca 1985, Sweester 1986, 1990). Metaphorical extension refers to the 
mappings across conceptual domains, from the source domain to the target, in which entities 
exhibit resemblances (Lakoff and Johnson 1980). It has been proposed that metaphors are 
grounded on our embodied experiences of the world and constitute part of our conceptual 
system (Lakoff and Johnson 1980, Johnson 1987, Lakoff 2002). In addition to metaphors, 
metonymy also accounts for semantic change. It refers to the process of establishing 

                                                 
2 Prototypical exemplars of a category may be subject to cultural-specific differences. 
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associations between entities within a given conceptual structure (e.g. Taylor 1989, Hopper 
and Traugot 1993). 

One path to metaphoric and metonymic extension is semantic radiation. Semantically, 
radiation is the process in which secondary meanings evolve from the central, core meaning 
in every possible uni-direction like rays (cf. Lakoff 1987, Langacker 1990). The core 
meaning is the prototype, from which different meanings are derived from. Nonetheless, the 
radial process cannot satisfactorily explain all the semantic change. For a number of words, 
the secondary meanings evolving from the core may become a hub for further semantic 
derivation, which may in turn undergo onward semantic evolution. Such a route to semantic 
extension is named meaning chain (cf. Lakoff 1987, Tayler 1989, Langacker 1990). 
 
3. The Analysis 
 

The present paper probes into the manifold meanings of the lexical item PO in Mandarin 
Chinese. PO is a productive word in Mandarin Chinese. Based on Academia Sinica Balanced 
Corpus of Modern Chinese3 and Chinese GigaWordCorpus,4 16,448 tokens of PO were 
retrieved in total (219 tokens from the former corpus, and 16,229 tokens from the latter). Due 
to the limit of time and space, nonetheless, this paper only examines the meanings of 200 
tokens, but simultaneously has recourse to Lü (1999) as reference to bridge a gap that the 
limited number of tokens analyzed might leave. 
 
3.1 Multiple Meanings of PO 
 

This paper notes that the lexical item PO has two syntactic categories, i.e. as a verb and 
as an adjective. The semantics of a verb and of an adjective can be identified by probing into 
their collocations. Based on the present data, the senses of PO as a verb can be classified into 
ten types, and three meanings are singled out for PO as an adjective, as exemplified below: 
 
(1) A verb meaning ‘to damage an intact physical entity/substance’ 

a. ืЊઇΑ Chuanghu po-le. ‘The window broke.’ 
b. Ѻઇ࣒ዟ dapo boli ‘to break glass’ 

                                                 
3 Academia Sinica Balanced Corpus of Modern Chinese (Sinica 3.0) encompasses 5 million words in Mandarin 

Chinese. The website for the corpus is http://www.sinica.edu.tw/SinicaCorpus/. 
4 Subsumed under the Sketch Engine (abbreviated as SkE, also known as Word Sketch Engine 

http://www.sketchengine.co.uk/), Chinese GigaWordCorpus covers 1 billion words in Mandarin Chinese and 
is the largest corpus of Modern Mandarin Chinese at present. The website for the corpus is 
http://corpora.fi.muni.cz/chinese_all/.  
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(2) A causative verb meaning ‘lit. to split an entity into two pieces’ 
a. ઇߐԶΕ po men er ru ‘lit. to split the door into two pieces and enter (a room); to 

burst into a room’ 
b. ઇᛡԶр po jian er chu ‘lit. to tear a cocoon apart and go out’ 
c. (४॥)ઇੁ po lang ‘lit. to split waves of ocean into two parts’ 

(3) A verb meaning ‘to scrape the intact surface (of skin)’ 
a. (ᑃ)ઇҜ po pi ‘to scrape the skin’ 
b. ቏ઇ zui po ‘The skin of the oral cavity is wounded; stomatitis.’ 
c. ဉઇ(ࢬغ) chang po ‘The skin of the bowel is wounded’  

(4) A causative verb meaning ‘to eradicate (an idea, belief, custom, etc.)’ 
a. ઇନ଎ࡘ pochu misi ‘to break the myth’ 
b. ઇᙑ(ҥཥ) po jiu ‘to eliminate the old custom’ 

(5) A causative verb meaning ‘to disobey (a rule, precedent, convention, etc.)’ 
a. ઇי po jie ‘to break a religious precept’ 
b. ઇٯ po li ‘to make an exception’ 

(6) A causative verb meaning ‘to surpass (a checkpoint, record, etc.)’ 
a. ઇᜢ po guan ‘to go through a checkpoint’ 
b. ઇइᒵ po jilu ‘to break the record’ 

(7) A causative verb meaning ‘to defeat (enemies)’ 
a. ઇእ po di ‘to defeat enemies’ 
b. ઇନख़ൎ pochu chongwei ‘to defeat a multitude of enemies’ 

(8) A causative verb meaning ‘to expend (money)’ 
a. ઇ຤ po fei ‘to expend one’s money’ 
b. ઇౢ po chan ‘to go bankrupt’ 

(9) A causative verb meaning ‘to uncover (a fact)’ 
a. ઇਢ po an ‘to solve a criminal case’ 

(10) A causative verb meaning ‘to end a situation’ 
a. ઇੂࣁઢ po ti wei xiao ‘to turn tears into smiles’ 
b. Ѻઇሼֽ dapo jiangju ‘to break the ice’ 
c. Ѻઇ؈ᓨ dapo chenmo ‘to break the silence’ 

(11) An adjective meaning ‘broken, ragged’ 
a. ઇᙑޑ pojiu de ‘tattered, ragged’ 
b. ઇՊܺ po yifu ‘ragged clothes’ 

(12) An adjective meaning ‘worthless’ 
ઇވཀٽ po wanyier ‘worthless stuff’ 

(13) An adjective meaning ‘lousy’ 
дޑύЎࡐઇ Ta de zhongwen hen po. ‘His Chinese is very lousy.’ 
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3.2 Semantic Relatedness 
 

The various meanings of the item PO are elaborated on in the following subsections. 
The ten verbal meanings of PO are explicated first, followed by accounts of the semantic 
imports of PO as an adjective. 
 
3.2.1 A Verb Meaning ‘to Damage an Intact Physical Entity/Substance’ 
 

The verb PO bears the core meaning ‘to damage an intact physical entity/substance’. 
The entity in this case is concrete, tangible, and most importantly, breakable. The breakable 
entity remains ‘intact’ before it is affected by the action of breaking. The action of breaking 
causes the entity to undergo change of state, and the degree of affectedness is high. 

A clear, typical instance of a brittle object is a window, as in (14a). The collocate ืЊ 
(chuanghu ‘window’) with the verb PO comes into human mind easily; the meaning ‘to 
damage an intact physical entity/subtance’ is prototypical and thus stands at the center of 
semantic structure of the lexical item PO. In (14b), ࣒ዟ (boli ‘glass’) is substance, of which 
a window is made. The meaning of boli alternates with that of a discrete object through 
metonymy.5 

The expressions in (14a-b), despite containing the same lexical item PO, denote different 
aspectual interpretations. The word PO in (14a) is an intransitive verb and has an inchoative 
meaning.6 In (14b), dapo ‘hit-broken’ is a resultative verb compound; PO is a complement of 
the verb Ѻ (da ‘hit’) and denotes the resultative state caused by the action that the predicate 
depicts. 
 
(14) A verb meaning ‘to damage an intact physical entity/substance’ (=(13), repeated here 

for ease of reference and discussion) 
a. ืЊઇΑ Chuanghu po-le. ‘The window broke.’ 
b. Ѻઇ࣒ዟ dapo boli ‘to break glass’ 

 
3.2.2 A Causative Verb Meaning ‘to Split an Entity into Two Pieces’ 
 

As derived from the core meaning, the verb PO can collocate with an entity that could 
be split into two pieces. Such a collocation bears the literal meaning ‘to split an entity into 
two parts’. In (15a), a door can be viewed as a visible PHYSICAL BARRIER from one space 
to another. When one has the desire to enter another space, one has to remove the barrier 
before the desire can be realized. If the space/room has a door and the door is closed, one 
                                                 
5 The count/mass alternation for nouns is one type of polysemous variation, a case of metonymy. 
6 For discussion of causative/inchoative alternation of the word break in English, the reader is referred to 

Holmes (1999), for example. 
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normal way of entering the room is to ‘open’ the door by unlocking the door and using the 
doorknob or handle. If one splits the door into two pieces and abruptly enters the room 
through the door barrier, instead of following the normal way of entering the room, then the 
extended meaning of ઇߐԶΕ (po men er ru) obtains, i.e. ‘to burst into a room’. 

This is the case of (15b). The expressionઇᛡԶр (po jian er chu) literally means ‘to 
tear a cocoon apart and go out’. When a silkworm is wrapped in a cocoon, it must tear the 
cocoon into two parts before it transforms into a butterfly and flies out of the cocoon. 
According to Lakoff and Johnson (1980), our conceptual system is grounded on our 
embodied experiences of the world. We view our body as a PHYSICAL ENTITY, separated 
from the world by the surface of (the skin) of our body, like a concrete PHYSICAL 
CONTAINER with an inside and an outside. Likewise, a cocoon can be regarded as a 
concrete PHYSICAL CONTAINER, which constrains a silkworm. When one strives to get 
free from a container constraint, whether concrete or abstract, one has to split apart the 
container constraint, just as a silkworm does to the cocoon. Along the thread of thought, the 
metaphorical meaning of the expression is derived. 

A figurative meaning can be derived as well. Human beings impose artificial boundaries 
onto physical phenomena and consider them to be discrete as individuals themselves are 
(Lakoff and Johnson 1980). Along this line, the waves of ocean can be split into two parts as 
well, and the extended meaning of (15c) (४॥)ઇੁ (po lang ‘lit. to split waves of ocean 
into two parts’) emerge. 
 
(15) A causative verb meaning ‘to split an entity into two pieces’ 

a. ઇߐԶΕ po men er ru ‘lit. to split the door into two pieces and enter (a room); to 
burst into a room’ 

b. ઇᛡԶр po jian er chu ‘lit. to tear a cocoon apart and go out’ 
c. (४॥)ઇੁ po lang ‘lit. to split waves of ocean into two parts’ 

 
3.2.3 A Verb Meaning ‘to Scrape the Intact Surface (of Skin)’ 
 

As suggested above, our body is regarded as a concrete PHYSICAL CONTAINER with 
an inside and an outside. Just as the surface of a cup, which is made of brittle glass, can be 
damaged, our skin as the surface of the container, our body, is delicate and can be damaged as 
well, as in (16a) (ᑃ)ઇҜ (po pi ‘to scrape the skin’). Since a container has an inside and an 
outside, the inside and the outside have a surface, both of which can be damaged. The 
expression቏ઇ (zui po) denotes that the skin of the inside, i.e. the oral cavity, is wounded, 
namely stomatitis. In (16c), a bowel can be viewed as a smaller container inside the larger 
container, our body, andဉઇ(ࢬغ) (chang po) means that the skin of the bowel is wounded. 

Other examples involving human body are shown in (17a-b). With respect toઇ࣬ (po 
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xiang), a human face is regarded as ‘intact’ if there is no scar on it, just as a window is 
viewed as intact before it is broken or marred. When a human face is marred by a scar, the 
expression is used. Also, the concept of intactness applies not only to human body but also to 
the notion of virginality. The metaphor is VIRGINALITY IS A PHYSICAL ENTITY, which 
is closely linked with human body and can be damaged once one has sex, as in (17b). The 
meaning of PO in ઇي (po shen) might be extended through the avenue shown in Figure 1, 
i.e. from a brittle entity through human body to virginality. 
 
(16) A verb meaning ‘to scrape the intact surface (of skin)’ 

a. (ᑃ)ઇҜ po pi ‘to scrape the skin’ 
b. ቏ઇ zui po ‘The skin of the oral cavity is wounded; stomatitis.’ 
c. ဉઇ(ࢬغ) chang po ‘The skin of the bowel is wounded’  

(17) a. ઇ࣬ po xiang ‘to be marred by a scar on the face’ 
b. ઇي po shen ‘to lose virginality’ 

 
 
                                             
          (e.g. ѺઇืЊ)         (e.g. ઇҜ)             (ઇي) 
        ‘to break a window’     ‘to scrape the skin’     ‘to lose virginality’!

Figure 1. Semantic Extension of po shen 
 
3.2.4 A Causative Verb Meaning ‘to Eradicate (an Idea, Custom, etc.)’ 
 

In addition, abstract ideas, beliefs, and customs can be metaphorically viewed as a 
concrete entity—AN IDEA IS A PHYSICAL ENTITY. Just as a glass, a concrete object, can 
be broken into pieces, a myth, imaged as a physical entity, can also be broken into pieces by 
the action depicted by the verb PO, as shown by ઇନ଎ࡘ (pochu misi ‘to break the myth’) 
in (18a). The metaphoric extension also holds true of an old custom, as in (18b) ઇᙑ(ҥཥ) 
(po jiu ‘to eliminate an old custom’). When an object is smashed into ‘pieces’, it undergoes 
tremendously high degree of affectedness. Its state is changed vastly, or even completely, and 
thus is different from the original shape (and/or nature); that is to say, the object is no longer 
what it was. Along this thread of thought, the extended meaning of PO ‘to eradicate’ is 
yielded. 
 
(18) A causative verb meaning ‘to eradicate (an idea, belief, custom, etc.)’ 

a. ઇନ଎ࡘ pochu misi ‘to break the myth’ 
b. ઇᙑ(ҥཥ) po jiu ‘to eliminate the old custom’ 

 a brittle entity human body virginality 
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3.2.5 A Causative Verb Meaning ‘to Disobey (a Precedent, Convention, etc.)’ 
 

When one is put in a container, one’s demeanor and action are restrained. A rule, 
precedent, or convention can thus be treated as a concrete container that constrains our 
conduct, i.e. the metaphor A RULE IS A PHYSICAL CONTAINER. For example, a religious 
precept constrains one’s way of living, such as interdicting one from doing something, eating 
something, or saying something. When one does not follow the religious precept, it is imaged 
that one breaks the container constraint, as in (19a) ઇי (po jie ‘to break a religious 
precept’). For (19b) ઇٯ (po li ‘to make an exception’), if one is constantly constrained by 
conventions and follows them when one acts or handles matters. Once one does not act in 
accordance with the conventions one used to follow, one makes an exception to the 
conventions, i.e. the meaning of (19b). 
 
(19) A causative verb meaning ‘to disobey (a rule, precedent, convention, etc.)’ 

a. ઇי po jie ‘to break a religious precept’ 
b. ઇٯ po li ‘to make an exception’ 

 
3.2.6 A Causative Verb Meaning ‘to Surpass (a Checkpoint, Record, etc.)’ 
 

In Figure 2, there are 10 figures at the horizontal axis. The highest score among the ten 
figures is 75 points. The expression in (20b) ઇइᒵ (po jilu ‘to break the record’) can be 
used only when a figure exceeds 75 points in this case. The nounइᒵ (jilu ‘record’) can not 
refer to any score in the document but exclusively to the highest score recorded in the past. 
Hence, the expressionइᒵ (jilu ‘record’) has a similar meaning to ᜢ (guan ‘checkpoint’) 
in (20a) ઇᜢ (po guan ‘to go through a checkpoint’)—a point for check or reference. By 
drawing on the metaphor A CHECKPOINT IS A PHYSICAL BARRIER, we can proffer a 
possible account for the collocations ઇᜢ and ઇइᒵ and the extended meaning of the 
verb PO. Since a checkpoint is regarded as a barrier, when one reaches the checkpoint and 
proceeds forward or upward through it,7 one breaks through the checkpoint barrier. 
 
(20) A causative verb meaning ‘to surpass (a checkpoint, record, etc.)’ 

a. ઇᜢ po guan ‘to go through a checkpoint’ 
b. ઇइᒵ po jilu ‘to break the record’ 

 

                                                 
7 FORWARD and UPWARD here involve an orientational metaphor MORE IS UP/FORWARD. The more 

upward a score goes, the higher it is. 
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Figure 2. PO ‘to surpass’ 

 
3.2.7 A Causative Verb Meaning ‘to Defeat (Enemies)’ 
 

Enemies can form a line, a wall, or even a circle. Thus, they can be viewed as a line of 
barrier or a wall of barrier as well, as shown by the expression Ѥय़ⱋእ (si mian huan di 
‘to be surrounded by enemies’). The metaphor is ENEMIES ARE A PHYSICAL WALL OF 
THE BARRIER. Along this line, to break through the wall of the barrier constituted by the 
bodies of enemies means ‘to defeat the enemies’, as in (21a) ઇእ (po di ‘to defeat 
enemies’) and (21b) ઇନख़ൎ (pochu chongwei ‘to defeat a multitude of enemies’). 
 
(21) A causative verb meaning ‘to defeat (enemies)’ 

a. ઇእ po di ‘to defeat enemies’ 
b. ઇନख़ൎ pochu chongwei ‘to defeat a multitude of enemies’ 

 
3.2.8 A Causative Verb Meaning ‘to Expend (Money)’ 
 

The verb PO can collocate with money, as in (22a) ຤ (fei ‘money’) and (22b) ౢ 
(chan ‘property’). Money is considered to be a concrete object—the metaphor MONEY IS A 
PHYSICAL ENTITY. The core meaning of the verb PO is ‘to damage an intact physical 
entity/substance’. When one’s money is expended, the sum of the money decreases and thus 
does not remain intact anymore. The collocation of PO and money derives the meaning of 
expending, as in (22a). As a concrete entity is broken into ‘pieces’, the degree of affectedness 
is tremendously great, and one’s property, as imaged as the object, goes to pieces. Hence, the 
expression ઇౢ  (po chan) derives the meaning ‘to go bankrupt’ through metaphoric 
extension. 
 
(22) A causative verb meaning ‘to expend (money)’ 

a. ઇ຤ po fei ‘to expend one’s money’ 
b. ઇౢ po chan ‘to go bankrupt’ 
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3.2.9 A Causative Verb Meaning ‘to Uncover (a Fact)’ 
 

As exemplified in (23), a criminal case can be also viewed as a concrete container—the 
metaphor A CRIMINAL CASE IS A PHYSICAL CONTAINER. Just as a cup contains 
certain liquid, the criminal container contains unknown facts. As one breaks a cup, the liquid 
contained in the cup will flow out. In the same vein, one has to break the criminal container 
so as to disclose things or facts that are covered. The derived meaning of PO ‘to uncover’ 
obtains accordingly. 
 
(23) A causative verb meaning ‘to uncover (a fact)’ 

ઇਢ po an ‘to solve a criminal case’ 
 
3.2.10 A Causative Verb Meaning ‘to End a Situation’ 
 

Human beings impose an artificial bound on a situation and view a situation as a 
concrete container—the metaphor A SITUATION IS A PHYSICAL CONTAINER. As a 
concrete container is broken, the state of the liquid in the container is changed, and the 
original state does not exist anymore. When the verb PO collocates with a state of affairs, that 
situation is hence put to an end. As in (24a) ઇੂࣁઢ (po ti wei xiao ‘to turn tears into 
smiles’), it signifies that one stops crying, the prior state, and turns into a smile, a new state. 
Along the thread of thought, the extended meaning of PO ‘to end a situation’ holds true of 
(36b) Ѻઇሼֽ (dapo jiangju ‘to break the ice’) and (24c) Ѻઇ؈ᓨ (dapo chenmo ‘to 
break the silence’) as well. 
 
(24) A causative verb meaning ‘to end a situation’ 

a. ઇੂࣁઢ po ti wei xiao ‘to turn tears into smiles’ 
b. Ѻઇሼֽ dapo jiangju ‘to break the ice’ 
c. Ѻઇ؈ᓨ dapo chenmo ‘to break the silence’ 

 
3.2.11 Attributive and Predicative Adjectives 
 

In addition to functioning as a verb, the lexical item PO can also serve as an adjective, as 
illustrated below: 
 
(25) An adjective meaning ‘broken, ragged’ 

a. ઇᙑޑ pojiu de ‘tattered, ragged’ 
b. ઇՊܺ po yifu ‘ragged clothes’ 
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(26) An adjective meaning ‘worthless’ 
ઇވཀٽ po wanyier ‘worthless stuff’ 

(27) An adjective meaning ‘lousy’ 
дޑύЎࡐઇ Ta de zhongwen hen po. ‘His Chinese is very lousy.’ 

 
It is speculated that the adjectival meanings of PO may evolve from the core semantics of the 
verb PO, i.e. ‘to damage an intact physical entity’. Functioning as a verb, PO has three types 
of syntactic status, namely as a transitive verb, an intransitive verb, and a verb complement, 
as shown in (28). 
 
(28) Syntactic status of the verb PO 

a. Ѻઇ࣒ዟ dapo boli ‘to break glass’ 
b. ืЊઇΑ Chuanghu po-le. ‘The window broke.’ 
c. ઇื(ԶΕ) po chuang ‘to split the window into two pieces’ 

 
As a transitive verb, PO imparts a causative meaning to the sentence, as in (28c). PO as an 
intransitive usually bears an inchoative meaning, as in (28b). As an RVC, it denotes the 
resultative state brought about by the action that the predicate describes, as in (28a). Both the 
inchoative meaning and the RVC delineate a state, which might lead to an attributive meaning 
of PO. The core meaning of PO as a verb might account for the core adjectival meaning 
‘broken, damaged’, as in (25) ઇᙑޑ (pojiu de ‘tattered, ragged’). As an entity is broken or 
worn-out to a great extent, that object will be regarded as useless and worthless. The 
extended meaning ‘worthless’ is thus derived, as in (26) ઇވཀٽ (po wanyier ‘worthless 
stuff’). When it is used for predication, PO delineates the quality of the entity referred to by 
the subject, as in (27) дޑύЎࡐઇ (Ta de zhongwen hen po. ‘His Chinese is very lousy.’). 
In this case, the language proficiency is regarded as a concrete entity that can be measured 
and assessed—low proficiency. Figure 3 provides a possible account for the semantic 
evolution of PO as an adjective. From the core verbal meaning of PO, the lexical item derives 
the more concrete adjectival sense, ‘ragged’, and the abstract semantic imports, ‘worthless’ 
and ‘lousy’. 
 
 
 
 
 

Figure 3. Semantic Extensions of PO as an Adjective 
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4. Conclusion 
 

This paper has discussed the multiple semantics of the lexical item PO and identities ten 
verbal meanings and three adjectival meanings. As a verb, PO bears the core meaning ‘to 
damage an intact physical entity’. The other extended meanings are interrelated to the core 
meaning; several abstract meanings are derived from the core directly, and some meanings 
evolve through secondary semantic extension. It is noted that metaphoric extension assumes 
an indispensable role in accounting for the evolution of the series of semantic imports. It is 
generalized that the semantic derivations of PO involve the following three metaphors: 
 
X IS A PHYSICAL ENTITY. 
X IS A PHYSICAL CONTAINER. 
X IS A PHYSICAL BARRIER. 
 
These metaphors are interrelated. A container is a physical entity, and so is a physical barrier. 
A container usually has at least five facets, and each facet can be regarded as a barrier in 
some sense. A concrete entity, a physical container, and a physical barrier exhibit the nature 
of brittleness/breakability and therefore can undergo the action of breaking. Through 
metaphors, the verb PO can collocate with abstract entities, including ideas, rules, records, 
enemies, money, unknown facts, and situations, and thus develops the extended meanings. 
With respect to the attributive meanings of PO, the core verbal meaning of PO gives rise to 
the derived core attributive meaning, which in turn lends impetus to the further evolution of 
adjectival meanings. Since the manifold meanings of PO, predicative or attributive, are 
interrelated, the polysemous nature of PO is evident. Hence, PO is not homonymous but a 
lexical item which bears different, but semantically related, meanings, viz. a polyseme. 
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Abstract

In the speech recognition, a mandarin syllable wave is compressed into a matrix of linear predict coding

cepstra (LPCC), i.e., a matrix of LPCC represents a mandarin syllable. We use the Bayes decision rule on

the matrix to identify a mandarin syllable. Suppose that there are K different mandarin syllables, i.e., K

classes. In the pattern classification problem, it is known that the Bayes decision rule, which separates K

classes, gives a minimum probability of misclassification. In this study, a set of unknown syllables is used to

learn all unknown parameters (means and variances) for each class. At the same time, in each class, we need

one known sample (syllable) to identify its own means and variances among K classes. Finally, the Bayes

decision rule classifies the set of unknown syllables and input unknown syllables. It is an one-sample speech

recognition. This classifier can adapt itself to a better decision rule by making use of new unknown input

syllables while the recognition system is put in use. In the speech experiment using unsupervised learning

to find the unknown parameters, the digit recognition rate is improved by 22%.
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A speech recognition system in general consists of feature extractor and classification of an utterance

[1-5]. The function of feature extractor is to extract the important features from the speech waveform of an

input speech syllable. Let x denote the measurement of the significant, characterizing features. This x will

be called a feature value. The function performed by a classifier is to assign each input syllable to one of

several possible syllable classes. The decision is made on the basis of feature measurements supplied by the

feature extractor in a recognition system. Since the measurement x of a pattern may have a variation or

noise, a classifier may classify an input syllable to a wrong class. The classification criterion is usually the

minimum probability of misclassification [1].

In this study, a statistical classifier, called an empirical Bayes (EB) decision rule, is applied to solving

K-class pattern problems: all parameters of the conditional density function f(x | ω) are unknown, where

ω denotes one of K classes, and the prior probability of each class is unknown. A set of n unidentified

input mandarin monosyllables is used to establish the decision rule, which is used to separate K classes.

After learning the unknown parameters, the EB decision rule will make the probability of misclassification

arbitrarily close to that of the Bayes rule when the number of unidentified patterns increases. The problem

of learning from unidentified samples (called unsupervised learning or learning without a teacher) presents

both theoretical and practical problems [6-8]. In fact, without any prior assumption, successful unsupervised

learning is indeed unlikely.

In our speech recognition using unsupervised learning, a syllable is denoted by a matrix of features.

Since the matrix has 8x12 feature values, we use a dynamic processing algorithm to estimate the 96 feature

parameters (means and variances). Our EB classifier, after unsupervised learning of the unknown parameters,

can adapt itself to a better and more accurate decision rule by making use of the unidentified input syllables

after the speech system is put in use. The results of a digit speech experiment are given to show the

recognition rates provided by the decision rule.

2. Empirical Bayes Decision Rules for Classification

Let X be the present observation which belongs to one of K classes ci, i = 1, 2, · · · , K. Consider the

decision problem consisting of determining whether X belongs to ci. Let f(x | ω) be the conditional density

function of X given ω, where ω denotes one of K classes and let θi, i = 1, 2, · · · , K, be the prior probability

of ci with
�K

i=1 θi = 1. In this study, both the parameters of f(x | ω) and the θi are unknown. Let d be a

decision rule. A simple loss model is used such that the loss is 1 when d makes a wrong decision and the loss is

0 when d makes a correct decision. Let θ = {(θ1, θ2, · · · , θK); θi > 0,
�K

i=1 θi = 1} be the prior probabilities.

Let R(θ, d) denote the risk function (the probability of misclassification) of d. Let Γi, i = 1, 2, · · · , K, be K
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regions separated by d in the domain of X, i.e., d decides ci when X ∈ Γi. Let ξi denote all parameters of

the conditional density function in class ci, i = 1, ...,K. Then

R(θ, d) =
K�

i=1

�

Γc
i

θi f(x | ξi)dx (1)

where Γc
i is the complement of Γi . Let D be the family of all decision rules which separate K pattern

classes. For θ fixed, let the minimum probability of misclassification be denoted by

R(θ) = inf
d∈D

R(θ, d). (2)

A decision rule dθ which satisfies (2) is called the Bayes decision rule with respect to the prior probability

vector θ = (θ1, θ2, · · · , θK) and given by Ref.[1]

dθ(x) = ci if θi f(x | ξi) > θj f(x | ξj) for all j �= i. (3)

In the empirical Bayes (EB) decision problem [9], the past observations (ωm, Xm), m = 1, 2, · · · , n,

and the present observation (ω,X) are i.i.d., and all Xm are drawn from the same conditional densities, i.e.,

f(xm | ωm) with p(ωm = ci) = θi. The EB decision problem is to establish a decision rule based on the set

of past observations Xn = (X1, X2, · · · , Xn). In a pattern recognition system with unsupervised learning,

Xn is a set of unidentified input patterns. The decision rule can be constructed using Xn to select a decision

rule tn(Xn) which determines whether the present observation X belongs to ci. Let ξ = (ξ1, ..., ξK). Then

the risk of tn, conditioned on Xn = xn, is R(θ, tn(xn)) ≥ R(θ) and the overall risk of tn is

Rn(θ, tn) =
�

R(θ, tn(xn))
n�

m=1

p(xm | θ, ξ) dx1 · · · dxn (4)

where p(xm | θ, ξ) is the marginal density of Xm with respect to the prior distribution of classes, i.e., p(xm |

θ, ξ) =
�K

i=1 θif(xm | ξi). The EB approach has been recently used in many areas including classification

[10,11], sequential estimation [12], reliability [13-15], multivariate analysis [16,17], linear models [18,19],

nonparametric estimation [20,21] and some other estimation problems [22,23]. Let

S = {(θ, ξ); θ = (θ1, ..., θK), ξ = (ξ1, ..., ξK)} (5)

define a parameter space of prior probabilities θi and parameters ξi representing the i-th class, i = 1, ...,K.

Let P be a probability distribution on the parameter space S. In this study, we want to find an EB decision

rule which minimizes

R̂n(P, tn) =
�

Rn(θ, tn)dP (θ, ξ). (6)
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Similar approaches to constructing EB decision rules can be found in the recent literature [11,15,24]. From

(1) and (4), (6) can be written as

R̂n(P, tn) =
� K�

i=1

�

Γc
i,n

��
f(x | ξi)θi

n�

m=1

p(xm | θ, ξ)dP (θ, ξ)
�
dx dx1 · · · dxn (7)

where, in the domain of X, Γi,n, i = 1, 2, · · · , K, are K regions, separated by tn(Xn), i.e., tn(Xn) decides ci

when X ∈ Γi,n and hence they depend on the past observations Xn. The EB decision rule which minimizes

(7) can be found in Ref[24]. Since the unsupervised learning in this study is based on the following two

theorems given in Ref[24], both theorems and their simple proofs are provided in this paper.

Theorem 1 [24]. The EB decision rule t̂n with respect to P which minimizes the overall risk function (7)

is given by

t̂n(xn)(x) = ci if
�

f(x | ξi) θi

n�

m=1

p(xm | θ, ξ)dP (θ, ξ) >

�
f(x | ξj) θj

n�

m=1

p(xm | θ, ξ)dP (θ, ξ)
(8)

for all j �= i, i.e., Γi,n is defined by the definition of the inequality in (8).

Proof. To minimize the overall risk (7) is to minimize the integrand

K�

i=1

�

Γc
i,n

��
f(x|ξi)θi

n�

m=1

p(xm|θ, ξ)dP (θ, ξ)
�
dx

of (7) for each past observations xn. Let the past obervations xn be fixed and let i be fixed for i = 1, ..., k.

Let

gi(x) =
�

f(x|ξi)θi

n�

m=1

p(xm|θ, ξ)dP (θ, ξ).

Then the integrand of (7) can be written as

K�

i=1

�

Γc
i,n

gi(x)dx =
�

Γc
i,n

gi(x)dx +
�

j �=i

[
�

gj(x)dx−
�

Γj,n

gj(x)dx]

=
�

j �=i

�
gj(x)dx +

�

j �=i

�

Γj,n

[gi(x)− gj(x)]dx (Γc
i,n =

�

j �=i

Γj,n)

which is minimum since Γj,n ⊂ {x|gj(x) > gi(x)} for all j �= i by the definition of Γj,n.

In applications, we let the parameters ξi, i = 1, ...,K, be bounded by a finite numbers Mi. Let ρ > 0

and δ > 0. Consider the subset S1 of the parameter space S defined by
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S1 ={(n1ρ, n2ρ, ..., nKρ, nK+1δ, nK+2δ, ..., n2Kδ); integer ni > 0, i = 1, ...,K,

K�

i=1

niρ = 1, |niδ| ≤Mi, integer ni, i = K + 1, ..., 2K}
(9)

where (n1ρ, ..., nKρ) are prior probabilities and (nK+1δ, ..., n2Kδ) are the parameters of K classes. In order

to simplify the conditional density of (θ, ξ), let P be a uniform distribution on S1 so that the conditional

density can later be written as a recursive formula. The boundary for class i relative to another class j as

separated by (8) can be represented by the equation

E[f(x | ξi)θi | xn] = E[f(x | ξj)θj | xn] (10)

where E[f(x | ξi)θi | xn] is the conditional expectation of f(x | ξi)θi given Xn = xn with the conditional

probability function of (θ, ξ) given Xn = xn equal to

h(θ, ξ | xn) =
�n

m=1 p(xm | θ, ξ)�
(θ�ξ�)∈S1

�n
m=1 p(xm | θ�, ξ�)

(11)

The actual region for class i as determined by (8) is the intersection of the regions whose borders are given

by (10), relative to all other classes.

The main result in Ref[24] is that the estimates E[θi | Xn] converge almost sure (a.s.) to a point

arbitrarily close to the true prior probability and E[ξi|Xn] will converge to a point arbitrarily close to the

true parameter in the conditional density for the i-th class. Let λ = (θ1, ..., θK , ξ1, ..., ξK) in the parameter

space S. Let λ
o be the true parameter of λ.

Lamma 1 (Kullback, 1973 [25]). Let

H(λo
, λ) =

�
ln p(x|λ)p(x|λo)dx.

Then the Kullback-Leibler information number H(λo
, λ

o)−H(λo
, λ) ≥ 0 with equality if and only if p(x|λ) =

p(x|λo) for all x, i.e., H(λo
, λ) has an absolutely maximum value at λ = λ

o.

Let λ
� = (θ�, ξ�) ∈ S1 such that H(λo

, λ
�) = maxλ∈S1H(λo

, λ). Since S1 has a finite number of points,

H(λo
, λ
�) − H(λo

, λ) ≥ � for some � > 0 and for all λ ∈ S1. Since H(λo
, λ) is a smooth (differentiable)

function of λ ∈ S, the maximum point λ
� in S1 is arbitrarily close to the true parameter λ

o in S if the

increments δ and ρ are small.

Theorem 2 [24]. Let λ
o be the true parameter of λ. Let λ = (θ, ξ) in S. The conditional probability

function h(λ|xn) given Xn = xn in (11) has the following property: for each λ ∈ S1,

lim
n→∞

h(λ | xn) = 0 if λ �= λ
�

= 1 if λ = λ
�

(12)
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and hence E[λ | Xn] converges to λ
� with probability 1.

Proof. H(λo
, λ) has an absolutely maximum value at λ = λ

� on S1. Let λ ∈ S1 and λ �= λ
�. Consider

1
n

ln

�n
m=1 p(Xm|λ)�n
m=1 p(Xm|λ�)

=
1
n

n�

m=1

ln p(Xm|λ)− 1
n

n�

m=1

ln p(Xm|λ�)

which converges almost sure to H(λo
, λ) −H(λo

, λ
�) < −� by a theorem (the strong law of large numbers,

Wilks, (1962) [26]), i.e., there exists a N > 0 such that for all n > N ,

1
n

ln

�n
m=1 p(Xm|λ)�n
m=1 p(Xm|λ�)

< − �

2
.

Hence, for all n > N , 1
n ln h(λ|Xn) < − �

2 , i.e., for all n > N , ln h(λ|Xn) < −n
�
2 . This implies that

limn→∞ln h(λ|Xn) = −∞ and limn→∞h(λ|Xn) = 0 for λ �= λ
� almost sure. Obviousy,

�
λ∈S1

h(λ|Xn) = 1

implies limn→∞h(λ�|Xn) = 1 almost sure.

3. Feature Extraction

The measurements of features made on the speech waveform include energy, zero crossings. extrema

count, formants, LPC cepstrum (LPCC) and the Mel frequency cepstrum coefficient (MFCC). The LPCC

and MFCC are most commonly used for the features to represent a syllable. The LPC method provides a

robust, reliable and accurate method for estimating the parameters that characterize the linear, time-varying

system which is recently used to approximate the nonlinear, time-varying system of the speech wave. The

MFCC method uses the bank of filters scaled according to the Mel scale to smooth the spectrum, performing

a processing that is similar to that executed by the human ear.

3.1. Preprocessing Speech Signal

In the real world, all signals contain noise. In our speech recognition system, the speech data must

contain noise. We propose two simple methods to eliminate noise. One way is to use the sample variance

of a fixed number of sequential sampled points of a syllable wave to detect the real speech signal, i.e., the

sampled points with small variance does not contain real speech signal. Another way is to compute the sum

of the absolute values of differences of two consecutive sampled points in a fixed number of sequential speech

sampled points, i.e., the speech data with small absolute value does not contain real speech signal. In our

speech recognition experiments, the latter provides slightly faster and more accurate speech recognition.

3.2. Linear Predict Coding Cepstrum (LPCC)

For speech recognition, the most common features to be extracted from a speech signal are Mel-frequency

cepstrum coefficient (MFCC) and linear predict coding cepstrum (LPCC). The MFCC was proved to be

6

264



better than the LPCC for recognition [27], but we have shown [28] that the LPCC has a slightly higher

recognition rate. Since the MFCC has to compute the DFT and inverse DFT of a speech wave, the compu-

tational complexity is much heavier than that of the LPCC. The LPC coefficients can be easily obtained by

Durbin’s recursive procedure [2,29,30] and their cepstra can be quickly found by another recursive equations

[2,29,30]. The LPCC can provide a robust, reliable and accurate method for estimating the parameters that

characterize the linear and time-varying system like speech signal [2,4,29-30]. Therefore, in this study, we

use the LPCC as the feature of a mandarin syllable. The following is a brief discussion on the LPC method:

It is assumed [2-4] that the sampled speech wave s(n) can be linearly predicted from the past p samples

of s(n). Let

ŝ(n) =
p�

k=1

aks(n− k) (13)

and let E be the squared difference between s(n) and ŝ(n) over N samples of s(n), i.e.,

E =
N−1�

n=0

[s(n)− ŝ(n)]2. (14)

The unknown ak, k = 1, ...p, are called the LPC coefficients and can be solved by the least square method.

The most efficient method known for obtaining the LPC coefficients is Durbin’s recursive procedure [31].

Here in our speech experiment, p = 12, because the cepstra in the last few elements are almost zero.

3.3. Feature Extraction

Our feature extraction from LPCC is quite simple. Let x(k) = (x(k)1,..., x(k)p), k = 1, .., n, be the

LPCC vector for the k-th frame of a speech wave in the sequence of n vectors. Normally, if a speaker does

not intentionally elongate pronunciation, a mandarin syllable has 30-70 vectors of LPCC. After 50 vectors

of LPCC, the sequence does not contain significant features.

Since an utterance of a syllable is composed two parts: stable part and feature part. In the feature

part, the LPCC vectors have a dramatic change between two consecutive vectors, representing the unique

characteristics of syllable utterance and in the stable part, the LPCC vectors do not change much and

stay about the same. Even if the same speaker utters the same syllable, the duration of the stable part of

the sequence of LPCC vectors changes every time with nonlinear expansion and contraction and hence the

duration of the stable parts and the duration of the whole sequence of LPCC vectors are different every time.

Therefore, the duration of stable parts is contracted such that the compressed speech waveforms have about

the same length of the sequence of LPCC vectors. Li [32] proposed several simple techniques to contract the

stable parts of the sequence of vectors. We state one simple technique for contraction as follows:
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Let x(k) = (x(k)1, ..., x(k)p), k = 1, ..., n, be the k-th vector of a LPCC sequence with n vectors, which

represents a mandarin syllable. Let the difference of two consecutive vectors be denoted by

D(k) =
p�

i=1

|x(k)i − x(k − 1)i|, k = 2, ..., n. (15)

In order to accurately identify the syllable utterance, a compression process must first be performed to remove

the stable and flat portion in the sequence of vectors. A LPCC vector x(k) is removed if its difference D(k)

from the previous vector x(k − 1) is too small. Let x
�(k), k = 1, ...,m(< n), be the new sequence of LPCC

vectors after deletion. We think that the first part (about 40 vectors or less) of an utterance of a mandarin

syllable contains main features which can most represent the syllable and the rest of the sequence contains

the ”tail” sound, which has a variable length. If a speaker intentionally elongates pronunciation of a syllable,

the speaker only increases the tail part of the sequence and the length of the feature part stays about the

same. We partition the feature part (the first 40 vectors of the new sequence) into 6 equal segments since

the feature part of LPCC vectors has a dramatic change and partition the tail part into 2 equal segments.

If the whole length of the new sequence is less than 40, we neglect the tail sound and partition the new

sequence into 8 equal segments. The average value of the LPCC in each segment is used as a feature value.

Note that the average values of samples tend to have a normal distribution [26]. This compression produces

12x8 feature values for each mandarin syllable.

4. Stochastic Approximation

Stochastic approximation [1,2,33,34] is an iterative algorithm for random environments, which is used for

parameter estimation in pattern recognition. Its convergence is guaranteed under very general circumstances.

Essentially, a stochastic approximation procedure [1,2,33,34] should satisfy: (1) the successive expression of

the estimate of a parameter can be written as an estimate calculated from the old n patterns and the

contribution of the new (n + 1)-st pattern and (2) the effect of the new pattern may diminish by using

a decreasing sequence of coefficients. The best known of the stochastic approximation procedures are the

Robbins-Monro procedure [1,33,34] and the Kiefer-Wolfowitz procedure [1,34].

For the unsupervised learning, (11) can be written in the recursive form

h(λ|xn+1) =
p(xn+1|λ)h(λ|xn)�

λ�∈S1
p(xn+1|λ�)h(λ�|xn)

for n = 0, 1, 2, ... (16)

where h(λ|xn) = 1, if n = 0. Equ. (16) is different from the above two types of procedures. It does not

have a regression function or an obvious decreasing sequence of coefficients, but it appears to be a weighted

product of the estimates calculated from the old patterns and the contribution of the new pattern. In each
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step of evaluation, (16) multiplies a new probability factor with the old conditional probability h(λ|xn) based

on the new pattern xn+1. The convergence of (16) is guaranteed by Theorem 2.

5. A Dynamic Processing Algorithm

As in Section 3, a mandarin syllable is represented by a 12x8 matrix of feature values, which tend

to be normally distributed. Let xn = (x1, ..., xn) denote n unidentified syllables, where each xm, m =

1, ..., n, denotes a 12x8 matrix of feature values, which are used to learn the means µkij , variances σ
2
kij , i =

1, ..., 12, j = 1, ..., 8, k = 1, ...,K, of normal distributions of 12x8 feature values and the prior probabilities

θk (the probability for a syllable to appear) for K classes of syllables. For large number of classes, the

stochastic approximation procedure in Section 4 is not able to estimate the means and variances, because

the recursive procedure (16) needs tremendous size of computer memory. For simplicity, we let θk = 1/K,

i.e., each syllable has an equal chance to be pronounced. Let λ denote all parameters, i.e., Kx12x8 means

and variances for K classes of syllables. Let λ
o be the true parameters. From Theorem 2 in Section 2, the

conditional probability h(λ|xn) has the maximum probability at λ = λ
o for large n, i.e., the numerator

F (xn|λ) =
n�

m=1

p(xm|λ) (17)

is maximum at λ = λ
o for large n, where xm, m = 1, ..., n, is the 12x8 matrix. Therefore, to search the true

parameter λ
o by the recursive equation (16) is to find the MLE of λ.

To find the MLE of unknown parameters is a complicated multi-parameter optimization problem. First

one has to evaluate the likelihood function F on a coarse grid to locate roughly the global maximum and then

apply a numerical method (Gauss method, Newton-Raphson or some gradient-search iterative algorithm).

Hence the direct approach tends to be computationally complex and time consuming. Here, we use a simple

dynamic processing algorithm to find the MLE, which is similar to an EM [35,36] algorithm.

5.1. The Log Likelihood Function

A syllable is denoted by a matrix of feature values Xij , i = 1, ..., 12, j = 1, ..., 8. For simplicity, we

assume that the 12x8 random variables Xij are stochastically independent (as a matter of fact, they are

not independent). The marginal density function of an unidentified syllable Xm with its matrix denoted by

xm = (xm
ij ) in (17) can be written as

p(xm|λ) =
K�

k=1

θk

�

ij

f(xm
ij |µijk, σijk) (18)
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where f(xm
ij |µijk, σijk) is the conditional normal density of the feature value X

m
ij in the matrix if the syllable

Xm = (Xm
ij ) belongs to the k-th class. The log likelihood function can be written as

ln F (xn|λ) =
n�

m=1

ln
� K�

k=1

θk

12�

i=1

8�

j=1

1√
2πσkij

e
− 1

2 (
xm

ij
−µkij

σkij
)2�

. (19)

5.2. A Dynamic Processing Algorithm

From the log likelihood function (19), we present a simple dynamic processing algorithm to find the

MLE of unknown parameters µijk and σijk. Our algorithm is an EM algorithm [35,36], more and less like

the Viterbi algorithm [2-4]. We state the our dynamic processing algorithm as follows:

1. In the matrix, pick up an initial value of (µkij , σkij), k = 1, ...,K, for K classes.

2. For k = 1 and for each i = 1, ..., 12 and j = 1, ..., 8, pick up a point (µ̂1ij , σ̂1ij) such that ln F in (19)

is maximum.

3. Continue step 2 for k = 2, ...,K.

4. If (19) continues increasing, go to step 2, otherwise, stop the dynamic processing and the final estimates

(µ̂kij , σ̂kij) are the MLE of (µkij , σkij) for all K classes and are saved in a database.

5.3. Finding the Means and Variances for each Syllable by a Known Sample

For each element (i, j) in the matrix, we have found the MLE (µ̂kij , σ̂kij) for each syllable. There are

totally K matrices of MLE representing K different syllables, but we do not know which matrix of MLE

belongs to the syllable ci, i = 1, ...,K. We have to use one known sample from each syllable to identify its

own matrix of MLE. In this paper, we simply use the distance to select a matrix of MLE among K matrices

for the known sample.

5.4. Classification by the Bayes Decision Rule

After each syllable obtains its means and variances which are identified by a known sample of the

syllable, the Bayes decision rule (3) with the estimated means and variances (MLE) classifies the set of all

unidentified syllables. After simplification [32], the Bayes decision rule (3) can be reduced to

l(ck) =
�

ij

ln(σ̂kij) +
1
2

�

ij

(
xij − µ̂kij

σ̂kij
)2 (20)

where {xij} denotes the matrix of LPCC of an input unknown syllable. The matrix of LPCC of an unknown

syllable is compared with each known syllable ck represented by (µ̂kij , σ̂kij). The Bayes rule (20) selects a

syllable ck with the least value of l(ck) from K known syllables to be the input unknown syllable.
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Note that new input unidentified syllables can update the estimated means and variances (MLE) which

are closer to the true unknown means and variances, and hence the Bayes decision rule will become a more

accurate classifier.

6. Speech Experiment on Classification of Digits

Our speech recognition is implemented in a classroom. The data of 10 mandarin digits are created by

10 different male and female students, each pronouncing 10 digits (0-9) once. The mandarin pronunciation

for 1 and 7 is almost the same. It is hard to classify these two syllables.

6.1. Speech Signal Processing.

The speech signal of a mandarin monosyllable is sampled at 10k Hz. A Hamming window with a width

of 25.6 ms is applied every 12.8 ms for our study. A Hamming window with 256 points is used to select

the data points to be analyzed. In this study, the 12x8 unknown parameters of features representing a

digit are estimated by unsupervised learning. After learning the parameters, there are 10 12x8 matrices of

estimates representing 10 digits. For each digit, use one known sample to identify a 12x8 matrix of estimates

to represent the digit.

In our speech experiments, we use this database to produce the LPCC and obtain a 12x8 matrix of

feature values for each syllable. There are totally 100 matrices of feature values.

6.2. To Learn Means and Variances using Unsupervised Learning

The simple dynamic processing algorithm in Section 5 produces 10 matrices of MLE (estimated means

and variances). After a known sample of each digit (0,1,...,9) picks up its own matrix of MLE, the 10

matrices are ranked in order from 0 to 9 as fellows: (µ̂kij , σ̂kij), i = 1, ..., 12, j = 1, ..., 8, for k = 0, ..., 9.

One of 10 students pronounces 10 digits which are considered as 10 known samples (each for one digit)

and the other 9 students pronounce 10 digits (90 samples), which are considered as unknown samples. The

total 100 samples (10 known samples and 90 unknown samples) are used for finding the matrices of MLE

of the means and variances for 10 digits. This experiment is implemented five times, each time for one of

five different students whose 10 digit pronunciations are considered as known samples. Note that the only

training samples are the only one sample for each digit pronounced by a student and note that the testing

samples are the mixed 90 unknown samples of 10 digits pronounced by the other 9 students. Actually, the

experiment is a speaker-independent speech recognition. The 10 training samples and the 90 testing samples

(90 mixed unknown samples also used for unsupervised learning of parameters) are totally separated.

6.3. Speech Classification on the Mixed Samples

11
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In this study, two different classifiers are used to classify 90 unknown mixed digital samples since 10

digital samples pronounced by one student are already known.

(a). Bayes Decision Rule.

The estimated means and variances of each digit obtained in (6.2) are placed into the Bayes decision

rule (20). The Bayes decision rule classifies 90 mixed samples (except 10 known samples for 10 digits (0-9)).

The recognition rates are listed in Table 1.

(b). Distance Measure from 10 Known Samples

The known sample of a digit (0-9) identifies 90 other mixed unknown samples using distance measure

from the known sample, i.e., to classify an unknown sample, we select a known sample from 10 known

samples which is the closest to the unknown sample to be the unknown sample. Its recognition rates are

also listed in Table 1. From Table 1, the Bayes decision rule using unsupervised learning gives the higher

recognition rate 79%, 22% more than the rate 57% given by the distance measure using one known sample.

Table 1. Recognition rates for 10 digits given by the Bayes decision rule with unsupervised learning to

classify 90 unknown samples as compared with the distance measure without unsupervised learning.

———————————————————————————————————–

student 1 student 2 student 3 student 4 student 5 average

———————————————————————————————————–

Bayes rule with 72 70 69 68 76 71.0

unsupervised learning .80 .78 .77 .76 .84 .79

———————————————————————————————————-

distance measure 55 51 39 54 58 54.4

.61 .57 .43 .60 .64 .57

———————————————————————————————————-

Discussions and Conclusion

This paper is the first attempt to use an unsupervised learning for speech recognition. Actually, this

paper presents an one-sample speech recognition. An unsupervised learning needs a trmendous amount

of unknown samples to learn the unkown parameters of syllables. From Theorem 2, the estimates using

unsupervised learning will converge the true parameters and hence, our classifier can adapt itself to a better

decision rule by making the use of unknown input syllables for unsupervised learning and will become more

and more accurate after the system is put in use. Theoretically, from Theorem 2, our one-sample speech
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recognition rate will approach to the rate given by supervised learning classifiers if a syllable does not have

too many unknown parameters. In our experiments, we only have 9 samples for each syllable (a total of 90

unknown samples after 90 samples are mixed) for unsupervised learning of 96 parameters for each syllable

and hence we only obtain 79% accuracy, 22% more than the rate without unsupervised learning.
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
















                

            





      

              




            
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 
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



  

   

   

   




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               
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 





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


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 







 

           

               

             




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















                

         

 



     
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



          

  
















         

































  













 



                 

            

             

  





                

           


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


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 


    

  
 

            
   


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




     
















         

















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














         




















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












         





















      


              
             

 

     


             
             
   

                  


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Abstract

Synset and semantic relation based lexical knowledge base such as wordnet, have been
well-studied and constructed in English and other European languages (EuroWordnet).
The Chinese wordnet (CWN) has been launched by Academia Sinica basing on the similar
paradigm. The synset that each word sense locates in CWN are manually labeled, how-
ever, the lexical semantic relations among synsets are not fully constructed yet. In this
present paper, we try to propose a lexical pattern-based algorithm which can automatically
discover the semantic relations among verbs, especially the troponymy relation. There
are many ways that the structure of a language can indicate the meaning of lexical items.
For Chinese verbs, we identify two sets of lexical syntactic patterns denoting the concept
of hypernymy-troponymy relation. We describe a method for discovering these syntactic
patterns and automatically extracting the target verbs and their corresponding hypernyms.
Our system achieves satisfactory results and we beleive it will shed light on the task of
automatic acquisition of Chinese lexical semantic relations and ontology learning as well.

Key word: troponymy, automatic labeling, lexical syntactic pattern
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1 Introduction
In recent years, there has been an increasing focus on the construction of lexical knowledge
resources in the field of Natural Language Processing, such as Thesaurus, Wordnets, Mindnet,
Hownet, VerbNet, etc. Among these resources, Princeton WordNet1, started as an implemen-
tation of a psycholinguistic model of the mental lexicon, has sparked off most interest both in
theoretical and applicational sides. WordNet’s growing popularity has prompted the modeling
and construction of wordnet in other languages and various domains as well. However, creating
a lexical semantic knowledge resource like WordNet is a time-consuming and labor-intensive
task. Languages other than English and some European languages are facing with the lack
of long-term linguistic supports, let alone those languages without balanced corpus available.
This has motivated researches into automatic methods paralleled with manual verification, in
order to ease the work.

In Chinese, constructing a semantic relation-based wordnet is comparatively difficult ow-
ing to the fuzzy definition and classification among words, morphemes, and characters. The
Chinese Wordnet (CWN)2, created by Academia Sinica, aims to provide complete senses for
each word based on the theory of lexical semantics and ontology. However, the synsets of each
word in CWN are manually labeled and the semantic relations among synsets are not fully con-
structed. In this present paper, we try to propose an algorithm which can automatically label
the semantic relations among verbs, especially focused on the hypernymy-troponymy relation.
According to Fellbaum [2], lexical entries in a dictionary can reflect the relatedness of words
and concepts. Such relations reflect the paradigmatic organization of the lexicon. Also, there
are many ways that the structure of a language can indicate the meaning of lexical items.

This paper is organized as follows: In the next section we briefly outline the main research
on the automatic discovery of lexical semantic relations, which motivates the present study.
Then we discuss the concept of troponymy between verbs. Section 3 introduces our proposal
and experiments. Section 4 shows the results and discussion of this method; Section 5 con-
cludes this paper with future directions.

2 Literature Review
There has been a variety of studies on the automatic acquisition of lexical semantic relations,
such as hypernymy/hyponymy [6], antonymy [7], meronymy [5] and so on. In Section 2.1
we will review Hearst’s approach, which most of the works on automatic labeling of word
sense relations are based upon. To the best of our knowledge, there is no study targeting at
troponymy extraction yet, so in Section 2.2, we first define what troponymy is, the complexity
of troponymy, and discuss how we can infer troponymy motivated by Hearst’s approach.

2.1 Syntactic patterns and semantic relation
The structure of a lexical entry in a dictionary reflects the relatedness of words and concepts;
also, certain structures or syntactic patterns usually define the semantic relation among each
other. Hearst [6] proposed a lexico-syntactic pattern based method for automatic acquisition
of hyponymy from unrestricted texts. Basing on a text corpus, which contains terms and expres-
sions that are not defined in Machine Readable Dictionaries, she postulates six lexico-syntactic

1http://wordnet.princeton.edu
2http://cwn.ling.sinica.edu.tw/
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patterns to automatically detect hypernymy-hyponymy relation and extract these pairs from the
sentences. Lexico- syntactic patterns which denote the concept of “including” or “other than”
may often possibly reveal the hypernymy-hyponymy relation. The six syntactic patterns used
in Hearst’s algorithm are as follows: (1) X such as Y; (2) such X as Y; (3) Y, or other X; (4)

Y, and other X; (5) X, including Y; (6) X, especially Y. For terms that are present in the above
patterns, this algorithm successfully captures the relation that Ys are hyponymy of Xs.

According to Miller [4] and Fellbaum [2], the lexical database WordNet resembles a the-
saurus in that it represents word meanings primarily in terms of conceptual-semantic and lexical
relation. A synset, therefore, is constructed by ‘assembling a set of synonyms that together de-
fine a unique sense.’ If one sense of a word is the same to another word, they share the same
synsets and they are synonyms (at least partial synonyms). Ramanand and Bhattacharyya [8]
hence use the concept of synset to suggests that ‘if a word w is present in a synset along with
other words w1, w2, . . . wk, then there is a dictionary definition of w which refers to one or more
of w1, w2, . . . wk, and/or to the words in the hypernymy of the synset.’ With this assumption, he
applies groups of rules to validate synonymy and hypernymy relation among corpus. For the
rule which can denote hypernymy, the author defined that the definitions of words for particu-
lar senses often make references to the hypernym of the concept. Also, another rule detected
partial hypernymy: many words in the wordnet are made up of more than one word, which are
called ‘multiwords’. In many cases, hypernyms or synonyms of such words are not entirely
present in the definitions of words, but parts of them can be found in the definition.

2.2 Troponymy
As known, synsets in WordNet are connected with each other by various kinds of lexical se-
mantic relations, such as Meronymy and Holonymy (between parts and wholes), Hypernymy
and Hyponymy (between specific and more general synsets) and so on. Among them, the most
important semantic relation in Wordnet is the hypernymy/hyponymy relation which links gen-
eral and more specific concepts in both directions [7]. In Fellbaum’s study [3], she defined
the hyponymy-hypernymy relation among verbs as troponymy. Basing on this definition, tro-
ponymy, may at first sight appear like the relations of hypernymy/hyponymy among nouns:
The subordinate concept contains the superordinate, but adds some additional semantic spec-
ification of its own. However, the semantic organization of verbs is more complicated than
that of nouns and “the semantic relations so important for the organization of the noun lexicon
are not the relations that hold among verbs” [4]. Hence, not all verbs can be placed under a
single top node and verbs do not seem obviously related in a consistent manner like nouns do.
According to Fellbaum and Miller [4], saying that troponymy is a particular kind of entailment
involves temporal co-extensiveness for the two verbs. As known, entailment is a unilateral rela-
tion, taking snore and sleep for example, snoring entails sleeping but not the other way around.
Although snore entails sleep and is included in sleep, we can not say that snore is a troponym
of sleep; these two verbs are not in a hypernymy/ troponymy relation. Hence, for troponymy to
hold, the essential factor is the co-extensiveness in time: one can sleep before or after snoring,
but not necessarily happened at the same time. On the other hand, the activities denoted by the
hypernym/ troponymy relation verbs must be coextensive in time. The following is an example
from Lin et al [7]. Reason is a troponym of think because to reason is to think in a particular
manner (logically). Therefore, the definition of reason naturally includes to think “at the same

time” and thus inherits the property of think.
Beside the complicated distinction among verbs themselves, the troponymy relation is also

different from the is-a relation among nouns in two ways [1]. First, the is-a-kind-of formula
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linking semantic related nouns may cause oddness when applying to verbs. For example, “(to)
yodel is a kind of (to) sing.” sounds odd only when changing into gerund form “yodeling is a
kind of singing” will make it acceptable. Second, in the case of nouns, kind of can be omitted
without changing the truth statement, for instance, “A donkey is a kind of animal.” equals
“A donkey is an animal.” By contrast, the same deletion makes verbs odd as the following
sentences show: “ Murmuring is talking/ To murmur is to talk”. These differences indicate
that there is more than just a is-a relation among concepts expressed by verbs and the way that
used to distinct nouns and adjectives is not the same as the way we distinct verbs. Rather than
kind, troponymy seems to link verbs in a manner elaboration. Basing on the above properties
of troponym, we postulate two syntactic patterns as the possible environments for discovering
troponyms. More details will be discussed in the following section.

Our literature survey revealed that although some work had been done in automatically
detection of hypernymy-hyponymy relation, none of them focus on hypernymy-troponymy re-
lation of verbs. Therefore, in this paper, we attempt to propose a lexical pattern-based algorithm
to tackle with this issue.

3 Algorithm
To automatically label the troponymy relation among verb senses, in the following, we propose
an algorithm which applies three main steps and two rules.

3.1 First step: finding word senses
Most of words have more than one sense, and each sense of a given word might have their
different hypernyms and troponyms. Therefore, to find semantic relations among verbs, our
first step is to extract the definitions of each verb, by using web search. The input data used here
composed 168 verbs which were extracted from Sinica Corpus. Although the 168 input verbs
were randomly chosen by the authors, we firstly delimited out inputs labeled with syntactic
categories VA, VC and VAC, respectively3 for they contain most verbs that are commonly
used. We then do search queries of each verb on Chinese Wordnet. If the result for a given word
cannot be found here, then turn to the online version of the MOE Revised Chinese Dictionary4

to find each sense of a given verb.

3.2 Second step: word segmentation
For later rule application, our next step is to do segmentation and POS (part-of-speech) tagging
in each of the verbs’ definitions via the online CKIP Chinese word segmentation system5. The
following example shows the segmented result of one target verb and its definition:

� (VAC) :� (P)��� (Na)��� (VC)��� (Na)
mai : yi jingqien gojin wuchan
to buy : with money purchase products

to buy : to purchase products with money.
3According to both CWN and Sinica Corpus, verbs in Chinese are subdivided into 15different subcategories

include VA VAC VC VB VCL VD VE VF VG VH VHC VI VJ VK VL.
4http://140.111.34.46/newDict/dict/index.html
5http://ckipsvr.iis.sinica.edu.tw/

287



By doing this, each word in this definition is segmented and POS tagged. After this step
is done, our input data are established, which includes different entries6 of each words’ senses
and all of the words are segmented and POS tagged.

3.3 Third step: Apply Rule 1 and Rule 2
After getting each of the verb’s definitions, we propose two rules to find a given verb sense’s
hypernym.

3.3.1 Rule 1 Application

Rule 1: Definitions of verbs for particular sense often refer to certain or specific manner
of their hypernyms. Hence, the definition may appear in the lexical syntactic pattern of
‘��� (yi) /��� (yong) . . . Vj . . . (by/with . . . . to Vj)’.

Our first rule is, when a verb (Vi)’s definition contains the pattern ‘��� (yi). . . Vj . . . ’ or

‘��� (yong) . . . Vj . . . ’ in a sentence, we could take this verb Vj or take all these verbs in this
sentence out if there is more than one verb in this sentence. The verb(s) Vj could be labeled as
a hypernym of Vi. For example, the definition of the verb� (zou, ‘to walk’) correspond to this
pattern:

� : �(P) �(Neu) �(Na) ��(D) �(P) �(Ncd) ��(VAC)
zou : yi lian tuei jiaohu xian qien yidong
to walk: by two feet mutually towards front to move
to walk: moving forwards by two feet.

Thus, �� (yidong, ‘to move’) could be labeled as the hypernym of the verbs � (zou, ‘to
walk’).

3.3.2 Rule 2 Application

Rule 2: Deriving from the is-a relation of noun phrases, we may assume that, for verbs,
a troponym is a certain way or a specific manner of its hypernym. Hence, the definition
might appear in the pattern of ‘������ (yizhong) . . . Wj ������ (fangshi) (a way of Wj).

The second rule is, if a verb (Vi)’s definition contains the pattern ‘������ (yizhong) . . . Wj ���

��� (fangshi) (a way of Wj), then we could label this nominalized verb Wj as a hypernym of Vi.
For example, the definitions of the verb� (jian, ‘to fry’) is:

�: �(Neu)�(Nf)��(VC)���(Na)
jian: yi zhong pengren fangshi
to fry: one kind to cook way
to fry: a way of cooking.

Since they follow the Rule 2 pattern, the verb �� (penren, ‘to cook’) is the hypernym of
the verb� (jian, ‘to fry’), standing for a specific manner of cooking.

6Different entries in the data are separated by the step of tokenization.

288



3.4 Algorithmic Representation
The proposed algorithm outlined above could be summarized as the following:

Input: Verbs V1, V2, . . . and Vn, web search for each definition of them.
Output: Predicted hyponyms between verbs
foreach definition of verbs Vdf do

Word segmentation and POS tagging via CKIP;
foreach definition of input verbs Vi do

check whether they contain the lexical syntactic pattern one;
if matched then

label the verb(s) Vj as a hypernym of Vi;
end

end
end
while Unscheduled tasks remaining do

foreach definition of verbs Vdf do
check whether they contain the lexical syntactic pattern two;
if matched then

label the nominalized verb Wj as a hypernym of Vi ;
end

end
end

Algorithm 1: Algorithm to automatic labelling of troponomy

4 Experiment and Result
We implement our proposed method in Python (2.5.2). The module at first aims to extract
entries containing our targets: ’� (yi) (P) /� (yong) (P) /�� (yi zhong) (Nf)’ in the definition.
Afterwards, all the verbs that occur after the targets will be extracted as the possible candidates.
Figure 1 illustrates some of the results of a run of the labeling algorithm on Python, where the
verbs occurred before the symbol ‘@’ are the input verbs and other verbs occurred after ‘@’
are their possible hypernyms.

IDLE 1.2.2 \verb==== No Subprocess \verb====

�3(VAC)@
���(VC)
���(VAC)
��2(VAC)@
���(VC)
�2(VAC)@
���(VAC)
���(VC)
...

Figure1: results run by the module
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5 Evaluation and Discussion
To evaluate the system, we adopt the substitution tests [9] to examine whether a predicted pair
of verbs has the relationship of troponymy. The specific substitution test that we implement is
introduced in section 5.1. The acceptability of the sentences which contain the pairs of verbs
we are examining is decided manually by 3 linguists. In section 5.2, we calculate the precision
rate to properly evaluate the system. Some problems and further directions of our work are
discussed in section 5.3.

5.1 The Substitution Test
Substitution test is commonly used in linguistic literature [9]. We apply the sentence pattern to
the possible hypernyms found by our module: “���� V1 -ing, ������ V2 -ing” (If he
is V1 -ing, then he is V2 -ing). If the sentence “If he is V1 -ing, then he is V2 -ing” is always
true but the other way around “If he is V2 -ing, then he is V1 -ing” is not, we say that V2 is
V1’s hypernym and V1, on the other hand, is V2’s troponym. For example, we place the two
verbs � (zou, ‘to walk’) and �� (yidong, ‘to move’) into this sentence. The result is that “If
he is walking, then he is moving” is true, and that “If he is moving, then he is walking” is not
necessarily true because if he is moving, he can also be running. We can therefore describe that
� (zou, ‘to walk’) and�� (yidong, ‘to move’) are in a trponymy relation.

The reason for testing both these two sentences is to avoid the synonym pairs. We take two
synonymous verb � (li, ‘to stand up’) and � (zhan, ‘to stand’) for example. “If he is standing
up, then he is standing” is true, but (to stand up) is not (to stand)’s troponym. On the contrary, if
we test by two sentences, this situation can be avoided. The second sentence “If he is standing,
then he is standing up” is also true. Thus they are not in the relation of troponymy. By placing
the verbs in the sentence pattern, we manually evaluated all the possible hypernyms found by
our system and then we calculated the precision rate of the system.

5.2 Evaluation
The precision rate of our system is calculated as # of correct answers given by

system / # of answers given by system =
93

133
= 69.9%. There are totally 133

possible hypernyms returned by our system, and after manually filtered with the substitution
test, there are 93 verbs left. The system shows that there are still some unwanted or incorrect
hypernyms returned by our system. This will be further discussed in the following section.
Although our system could have further improvement, but the high precision rate shows that
our system has certain quality of performance and the design of our system is in the right
direction.

5.3 Problems
There are two major problems in our system. First is the problem of synonym. In our input,
the possible hypernyms returned by our system may be the synonym to the input verb. For ex-
ample: for the input� (huei, ‘to wave’), two possible hypernyms were returned by the system,
including � (VC) (huei, ‘to wave’), and �� (VAC) (yidong, ‘to move’).The underlined is an
undesired synonym. Such instances will lower the precision rate. The second problem, and
might be the most difficult one, is the ambiguity of the preposition � (yi, ‘by or woth’) and
� (yong, ‘by or with’). In CWN, when � (yi, ‘by or with’) serves as a preposition (it could
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also serve as conjunction or modal), there are over 20 different polysemous meanings includ-
ing ‘because of ’, ‘according to’, ‘in order to’, ‘with’ etc. In this case, we have to determine
which meaning the preposition ‘� (yi) / � (yong)’ belongs to and do the sense determination
manually. This could remain a main problem for computational linguistics since so far, the
disambiguation of these polysemy could not be fully solved using any system or algorithm.

Yet it is also very likely that hypernyms exists in inputs other than the patterns that we
suggest. How to include those instances based on other methods, for example, by taking suffix-
like forms as an indicator of troponymy (� / ����� etc), is what we will consider in the
future research.

6 Conclusion
In this study, we have suggested an automatic labeling method of troponymy for Chinese verbs.
We identify the lexical-syntactic pattern ‘� (yi) / � (yong). . . Vj . . . (by/with . . . .to Vj )’ or
‘�� (yizhong) . . . Wj �� (fangshi) (a way of Wj)’ that occur in the definition for Vi to see
whether Vj and Wj indicate the troponymy relation of Vi. Though the range of the data is not
exceedingly extensive, our approach has the advantages of low-cost and less-effort over other
methods for automatic acquisition of lexical semantic relations from unrestricted text. Possible
future works could be test the similar methods on the hypernymy/hyponymy relations among
nouns. We beleive the comparison of the results will speed up the construction of Chinese
lexical semantic relations knowledge base and ontology as well.
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摘要 

電腦輔助教學系統主要在於幫助教師教學與學生自學。本研究提供能協助學生學習中翻

英的優良環境，透過提供適當的參考資料，如相似文法與相似句型等，可增進學生對單

字與文法的熟悉度，並提升學生學習英文的興趣及能力。本研究主要針對中學生程度設

計，利用自然語言處理技術，藉由輸入中文句或中英文混合句，經文法、詞性及結構樹

分析後，能提供相似的中英文句子，給予適當的英文翻譯建議，讓使用者有更多方向的

參考。 

關鍵詞：電腦輔助語文教學、句型搜尋、例句式教學、電腦輔助翻譯 

1. 緒論 

英文在現今社會上是非常普遍的語言，是地球村中不同母語背景的人用來相互溝通以及

傳達訊息、信念不可或缺的工具。近年來，政府的教育政策以及家長對於小孩的期待，

開始學習英文的年齡層下降，國小中高年級已排入英語課程、教育部國民教育司公佈國

中常用兩千字字彙以及基礎一千字字彙[20]、各大專院校為學生英文程度把關，紛紛訂
定畢業門檻等，由此可看出學習好英文、提升英文能力是未來生活重要的一環。 

  為了協助學生在課餘時間自學，各式各樣多元的輔助教學系統如雨後春筍出現，電

腦輔助教學系統 (computer assisted tutoring system) 可以協助學生在課餘時間自我學習。
目前許多學科，如：語言、數學、自然科學等教學，皆可以利用電腦技術與應用軟體設

計出生動的互動教學軟體，也可以利用電腦輔助出題系統協助老師出題、批改。 

本系統的中英文語料來源為從網路上收集，適合中學生或全民英檢中級與中高級程

度的文件，包括教育部委託宜蘭縣建置語文學習領域國中教科書補充資料題庫[19]、旋
元佑文法[16]、基礎英文 1200句[17]、國民中學學習資源網[18] 的評量題庫及資源手冊
等，經由人工擷取，建構中英文對照語料庫，以及利用現有的自然語言處理工具，中研

院的中文斷詞系統將語料庫中的字彙標記其詞性以及中文句結構樹檢索系統建立中文

句的結構樹，來建立標記化語料庫 (tagged corpus) 。這個標記化語料庫即是中英翻譯
推薦句的來源。 
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    本篇論文的組織架構如下：第二節為文獻探討；第三節為詳細描述本系統建立標記
化語料庫的步驟；第四節則介紹本系統所提供的功能；第五節為系統評估，並於第六節

提出簡單的結語。 

2. 文獻探討 

隨著電腦的普及化，電腦輔助教學系統在學生自我學習與教師教學上逐漸扮演著重

要的角色。電腦輔助教學系統不但可以協助教師出題、閱卷、統計分數及對於學生學習

效果作審慎的評估；亦可協助學生在沒有老師的陪同下自我學習，透過電腦輔助教學系

統的回饋機制，系統可以依據學生所需，提供適合的教材，進而提升自我學習的效果。 

  有關電腦輔助出題系統，Mitkov和Ha[8]在2003年提出採用自然語言技術來自動產
生閱讀測驗的試題。用來產生試題的句子皆具有「主詞+動詞+受詞」或「主詞+動詞」
結構，而選擇為考題答案的通常是特定領域的詞彙。利用計算詞頻數以及WordNet[7]
查詢詞的定義，來擷取英文句子中的關鍵詞作為考題答案。使用WordNet找尋語意上近
似的觀念作關鍵詞的誘答選項，或從語料庫找尋語意不相似，但具有部分相同關鍵詞的

片語或複合詞作為誘答選項。 

  Liu等學者[5]在2005年提出電腦輔助英文字彙出題系統之研究，利用詞性標記、字
彙頻率的統計資料以及selectional preferences[6]的技術，配合搭配詞 (collocation) 概念
與機器學習，從訓練資料歸納出法則，來輔助產生題目中的誘答選項。此研究只單純的

利用搭配詞的訊息並沒有深入到語意層面的分析，故無法確保所產生的試題語義的完整

性，仍須經由人為篩選作最後的確認。 

  陳佳吟等學者 [21]在2005年提出電腦輔助英文文法出題系統，FAST (Free 
Assessment of Structural Test s) ，對於各式文法考題依照題型作分析，將考題分為
九大類型，利用Tagger撰寫分類規則，使用Wikipedia網頁上收集有意義的句子為試題的
主要來源。產生的題型為傳統四選一的單選文法試題。基於題型不同，會有不同出題方

式的誘答選項，即不存在某種適用於全部題型的誘答選項產生方式，所以根據不同題型

的誘答選項都是針對其特性去撰寫規則來產生合適的誘答選項。 

  林仁祥等學者[15]在2007年提出國小國語科測驗卷出題輔助系統，包含四聲辨識、
中文克漏詞、改錯字、量詞等試題。其中中文克漏詞部分，使用HowNet[2]找尋相同義
原的詞彙以及中研院現代漢語語料庫一詞泛讀[14]的學習工具將近義詞回傳，給予出題
教師更多誘答選項的選擇。改錯字部分，提供同音字、相似字兩種功能，同音字利用新

酷音輸入法的詞庫檔，給予相同發音的國字視為誘答選項參考；相似字利用倉頡碼建構

構字式檔案，提供具有部分相同偏旁的中文字當作誘答選項參考。 

除了電腦輔助出題系統外，另有電腦輔助自我學習的系統，其主要目的是在沒有老

師的伴隨下可以輔助學生自我學習各個學科（如：語言、數學、科學等）；而語言學習

上可分為聽、說、讀、寫四大部分，目前針對「讀」的方面，有較多相關的電腦輔助系
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統；在「寫」的方面則較少。對於閱讀的輔助，多為網頁式 (Web-based) 即時的輔助翻
譯，提供單字的解釋，進而為整個網頁的翻譯。 

  Weir和Lepouras[10]在2001年提出一個Web-based的自動註解英語的資訊為希臘文
及中文。由於語言學習者對於新的單字或是不熟悉的字會有文字誤用、不同的定義、聯

想錯誤或是對於上下文有所誤解，甚至於語言學習者並不熟悉語言上的特殊用法（如：

專業術語、俚語或是慣用語）而導致閱讀上的困難。論文中將相關的對應文字在離線狀

態 (off-line) 先行建立，再透過動態的連結來查詢英文單字的希臘文或中文的定義及解
釋。由於希臘文與英文皆由羅馬字母構成，故中文翻譯比希臘文翻譯要來的複雜、效果

也沒有希臘文來得好。 

  關於寫作方面，在第二語言的電腦輔助自我學習系統，其他語言也有相關研究。

Kakegawa等學者[3]在2000年提出電腦輔助學習第二語言（日語），日文字主要可區分成
“用言 (Yougen) ”以及“体言(Taigen) ”兩種，“用言”為有語尾變化的詞性，如：
動詞、形容詞；“体言”則是沒有語尾變化，如：名詞、代名詞、指示詞 (demonstratives) 。
論文中提出使用LTAG (Lexicalized Tree Adjoining Grammar) 來分析日文句子，句子結構
樹採用bottom-up方式配合堆疊來建立，系統可以提供相似詞意的詞以及針對有語尾變
化的日文字作偵錯，對於不恰當的用法可立即更正或是提供簡單的文字描述讓學生自行

修正。 

  Knutsson等學者[4]在2003年提到有關第二語言（瑞典語）寫作學習環境文法檢查技
術。面對非母語使用者在撰寫句子常常會有不可預期的文法型態產生，為了能提供學習

者組織以及修正文章，需要足夠支持的語料資源。文章中，字詞的形態錯誤可由語言工

具挑出；對於句法錯誤的部分僅僅提供錯誤訊息與建議，而非給予制式的解答。 

  Chang 和 Schallert[1]在 2005 年提到在學生撰寫英文作文時，透過互動式鍊結文法 
(link grammar) ，可以作適時的英文文法確認，進而使學生提升書寫技巧；則教師在批
改作文時，也可以專心致力於學生所想表達的意念，而不需專注於英文句文法的使用。

提供使用者適時的文法確認的前提為，使用者必須對文法句型結構有相當足夠的認知，

否則僅僅知道文法錯誤，卻不知道該如何修正，並無法達到良好學習的效果，若系統可

以提供修正的句型參考則更能提升學習效果。 

    劉吉軒等學者[22]在 2007 年提出利用語言資訊檢索的方法，開發了名為 SAW 
(Sentence Assistance for Writing) 的雛形系統。此系統提供了完全比對與部分比對的檢索
功能，為了允許不同語言程度的使用者能彈性的使用此系統，以正規表示法 (regular 
expression) 的概念為基礎，利用特殊符號來代表部分確定而部分設定範圍的查詢條件。
對於查詢選取出的例句，利用多重序列排列 (Multiple Sequence Alignment) 的技術[9]
進行查詢條件與選取例句之間相關程度評估與排序。 

    在語言寫作學習上，輔助系統提供寫作時，可為文句中的文法或是字詞的型態錯誤
作偵錯並且給予修正的建議，但初學者可能對文法或句型完全沒概念，無法下筆將句子

作適當翻譯或敘述想表達的意思，則偵錯的輔助系統也沒辦法發揮最大的效益。若輔助

系統需要用較多符號去輔助來設定範圍查詢，使用者無法使用直覺去查詢、不夠人性化，
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所以本研究的目標是設計並且實作出一個中英翻譯寫作輔助系統。學生透過查詢系統可

以取得合適的英文翻譯以及類似句參考，藉由多組類似句可以學習到正確的單字用法以

及文法知識。本節主要為介紹自然語言處理應用在電腦輔助教學上，但本系統技術上仍

可參考 Example-Based Translation的相關文章。 

3. 建立標記化語料庫 

本研究希望能提供一個簡單方便的系統介面，讓學習者可以輸入簡單的中英文關鍵字或

句子，即可查詢到相關例句；並藉由本系統提供的中英翻譯推薦句，給予學習者在練習

中英翻譯時有更多的參考資料，協助學習者在寫作時能達成既定的目標，達到學習的效

果。 

網路上提供程度適合國、高中生或全民英檢中級、中高級程度的中英文對照句資訊

為數不多，大多數以學生學習單的樣式呈現，故採人工方式將中英文對照句從學習單中

取出，此時語料庫內已經包含了對應好的中英文句子組合，每一組中的中英文句都是互

為翻譯的句子，所以我們並不需要對語料作句子層次以上的處理。原始中英文對應的語

料可經由圖 1所列的流程，將人工擷取的中英文對照句的中英文句子，分別利用中研院
的中文斷詞系統[12]及中文句結構樹系統檢索系統[11]進行詞性標記及結構樹的建立，
將其結果回傳建立可用於查詢的標記化語料庫，以下為詳細描述各步驟的細節。 

    斷詞 (segmentation) ：中文與英文不同之處在於英文的詞與詞之間會以空白作為區
隔，而中文的詞與詞是沒有空白，所以必須對中文作斷詞，本系統語料在詞性標記及中

文結構樹建立時，會作中文句的斷詞，本系統是使用中央研究院所提供的中文斷詞系統

[12]，中文斷詞系統會將中文句以常用的詞彙為基礎，將句子中的詞彙區隔出。如圖
2 所示，輸入的中文句為「我們都喜歡蝴蝶」，中研院中文斷詞系統回傳斷詞後的資訊
為「我們(Nh) 都(D) 喜歡(VK) 蝴蝶(Na)」，其中 Nh為代名詞，D為副詞，VK為狀
態句賓動詞，NA為普通名詞。 

 

圖 1建立標記化語料庫的流程圖 

 
圖 2中研院中文斷詞系統輸出範例 

輸入：我們都喜歡蝴蝶 

輸出：我們(Nh) 都(D) 喜歡(VK) 蝴蝶(Na) 

詞性標記擷取： Nh D VK Na 

 

人工擷取 

中英文對照句 

收集網路 

上文件 

 

標記化 

語料庫 

斷詞 

 

詞性標記 

建立結構樹 
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詞性標記 (Part-Of-Speech tagging) ：將語料標記詞性，可以在搜尋功能中提供依
照詞性來作為搜尋依據。因為擁有相同詞性順序的句子，句子相似度會越高，所以可依

照詞性來給予使用者中英文類似句的推薦。本系統詞性標記是利用中央研究院所提供的

中文斷詞系統[12]所回傳的斷詞結果會伴隨著詞性，將斷詞後的詞性擷取留下。如圖
2所示，將中文斷詞系統回傳的結果中的詞性部分依序取出儲存，以“我們都喜歡蝴蝶”
為例，擷取出的詞性順序為「Nh D VK Na」。 

結構樹：透過結構樹可以知道中文句法、語意關係，兩個句子若結構樹的結構相似

或是相同，可以猜測為語法相似。由結構樹的結構可以提供語法相似的例句，雖然使用

的單字可能相差甚遠，但可以參考相同結構的句子，對於文法的搜尋有很大的幫助。本

系統是利用中研院中文句結構樹資料庫檢索系統[11]作為取得結構樹的依據。如圖 3所
示，輸入的中文句為「她不覺得自己幸運」，接收中研院中文句結構樹系統回傳結構樹

的資訊，並將結構樹依照分層取出。 

    我們將樹根定義為第 0層，樹根的子樹為第 1層，越往下層數字越大，故葉子節點
為一個中文詞。在擷取各分層的結構樹時，樹根層（第 0層）僅一個節點，不作記錄；
依序將每一分層取出，假設某一中文句的結構樹深度為 i，而其一分支子樹最深深度為
j，則在第 j+1, j+2, , i層的詞性仍記錄第 j層的詞性。將中研院中文句結構樹系統回傳
結構樹的範例句資訊擷取各分層資料，如圖 3所示，第一層結構樹為「NP Dc VK1 S」；
第二層結構樹為「Nhaa Dc VK1 NP VH11」，第二層結構樹因為中文詞「不」與「覺得」
的深度只有 1，所以在第二層結構樹詞性紀錄是記錄深度為 1時的詞性「Dc」與「VK1」；
第三層結構樹，中文詞「她」與「幸運」的深度只有 2，是記錄深度為 2時的詞性「Nhaa」
與「VH11」，中文詞「不」與「覺得」的深度為 1，詞性是記錄深度為 1時的詞性「Dc」
與「VK1」，故第三層結構樹為「Nhaa Dc VK1 Nhab VH11」。依照結構樹的分層取得各

 
圖 3中研院中文句結構樹輸出範例 

輸入：她不覺得自己幸運 

輸出：S(experiencer:NP(Head:Nhaa:她)|negation:Dc:不|Head:VK1:覺得 

      |goal:S(theme:NP(Head:Nhab:自己)|Head:VH11:幸運))  

 儲存結構：層數|第 n層結構樹|……|第 1層結構樹 

範例：3 | Nhaa Dc VK1 Nhab VH11 | Nhaa Dc VK1 NP VH11 | NP Dc VK1 S 

 第 0層 

第 1層 

第 2層 

第 3層 

S 

Dc NP VK1 S 

Nhaa NP VH11 

Nhab 

她 不 覺得 自己 幸運 
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分層的結構樹，儲存的結構為「層數|第 n層結構樹|……|第 1層結構樹」，而最後記錄在
標記化語料庫資訊為「3|Nhaa Dc VK1 Nhab VH11|Nhaa Dc VK1 NP VH11|NP Dc VK1 
S」。 

    由於結構樹回傳的詞性分類很細，共計有 115種詞類，為了提升搜尋時提供更多的
例句給予參考，我們根據中研院資訊科學所詞庫小組所編列的中研院平衡語料庫詞類標

記集[13]，將標記化語料庫中的例句詞類由 115 種全面簡化成 46 種。以“她不覺得自
己幸運”為例，如圖 4所示，依據表 1平衡語料庫的標記集（僅附例句中使用的詞類對
應表）中得知，可將例句中的四個詞類作簡化，分別為代名詞、副詞、狀態賓動詞及狀

態不及物動詞，圖 4中將此四個詞類作相對應的底線粗體標示，並有簡化前後的樹狀結
構表示。 

4. 提供搜尋功能 

在標記化語料庫建立完成後，可以透過自然語言處理的技術提供一些加值的服務。對於

搜尋中文句的類似句，我們的系統利用中文詞、中文詞的詞性以及中文句結構樹的方法

來分析處理並提供參考例句，本系統亦提供中英文混合的搜尋。 

表 1平衡語料庫詞類標記集中四個簡化詞類對應表 
簡化標記 對應的 CKIP詞類標記 附註 

Nh Nhaa, Nhab, Nhac, Nhb, Nhc 代名詞 

D Dab, Dbaa, Dbab, Dbb, Dbc, Dc, Dd, Dg, Dh, Dj 副詞 

VK VK1,2 狀態句賓動詞 

VH VH11,12,13,14,15,17,VH21 狀態不及物動詞 

 

 

 
圖 4結構樹詞類簡化範例 

輸入：她不覺得自己幸運 

未簡化結構樹：3|Nhaa Dc V K1 Nhab V H11|Nhaa Dc V K1 NP V H11|NP Dc V K1 S 

簡化後結構樹：3|Nh D V K  Nh V H |Nh D V K  NP V H |NP D V K  S 

 S 

Dc NP VK1 S 

Nhaa NP VH11 

Nhab 

她 不 覺得 自己 幸運 

S 

D NP VK S 

Nh NP VH 

Nh 

她 不 覺得 自己 幸運 

簡化 
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4.1 以中文詞為搜尋依據 

當使用者輸入查詢句後，透過中文斷詞系統取得斷詞後的結果，利用斷詞結果在標記化

語料庫搜尋；或是將斷詞的結果透過 HowNet辭典[2]或是中研院現代漢語語料庫一詞泛
讀[14]的學習工具取得與查詢句詞彙中相似的詞，來增加搜尋時中文詞彙的多樣性。 

  HowNet辭典[2]是一個以中文和英文的詞所代表的概念為描述對象，以概念與概念
之間以及概念所具有的屬性之間的關係作為基本內容的常識知識庫。在 HowNet辭典中，
每個詞彙多個欄位去記錄特殊資訊，如：中文詞條、中文詞性、英文詞條、英文詞性、

義原關係等，其中一個欄位名稱為 DEF，描述著此詞彙的義原關係。在 HowNet中，義
原 (sememe) 是描述一個概念最小意義的單位，定義中英雙語知識詞典中的每個詞彙，
並且建有描述各個義原之間關係的分類樹。例如：「讀書」一詞是由「從事」、「學」及

「教育」三個義原定義而成，所以我們定義 S 為「讀書」義原的集合，S={從事，學，
教育}，我們尋找 HowNet 中所有的詞彙，並將詞彙的義原與集合 S 作比對，與集合 S
有交集的詞彙都找出來，「讀書」一詞經過 HowNet 搜尋得到的結果為「攻，攻讀，苦
讀，留，留美，念書，旁聽，求學，死記硬背，聽講，同窗，習作，修業，學到，學好，

學習，學以致用，專攻，專修，自修，走讀」等，我們的系統會將這些詞彙視為與查詢

句詞彙相似的詞，並加入搜尋時詞彙比對的依據。本研究中 HowNet 辭典是採用 1999
年版本。 

    中研院現代漢語語料庫一詞泛讀的學習工具[14]是利用電腦所收集的文本，針對一
個詞彙，閱讀該詞彙出現的許多句子，記錄了各種該詞彙和其他詞彙共同出現的情形，

作整理後所得的資料，可讓使用者藉由查詢更能掌握該詞彙的用法。我們的系統會將所

要查詢的詞彙自動連到中研院一詞泛讀的網頁，網頁會回傳有關該詞彙的近義詞，本系

統會將回傳的近義詞，視為搜尋時詞彙比對的依據。以「讀書」一詞經過一詞泛讀系統

回傳所得到的近義詞詞彙為「學習，上，學，讀，念，修，讀書，就讀，念書，上學，

入學，求學，攻，攻讀，就學，習，深造，修業，向學」。 

    如圖 5所示，使用者輸入查詢句 T後，經由中文斷詞系統回傳斷詞結果 t1, t2, , tn，

 

圖 5使用中文斷詞結果搜尋  

搜尋標記 

化語料庫 

查詢句 T 斷詞 

 

斷詞結果 

t1,t2 ,tn 

查詢一詞 

泛讀系統 

 

查詢 

HowNet辭典 

查詢結果 

S_{ti,1}, S_{t i,2}, 

 ..., S_{t i, u(ti)} 

查詢結果 

H_{ti,1}, H_{t i,2}, 

 ..., H_{t i, u(ti)} 

類似句 
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n為詞彙個數，將 t1, t2, , tn依序查詢HowNet辭典，取得查詢結果H_{ti,1} , H_{t i,2}, ..., 
H_{t i, u(ti)}，其中 u(ti)代表透過 HowNet辭典所查到的第 i個中文詞的近義詞的數量；
或將 t1, t2, , tn 依序查詢中研院現代漢語語料庫一詞泛讀的學習工具，取得查詢結果

S_{ti,1}, S_{t i,2}, ..., S_{t i, u(ti)}，其中 v(ti)代表透過一詞泛讀系統所查到的第 i個中文
詞的近義詞的數量。本系統會將查詢到的相似詞結果{H_{ti,1}, H_{t i,2}, ..., H_{t i, u(ti)}}
或{S_{ti,1}, S_{t i,2}, ..., S_{t i, u(ti)}}與斷詞結果{t1, t2, , tn }作聯集，並將聯集結果於
標記化語料庫作搜尋，提供類似句供使用者參考。 

    圖 6為中文詞使用一詞泛讀搜尋的範例，我們輸入查詢句「我有時上學遲到」，經
過中研院中文斷詞系統，得到斷詞後的結果為「我(N) 有時(ADV) 上學(Vi) 遲到
(Vi)」，將所斷詞後的結果，擷取其中文詞，並利用一詞泛讀系統查詢得到每一個詞彙
的近義詞後，與標記化語料庫中的中文句子作比對，若與語料庫中詞彙符合的句子，則

會輸出視為類似句給予使用者作為參考例句。 

4.2 以詞性為搜尋依據 

在使用者輸入查詢的中文句後，本系統透過中文斷詞系統[12]取得斷詞後的結果，從斷
詞的結果中把詞性依序擷取出來，接著透過搜尋標記化語料庫裡中文對照句的詞性，在

僅考慮詞性出現順序，若相同即視為類似句。查詢句的詞性長度與標記化語料庫中英對

照句所標記的詞性長度可能不相同，所以分為查詢句的詞性長度大於中英對照句詞性長

度，以及查詢句的詞性長度小於或等於中英對照句詞性長度，兩種情形。 

                                                 
 X_Y表示 Y為 X的下標，此底線為 LaTeX語法 

 

圖 6使用中文詞一詞泛讀搜尋的範例 

輸入：我有時上學遲到 

中文斷詞輸出：我(N) 有時(ADV) 上學(Vi) 遲到(Vi) 

擷取中文詞部分：我 有時 上學 遲到 

利用一詞泛讀查詢近似詞彙： 

我 身 個人 人家 本人 予 吾 余 咱 俺 儂 咱家 洒家 有時 學習 上 學 讀 念 

修 讀書 就讀 念書 上學 入學 求學 攻 攻讀 就學 習 深造 修業 向學 遲到 

輸出： 

你上學常常遲到嗎?={Are you often late for school?} 

我花了十分鐘走路上學。={It took me ten minutes to walk to school.} 

我以前讀國中時，我都走路上學。={When I studied in junior high school, I used to walk to school.} 

我每天騎腳踏車上學。={I go to school by bike every morning.} 

前天他上學遲到了。={He went to school late the day before yesterday.} 

上學讀書以前，他原本是個小頑童。={Before he was in school, he used to be a naughty child.} 

我有時上學遲到。={I go to school late sometimes.} 

我昨天和同學在圖書館讀書。={I studied with my classmates in the library yesterday.} 

comment: 我自己上學。={I go to school by myself.} 

comment: 我自己上學。={I go to school myself.} 

comment: 我撘公車上學。={I go to school by bus.} 

comment: 為什麼上學遲到?={Why are you late for school?} 

comment: 他總是上學遲到嗎?={Does he always go to school late?} 

comment: 我們在學校讀書。={We study at school.} 

comment: 我每天走路去上學。={I go to school on foot every day.} 

comment: 我和我的朋友一起上學。={I go to school with my friends.} 

comment: 我是一位學生，所以我每天要上學。  

comment: 我跟朋友一起上學。={I go to school with my friends.} 

comment: 上學時間到了。我得走了。={Time for school. I have to go now.} 

comment: 媽，我要去上學了。再見。 -bye.} 

comment: 丹尼爾總是上學遲到。={Daniel is always late school.} 
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    使用者輸入查詢句，經由中文斷詞系統回傳斷詞結果，並從中取得其相對應的詞性，
透過與標記化語料庫中所記錄的中英文對照句的詞性標記資訊作比對，可以給予類似句

當作參考依據。當查詢句的中文詞詞類個數小於或等於中英文對照句的詞類個數時，查

詢句的中文詞詞類都依序出現在對照句的詞類序列裡面，則我們將此中文對照句視為查

詢句的類似句，反之則不為查詢句的類似句；當查詢句的中文詞詞類個數大於中英文對

照句的詞類個數時，對照句的詞類序列裡都依序出現在中文詞的詞類中，則我們將此中

文對照句視為查詢句的類似句，反之則不為查詢句的類似句。如圖 7所示，輸入的查詢
句為「那個包包很好看」，輸出詞性標記順序為「DET M N ADV Vi」；搜尋後所得的部
分結果如圖 7所示，詞性比對成功部分以粗體底線標示之。 

4.3 以結構樹為搜尋依據 

使用者輸入查詢句後，本系統可以透過中文結構樹取得查詢句的結構樹，為了查詢比對

時能提供更多類似句供使用者參考，將結構樹中的詞性作簡化。依照結構樹階層分層取

出，第 0層（樹根層）不作記錄及搜尋，針對每一階層的結構樹，在語料庫中作結構樹
比對搜尋，並將擁有相同結構樹的句子視為類似句給予使用者作參考。為了保有結構樹

的原始結構，此功能只會針對每一階層去作完全比對以提供參考的類似句。若某一查詢

句，經由中研院中文結構樹、詞性化簡以及擷取各分層的結構樹後，將各分層的結構樹

與標記化語料庫中所記錄的結構樹作比對，其分層結構樹與標記化語料庫中的中英文對

照句的結構樹相同時，則我們將此中文對照句視為查詢句的類似句，否則則不為查詢句

的類似句。計算從最高層結構樹至第一層結構樹所查詢到的類似句，若較高層結構樹的

類似句句數已達到 20句，則不會再搜尋較低層結構樹的查詢句。 

 
圖 7依照詞性搜尋範例 

輸入：那個包包很好看  

中文斷詞輸出：那(DET) 個(M) 包包(N) 很(ADV) 好看(Vi) 

擷取詞性部分：D E T M N A D V Vi 

利用詞性搜尋： 

我們這個週末要去露營了。={We are going camping this weekend.} 

                        ={N D E T  M  N A D V  ADV Vi ASP}  

這個學生正在鐵路附近溜冰。={The student is roller-skating near the railroad.} 

                          ={D E T  M  N A D V  N N Vi}  

那隻狗很凶惡。={The dog was mean.}={D E T  M  N A D V  Vi}  

那個包包很好看。={That purse looks pretty.}={D E T M N A D V Vi} 

這個問題好像很容易。={The question seems easy.}={D E T M N A D V  ADV Vi}  

我覺得這個包包很漂亮。={I find the purse pretty.}={N Vt D E T M N A D V Vi}  

那個島可以搭飛機或搭船去。={You can go to the island by plane or by boat.} 

                          ={D E T M N A D V  Vt N C Vi ADV} 
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圖 8依照結構樹搜尋範例 

輸入：糖和蜂蜜是甜的。 

中文結構樹輸出：S(theme:NP(DUMMY1:NP(Head:Naa:糖)|Head:Caa:|DUMMY2:NP(Head:Naa:

蜂蜜))|Head:V_11:是|range:V(head:VP(Head:VH11:甜)|Head:DE:的)) 

%(PERIODCATEGORY:。) 

簡化後結構樹：S(theme:NP(DUMMY1:NP(Head:Na:糖)|Head:Caa:和|DUMMY2:NP(Head:Na:蜂

蜜))|Head:V_11:是|range:VP(head:VP(Head:VH:甜)|Head:DE:的)) 

%(PERIODCATEGORY:。) 

結構樹： 

 

分層結構樹： Na Caa Na V_11 V H D E PE RI O D C AT E G O RY 

         NP Caa NP V_11 VP D E PE RI O D C AT E G O RY 

             NP V_11 VP PE RI O D C AT E G O RY 

 

利用結構樹搜尋：Na Caa Na V_11 V H D E PE RI O D C AT E G O RY 

結果：糖和蜂蜜是甜的。={Sugar and honey are sweet.} 

      茶和咖啡是苦的。={Tea and coffee are bitter.} 

      柳橙和檸檬是不同的。={An orange and a lemon are different.} 

利用結構樹搜尋：NP Caa NP V_11 VP D E PE RI O D C AT E G O RY 

結果：糖和蜂蜜是甜的。={Sugar and honey are sweet.} 

      茶和咖啡是苦的。={Tea and coffee are bitter.} 

      柳橙和檸檬是不同的。={An orange and a lemon are different.} 

      布朗教授和太太是友善的。={Prof. and Mrs. Brown're friendly.} 

利用結構樹搜尋：NP V_11 VP PE RI O D C AT E G O RY 

結果：大衛是年輕而且強壯的。={David is young and strong.} 

      台灣是溫暖和潮濕的。={Taiwan is warm and humid.} 

      橋是方便的。={Bridges are convenient.} 

      誰是富有而且慷慨的？={Who's rich and generous?} 

 布朗教授和太太是友善的。={Prof. and Mrs. Brown're friendly.} 

她的姐妹是害羞的。={Her sister is shy.} 

台灣的天氣是溫暖和潮濕的。={The weather of Taiwan is warm and humid.} 

她的洋裝的材料是進口的。={The material of her dress is imported.} 

S 

 
NP 

 

VP 

 

和 

 

NP 

 

DE 

 

VP 

 
Na 

 

V_11 

 
Caa 

 
Na 

 
糖 

 

是 

 

NP 

 

蜂蜜 

 

的 

 

VH 

 
甜 

 

PERIODCATEGORY 

。 
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    如圖 8所示，輸入的查詢句為「糖和蜂蜜是甜的。」，透過中研院中文結構樹分析、
詞性化簡以及擷取各分層的結構樹，得到「 3|Na Caa Na V_11 VH DE 
PERIODCATEGORY|NP Caa NP V_11 VP DE PERIODCATEGORY|NP V_11 VP 
PERIODCATEGORY」的結果，利用每一階層結構樹去標記化語料庫中搜尋，取得與每
一階層結構樹相同結構樹的句子。查詢句的第 3 層結構樹 (Na Caa Na V_11 VH DE 
PERIODCATEGORY) 比第 2層結構樹 (NP Caa NP V_11 VP DE PERIODCATEGORY) 
多搜尋到一句類似句，「布朗教授和太太是友善的。」，此類似句的分層結構樹為「3|Nb 
Na Caa Na V_11 VH DE PERIODCATEGORY|NP Caa NP V_11 VP DE 
PERIODCATEGORY|NP V_11 VP PERIODCATEGORY」，此類似句的各分層結構樹與查
詢句的第 3層結構樹不相符，所以在標記化語料庫中搜尋查詢句的第 3層結構樹時，「布
朗教授和太太是友善的。」並沒有被列為類似句給予推薦；而在標記化語料庫中搜尋查

詢句的第 2層分層結構樹時，「布朗教授和太太是友善的。」的分層結構樹中的第 2層
結構樹與查詢句的第 2 層結構樹相符，所以在此分層結構樹搜尋，「布朗教授和太太是
友善的。」會被列為類似句推薦給使用者作參考例句。查詢句的第 1層結構樹 (NP V_11 
VP PERIODCATEGORY) ，因為搜尋到類似句句數較多，故僅附上部分結果。 

4.4 中英文混合搜尋 

本系統也提供中英文混合的搜尋，對於一道中翻英的題目，學生可能知道其中幾個中文

詞的英文翻譯，而沒有英文文法的概念，或是可利用辭典查詢到各個中文詞彙的相對應

英文字，卻因為不了解英文文法無法將查到的單字組織成一句完整的英文句子。透過輸

入中英文混合的搜尋關鍵字，本系統可以幫忙尋找類似句，透過提供的類似句可以了解

此句型結構。如：「宜蘭的空氣非常新鮮」，假設學生知道「空氣」與「非常」的英文字

分別為「air」與「very」，則學生可以輸入「宜蘭的 air very 新鮮」，雖然輸入的查詢句

 
圖 9中英文混合的搜尋範例 

輸入：上學 bus 

結果：我搭公車上學。={I go to school by bus.} 

 

輸入：幾點 go school 

結果：你幾點上學？={What time do you go to school?} 

      你幾點去上學？={What time do you go to school?} 

 

輸入：You 很少 late 

結果：你很少遲到。={You are seldom late.} 

 

輸入：昨天 打 basketball 

結果：我昨天跟麥克打籃球。={I played basketball with Mike yesterday.} 

      我昨天晚上沒有打籃球。={I did not play basketball last night.} 
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是不符合一般英文文法，但本系統可以透過搜尋，去找到類似句法的中英文對照句，進

而協助學生練習中翻英。 

    對於使用者輸入的中英混合查詢句，本系統會依據使用者所輸入的中、英文在標記
語料庫中分別搜尋中文句與英文句，若所輸入的詞彙在標記化語料庫中有被搜尋到，則

本系統會將此中英文對照句子視為查詢句的類似句，輸出給予使用者作為參考。圖 9
為中英文混合的搜尋範例，可以輸入任意的中、英文，利用空白鍵作為分隔，本系統會

根據所輸入的詞彙在語料庫中搜尋，輸出符合搜尋資訊的例句。假設學生不知道頻率副

詞“很少”應該使用何字，則輸入「You 很少 late」來查詢，透過本系統查詢給予的建
議例句可知道應使用「seldom」並且得知建議例句「你很少遲到。」與相對應的英文句
「You are seldom late. 」；若輸入「昨天 打 basketball」來查詢，則可以得到兩句建議
例句，分別為「我昨天跟麥克打籃球。={I played basketball with Mike yesterday.} 」以
及「我昨天晚上沒有打籃球。={I did not play basketball last night.} 」。 

5. 系統效率評估 

本系統的中英文語料來源為從網路上收集，適合中學生程度的文件，包括教育部委託宜

蘭縣建置語文學習領域國中教科書補充資料題庫[19]、旋元佑文法[16]、基礎英文 1200
句[17]、國民中學學習資源網[18] 的評量題庫及資源手冊等，標記化語料庫共計有七千
多句中英文互為翻譯的語料。測試的資料類型為參考旋元佑文法[16]中，所提到的英文
五大基本句型，分別為，句型一：主詞+動詞、句型二：主詞+動詞+受詞、句型三：主
詞+動詞+補語、句型四：主詞+動詞+受詞+受詞，以及句型五：主詞+動詞+受詞+補語。 

    測試的資料來源為，賴世雄所編著的文法從頭學[23]、旋元佑文法[16]以及基礎 1200
句[17]中所挑選出來符合五大基本句型的例句，每一句型使用四句測試資料進行測試，
透過本系統提供的以中文詞彙、詞性以及結構樹搜尋功能作查詢，並提供使用者類似句

做為參考依據。 

    表 2為利用五大句型例句使用本系統的搜尋功能所得到的類似句句數。以中文詞為
搜尋依據，所得到的類似句以句型一（主詞＋動詞）句數較多，因為搜尋句本身字數較

少，相對與標記化語料庫裡中文句詞彙數完全符合的機會較高，故所得到的類似句就會

較多。句型三（主詞+動詞+補語）中，其中三句例句類似句句數也高達百句，其推測
原因為在中文詞彙的近義詞詞數較多，所以在搜尋標記化語料庫中的中英文對照句，會

有為數較多的類似句提供參考。 

    以詞性搜尋依據，搜尋句的詞性若與標記化語料庫中，中英文對照句的詞性順序相
符，則會視為類似句給予推薦。句型較為簡單的句型一（主詞＋動詞）會得到較多的類

似句，甚至高達上千句；而較複雜的句型的類似句，則會較少。平均來說以詞性為搜尋

依據所得到的類似句大於以中文詞與結構樹為搜尋依據的句數，推測其原因為詞性比對

始採用較寬鬆的詞性順序只要依序出現即視為類似句，而不是採用較嚴格的完全比對，

故使用詞性比對搜尋會得到較多的參考類似句。 
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  以結構樹為搜尋依據，所得到的類似句句數，不一定只有一個數值。因為結構樹會

利用各分層結構樹在標記化語料庫中搜尋，所以表格中記錄了各分層結構樹搜尋標記化

語料庫所得到的句數，記錄格式為「第 n 層結構樹查詢標記化語料庫所得類似句句數
/……/第 1層結構樹查詢標記化語料庫所得類似句句數」，若搜尋句僅只有一層結構樹，
則只會有一個數值。由於結構樹層數越小，結構樹的結構較為簡單，所得到的類似句會

越多；相反的，層數越大，所得到的類似句雖較少，但是類似句的句法會與查詢句較為

類似。 

    針對不同的搜尋依據給予使用者類似句作為參考，會因為句型較為簡單而得到過多
的類似句，或因為查詢句與標記化語料庫中的句型相似度不高，所以無法查詢到使用者

期望的例句。我們期望能利用更多的語料或是針對查詢後提供過多的參考類似句，給予

較嚴格的搜尋限制，將類似句句數降低，並期望本系統能達到輔助使用者學習英文、提

升使用者對於英文文法的認知及熟悉度。 

表 2五大句型例句使用搜尋功能查詢所得到的類似句句數 
 

中文例句 

以中文詞為搜

尋依據所得類

似句句數 

以詞性為搜尋

依據所得類似

句句數 

以結構樹為搜

尋依據所得類

似句句數 

句型一： 

主詞+動詞 

我走路。 97 2655 6/17 

有事發生了。 232 64 0 

他過世了。 1189 1045 13/29 

你跑。 32 2655 6/17 

句型二： 

主詞+動詞+受詞 

我愛她。 13 3877 1/4 

你是健康的。  38 658 18/21/141 

貓抓了一隻老鼠。 6 88 1/28 

他寫了一本書。 87 88 3/28 

句型三： 

主詞+動詞+補語 

這個問題好像很容易。 1 69 4/23 

他繼續保持單身。 307 249 1/1/7 

他是個大英雄。 297 130 0/0/0/312 

他看起來很慈祥。 379 443 1/23 

句型四： 

主詞+動詞+受詞+受詞 

老闆覺得你的提議很刺激。 1 31 2/2/2/33 

他餵貓吃罐頭。 42 611 1/1/39 

他給我一本書。 37 146 2/8 

大衛寫給蘇珊一封信。 1 146 1/8 

句型五： 

主詞+動詞+受詞+補語 

他們覺得新房子很舒服。 1 27 1/2/33 

他把鑰匙留在那裡。 108 35 1/1/6 

他叫瑪麗擦窗戶。 44 611 0/3 

我聽到門被關了起來。 7 0 42 
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6. 結語 

我們利用人工收集中學生英語學習單以及網路文件中，符合中學生程度的中英文對照句，

並將語料作斷詞、詞性擷取以及結構樹建立等前處理，建立標記化語料庫。本系統提供

以詞彙為單位、詞性、結構樹來搜尋相似推薦句，亦可透過輸入中英文混合字查詢推薦

句，可以協助學生經由簡易的關鍵字搜尋到相似的中英文對照句給予建議，並且期望學

生透過本系統所提供的多句相似文法或類似句型的中英文對照句，得以學習到正確的文

法以及字彙的用法，並增進學生學習外語的興趣與能力。 

    目前本系統評估僅使用英文參考書中例句來測試本系統可提供的類似句句數，後續
會設計使用者介面並請受測者來實際使用本系統，並且評估本系統效能以及是否達到輔

助的效果。本系統可讓使用者利用中文輸入或中英文混合輸入，搜尋相關英文例句，適

時給予英語學習者，在寫作時提供參考例句；我們期望若依照相同概念去分析並建構英

文句結構樹，亦能讓外國人利用英文輸入或中英文混合輸入法，查詢到相關的中文建議

例句，讓外國人也能利用本系統學習到中文句型或是中文文法概念。 
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以範例為基礎之英漢 T I MSS試題輔助翻譯 

張智傑 劉昭麟 
國立政治大學 資訊科學系 

{ g9512 ,chaolin }@cs.nccu.edu.tw 

摘要 

本論文應用以範例為基礎的機器翻譯技術，應用英漢雙語對應的結構輔助英漢單句語料

的翻譯。翻譯範例是運用一種特殊的結構，此結構包含來源句的剖析樹、目標句的字串、

以及目標句和來源句詞彙對應關係。將翻譯範例建立資料庫，以提供來源句作詞序交換

的依據，最後透過字典翻譯，以及利用統計式中英詞彙對列和語言模型來選詞，產生建

議的翻譯。我們是以 2003 年國際數學與科學教育成就趨勢調查測驗試題為主要翻譯的
對象，以期提升翻譯的一致性和效率。以 NIST 和 BLEU 的評比方式，來評估和比較
線上翻譯系統和本系統所達成的翻譯品質。 

關鍵詞：自然語言處理，試題翻譯，機器翻譯，TIMSS 

1. 緒論  

國際教育學習成就調查委員會(The International Association for the Evaluation of Educa-
tion Achievement, 以下簡稱 IEA)[20]主要目的在於了解各國學生數學及科學(含物理、化
學、生物、及地球科學)方面學習成就、教育環境等，影響學生的因素，找出關聯性，
並在國際間相互作比較。自 1970年起開始第一次國際數學與科學教育成就調查後，世
界各國逐漸對國際數學與科學教育成就研究感到興趣，IEA 便在 1995 年開始每四年辦
理國際數學與科學教育成就研究一次，稱為國際數學與科學教育成就趨勢調查(Trends in 
International Mathematics and Science Study，以下簡稱 TIMSS )，至今已辦理過 1995、
1999、2003和 2007共四屆，共有 38個國家參加。 

    我國於 1999年開始加入 TIMSS後，由國科會委託國立台灣師範大學科學教育中心
(以下簡稱師大科教中心)負責試題翻譯及測驗工作。1999年的調查對象只有國中二年級
學生， 2003年的調查對象包括四年級及八年級學生。翻譯試題主要的流程包含：從 IEA
取得試題內容，由師大科教中心決議進行翻譯工作分配、中文試題交換審稿校正及翻譯

問題討論，最後將中文翻譯試題定稿。至目前為止，師大科教中心已將 1999 和 2003
年試題內容和評量結果，公布於台灣TIMSS官方網站[21]，以提供研究之參考。在TIMSS
的試題內容上，主要的題型種類有選擇題和問答題，試題句型大多為直述句和問句結構

所組成，選擇題則多了誘答選項。 

    以往使用人工翻譯雖然可以達到很高的翻譯品質，但是需要耗費相當多的人力資源
和時間，而且在翻譯過程中不同的翻譯者會有不同的翻譯標準(例如：相同的句子，翻
譯後的結果不同)；相同的翻譯者也可能在文章前後翻譯方式不一致而產生語意上的混
淆。因此間接影響試題難易程度。若直接將英文詞彙透過英漢字典翻譯成相對的中文詞
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彙，翻譯的結果可能會不符合一般人的用詞順序。另外中文的自由度較高，很容易造成

翻譯上用詞順序的不同。例如： 下圖顯示某一個國家所種穀物的分布圖 ，也可翻譯為

某一個國家所種穀物的分布圖，如下圖顯示 。可能會影響到受測者的思緒，使作答時

粗心的情形會增加。因此，若能利用機器翻譯(machine translation)的技術來輔助翻譯以
及調整詞序，以期提高翻譯的品質和效率。 

    在人工智慧領域，機器翻譯是一個很困難的問題。機器翻譯是指將一種自然語言經
過電腦運算翻譯成另一種語言，困難程度也跟來源句和目標句有關，像是英文和葡萄牙

文語言的特性較相近，較容易翻譯。而中文跟英文詞序差異很大，且中文比較沒有特定

的語法，寫法較自由，對翻譯來說較為困難。機器翻譯發展至今已經超過 50 年。Dorr
等學者[9]將現在機器翻譯依據系統處理的方式來分類，分成以語言學為基翻譯
(linguistic-based paradigms)，例如基於知識(knowledge-based)和基於規則(rule-based)等；
以及非語言學為基翻譯(non-linguistic-based paradigms) ，例如基於統計(statistical-based)
和基於範例(example-based)等。 

    以知識為基礎的機器翻譯(knowledge-based machine translation)系統是運用字典、文
法規則或是語言學家的知識來幫助翻譯。Knight等學者[11]結合 Longman字典、WordNet
和 Collins 雙語字典建立一個知識庫，運用在西班牙文翻譯成英文。這種利用字典來幫
助翻譯的系統，會有一字多義的情形發生，一個詞彙在字典中通常有一個以上的翻譯。

以英翻中為例 current 這個字在字典裡就有十多種不同的翻譯，即使專家也無法找出一
個統一的規則，在何種情況下要用何種翻譯，所以在翻譯的品質和正確性上很難滿足使

用者。因此，翻譯系統通常都會限定領域來減少一字多義，例如 current 在電子電機類
的文章中出現，最常被翻譯為電流，在文學類的文章中，最常被翻譯為現代。 

    統計式機器翻譯(statistical machine translation，以下簡稱 SMT)是將語料在翻譯之前
就已經過計算轉換成統計數據，不需要在翻譯過程中作龐大的數學運算，能有較高的效

能。Brown 等學者[6]於 1990 年以英文及法文的雙語語料為來源，提出統計式雙語翻
譯架構。假設目標語言為 T及來源語言為 S，P(T)為目標語言 T在語料庫中出現的機率，
稱為語言模型(language model)，P(S|T)為目標語言 T翻譯成來源語言 S的機率，稱為翻
譯模型(translation model)。SMT系統需要大量的語料庫輔助，大多都需要具備雙語對應
的語料庫(parallel corpora 或稱 bilingual corpora)，再透過機率公式計算出機率模型。其
中 SMT困難的地方在於需要收集大量可用的雙語語料，當語料越多建立模型所花費的
時間越多。Oct 等學者[16]提出單字式(word-based)翻譯模型運用在詞彙對準 (word 
alignment)，並且發展出 GIZA++這套系統。Koehn等學者[12]進一步將單字式轉變成片
語式(phrase-based)翻譯模型，運用片語式翻譯模型翻譯的結果會比單字式翻譯的結果要
正確。 

    以範例為基礎的機器翻譯(example-based machine translation，以下簡稱為 EBMT)
的相關研究已有相當多年歷史，在 1990 年日本學者 Sato 和 Nagao[19]所提出的 EBMT
是將翻譯過程分為分解(decomposition)、轉換(transfer)和合成(composition)三步驟。分解
階段是將來源句到範例庫中搜尋，並將所搜尋到 word-dependency tree 當作來源句的
word-dependency tree，並且形成來源句的表示式；轉換階段將來源句的表示式轉換成目
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標句的表示式；合成階段將目標句的表示式展開為目標句的 word-dependency tree，並
且輸出翻譯結果。Al-Adhaileh等學者[5]將 structured string tree correspondence(SSTC) [7]
運用在英文翻譯成馬來西亞文上，SSTC是一種能將英文對應馬來西亞文的結構，但此
結構並沒有解決詞序交換的問題。目前較完整的 EBMT 系統有 Liu 等學者所提出
tree-string correspondence (TSC)結構和統計式模型所組成的EBMT系統[13]，在比對TSC
結構的機制是計算來源句剖析樹和 TSC 比對的分數，產生翻譯的是由來源詞彙翻譯成
目標詞彙的機率和目標句的語言模型所組成。 

    黃輝等學者所提出的 translation corresponding tree (TCT) [24]，TCT是針對英文翻譯
成葡萄牙文的系統，在 TCT 結構上可以記錄來源句詞彙和目標句詞彙對應的關係、來
源句詞彙和目標句詞彙對應的翻譯結果和詞序，但是 TCT 是二元的剖析樹，也就是每
個節點都只有兩顆子樹，在 TCT上詞序只用布林值(boolean value)來記錄，所以 TCT只
能運用在二元剖析樹上。但是有些剖析器所產生剖析樹是多元樹，因此我們提出雙語樹

對應字串的結構(bilingual structured string tree correspondence，簡稱為 BSSTC)可以運用
在多元剖析樹上，並且 BSSTC可在翻譯過程中當作詞序交換的參考，根據我們實驗結
果，我們能有效的調動詞序，以提升翻譯的品質。完成詞序交換後，再透過字典翻譯成

中文，最後運用統計式選詞模型，產生了初步翻譯結果，但本系統尚屬於半自動翻譯系

統，故需要人工加以修飾編輯。 

    除了本節簡單介紹本研究以外，我們將在第二節描述整個系統的架構，第三節說明
本篇論文所運用的技術，第四節則呈現出我們的實驗結果，第五節則是結論。 

2. 系統架構 

由於我們的目的在於利用中英互為翻譯的句子找出詞序關係，並且將英文句和中文句詞

序的資訊儲存在電腦中，儲存的格式是將中英文句的詞序關係記錄在英文剖析樹的結構

中，此結構將成為之後英文句的結構調整為適合中文的結構的參考。最後再將英文詞彙

翻譯成中文詞彙，並利用統計式選詞選出最有可能翻譯成的中文詞彙，讓翻譯的結果更

符合一般人的用詞和順序。 

 

產生範例樹系統

中英平行語料

中文句

英文句

斷詞

英文剖析器
處理

剖析樹對應字串
模組 範例樹資料

庫

英文句翻譯系統

英文句輸入 搜尋範例樹
模組

英文剖析器
處理

翻譯模
組

統計式
選詞 中文句輸出

查詢

圖一、系統架構圖
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本系統的架構如圖一所示。我們針對範例樹產生系統和英文句翻譯系統這兩部份分別簡

介如下。 
 範例樹產生系統： 這個系統利用中英平行語料，這裡的中英平行語料必需要一句
英文句對應一句中文句，且每一組中英文句都要是互為翻譯的句子。中文句經過斷

詞處理後，被斷成數個中文詞彙，以空白隔開；英文句經過英文剖析器建成英文剖

析樹。將斷詞後的結果和英文剖析樹經過剖析樹對應字串模組處理，建成英文剖析

樹對應字串的結構樹，此結構樹稱為範例樹。再將每個範例樹取出子樹，並且判斷

是否有詞序交換，將需要詞序交換的範例樹全部存入範例樹資料庫中方便搜尋。 

 英文句翻譯系統：當輸入英文句後，先將句子透過英文剖析器，建成英文剖析樹。
有了英文剖析樹就可以透過搜尋範例樹模組，標記英文剖析樹上需要調動詞序的結

構，並依照所標記的詞序作調整。詞序調整完成後再將英文結構樹中的英文單字或

片語透過翻譯模組做翻譯。其中翻譯模組包含了大小寫轉換、斷詞處理、stop word 
filtering及stemming，之後將處理過的詞彙透過字典檔做翻譯[3]。每個英文單字或片
語都可能有一個以上的中文翻譯，因此需要選詞的機制來產生初步翻譯結果，此翻

譯結果尚需要人工作後續的編修。 

3. 系統相關技術 
根據上一節系統架構的描述分為範例樹產生系統和英文句翻譯系統兩大系統。範例產生

樹系統的執行流程為先將中文句斷詞和剖析英文句，再將斷詞和剖析後的結果輸入至剖

析樹對應字串模組，並將處理後的範例樹存入資料庫中。英文句翻譯系統的執行流程區

分為三大部分，第一部分是由搜尋範例樹模組，將英文剖析樹跟範例樹資料庫作比對，

並且將未比對到的子樹做修剪；第二部分將修剪後的剖析樹輸入到翻譯模組翻成中文；

第三部分以中英詞彙對列工具及 bi-gram語言模型，計算出中英詞彙間最有可能之翻譯
組合。 
 

  
圖二、英文剖析樹 圖三、BSSTC結構的表示法 
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3.1 雙語樹對應字串的結構(BSSTC) 

在建立 BSSTC結構之前，我們必須將中英平行語料中的中英文句先作前處理，我們將
英文句透過 StanfordLexParser-1.6[17]建成剖析樹，剖析樹的每個葉子節點為一個英文單
字，並以英文單字為單位由 1開始標號。這裡我們將樹根定義為第 0層，樹根的子樹是
第 1層，越往下層數越大，故葉子節點必定是英文單字，且不屬於任何一層，如圖二所
示。而中文句是使用中研院CKIP斷詞系統[1]作斷詞，並以斷詞後的單位由 1開始標號。
這裡的中文句代表來源句；英文句代表目標句。本結構是假設在中英文對應都是在詞彙

的對應或連續字串的對應。 

  假設剖析樹的節點集合 N={N1, N2, , Nm}，m為剖析樹上節點個數，對任一節點
n∈ N， n 有三個參數分別是 n[STREE//]、 n[/STC/]和 n[//ORDER]；我們以
n[STREE/STC/ORDER]來表示。為了方便說明，若節點 n只有 n[STREE//]和 n[/STC/]，
則以 n[STREE/STC/]表示。再假設 nC(n)為節點 n 有 1到 C(n)個子節點。n[STREE//]為
節點 n所涵蓋來源句的範圍，層數最大節點的 n[STREE//]必定對應到一個來源句單字，
此參數的功用為當作每個節點的鍵值(primary key)，故在同一棵剖析樹中 n[STREE//]不
會重複。n[/STC/]表示以 n為樹根的子樹，所涵蓋來源句字串的範圍對應到目標句字串
的範圍；n[/STC/]也可以是一個數字，表示此子樹包含的目標句字串為目標句字串中的
一個字；n[/STC/]也可能是 0，代表來源句無法對應到目標句。n[//ORDER]是由 n[/STC/]
計算出來，n[//ORDER]是用來表示來源句跟目標句詞序對應的關係，若來源句跟目標
句有詞序不同的情形，就可由 n 與所有兄弟節點的 n[//ORDER]來判斷。ORDER 的範
圍由 1 到 C(n)，當 ORDER 越小，代表 n 所對應目標句範圍，比其他兄弟節點的目標
句範圍更靠近句子的前段。 

圖三是一個 BSSTC結構的例子，來源句為英文： Our experiments were simple in 
concept ；目標句為中文： 我們的實驗概念很簡單 。首先英文句必須先建成剖析樹，
每個葉子節點為一個英文單字，並以英文單字為單位做標號，例如： Our(1) , ex-
periments(2) , were(3) , simple(4) , in(5) , concept(6)。另外中文句經過斷詞的處理後，
以斷詞後的單位做標號，例如： 我們(1) , 的(2) , 實驗(3) , 概念(4) , 很(5) , 簡單
(6) 。中英對應句都標號後，以標號為單位開始做詞彙對準(word alignment)，並標記在
剖析樹的節點上。剖析樹是用文法結構來分層，不同層節點能對應到不同的範圍的目標

句字串。n[STREE/STC/]若為 VP[3-6/4-6/]，則 STREE代表節點 VP對應來源句第三到
第六個字 were simple in concept ；STC代表 were simple in concept 對應目標句的第四
到第六個字 概念很簡單 。nC(n)[STREE/STC/ORDER]的兄弟節點(sibling node)若為
JJ[4/6/2]和 PP[5-6/4/1]，我們可以觀察到 JJ的 ORDER大於 PP的 ORDER，故 PP[5-6/4/1]
的中文對應「概念」在 JJ[4/6/2] 的中文對應「簡單」之前。 

3.2 建立 BSSTC結構和產生範例樹 
建立 BSSTC結構必需要有英文跟中文互為翻譯的句子，建構的順序是從最底層也就是
層數最大的開始標記，再一層一層往上建置到第 0層為止，標記參數順序是先將所有節
點的n[STREE//]和n[/STC/]標記完後，再標記n[//ORDER]。首先，標記最底層n[STREE//]
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的方法，是將最底層的節點 n 所對應葉子節點的編號標記在 n[STREE//]。如圖三節點
NNS所對應來源句的 experiments 的編號為 2，故NNS[STREE//]中的 STREE標記為 2。
接著標記最底層n[/STC/]的方法是尋找中英對應句中互為翻譯的中文詞彙和英文詞彙，
也就是詞彙對準。詞彙對準若採用人工方式，則相當耗時費力，其本身也是一項困難的

研究。因此，我們在此用一個簡單的方法，首先先將中文句經過斷詞處理，這裡我們使

用中研院 CKIP斷詞系統[1]；將英文句每個英文字查尋字典檔，查尋後可能會有超過一
個的中文翻譯，將這些中文翻譯跟斷詞後的中文詞彙一個一個作比對，如有比對到則認

定互為翻譯，並且標記 n[/STC/]在剖析樹上。如圖三來源句的 experiments 在字典中的
翻譯有 實驗 、 經驗 和 試驗 ，將這三個中文翻譯到目標句去比對，此例子將會比對

到目標句第三個詞彙 實驗 ，接著將目標句 實驗 的編號標記在 NNS[2/STC/]中的 STC
上。最後將比對到的個數除以英文句單字的個數，稱為對應率。最佳情況下是每個英文

單字都有相對應的中文翻譯，對應率為 1；最差的情況下每個英文單字都沒有相對應的
中文翻譯，對應率為 0，所以對應率會落在 0到 1之間，值越大代表對應率越高。我們
需要夠大的對應率，才能認定為範例樹。因此，需要定一個門檻值來篩選，根據實驗結

果當門檻值越高留下來的範例樹越少，而門檻值越低會使翻譯的品質下降。 

  

圖四、僅標記最底層 圖五、僅標記 STREE及 STC 

目前範例樹只將最底層的 n[STREE/STC/]標記完成，如圖四，現在要逐層將未標記
n[STREE/STC/]的節點標記上去。n[STREE//]標記的方式，是將 n1到 nC(n)的 STREE都
加入 ES中。ES為用來儲存 nC(n) [STREE//]中 STREE的集合。當層數越小，則 n[STREE//]
將會涵蓋 1個以上的來源句的詞彙。若 nC(n) [STREE//]為一個範圍，則將此範圍最大和
最小的值加入 ES，最後 ES內可能為一個數字或兩個以上的數字這兩種情況，如只有一
個數字則 n[STREE//]只標記該數字，如有兩個以上的數字則 ES中最小和最大的數值標
記在 n[STREE//]上，格式為 n[最小-最大//] ；n[/STC/]標記的方式，是將 n1到 nC(n)的

STC都加入 CS中。CS為用來儲存 nC(n) [/STC/]中 STC的集合。當層數越小，則 n[/STC/]
將會涵蓋 1個以上目標句的詞彙。如 nC(n) [/STC/]為一個範圍，則將此範圍最大和最小
的值加入 CS。若 nC(n) [/STC/]出現 0則不加入 CS。最後 CS可能為空、一個數字或兩個
以上的數字這三種情況，如為空則將 n[/STC/]標記為 0，若只有一個數字則 n[/STC/]只
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標記該數字，假如有兩個以上的數字將 CS中最小和最大的 STC標記在 n[/STC/]上，格
式為 n[/最小-最大/]。 

假如我們現在要標記圖五第一層的節點 VP，則必需將節點 VP 的子節點 VBD 和
ADJP的 VBD[3//]及 ADJP[4-6//]中的 STREE加入 ES中，因此 ES包含了 3、4和 6三
個數字，所以 VP[STREE//]中的 STREE標記為 3-6。接著標記 STC，將節點 VP的子節
點 VBD和 ADJP的 VBD[3/0/]及 ADJP[4-6/4-6/]中的 STC加入 CS中，因為 0不會被加
入 CS中，因此 CS只有 4和 6兩個數字，所以 VP[3-6/STC/]中的 STC標記為 4-6。 

最後，整棵剖析樹的 STREE跟 STC都已經標記完成，如圖五，只剩下 ORDER還
沒標記上。ORDER處理方式分為兩部分，第一部份：STC為 0之兄弟節點按照由左至
右的順序編號；第二部分：比較 n 與 STC非 0之兄弟節點的大小，並接在第一部份的
編號後，由小到大繼續標記編號。例如圖五若要標記 JJ[4/6/ORDER]和 PP[5-6/4/ORDER]
的 ORDER，則將 JJ[4/STC/]中的 STC=6和 PP[5-6/STC/]中的 STC=4由小排到大，所以
PP[5-6/4/ORDER]中的 ORDER標記為 1，JJ[4/6/ ORDER] 中的 ORDER標記為 2。 

利用上述的方法得到範例樹，如圖三。如直接用整個句子的範例樹到資料庫中作搜

尋，將很難搜尋到相同的範例樹，因為句子越長句子的結構會越複雜，所以相同結構的

句子重複出現的可能很低。因此，我們將範例樹的所有子樹分別取出來，每一個子樹所

包含的範圍的都是英文句的子句，在不同的句子裡可能會有相同結構的子句，不但可以

增加比對到的機率，也能增加範例樹的數量。最後記錄在範例樹資料庫的內容，只有範

例樹和 ORDER參數。STREE和 STC不需記錄的原因是每一個句子的每個詞彙都在不
同的位置上，則在資料庫中不需要記錄 STREE和 STC。 

範例樹的結構有可能相同，而詞序不同。例如 NP(NP(NN fork))(PP(IN of)(NP(DT 
the)(NN road))) ，中文翻譯為 岔路 ，而 NP(NP(NN leader))(PP(IN of)(NP(DT a)(NN 
company))) ， 中文翻譯為 一間公司的領導者 。很明顯後者中英文用詞順序不同。這
裡我們採用多數決，將出現過相同範例樹結構的每種詞序作統計，在範例樹資料庫中記

錄出現最多次詞序的結構。如出現最多次的次數相同，則以隨機方式選擇一種記錄在範

例樹資料庫中。最後再將範例樹資料庫中沒有詞序交換的範例樹刪除，只保留有詞序交

換的範例樹，可以減少搜尋相同範例樹的時間。 

3.3 搜尋相同範例樹 

範例樹資料庫裡，每一筆資料都包含範例樹和範例樹的 ORDER，而範例樹就是用來當
作調整詞序的參考。將輸入的英文句，先透過 StanfordLexParser-1.6[17]建立剖析樹，再
將剖析樹中去掉葉子節點的結構，到範例樹資料庫去搜尋是否有相同結構的範例樹，這

裡我們將所搜尋到相同的範例樹稱為匹配子樹。如圖六所示，紅色虛線框是一棵子樹其

結構為 (NP(NP(DT)(NNS))(PP(IN)(NP(CD)(NNS)))) ，方形框為範例樹資料庫中其中一
棵範例樹結構為 (NP(NP[//2](DT[//1]) (NNS[//2])) (PP[//1](IN[//1]) (NP[//2](CD[//1]) 
(NNS[//2]))))，我們可以發現範例樹去除ORDER後的結構，會跟子樹的結構完全相同，
故將此範例樹認定為匹配子樹。 

314



 

 

根據搜尋範例樹演算法的流程，如圖七。首先將來源句的剖析樹加到佇列(queue)
裡，從佇列裡面取出一棵剖析樹到範例樹資料庫中，搜尋是否有相同結構的範例樹；如

為否，則將此棵樹的下一層的子樹加入佇列，加入佇列的順序為左子樹到右子樹；如為

是，則將該樹的 ORDER標記在來源句的剖析樹上，繼續取出佇列內的剖析樹，直到佇
列裡沒有剖析樹為止。所以來源句的剖析樹是由一個以上的匹配子樹所組成。 

 
輸入：來源句剖析樹 S 
      範例樹資料庫 D={D1, D2, ..., Dm}，Di∈D 

         Di包含 Ti與 Oi ，i為 1到 m 
Ti是第 i棵範例樹，Oi是 Ti所標記的詞序 

開始  
      設佇列 Q用來儲存剖析樹，初始為 NULL 
      S加入 Q  
      當 Q≠NULL 
          從 Q中 pop一棵範例樹 
          如果在 D中搜尋到相同的範例樹 Ti 
            則將 Oi標記在 S上 
          否則將下一層子樹加入 Q 
結束 
輸出：標記好 ORDER的剖析樹 

圖七、搜尋範例樹演算法 

圖六為剖析樹搜尋範例樹的情形。來源句： The graph shows the heights of four girls ，
剖 析 樹 為 (S(NP(DT The)(NN graph))(VP(VBZ shows)(NP(NP(DT the)(NNS 

 

圖六、剖析樹與範例樹的對應關係 
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heights))(PP(IN of)(NP(CD four)(NNS girls))))) 。透過搜尋範例樹演算法找出匹配子樹，
首先以節點 S為樹根的剖析樹到資料庫作搜尋，搜尋時不包含葉子節點，此例子沒搜尋
到匹配子樹，則將節點 S的子樹 NP和 VP加入佇列中。接下來將從佇列中取出的子樹
為 NP，到範例樹資料庫搜尋匹配子樹，但資料庫中沒有相同的範例樹，此時 NP 的子
樹皆為葉子節點，所以並無子樹在加入佇列中。依照先進先出的原則下一個從佇列取出

的是 S 的右子樹 VP，在範例樹資料庫中還是搜尋不到，因此要將 VP 的子樹 VBZ 和
NP加入佇列中，但 VBZ為葉子節點，故只有 NP加入佇列中。接下來是子樹 NP從佇
列中被取出來，子樹 NP在資料庫中搜尋到相同的範例樹，如圖六的範例樹就是所搜尋
到的匹配子樹，因此將範例樹的 ORDER標記上去，標記後的剖析樹將如圖八所示。此
時佇列中已經為空，搜尋範例樹的流程到此為止。 

標記完 ORDER之後，將沒有標記的子樹作修剪，也就是將不用作詞序交換的子樹
修剪到最小層樹。如圖八節點 S的右子樹、NP[2]和 NP[1]的子樹皆不需要作詞序交換，
因此修剪的結果為 (S(NP The graph)(VP(VBZ shows)(NP(NP[2] the heights)(PP[1](IN[2] 
of)(NP[1] four girls))))) ，如圖九所示。最後從層數最大的每個兄弟節點開始逐層往上
依照優先權順序調整剖析樹的結構；調整後的結果將會輸入到翻譯模組產生翻譯。若我

們直接取來源句剖析樹的葉子節點作翻譯，將會成為單字式的翻譯，我們將無法對詞組

或片語作翻譯。翻譯的部分會在下一節會作詳細說明。 

圖九的剖析樹有四層，首先將第四層的兄弟節點 (IN[2] of)(NP[1] four girls) ，依照
ORDER的順序調整後的順序為 (NP[1] four girls) (IN[2] of) ，接下來第三層的兄弟節點
(NP [2] the heights)(PP[1] (NP[1] four girls)(IN[2] of)) 交換後的順序為 (PP[1] (NP[1] 

four girls)(IN[2] of)) (NP [2] the heights)，此例子接下來詞序沒有再調動，如圖十所示；
最後輸入翻譯模組的順序為 The graph 、 shows 、 four girls 、 of 、 the heights ，由
此順序分別作翻譯處理。 

  
圖八、完成 ORDER標記 圖九、剖析樹修剪後的結果 
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圖十、調整詞序後的結果 

3.4 翻譯處理 

經過上一節處理最後得到修剪樹，修剪樹的葉子節點可能為英文單字(word)、詞組(term)。
詞組即為數個單字結合的字串，不一定為完整的句子，如 would be left on the floor 或片
語(phrase，如名詞片語、動詞片語、形容詞片語等) ，如 in order to 。在翻譯處理上會
遇到英文單字或詞組，在英文單字的部分，直接查尋字典檔作翻譯；詞組的部分利用規

則詞典檔的片語，和詞組進行字串比對，以找出符合的片語及中文翻譯。以下為字典檔

及規則詞典檔分項說明。 

字典檔：字典檔部分我們使用 Concise Oxford English Dictionary[8](牛津現代英漢雙解詞
典，收錄 39429 個詞彙)，將前處理過後的英文單字或片語做翻譯對等字搜尋的動作，
找出所有和該英文單字的中文詞組，作為翻譯的候選名單。如無法在字典檔中搜尋到對

應的中文翻譯。如姓名和專有名詞，則直接輸出該英文字。 

規則詞典檔：為常用的名詞片語、動詞片語、形容詞片語等詞組，以及試題翻譯小組所

決議之統一翻譯詞組以人工的方式建立的中英翻譯對照檔，如 in order to(為了)。 

     分成單字和詞組翻譯是因為若在規則詞典檔比對不到，則用空白來做一般字和字
之間的斷詞，也就變成單字的翻譯，因為詞組較能完整表現出動作或敘述。如只用單字

作翻譯，會造成翻譯上的錯誤。惟須注意的是比對的句型若有相似結構但不同長度的字

串樣式，則取長度最長的為結果。如一英文句子為 …as shown in diagram… ，同時滿
足規則詞典檔內的 as shown in diagram 和 in diagram 片語句型，則我們會選擇長度較
長的 as shown in diagram 而不是選擇 in diagram 加上 as show 作為斷詞的結果。 

    在英文翻譯成中文的過程中，有些英文單字不需要翻譯或是無意義的情形，所以我
們將這些單字過濾不翻譯，這些單字稱為 stop word。例如：冠詞 the直接去除。介系詞
for、to、of等，若前一單字為 what、how、who、when、why等疑問詞，則允以刪除，
另外，to出現在句首直接刪除。助動詞 do、does等，判斷方式與介系詞相同。 
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在翻譯過程中還可能出現詞幹變化(如~ing、~ed等)和詞性變化(如動詞 break，其過
去式為 broke，被動式為 broken，以及名詞單複數型態)。詞幹變化的部份，我們利用
Porter[22]演算法還原各詞性(名詞、動詞、形容詞、副詞)；詞性變化的部分，有些是不
規則的變化，較難用演算法處理。因此，我們透過MXPOST[14]詞性標記工具將單字加
入標記，再利用WordNet[23]依照詞性做字典檔搜尋找到原始的型態。 

3.5 統計式模組選詞 
本系統將英文詞彙利用上一節介紹的翻譯方式，查詢詞典找出所有可能適合英文詞彙的

翻譯結果，再利用統計式模組找出最有可能的中文詞彙，此部分已經有呂明欣等學者從

事這一項研究工作[3]。以下為我們修改後的機率模型。 

argmax
1,

Pr 1, 1, = argmax
1,

Pr Pr 1
=1  

(1) 

    公式(1)中定義 C 為中文翻譯詞彙，E 為英文詞彙，   1, 為英文句有 1 到 n 個英文
詞彙，中文翻譯詞彙也會有 1到 n個，即   1, 。從公式中可發現中文詞彙翻譯成英文詞
彙的機率，稱為中英詞彙對列，即Pr( | )；以及利用前一個中文翻譯選詞的結果   1，

找出目前中文翻譯詞彙   共同出現的機率，稱為 bi-gram 語言模型，即Pr( | 1)，將
兩者相乘取計算後最大的機率值，以近似Pr( 1, | 1, )的機率值，作為所選擇的中文翻
譯詞彙。在選詞的過程中，Pr( | )與Pr( | 1)的機率值皆有可能為 0，我們將乘 0
換成乘上一個極小數(我們預設為 10-6) ，為了避免機率值為 0的情形，會影響選詞的結
果。以下將針對中英詞彙對列和 bi-gram模型詳細介紹。 

中英詞彙對列：將中英語料雙語語料，經過人工的中英語句對列(sentence alignment)技
術，接著將中文語料利用中研院 CKIP斷詞系統[1]加以斷詞；英文語料則是經過大小寫
轉換及利用字和字之間空白斷詞，最後輸入至 GIZA++[16]及 mkcls[15]等工具，產生中
英詞彙對列結果以及中英詞彙對照機率表。 
bi-gram語言模型：將中文語料統計各中文詞彙和下一個中文詞彙出現的次數，計算其
出現機率。我們是利用 SRI Speech Technology and Research Laboratory 所開發的自然語
言工具 SRILM[18]來建立 bi-gram語言模型。 

4. 系統翻譯效果評估 

本節主要介紹利用本系統翻譯國際數學與科學教育成就趨勢調查 2003 年考題，簡稱
TIMSS2003，並將試題依照年齡別和科目別，分別比較翻譯的品質。最後將與線上翻譯
以及呂明欣等學者研發的翻譯系統作比較。評估方式為利用 BLEU 及 NIST 指標。 

4.1 實驗來源 

我們主要用來翻譯的來源為 TIMSS2003 試題，區分數學及科學類別，並且以四年級及
八年級為考試對象，共有四種試題分別為四年級數學領域 31 題；四年級科學領域 70
題；八年級數學領域 41題；八年級科學領域 38題。所有試題都有英文原文試題和師大
科教中心所翻譯的中文試題。 
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    所有實驗語料句對數、中英詞彙數、中英總詞彙個數及平均句長，皆如表一所示。
用來建立範例樹的來源有教育部委託宜蘭縣建置語文學習領域國中教科書補充資料題

庫[4] (以下簡稱國中補充資料題庫)及科學人雜誌。國中補充資料題庫以人工方式完成中
英語句對列(sentence alignment)，再經過範例樹的篩選門檻值為 0.6的情況下有 565句。 

    用來訓練選詞機率模型的來源有自由時報中英對照讀新聞及科學人雜誌。自由時報
中英對照讀新聞從 2005年 2月 14日至 2007年 10月 31日，而自由時報中英對照讀新
聞本身就已經作好中英語句對列。科學人雜誌是從 2002年 3月創刊號至 2006年 12月
共 110 篇為語料來源。 

表一、實驗語料來源統計 
語料 語言 句對數 辭彙數 總詞彙個數(tokens) 平均句長 
國中補充資料題庫 中文 2059句 2333 12460 6.1 

英文 2887 13170 6.4 
科學人 中文 4247句 9279 70411 16.6 

英文 10504 68434 16.1 
自由時報中英對 
照讀新聞 

中文 4248句 19188 145336 34.2 
英文 25782 133123 31.3 

4.2 實驗設計 

首先，將 TIMSS2003 試題問句以逗號、問號或驚嘆號做為斷句的單位，每個誘答選項
做為斷句的單位，若一道題目為一句試題問句及四項誘答選項所組成，則一道題目可斷

出五句。經過人工斷句處理 TIMSS2003試題，四年級數學領域有 165句；四年級科學
領域有 262句；八年級數學領域有 439句；八年級科學領域有 236句，並整理為文字檔。
翻譯時中文試題所運用的中文斷詞為中研院 CKIP斷詞系統[1]，英文試題所運用的剖析
器為 StanfordLexParser-1.6[17]，建立範例樹資料庫所使用的語料為國中補充資料題庫，
訓練機率模型所使用的語料自由時報中英對照讀新聞加上科學人雜誌，其中訓練語言模

型得到的 bi-gram共有 134435個；GIZA++產生中英詞彙對列結果有 128551組。 

表二、TIMSS試題實驗組別表  

八年級 2003 M
組 

八年級2003 S組 四年級 2003 M
組 

四年級  2003 S
組 

八年級 2003 MS
組 

四年級 2003 MS
組 

TIMSS2003國中
數學領域試題 

TIMSS2003國中
科學領域試題 

TIMSS2003國小
數學領域試題 

TIMSS2003國小
科學領域試題 

TIMSS2003國中
數學及科學領域
試題 

TIMSS200 國小
數學及科學領域
試題 

    我們評估所使用的工具為依照 BLEU 及 NIST 標準的 mteval-10，並且我們將參考
的中文標準翻譯和系統建議翻譯，每個中文字跟中文字之間用空白作分隔，計算出各別

n-gram及累加各個 n-gram的 BLEU及 NIST值。主要評估的對象有 Google線上翻譯、
Yahoo!線上翻譯、呂明欣學者的系統(Lu)及本系統互相做比較，並且評估翻譯系統在不
同年級的試題內容上，翻譯品質是否會按照越低年級其翻譯品質越好的趨勢。因此，我

們將實驗組別分為八年級和四年級；數學領域以 M為代號；科學領域以 S為代號，當

                                                 

本篇論文 TIMSS試題實驗組，僅包含 2003年試題，與呂明欣學者的實驗組並不相同。 
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作實驗組別的名稱。可以 TIMSS2003分為八年級 2003 M組、八年級 2003 S組、四年
級 2003 M組及以四年級 2003 S組四組；在加上 TIMSS 2003數學及科學領域之八年級
試題，和 TIMSS 2003數學及科學領域之四年級試題，分別為八年級 2003 MS組及四年
級 2003 MS組，總共六組，如表二所示。 

4.3實驗結果 
依照上一節的實驗設計，我們針對 TIMSS2003試題驗證本系統、Lu系統及線上翻譯系
統在 BLEU 和 NIST 比較數據。從表三是以 cumulative n-gram scoring之 4-gram為平均
值，整理之各組 NIST及 BLEU值之比較表。NIST跟 BLEU最大的不同在於，NIST將
各 n-gram詞彙中共現（co-occurrence）的次數比的累加值，當作各 n-gram平均資訊量
的大小，而 BLEU針對各 n-gram匹配正確率及相似度進行計分。由此可知當參考翻譯
句子和系統翻譯句子用的詞彙相同時，NIST 分數會比較高；當參考翻譯句子和系統翻
譯句子用的詞彙順序較相近時，BLEU分數會比較高。 

表三、本系統、Lu系統及線上翻譯系統之 NIST及 BLEU值比較表 
組別 八年級 2003 M組 八年級 2003 S組 四年級 2003 M組 
指標 NIST BLEU NIST BLEU NIST BLEU 
本系統 4.7002 0.1440 4.4089 0.1254 3.9819 0.1304 
Lu 3.6185 0.1007 3.5831 0.0890 3.3319 0.0983 
Google 4.5268 0.1467 4.8587 0.1848 3.7573 0.1016 
Yahoo! 4.8793 0.1455 4.6136 0.1396 4.0457 0.1419 
組別 四年級 2003 S組 八年級 2003 MS組 四年級 2003 MS組 
指標 NIST BLEU NIST BLEU NIST BLEU 
本系統 4.2228 0.1018 4.8613 0.1309 4.4400 0.1138 
Lu 3.2495 0.0682 3.8031 0.0966 3.4970 0.0803 
Google 4.4445 0.1527 4.9343 0.1611 4.4720 0.1344 
Yahoo! 4.4361 0.1442 5.0755 0.1435 4.6070 0.1436 

從表三可觀察到，八年級 2003 M組 NIST分數以 Yahoo!最高分，但 BLEU分數與
本系統差不多，可知 Yahoo!對八年級 2003 M 組所翻譯的詞彙跟參考翻譯較相同，但

Yahoo!和本系統翻譯後詞序的正確性是差不多的。四年級 2003 M組試題中有較多特殊
符號，例如○和●等，Yahoo!及 Google 線上翻譯系統會將這些特殊符號處理成亂碼，
但本系統可以將特殊符號保留下來，故四年級和八年級 2003 M組與最高分系統的差距
較小。先前我們假設翻譯品質是否會按照越低年級其翻譯品質越好的趨勢，觀察八年級

2003MS組及小四MS組，可發現與假設相反，各系統在八年級 2003 MS組的表現都比
四年級 2003 MS 組要好。可推測出本系統其中一種語料為國中補充資料題庫較符合
TIMSS八年級 2003的試題。 

我們將八年級 2003M組和八年級 2003S組作比較，四年級 2003 M組和四年級 2003 
S組作比較，可以發現各系統除了 Google之外，在M組上表現都比 S組好，因為M組
的試題內容包含較多的數字，對於翻譯系統較容易處理，而 S組則包含較多專有名詞，
對於翻譯系統較為困難。接著將本系統與 Lu系統作比較，Lu系統和本系統的差別為沒
有作詞序的交換。經過詞序交換後，得到正確的中文詞序，因此選詞的正確性相對會提

升，所以本系統在各組的表現都比 Lu系統要好，顯示詞序交換後會得到品質較好的中
文翻譯。 
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5. 結論 
本論文提出 BSSTC結構，此結構能夠記錄來源句詞彙的位置、目標句詞彙的位置及來
源句與目標句詞彙對應的關係；並且將 BSSTC結構運用在我們實作的翻譯系統上。本
系統是利用 BSSTC結構建立範例樹，將來源句經過搜尋範例樹演算法，來達到修正詞
序的目的。最後，在依據修正後的詞序進行翻譯，翻譯時再利用中英詞彙對列工具及

bi-gram語言模型，選出最適合的中文翻譯，產生建議的翻譯，此翻譯還需要人工編修。 

TIMSS 的試題為數學及科學類，應該要用大量數學及科學類的語料，但實際上我
們並無法找到夠多的數學及科學類語料，尤其以中英對應的語料最少，所以我們選用新

聞及國中補充資料題庫來擬補語料的不足。不過訓練量還算是不足夠，在選詞上會有許

多機率為 0的情況，造成選詞錯誤。未來將盡量找尋相關領域的語料，來建立範例樹和
訓練語言模型，就能針對不同領域的來客製化翻譯，使翻譯的結果更為精確。 

訓練語料中的斷詞是使用中研院 CKIP系統，而我們翻譯使用的字典為牛津字典，
兩者所使用的字典並不相同，會使斷詞後的詞彙可能無法在牛津字典中找到，造成選詞

錯誤。未來可將翻譯後的詞彙，找出同義詞來擴充詞彙數，便能增加被找到的可能性。 

英文的語言特性上並沒有量詞，而中文句中運用了很多的量詞，如缺少量詞也會使

中文的流暢度下將。本系統的翻譯結果也缺少中文的量詞。未來若能將翻譯結果填補上

缺少的量詞，便可達到更好的品質。 
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電腦輔助推薦學術會議論文評審委員之初探 
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摘要 
會議論文評審委員由會議議程主席指派，目的在分配適當且數量平均的論文給評審委員，

以求審核論文的公正性與正確性。本研究以系統化的方法讓機器輔助人工，達到避免個

人的主觀因素及節省人力的目標，並利用文件分類技術以及 Google 學術搜尋提供的資
訊，建構協助議程主席指派論文的環境。我們依照一般學術會議論文的小節結構，將論

文切成數個區段，藉由整合論文不同區段的特性，期望得到一個較佳的指派結果。 

關鍵詞：文件分類、向量空間模型，社群網路 

1. 緒論  

投稿學術研討會的論文審核時程，以國內會議人工智慧與應用研討會 [1](Taiwan 
Association for Artificial Intelligence)為例，由 2004、2006及 2007這三年的研討會網頁
得知，從截稿日期至通知接受日期，大約需要一個月以上的時間。主要考量在於議程主

席指派待審論文給評審委員，以及評審委員研讀待審論文所花的時間。指派論文給評審

委員，需要知道評審委員的研究領域與待審論文的研究領域是否相近。由於論文評審委

員的領域有所不同，甚至有跨領域的研究，因此待審論文對評審委員的分配不容易決定。

通常議程主席對於各教授的領域只有大略的了解，指派評審是從該教授的著作來決定，

因此在面對不熟領域的教授著作時，常需要花費大量的時間與精力。加上各領域教授人

數眾多，在眾多的議程委員中選取論文評審委員變得窒礙難行。 
Peterson[15]的研究指出，由於閱讀論文相當費時，因此研究生及學者閱讀論文時

通常不是看全篇論文，而是挑出摘要、簡介、結論及參考文獻區段來看。摘要區段透露

比較多論文主題及應用技術的訊息；簡介區段則是大致說明此論文的研究動機、研究背

景以及架構流程；結論區段敘述此研究的研究成果，由實驗結果印證研究方法並提出相

關研究方向；參考文獻區段提供一個相關領域的查詢。因此本研究認為對論文的指派，

可以細分成各區段的相似度比對，再將其結果整合，使得建議評審委員的正確性較高。 
引用共同的參考文獻強烈暗示著領域相近。各種不同領域的論文，不容易引用到同

一篇論文。參考文獻區段的相似度比對上，我們採取參考文獻標題以及參考文獻作者比

對作為相似度的考量。參考文獻的部分含有許多的資訊，包含作者、論文名稱、出處及

年份。我們應用 Google 學術搜尋及正規表示式取出參考文獻的標題以及作者，藉由找
出待審論文及各評審委員著作的共同引用參考文獻數或作者數，作為參考文獻區段建議

評審委員的根據。對於摘要、簡介及結論區段，本研究採用向量空間模型來做相似度比

對。向量空間模型[17] (Vector Space Model)是文件分類的重要技術，我們希望應用文件
分類的技術，來輔助議程主席指派論文。 
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文件分類是根據文件內容或主題給定類別的工作，以往文件分類的研究，都是對整

篇文件去取出特徵，接著藉由某些分類方法去作分類。文件分類的特徵大多是找出關鍵

詞，也就是這篇文章中具有鑒別度的詞。顧皓光等[8]在 1997年提出網路文件自動分類
的方法，採用向量空間模型去對 Yahoo內部資料庫的網頁進行分類。由於網路文件資料
量相當的大，在大量資料的情形下，向量空間模型可以分出相當不錯的結果。 

然而在資訊不夠充足的情形下，向量空間模型分類的效果會變的非常的差，錢炳全

等[7]在 2002年提出中文試題自動分類方法，試圖對簡短的試題作分類。在系統自動學
習試題的情形下，資訊量越來越多，而分類效果也隨之改善。駱思安等[6]則是在 2006
年提出一個以機率為主的中文網站分類系統，此系統可自動學習詞彙來改善分類效果。

Dow 等[10]在 2007 年利用 DSpace[11]建立了一個論文的查詢網站，不但可從查詢的關
鍵詞推薦相關的論文，並提供與查詢的關鍵詞相關的關鍵詞、領域及相關的教授，同時

也提供各教授論文領域的分布，使用者可以更容易找出要查詢的資料。 
    專利文件的自動分類是向量空間模型在文件分類上的另一種應用。為了避免侵犯智
慧財產權，專利文件寫法上較為格式化且嚴謹，也因此專利文件的篇幅通常相當巨大。

專利文件通常分成數個段落，分別是標題、摘要、專利權利範圍、專利技術描述以及總

結。Larkey等[18]建立一個專利文獻的查詢與分類系統，藉由抽取出不同段落及計算詞
彙的重要性來分類專利文件。李駿翔等[4]則是嘗試著將標題跟不同段落的分類結果整
合，發現標題結合總結與標題結合專利技術描述的分類效果最好。林蘭綺等[5]則是應
用標題加上總結段落部分，利用詞彙的不同權重來提高分類效果。 
    本研究介紹順序如下: 第二節描述系統架構、第三節說明研究方法、第四節為實驗
結果以及第五節為結論。 

2. 系統架構 

此節介紹本研究的整體流程以及所需要的資料及來源出處。 

待 審 論 文
摘 要

簡 介

結 論

參 考 文 獻

文 件 段 落 切 割

利 用 字 典 檔 轉 換 成 向 量

參 考 文 獻 標 題 及 作 者

簡 介 向 量

結 論 向 量

摘 要 向 量

各 段 落 處 理

利 用 正 規 表 示 式
跟 Google學 術 搜 尋

資 料 庫 論 文 集

文 件 相 似 度 比 對

建 議 評 審

摘 要 建 議 評 審

簡 介 建 議 評 審

結 論 建 議 評 審

參 考 文 獻 建 議 評 審

建 議 評 審

合 併

 
圖 1、系統架構流程圖 
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2.1系統流程 
本研究推薦中文論文評審委員，研究流程如圖 1所示。將待審論文切成各個文件區段，
使用向量空間模型等方法，進行待審論文各區段與資料庫論文集各區段的相似度比對。

再藉由最相似論文來找出該區段的評審委員，最後整合各區段建議評審委員結果，得出

待審論文的建議論文評審委員。 

2.2資料來源 
本研究為了處理的方便，論文一律從 PDF檔轉為文字檔，檔案轉換工具是使用 Acrobat 
Professional 版裡的批次處理功能來進行轉換，從 PDF 檔轉為文字檔的成功率約略為
74.85%。這些論文的資料來源，除了從網路上下載，還有選自於人工智慧與應用研討會
2002 年、2003 年、2004 年及 2005 年論文集的論文以及全國計算機會議 (National 
Computer Symposium) 2001年、2003年及 2005年論文集論文共 1089篇。測試資料則
是選自 2007年的人工智慧與應用研討會論文集，共 71篇論文。 

中文文件分詞的部分，本研究採取使用字典檔分詞的作法，以 HowNet[13]辭典作
為基礎來處理中文分詞。由於 HowNet辭典是收納一般生活常用的中文詞彙，未必能對
論文作精確的分詞，因此我們從九二八電腦股份有限公司[2]的網站，收集了兩岸三地
較常見的電腦詞彙字庫，刪除重複詞，分別加入到現有詞庫中。詞庫共有總數量五萬一

千多個詞，我們發現五萬一千多個詞中，只有八千多個詞彙出現在訓練資料論文過。因

此，我們將沒出現過的四萬多個詞彙刪除，對剩下這八千多個詞彙依照詞的長度作分類，

分成二字詞、三字詞與四字詞等，建立出一個較精簡的字典檔作為中文分詞的依據。 

3. 研究方法 

本節描述處理論文區段的方法及流程。一般來說論文可分成數個區段，分別是摘要、簡

介、研究方法、實驗結果及結論等等。研究方法與實驗結果區段描述研究過程，用詞以

解釋清楚為目的，站在文件分類關鍵詞為特徵的角度來看，文件關鍵詞應具有代表性而

非只是詞頻高，而這兩個區段的詞彙多為描述研究過程，作為關鍵詞較為不適當。摘要、

簡介及結論等區段常精簡的描述研究，很有機會出現重要的關鍵字。因此不同於一般文

件分類研究以一篇文章作為分類的基本單位，本研究把論文的各個區段切出，分別是摘

要、簡介、結論和參考文獻區段，藉由整合各區段的相似度比對結果來改善分類效果。 

3.1取出論文區段的方法   
一篇論文的各個區段往往都有特別的詞作為開頭，因此本研究利用每段區段的開頭詞來

做分區段的依據。我們採取一列列讀取每篇論文文件的做法，以便找出各區段的開頭詞。

由於從 PDF 檔轉為文字檔的成功率約略為七成多，轉檔時可能會有文字的錯誤，因此
會有區段取出不完整的情形。不同的論文會有不同的區段開頭詞敘述法，因此我們建立

一個區段開頭詞的相關用語表，如表 1所示。 
摘要區段通常位於文章前段，以「摘要相關用語」為摘要區段的開頭詞，而摘要區

段後面通常是接關鍵字段落，因此取「關鍵字相關用語」為摘要區段結尾。本研究取以

「摘要相關用語」作為開頭的一行到以「關鍵字相關用語」作為開頭的一行之間這段文

字作為摘要區段。 
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表 1、各區段開頭詞相關用語表 
摘要 摘要 
關鍵字 關鍵字、關鍵詞 
簡介 緒論、概論、簡介與相關研究、前言及研究背景、前言、背景動機、序論、簡介、

研究背景與動機、研究動機與目的、研究動機、引言、背景與理論基礎、研究背景、
介紹、導論、背景、緒言、緣由與目的 

結論 結論、結語、討論、啟示、建議、未來發展方向、未來發展、未來研究方向、未來
研究、未來工作、未來展望、未來後續工作、後續研究建議、後續研究、研究成果 

參考文獻 參考文獻、參考資料 
系統架構 系統架構、系統運作流程、設計架構、系統架構與方法、系統架構與規劃 
相關研究 相關研究、相關文獻、文獻探討、理論背景與文獻探討、研究目的、背景與相關研

究、相關文獻探討、背景知識與相關研究、相關研究背景說明、相關工作、相關文
獻研究 

研究方法 研究方法 
 
    簡介區段多位於摘要和關鍵字區段後面，簡介區段便以「簡介相關用語」作為開頭，
簡介的結尾卻是難以認定，我們觀察數篇論文的簡介開頭詞，發現一般論文中簡介開頭

詞的寫作方式可大致分為兩類： 

 用數字、英文字或羅馬符號對開頭詞標號 
 無任何標號 

對於有標號的簡介開頭詞，我們建立一個對應表去對應標號跟數字間的關係，如此

可得知簡介區段是標號在第幾段落，再推出簡介區段的下一區段是標號在第幾段落，便

可找到簡介區段的結尾詞，進而切出簡介區段。表 2是標號跟數字的對應表。 

表 2、標號數字對應表 
阿拉伯數字標號 1 2 3 4 5 6 7 8 9 
中文數字標號 一 二 三 四 五 六 七 八 九 
中文國字大寫標號 壹 貳 叁 肆 伍 陸 柒 捌 玖 
羅馬標號 Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ Ⅶ Ⅷ Ⅸ 

 
若今天簡介開頭詞標號是Ⅰ，那麼下一段落的開頭詞標號就會是Ⅱ，可由此開頭詞

標號切出簡介段落。其他開頭詞標號作法亦同。若簡介開頭詞無標號，本研究觀察簡介

區段的下一區段通常是系統架構、相關研究或研究方法區段，因此藉由這三個區段的開

頭相關用語來找出簡介區段的結尾，進而取出簡介區段。 
結論區段多位於論文的後段，後面通常是接參考文獻區段，因此取以「結論相關用

語」為開頭詞的一行到以「參考文獻相關用語」為開頭詞的一行之間的段落作為結論區

段。參考文獻區段則是取以「參考文獻相關用語」為開頭詞的一行到文章結尾的段落。 

3.2摘要、簡介及結論區段處理 
在論文切出的區段之中，由於參考文獻區段可細分出參考文獻作者及參考文獻標題，因

此參考文獻區段我們額外處理，其他區段則一致使用向量空間模型做相似度比對。 
要將文章轉成向量，首先要將所有的文章去做分詞的動作，我們便可以得知各個詞

彙在每篇文章中出現的次數，再利用資料檢索的 tf-idf(term frequency - inverted document 
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frequency)[16]技術，計算出每個詞彙的 tf-idf值。tf-idf的計算法是資訊檢索以及文件探
勘等相關領域中相當重要的公式，是由每個詞彙的 tf值（term frequency）和 idf值（inverse 
document frequency）所相乘所得出的一個常數。其中 tf為詞彙在單一文件中的出現頻
率，可視為在該文件內部的分布特性；idf則是用來量測詞彙在所有文件中的重要程度，
可視為全域資料的分布特性。 

)/log( ii nNidf                              (1) 

其中 N 為論文訓練資料的總篇數，i 代表詞彙，ni則是包含詞彙 i 的論文總數，由
公式(1)得知當一個詞彙 idf值越小時，表示該詞彙在絕大部分的文件都有出現，因此鑑
別度就會很低。一個詞彙 i的 tf-idf算法如公式(2)所示。 

iii idftftf idf                               (2) 

我們將每篇文章分詞之後的詞彙分別去做各自的 tf-idf，將詞彙當作向量的一個屬
性，tf-idf的值則作為屬性裡面的值，文件就可以向量的方式去表示。 

3.3參考文獻區段處理 
本研究特別針對人工智慧與應用研討會，及全國計算機會議的論文集來處理參考文獻區

段。發現這些論文的參考文獻格式，大多是用數字條列式標示各筆參考文獻，因此可以

將參考文獻區段細分成一筆筆的參考文獻。一筆參考文獻，我們取出它的作者及論文標

題。至於論文出處，由於期刊及會議數量眾多且規模大小不一；出版年份無法直接反映

論文的領域，兩者皆不容易定義分類相關性，因此本研究目前先不去對其做處理。 

3.3.1論文標題的擷取 
以人工智慧與應用研討會跟全國計算機會議論文集來說，一篇論文的參考文獻，論文名

稱的寫法大致分為兩種，一種是以引號框住論文標題，用來強調論文標題；另一種則是

沒有引號標示出論文標題。第一種寫法的論文標題較易取出，只需取出每篇參考文獻裡

引號內的文字。由於第二種寫法無法判定論文標題，我們利用了 Google 學術搜尋網頁
[14]作為找出論文標題的工具。 

Google學術搜尋網頁是 Google的一個學術文獻資源搜尋引擎，Google學術搜尋網
頁會依關連性排序搜尋結果，也就是考量文章的內文、作者、文章所在出版物以及內容

片段出現在其他學術文獻出現的頻率。雖然我們並不知道 Google 學術搜尋網頁如何去
排序這些資料，但是以 Google 的強大功能，我們認為他的技術可信度很高的。使用
Google 學術搜尋網頁搜尋論文時，有一個特別的地方，就是當作者跟論文標題一起查
詢時，查詢結果會用論文標題回傳連結。我們撰寫了一個程式，能夠送字串給 Google
學術搜尋網頁，並抓回搜尋的結果，用連結來驗證是否是參考文獻的論文標題。一筆參

考文獻的寫法，是由左至右依序先寫作者，再寫論文標題，因此我們將參考文獻切成數

個參考文獻片段，用圖 2所示的演算法得出參考文獻標題。 
範例：利用 Google學術搜尋網頁找出標題 
J. Setubal and J. Meidanis, Introduction to Computational Molecular Biology, PWS, 

Boston, MA, 1997. 
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    如圖 2演算法所示，這一筆參考文獻會被切成數個參考文獻片段 
    J. Setubal and J. Meidanis 
    Introduction to Computational Molecular Biology 

PWS 
Boston 
MA 
1997 
我們將第一個參考文獻片段送給 Google學術搜尋網頁，其結果如圖 3。 

 
圖 2、利用 Google學術搜尋網頁找出標題的演算法 

  
圖 3、Google學術搜尋網頁－字串搜尋結果 I 圖 4、Google學術搜尋網頁－字串搜尋結果 II 

 
 搜尋結果沒有與 J. Setubal and J. Meidanis相符的字串，於是將 J. Setubal and J. 
Meidanis跟 Introduction to Computational Molecular Biology兩字串相連，送給 Google學
術搜尋網頁，其結果如圖 4。發現搜尋結果其中之一為 J. Setubal and J. Meidanis, 

輸入  : 一筆參考文獻 R 
輸出  : 參考文獻的論文標題 T 
 
步驟 1 : 將 R照逗號切開，成為由數個參考文獻片段 kj組成的集合 K，K={k1,k2 m} 為參 

   考文獻片段集合，m為參考文獻片段個數 
步驟 2 : 令 F為丟字串到 Google學術搜尋網頁的程式，L為 Google學術搜尋的前十名結果， 

L=F(kj)，將切開後的參考文獻片段依序丟到 Google學術搜尋網頁，並回傳搜尋到的 
前十筆資料    , = ( )  

 
 

步驟 3 : 比對搜尋的結果 
    步驟 3.1: 如果 Lj是 kj字串的一部分，表示 Lj為論文標題，回傳 T=Lj 
    步驟 3.2: 如果沒有相同比對的字串 

  若 j不等於 m，則設字串 kj+1為字串 kj跟字串 kj+1相連的結果，回到步驟 2 
            若 j等於 m，表示找不到標題，結束 

328



Introduction to Computational Molecular Biology的子字串，因此回傳此搜尋結果為參考
文獻的標題，或是著作的書名。 

3.3.2論文作者的擷取 
以一筆參考文獻來說，已經成功取出論文標題之後，在論文標題之前的部分就是作者群，

之後的部份就是出處及年份。因此我們把參考文獻在論文標題之前的段落取出，作為取

出作者的根據。參考文獻的作者姓名可分中文和英文兩種。中文姓名的部分，李振昌[3]
提出一套有效的人名識別規則，除了以中文姓氏來辨識外，還加入了性別常用字以及前

後文變異性等來斷定是否為人名。由於參考文獻為簡短的文字段落，從文字能獲得的資

訊很少，因此本研究只使用百家姓姓氏比對的方式去找出人名。演算法如圖 5。 

 
圖 5、參考文獻找出中文作者的演算法 

英文姓名部分，由於參考文獻的作者群寫法有一定的格式，單獨大寫字母往往表示

英文名字縮寫，本研究觀察國內論文集常出現的參考文獻作者寫法，用正規表示法

(Regular Expression)定義作者姓名的樣式(patterns)。表 3是我們觀察幾個常見參考文獻
作者的寫法。 

表 3、常見英文姓名的寫法範例 
T. Nishita 或 C. C. Liu 由至少一組一個英文字母加一個英文句號與一個空白的字串，

加上英文字母字串組成。 
Beckmann, N.或 Robinson, J. T 由英文字母字串，一個逗號加空白，一個英文字母，一個英文

句號加空白，加上零個以上的英文字母組成。 
John H. Holland或 David Andre 由英文字母字串，空白，至少一組一個英文字母加一個英文句

號的字串，加上英文字母字串組成。 
C.-T. King 由一個大寫英文字母加英文句號，英文破折號加上一個大寫字

母及英文句號，空白加上英文大寫加上至少一個英文字母組成 

 

 
圖 6、英文姓名正規表示式 

letter     -  
letters     -> letter 
dot       -> . 
comma    -> , 
space    ->  
Name     -> (letter dot)+ letters | letters comma letter dot letter* |letters space (letter dot)* letters 

輸入 : 一筆參考文獻 R 
輸出 : 作者名字集合 A={A1,A2 }， 為一筆參考文獻的中文作者數 
 
步驟 1 : 由前一節演算法找出的論文標題, 將參考文獻在論文標題 T之前的文字段落 S取出， 

S=R-T-(T之後的段落) 
步驟 2 : 將此文字段落 S依標點符號切開，得出 B={B1,B2 o}，B為可能是作者的人名集合， 
        o為此參考文獻切成段落的段落總數 
步驟 3 :    , 檢查 Bj的第一個字元是否是百家姓

 
步驟 3.1: 若是, 表示可能為作者名稱，先檢查是否有「和」、「與」等中文連接詞，如果有則           

將 Bj依該連接詞切開，並將 Bj切開後的兩段落加入 A中，若無連接詞，則直接加
入 Bj到 A中 

步驟 3.2: 若否, 則可能抓錯，結束 
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因此我們定義幾個非終止符號(non-terminal)以及單詞(token)，並建立幾個英文姓名
的樣式。圖 6是英文姓名樣式的正規表示式。這些樣式之中，樣式二有逗號存在，而逗

號常用在分開作者姓名，因此優先權上樣式二要最後處理，樣式一跟樣式三並不衝突，

因此先後做的順序並無差別。得知姓名的樣式之後，就可以取出一筆參考文獻作者或作

者群。圖 7是取出參考文獻作者的演算法。 

 
圖 7、取出參考文獻英文作者的演算法 

3.3.3參考文獻的直接與間接引用 
當兩篇論文引用到同一篇論文時，我們稱這兩篇論文直接引用同一篇論文。因此我們將

論文的參考文獻區段細分成一筆筆的參考文獻，再找出兩篇論文的參考文獻中取出標題，

最後對兩篇論文所取出的參考文獻標題進行字串比對，如果比對有相同的參考文獻標題，

我們就認定兩篇論文有參考文獻的直接引用。 

論文A

論文 C

論文 B

論文D

論文A 論文 B

論文D

論文 C

 
圖 8、論文間接引用的兩種情形 

有時候論文會有間接引用的情形，也就是兩篇論文並不是直接引用同一篇，而是在

引用到參考文獻的原文中引用到共同的論文，使得兩篇表面上沒有引用到共同參考文獻

的論文卻有著極高的關連性。間接引用又可分成兩種情形，如圖 8所示，圖 8左邊論文
A跟論文 B並沒有直接引用到同一篇論文，但是論文 A引用的論文 C卻跟論文 B共同
引用論文 D；同樣的圖 8右邊論文 B跟論文 A並沒有直接引用到同一篇論文，但論文
B引用的論文C卻跟論文A共同引用了論文D，我們稱論文A跟論文 B有著間接引用。
因此在處理參考文獻的引用上，就必須處理間接引用，其演算法如圖 9。 

輸入: 一筆參考文獻 R 
輸出: 作者名字集合 A={A1,A2 }， 為一筆參考文獻的英文作者數 

  
步驟 1 : 由前一節演算法找出的論文名稱，將參考文獻在論文名稱 T之前的文字段落 S取出， 

S=R-T-(T之後的段落) 
步驟 2 : 令W為符合表 3樣式的字串，作者名字集合 A={}，先檢查 S是否有對等連接詞 and， 

以查證 S是否有一個以上的作者名字 
步驟 2.1: 如果有，檢查對等連接詞前後是否有空白，避免誤認人名中間的字母為連接詞 
         若有空白，表示確實為對等連接詞，將 S依照連接詞切開並將切開後的後面段落 C 

加入 A中，並將段落 C從 S中移除，S=S-C 
           若無空白，則表示誤認，跳至步驟 3 
步驟 2.2:  如果沒有對等連接詞，跳至步驟 3 

步驟 3 : 若 S為空，表示已經處理完畢，結束 
        若 S有符合樣式的字串W，則加入W到 A中，並將字串W從 S中移除，S=S-W 
        若 S沒有符合樣式的字串W，結束 
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圖 9、檢查兩篇參考文獻是否間接引用的演算法 

3.3.4摘要、簡介與結論區段相似度計算 
摘要、簡介與結論區段部分，由於採用向量空間模型的方法處理，本研究用餘弦函數[9]
來計算評審教授發表的論文與待審論文相似度。在幾何學中，兩個向量若是越相近，所

夾的夾角 也會越小；而利用餘弦函數的特性， 夾角越小所得出的餘弦函數值也會越

大。因此可以得到一個結論：兩個純文字向量的餘弦函數值越大，代表兩篇文章的文字

向量所形成的夾角越小，則此兩篇文章內容越相似；反之，就代表兩篇文章越不相關。 

3.3.5參考文獻相似度計算 
由參考文獻標題的直接引用、間接引用以及參考文獻共同作者，可計算出兩篇論文的近

似程度，進而由最相似論文來建議評審委員。在論文間接引用處理上，由於並不是直接

引用到同一篇論文，因此其關連性弱於直接引用。如果直接引用一筆參考文獻，我們定

義配分是 1分，若是像圖 8那樣間接引用一筆參考文獻則定義 0.7分。本研究中參考文
獻共同引用作者也是給予 0.7分的權重，一篇參考文獻可能引用同一作者的數篇論文，
在相關性上也較直接引用為弱。公式(3)是兩篇論文的參考文獻區段相似度計算公式。  

70701 .Authors.TitleTitleSimularity indirectdirectreference         (3) 

其中 Titledirect表示參考文獻標題直接引用的數量，Titleindirect表示參考文獻標題間接

引用的數量，Authors表示參考文獻共同引用作者數量。 
 
4. 實驗結果 

本研究從 2007 年人工智慧與應用研討會的評審委員名單中，挑選九十八位作為評審委
員的候選人，並收集這些評審委員的相關論文，平均一位收集十篇到十五篇左右，總共

約收集一千零八十九篇來做為訓練資料。訓練資料來源除了從網路上下載，還包含了

2002年、2003年、2004年及 2005年人工智慧與應用研討會論文集的論文以及 2001年、
2003年及 2005年全國計算機會議 (National Computer Symposium)論文集的論文。測試
資料則是選自 2007年人工智慧與應用研討會共 74篇論文。 

4.1取出區段的精確度 
計算取出區段的精確度，我們以人工方式取出原始論文的區段文字作為標準答案，分別

對系統取出的區段及標準答案區段進行中文分詞處理。中文分詞處理我們是透過對詞庫

輸入: 兩筆參考文獻 P和 Q 
輸出: 是否間接引用 
 
步驟 1 : 到資料庫找出 P和 Q的論文本文 Up和 Uq，分別取出 Up和 Uq的參考文獻段落，集合

Rp={p1,p2…,pg}，Rq={q1,q2…,qh} 

步驟 2 : ，取出論文的名稱，並檢查是否跟 Q有直接引用 

       
，取出論文的名稱，並檢查是否跟 P有直接引用 

步驟 3 : 若有，回傳是。反之回傳否。 
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裡詞彙的比對搜尋，依照「長詞優先」法則來對中文語句作分割，分詞處理上能得出較

正確的詞彙。對論文做完分詞工作後，可以得出論文出現了哪些詞彙，以及詞彙在論文

中出現的頻率，因此可計算系統取出區段的總詞彙數，標準答案區段詞彙數以及系統取

出區段詞彙與標準答案區段詞彙的交集詞彙數，我們以這些資訊計算出摘要、簡介與結

論區段的 precision與 recall。公式(4)和(5)中 precisionpart表示區段的 precision值，recallpart

表示區段的 recall值，y代表字典檔的詞彙總數，i代表詞彙，Vi表示詞彙 i在取出區段
的出現次數，Wi表示詞彙 i 在標準答案區段出現的次數，TPi表示詞彙 i 在取出區段跟
標準答案區段共同出現次數。 

m

i
i

y

i
i

part

V

TP
precision

0

0  (4)  m

i
i

y

i
i

part

W

TP
recall

0

0  (5) 

本研究從測試資料中選出 25篇論文來評估取區段的精確度，將 25篇論文取各區段
的 precision與 recall平均值，可得出取出各區段的平均 precision與 recall。參考文獻區
段由於要取出作者跟論文名稱，因此不同於其他段落要進行分詞，取出參考文獻精確率

的算法，我們細分成參考文獻作者取出精確率，以及參考文獻標題取出精確率。公式(6)
和(7)分別是取出參考文獻作者的 precision與 recall。 

NAR
NACprecision Author  (6)  

NAA
NACrecall Author  (7) 

其中 NAR表示系統取出的參考文獻作者數，NAC 表示系統取出且合乎標準答案的
作者數，NAA 表示標準答案的作者數。參考文獻標題取出精確度算法與參考文獻作者
取出精確率算法相同，只需將 NAR代換成系統取出的參考文獻標題數，NAC 表示系統
取出且合乎標準答案的參考文獻標題數，NAA 表示標準答案的參考文獻標題數。我們
以人工去對 25 篇論文取出一筆筆參考文獻的標題，以及參考文獻作者作為標準答案，
計算取出參考文獻標題以及作者的 precision跟 recall。表 4是取出摘要區段、簡介區段、
結論區段、參考文獻標題及參考文獻作者的 precision與 recall對應表。 

表 4、取出摘要、簡介及結論區段、參考文獻標題與作者的 precision和 recall 
 摘要 簡介 結論 參考文獻作者 參考文獻標題 

precision 94.32% 99.67% 91.47% 44.23% 60.74% 
recall 94.50% 77.83% 72.93% 52.11% 61.68% 

 
4.2推薦單一評審委員 
由之前所介紹的方法，一篇論文可轉換成數個由不同區段而成的向量以及數條參考文獻。

經由相似度的計算，可得出一篇論文各區段的各自最相似論文，再由找出論文作者得出

建議評審委員的名字。因此一篇待審論文會有各個區段的建議評審委員，本研究採取各

區段權重相同的做法，也就是以區段評審委員名字出現最多次的作為該篇論文的建議評

審委員。為了顯示的方便，本節實驗列表僅列出測試資料中選出六篇論文的實驗結果，

建議評審委員則是從 2007人工智慧與應用研討會的評審委員名單中選出。 
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藉由相似度的計算，我們可以找出論文區段的建議評審委員。以摘要區段為例，取

一篇待審論文的摘要區段，對所有訓練資料論文的摘要區段做餘弦函數值，同時記錄訓

練資料論文的作者名稱。再找出最大的餘弦函數值的論文作者，即是建議的評審委員。

同樣的，簡介及結論區段也可找出個別的建議評審委員。參考文獻區段則是利用公式(3)，
計算待審論文跟所有訓練資料論文參考文獻區段的相似度，進而找出建議評審委員。圖

10是由參考文獻找出建議評審委員的演算法。 

 
圖 10、由參考文獻建議評審委員的演算法 

表 5、參考文獻標題與作者共同引用數量範例表 
檔名 建議評審

委員 
標題直接
引用篇數 

標題間接
引用篇數 

共同引用
作者數 

基於 SVM與 LDA演算法之人臉辨識 曾守正 1 0 2 
模組化線性鑑別式分析應用於人臉辨識 劉吉軒 0 0 1 
基於紋理特性之移動物體偵測法則 劉吉軒 0 0 1 

應用於 BDI Agent之案例式推理系統開發工具 李宗南 0 0 1 
使用小腦模型類神經網路控制冷氣空調機馬達 找不到建

議的委員 
0 0 0 

可拓基因演算法 吳志宏 1 0 0 

 
表 5是參考文獻建議委員的列表，欄位從左到右依序是檔名、建議評審委員、標題

直接引用篇數、標題間接引用篇數以及共同引用作者數。由表 5可看出參考文獻的共同
引用機會其實很低，以「使用小腦模型類神經網路控制冷氣空調機馬達」這篇論文來說，

沒有任何直接引用、間接引用及共同作者，這樣的情況下我們會在建議評審委員欄位填

上「找不到建議的委員」。 

表 6、各區段建議評審委員 
 摘要 簡介 結論 參考文獻 評審委員 

基於 SVM與 LDA演算法之人臉辨識 黃有評 張嘉惠 張嘉惠 曾守正 張嘉惠 
模組化線性鑑別式分析應用於人臉辨

識 
蔡正發 方國定 張智星 劉吉軒 找不到建

議的委員 
基於紋理特性之移動物體偵測法則 范欽雄 范欽雄 范欽雄 劉吉軒 范欽雄 
應用於 BDI Agent之案例式推理系統開

發工具 
林豐澤 許永真 劉吉軒 李宗南 找不到建

議的委員 
使用小腦模型類神經網路控制冷氣空

調機馬達 
古鴻炎 王學亮 楊正宏 找不到建

議的委員 
找不到建
議的委員 

可拓基因演算法 許永真 張嘉惠 陳慶瀚 吳志宏 找不到建
議的委員 

輸入 : 一篇論文 E與資料庫 F 
輸出 : 建議的評審委員 

 
Step1 : 取出論文 E的參考文獻集合 R={r1,r2 }， 為論文 E的參考文獻總數量 
Step2 : ，取出論文的名稱，找出資料庫 F的論文是否有共同引用此論文，並找出參考文獻 

跟資料庫 F內論文的共同作者 
Step3 : 計算 E與 F內論文其參考文獻標題直接引用、間接引用以及參考文獻共同作者的數量，並依 

照公式(3)算出總值。 
Step4 : 回傳最大總值論文作者作為建議評審委員。若總值為零, 則回傳 找不到建議的委員  
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藉由整合一篇論文各區段的建議評審委員，我們可以找出該篇論文的建議評審委員。

由表 6所示，第一行欄位為論文檔案名稱，第二行欄位為這些論文摘要區段的建議評審
委員，第三行欄位為這些論文簡介區段的建議評審委員。同理，第四行、第五行欄位分

別代表這些論文結論與參考文獻區段的建議評審委員。最後一行評審委員欄位則是各區

段投票後的結果，以最多區段建議的評審委員作為該篇論文的建議評審委員。 
以「基於紋理特性之移動物體偵測法則」這篇論文為例，該篇的摘要、簡介及結論

區段建議評審委員皆是「范欽雄」，而參考文獻區段則是「劉吉軒」，因此投票數最高

的評審委員為「范欽雄」，投票數為三票。由於有些論文有跨領域的情形，各區段建議

評審委員可能會是不同的人而導致沒有共同的建議評審，這時就無法建議評審委員。以

「模組化線性鑑別式分析應用於人臉辨識」這篇論文為例，該篇各區段的建議評審委員

皆是不同的人，這樣的情況我們就無法建議評審委員，因此在評審委員欄位填上「找不

到建議的委員」。像這樣區段無法建議評審委員的情形我們視同無投票能力，通常參考

文獻區段欄位會有這樣的情形。對一般論文來說，由於領域眾多因此論文數量相當可觀，

只有領域很相近的論文才有可能引用到同篇參考文獻。兩篇論文引用到同一篇論文的機

率可說是微乎其微，因此參考文獻推薦評審教授的論文數量很少是可以預見的。 

4.3推薦多重評審委員 
現實的會議論文指派情形，一篇論文不會只指派給一位評審委員，而是會分給三位評審

委員左右，議程主席再整合評審委員們的意見決定該論文是否被會議接受。因此我們考

慮取出前十名近似的論文，再以這些論文的作者選出三位來作為建議的評審委員。在建

議評審委員的選擇上，論文最近似無疑是最佳選擇，但是如果有多篇近似的論文則也暗

示著作者對該領域有興趣，可以作為建議評審委員的考量。 
在各區段的建議評審委員上，不再是以取最相似的論文作者而是改以取前十名。本

研究將前十名的十篇論文作者由近似度高到低排序，並分別給予分數第一名 10分到第
十名給予 1分，接著觀察這些前十名的作者是否有重複出現，若有，則表示該作者有數
篇近似的論文，於是將該作者出現在這前十名的這幾篇論文分數加總，作為待審論文建

議給該作者的分數。若無，則以該作者現有分數作為分數。再由分數最高的作者依序排

序選出最高的前三名作為評審委員。本節列表只僅列測試資料中選出六篇論文的實驗結

果，建議評審委員則是從九十八位 2007人工智慧與應用研討會的評審委員中選出。 

表 7、摘要區段前十名近似論文的作者 
基於 SVM與 LDA演算

法之人臉辨識 
黃有評 林豐澤 林豐澤 呂永和 陳士杰 方國定 廖純中 陳慶瀚 曾憲雄 呂永和 

模組化線性鑑別式分析
應用於人臉辨識 

蔡正發 李昇暾 陳慶瀚 陳士杰 方國定 廖純中 孫光天 林豐澤 呂永和 曾憲雄 

基於紋理特性之移動物
體偵測法則 

范欽雄 林正堅 曾新穆 呂永和 廖純中 方國定 陳士杰 陳慶瀚 曾憲雄 林豐澤 

應用於 BDI Agent之案
例式推理系統開發工具 

林豐澤 方國定 陳士杰 廖純中 呂永和 楊東麟 黃有評 曾守正 吳志宏 曾憲雄 

使用小腦模型類神經網
路控制冷氣空調機馬達 

古鴻炎 楊正宏 陳慶瀚 林豐澤 方國定 陳士杰 廖純中 呂永和 曾憲雄 孫光天 

可拓基因演算法 許永真 呂永和 陳士杰 廖純中 方國定 呂永和 林豐澤 曾新穆 曾憲雄 林豐澤 
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以摘要區段為例，表 7是跟待審論文最近似的前十名論文作者表，在這裡取六篇論
文來觀察，最左邊的欄位是論文檔案名稱，接著欄位由左到右是最近似論文的作者到較

不近似論文的作者，觀察「基於 SVM 與 LDA 演算法之人臉辨識」這篇論文，前三名
近似部分有兩名是林豐澤，表示這位作者有近似且數量不少的著作，在建議委員的選擇

上可能更勝於最近似的黃有評；「可拓基因演算法」這篇論文也是類似的情況，「可拓

基因演算法」這篇論文呂永和佔了兩篇名額，一篇較為近似另一篇則大約處於中等近似

的程度，但由於篇數加成的關係在選擇上優先權要高過第一名的許永真。表 8是這六篇
論文的摘要區段前三名建議評審委員的列表。 

表 8、摘要區段前三名建議評審委員 
基於 SVM與 LDA演算法之人臉辨識 林豐澤(17分) 黃有評(10分) 呂永和(8分) 
模組化線性鑑別式分析應用於人臉辨識 蔡正發(10分) 李昇暾(9分) 陳慶瀚(8分) 
基於紋理特性之移動物體偵測法則 范欽雄(10分) 林正堅(9分) 曾新穆(8分) 

應用於 BDI Agent之案例式推理系統開發工具 林豐澤(10分) 方國定(9分) 陳士杰(8分) 
使用小腦模型類神經網路控制冷氣空調機馬達 古鴻炎(10分) 楊正宏(9分) 陳慶瀚(8分) 

可拓基因演算法 呂永和(14分) 許永真(10分) 陳士杰(8分) 

 
表 9、利用多重委員建議評審結果表 

 摘要 簡介 結論 參考文獻 評審委員 

基於 SVM與 LDA演算
法之人臉辨識 

林豐澤(17分) 
黃有評(10分) 
呂永和(8分) 

張嘉惠(10分) 
林正堅(9分) 
陳慶瀚(8分) 

張嘉惠(10分) 
陳慶瀚(9分) 
陳士杰(8分) 

曾守正(10
分) 

張嘉惠 
陳慶瀚 
林豐澤 

模組化線性鑑別式分析
應用於人臉辨識 

蔡正發(10分) 
李昇暾(9分) 
陳慶瀚(8分) 

陳士杰(16分) 
方國定(10分) 
廖純中(8分) 

張智星(10分) 
林正堅(9分) 
陳慶瀚(8分) 

劉吉軒(10
分) 

陳士杰 
陳慶瀚 
蔡正發 

基於紋理特性之移動物
體偵測法則 

范欽雄(10分) 
林正堅(9分) 
曾新穆(8分) 

范欽雄(10分) 
林正堅(9分) 
陳慶瀚(8分) 

范欽雄(10分) 
鄭炳強(9分) 
林正堅(8分) 

劉吉軒(10
分) 

范欽雄 
林正堅 
劉吉軒 

應用於 BDI Agent之案
例式推理系統開發工具 

林豐澤(10分) 
方國定(9分) 
陳士杰(8分) 

林豐澤(17分) 
許永真(10分) 
廖純中(7分) 

劉吉軒(10分) 
曾憲雄(9分) 
廖純中(8分) 

李宗南(10
分) 

林豐澤 
廖純中 
許永真 

使用小腦模型類神經網
路控制冷氣空調機馬達 

古鴻炎(10分) 
楊正宏(9分) 
陳慶瀚(8分) 

王學亮(10分) 
林正堅(9分) 
曾守正(8分) 

楊正宏(10分) 
林豐澤(9分) 
陳士杰(8分) 

找不到建議
的委員(0分) 

楊正宏 
古鴻炎 
王學亮 

可拓基因演算法 呂永和(14分) 
許永真(10分) 
陳士杰(8分) 

呂永和(11分) 
張嘉惠(10分) 
林正堅(9分) 

呂永和(11分) 
陳慶瀚(10分) 
陳士杰(9分) 

吳志宏(10
分) 

呂永和 
吳志宏 
許永真 

 

簡介區段與結論區段作法跟摘要區段相同。如果有建議評審同分的情況，我們保留

兩位教授都可作為評審委員的候選人，將來指派教授當其中一位教授被指派到過多的論

文時，就由另一位教授補上。參考文獻的建議評審委員方面，由於一般論文不容易有共

同引用的現象，取前三名建議評審似乎沒有實質的幫助，因此在選擇上仍然是以取一名

委員來做處理。參考文獻的建議評審委員如表 5。由於參考文獻的重要性，我們給予參
考文獻段落建議委員 10分。表 9是利用多重委員建議評審結果的表。我們將各段落前
三名的作者及其分數加總，選出總分最高的前三名作者作為建議評審委員。 
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得出系統建議評審委員之後，我們評估建議評審的準確率，評估的標準包含

precision，recall及 F-measure。本研究用人工建立建議評審委員的答案表，由「本研究
的指導老師」協助建立，以計算出系統推薦論文評審委員的準確率。在本研究前面的段

落，我們展示了整合各區段推薦委員的方法，並推薦出三位評審委員，同樣的可將推薦

委員的人數增加，不一定只推薦三位。表 10 是多重委員推薦三位評審及五位評審的準
確率對應表。系統推薦五名評審委員的 precision 稍高過兩成五，也就是說系統推薦五
名的評審委員，至少有一名是人工推薦在答案表上的。另外由表 10可看出系統的 recall
相當的低，可能是因為是我們在建立建議評審委員的答案表時，並未限定一篇論文的評

審委員人數，使得每篇論文可以指派給多位評審委員，因而造成 recall 值不高。此外，
評審委員的著作論文篇數不同，也可能造成論文分派到著作多而非最適合的評審。 

表 10、多重委員建議三位評審及五位評審的對應答案準確率 
 precision recall F-measure 

三名評審委員 28.16% 5.72% 9.13% 
五名評審委員 26.20% 8.56% 12.11% 

 
5. 結論 

藉由計算待審論文區段與資料庫論文區段之間的相似度，我們得出各區段的建議評審委

員。本研究整合不同區段的建議評審，來找出待審論文的建議評審委員。目前本研究是

採取不同區段相等比重的方法，然而一篇論文中各個區段重要性不一定相同，因此在整

合區段評審委員時，各區段應有著各自的權重。未來本研究可能會應用機器學習的技術，

調整各區段最適當的權重，使得指派效果得以提昇。同時，如果待審論文是新的領域或

技術，也會造成找不到適當的建議評審。也許可以採取設立門檻值的作法，找出跟每位

評審相似度都不高的論文，並回報讓議程主席得知這些論文不容易被分配到建議評審。 
   由於論文領域的不同，論文評審的建議變得困難，也因此論文關鍵詞擷取相對來的
重要。本研究目前採用以 HowNet為主的字典檔，未必能包含論文的重要關鍵詞。將來
可能會找尋含有更多資訊技術關鍵字的字典檔，使得論文的建議評審結果更加準確。同

時不同詞彙也存在不同程度的關連性，單純的使用 tf-idf無法完全反映評審委員對該論
文主題專長程度。另外，本研究並未進行適當篇數論文指派給評審，以及論文指派給適

當數量評審的處理[12]，這些都是需要加強改善的項目。 
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➇㧁姀䘬娆⼁䞍灊⹓炻䓙ᷕ⣖䞼䨞昊婆妨㇨ᷕ㔯娆⼁䵚嶗⮷䳬冯屯妲㇨ᷕ㔯娆䞍嬀⹓⮷

䳬⎰ἄ⺢伖炻⽆婆妨ⶍ䦳䘬奺灏炻ẍ⎘䀋⛘⋨䘬婆妨ἧ䓐䁢䴻槿➢䢶炻㍸ὃ婆妨␴婆妨ˣ

婆妨␴㤪濱ẍ⍲婆妨␴瀂➇䘬屯妲炻䓂军㗗嶐婆妨攻䘬妲〗 Sʕinica BOWẍ⺢灅ᶨ⬴㔜
䱦䡢䘬ᷕ劙⮵嬗屯瀌⹓⍲㩊澸ṳ朊䁢䚖䘬炻ἄ䁢澷ỵ℠啷䞍灊⚳晃⊾䘬➢䢶烊᷎㊩临⺢

灅⎬瀂➇ᷳ暁婆瀂➇录℠炻ẍἄ䁢⎬瀂➇炾℠啷ᷳ暁婆㍏⇞娆⼁澹侫㧁㸾ˤᷕ劙暁婆䞍

嬀㛔橼娆䵚⎴㗪㍸ὃ℟瀂➇⇌㕟傥濘ᷳ屯妲㩊澸ㅱ䓐ˤ㬌⢾炻⺢灅旬≈瀂➇㧁姀ᷳ暁婆

录℠⍲㩊澸ṳ朊ἧᷕ劙暁婆䞍嬀㛔橼娆䵚ㆸ䁢ᶨ䞍灊≈ῤ暁婆暣⫸录℠ˤ 
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Sinica BOWᷣ天ἧ䓐䘬屯㸸⊭⏓WordNetˣECTED炷English- Chinese Translation 
Equivalents Database炸ẍ⍲ SUMO炷Suggested Upper Merged Ontology炻⺢嬘ᶲⰌℙ䓐䞍
灊㛔橼炸ˤ℞ᷕWordNet[9]㗗 1985濜㘖灂㕗枻⣏⬠娵䞍䥹⬠⮎槿⭌ẍ䎦ẋ⽫瀲婆妨⬠
瀲澏㇨徘䘬Ṣ瀞娆⼁姀ㅞ䁢┇䘤㇨攳䘤↢䘬婆シ⺷暣⫸⫿℠炻ẍ㭷ᾳ⎴佑娆普堐忼ᶨ䧖

娆⼁㤪濱炻⮯⎴佑娆普⋨↮䁢⚃䧖劙㔯娆瀞烉⎵娆ˣ≽娆ˣ⼊⭡娆ˣ∗娆炻᷎ẍḴ⋩⸦

䧖娆佑斄Ὢ䳬䷼⎴佑娆普ˤ䓙ᷕ䞼昊屯妲㇨冯婆妨㇨⎰ἄ⺢㥳䘬 ECTED ẍ WordNet
䁢➢䢶炻䴻䓙䎦㚱劙ᷕㆾᷕ劙暣⫸录℠䘬娆⼊⮵ㅱ炻䇚㭷ᾳ⎴佑娆普娆佑㈦↢⎗傥䚠⮵

ㅱ䘬ᷕ嬗娆䳬炻ℵ䴻䓙Ṣⶍ㩊槿ˤ⮳㈦⮵嬗䚉⎗傥䘬ẍ娆⼁侴朆㍷徘⿏䞕婆堐忼炻䚖䘬

⛐㕤嬻㭷ᾳ⎴佑娆普悥㚱㚨怑䔞䘬ᶨ军ᶱᾳⶎ⎛䘬ᷕ㔯⮵嬗ˤ[10] 

 
⮎橼 

    䈑岒䘬 

         䈑橼 

              冒幓忋临䈑橼 

                   䈑岒 

                        䲼䈑岒 

                             ➢㛔䈑岒 

                                  慹Ⱄ 

                                  ⍇⫸ 

                                  㫉⍇⫸䰺⫸ 

                                       ⍇⫸㟠 

                                       暣⫸ 

                                       岒⫸ 

                                       ᷕ⫸ 

                             ⊾⎰䈑 

                                  㯜 

                                  梲ấ 

⚾ᶨˣ SUMO昶Ⰼ䭨溆䣢ἳ 
 

ὅ㒂SUMO 2002濜䇰屯瀌炻湫⯭ṩ䫱Ṣ[11]⮯䲣䴙ṳ朊ẍ⍲㤪濱䭨溆忚灖ᷕ㔯⊾䲵
ℍSinica BOW᷎ᷳᷕ忚埴⮵ㅱ忋䳸炻℞㵝味11⣏瀞䘬㤪濱炻㭷⣏瀞⍰⋨↮䁢Ḵ军Ḽᾳ瀞
⇍炻䷥ℙ♲㊔3,912ᾳ㤪濱 SʕUMO⶚䴻冯WordNet1.6䇰㛔䳸⎰炻ᶼẍ⎴佑炷synonymy炸x
ᶲỵ炷hypernym炸ˣ橼瀃炷instantiation炸忁ᶱ䧖瀞⇍栗䣢⎴佑娆普␴SUMO㤪濱攻䘬⮵
ㅱ斄Ὢˤ昌㬌炻㚜ẍˬᷕ⚳⚾㚠↮瀞㱽˭䁢➢㸾炻᷎澹侫⎬䞍灊↮瀞冯⮎晃䞼䨞䴻槿炻

㍸↢烉⊭⏓ḅ⣏瀞䘬䞍灊↮瀞炷Knowledge Content炸炻㵝味427ᾳ瀂➇ˤ⎎⢾炻᷎⚈ㅱ
婆妨屯㸸䈡⿏≈ℍᶳ濪婆妨ἧ䓐炷Language Usage炸䘬⎬瀞妲〗烉⮰⎵炷澽㖶㔯⫿䫎嘇
䘬㊯㴱炸炷Proper Name炸ˣ婆橼炷澽㖶㔯⫿䫎嘇䘬ἧ䓐炸炷Genre/Strata炸ˣ⎬䧖婆妨
炾娆㸸炷Language/Etymology炸ˣ⎬⚳⛘⎵炷Country Name炸ˤ瀂➇昶Ⰼ䘬⺢灅⛐㕤㚧
澵⎴娆佑ᷕ䘬娆⼁枭䚖⋨⇍℞ἧ䓐䘬瀂➇ˤ≈姣瀂➇ᾉ〗⎗灗Ỷ娆⼁㬏澰⿏炻⡆≈屯瀌

Ṍ㎃㗪䘬Ḻ忂⿏炻庼≑瀂➇娆⼁⹓ᷳ⺢㥳ˤSinica BOW德忶WordNet1.6 offset⺞Ỡ㇨䓊
䓇䘬灊⇍䡤ἄ䁢⨺ṳ炻忚灖潓濨炻⮯㭷ᾳ屯㸸ẍ⍲⎬瀞妲〗濨䳸ˤ 
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⚈WordNet1.6 offset⺞Ỡ䘬灊⇍䡤⎗䌚⼿⍇㛔WordNet⬀⛐䘬娆瀞ˣ妋慳ˣ劙㔯瀃

潔ˣ⎴佑娆普ˣ⎬⎴佑娆普攻䘬娆佑斄Ὢ⍲℞㇨Ⱄ娆⼁ˤ侴SUMO㤪濱冯WordNet䘬濨
䳸炻ἧ⼿⎗德忶娚灊⇍䡤䌚⍾娆佑冯㤪濱㏕惵䘬妲〗ˤẍWordNet䁢➢䢶㇨⺢伖䘬
ECTED冯憅⮵WordNet⎴佑娆普䘬⎬娆⼁枭䚖㇨䴎Ḱ䘬瀂➇ῤ炻ḇ㗗德忶娚灊⇍䡤䌚
⍾ˤ侴䈡㬲瀂➇娆⼁⹓炻≈ᶲ䚠⮵ㅱ䘬Sinica BOW灊⇍䡤炻ḇ⎗ᾅ瀛⍇⥳屯㸸䘬屯瀌⹓
㟤⺷␴WordNet濨䳸ˤ 

 
⚈瀂➇䞍灊㛔橼⇯㗗⛐SUMO㝸ṃ㤪濱ᶳ忚灖⺞Ỡ䘤⯽ˤ㭷ᾳ䈡㬲瀂➇娆⼁⹓ᷕ䘬

娆⼁ᶨ㧋℟㚱㇨Ⱄ䘬㤪濱炻℞㇨Ⱄ㤪濱⎗傥㗗SUMOㆾ䈡㬲瀂➇䞍灊㛔橼䘬㝸ᶨ㤪濱炻
䈡㬲瀂➇娆⼁⹓␴瀂➇䞍灊㛔橼䘬䳸⎰炻ἧ⼿德忶娚灊⇍䡤⍰潓崟㇨㚱䘬妲〗ˤSinica 
BOW䘬屯㸸␴㝞㥳⤪⚾Ḵ㇨䣢ˤ䓙㕤德忶WordNet⎗ẍ␴⎴㗗ẍWordNet䁢➢䢶㝞㥳㇨
⺢伖䘬℞Ṿ婆䲣WordNet屯㸸≈ẍ濨䳸炻瀃⤪烉EuroWordNet[7]炻⚈㬌ẍ㬌➢䢶㝞㥳⎗
䶐墥ㆸ⣂婆䘬娆⼁䵚澅炻ㆸ䁢⣂婆䑘⠫ᷕ㇨暨ᷳ婆妨䞍灊䳸㥳䘬➢䢶屯瀌ˤ 
 

 

⚾Ḵˣ SINICA BOW㝞㥳⚾ 

 

ᶱˣ䞍嬀㛔橼⮵ㅱ冯㥳娆↮㜸 

 
(ᶨ) 䞼䨞屯㕁 
 

⮵㕤⃚⬀⣂㧋柀➇䞍嬀䘬㔠ỵ⌂䈑棐侴妨炻⮯℠啷⑩枭㵝味䘬䞍嬀㤪⾝⮵ㅱ军䞍嬀

䳸㥳⎗ἄ䁢姙⣂⺞Ỡㅱ䓐冯䞼䨞ᷳ➢䢶炻ἳ⤪㞍娊㒜⯽冯嶐婆妨䞍嬀Ṍ㎃ˤ侴℠啷⑩枭

ᷳ㧁柴⎵䧙⎗䓐Ἦἄ䁢℠啷⑩䈡⿏䘬℟橼㍷徘ʕ 㛔䞼䨞㍉䓐ᷕ⣖䞼䨞昊ᷕ㔯娆䞍嬀⹓⮷

䳬㇨攳䘤䘬㕟娆䲣䴙⮵㔠ỵ℠啷⚳⭞✳妰䔓ᷕ䘬℠啷⑩㧁柴忚埴㕟娆[12][13]炻⍾℞ᷕ
Ḵ军Ḽ⫿娆㇨㥳ㆸ䘬℠啷⑩㧁柴ἄ䁢䞼䨞屯㕁炻ℙ 39,765䫮ˤ忁ṃ㧁柴↮Ⱄ㕤䓇䈑ˣ
侫⎌ˣ⛘岒ˣṢ栆⬠ˣ㨼㟰ˣ㉻䇯ˣ☐䈑ˣ㚠䔓ˣ⛘⚾冯态㷔ˣ┬㛔⎌䯵ˣ㕘倆ˣ㻊䯵

ℐ㔯ˣ⼙枛ˣ⺢䭱䫱⋩⚃ᾳᷣ柴柀➇炻℞ᷕ 96%䘬㧁柴娆䁢娆℠ᷕ㛒㓞抬ᷳ枭䚖炻⤪楔
戨剙ˣ▱佑ᷕ⬠冯䐒䐁暁俛㜗䫱ˤ 
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⮵忁ṃ娆℠ᷕ㛒㓞抬䘬㧁柴娆侴妨炻䓙㕤仢᷷嵛⣈ᷳᶲᶳ㔯屯妲炻ᶵ㖻ẍ妰䬿娆⼁

ℙ䎦⹎䘬㕡⺷Ἦ忚埴娆⼁㒜⯽ˤ⚈㬌炻㛔䞼䨞⛐娆⼁Ⰼ㫉ᶲ⮵忁ṃ㛒䞍娆忚埴↮㜸冯嗽

䎮ˤ℞ᷕ炻ẍ娆⼁㇨⊭⏓䘬娆佑㤪⾝忚埴㤪⾝㒜⯽ẍ㈦↢㥳ㆸ娆⼁䘬㤪⾝⛐䞍嬀㛔橼ᶲ

䘬ỵ伖᷎⺞Ỡ㗗㛔㔯䞼䨞䘬ᷣ天㕡⎹ʕ ẍ㧁柴娆㇨⊭⏓䘬㤪⾝ἄ䁢➢㛔╖ỵ⇯⎗⮯ᷳ冯

⃚⬀䞍嬀㤪⾝䘬䞍嬀㛔橼忚埴⮵ㅱ忋䳸ˤ侴⛐忚埴㤪⾝↮㜸ᶲ炻⚈娆⼁冯㤪⾝䘬⮵ㅱ忶

䦳⎗傥䓊䓇㬏佑炻㇨ẍ暨天䲵ℍ嗽䎮㬏佑䘬㨇⇞ˤ 
 
 
(Ḵ) 䞍嬀㛔橼⮵ㅱ䫾䔍 
 

䎦㚱⶚攳䘤ᷳ䞍嬀㛔橼⎗ẍ䓐Ἦἄ䁢䞍嬀Ṍ㎃冯䞍嬀⃚⬀ᷳ➢䢶炻⤪ SUMO冯
MILO炷Mid-Level Ontology炸ʕ Ữᶨ凔㔠ỵ⌂䈑棐℠啷枭䚖⛯℟㚱℞䈡㬲⿏炻⚈㬌䃉㱽
枮⇑⛐㲃䓐䘬䞍嬀㛔橼ᶲ㈦⇘⮵ㅱ䭨溆炻ἳ⤪㔠ỵ℠啷⚳⭞✳妰䔓ᷕὧ㚱崭忶 96%䘬枭
䚖䃉㱽⛐ SUMOᷕ䚜㍍㈦⇘⮵ㅱ䭨溆ˤ 

 
䓙㕤䳽⣏悐↮℠啷⑩㧁柴䃉㱽䚜㍍⮵ㅱ军娆℠䲨抬炻⚈㬌⛐⺢㥳㔜ᾳ℠啷ℏ⭡䘬䞍

嬀䲣䴙㗪炻⎗ẍ怠㑯䘬㕡⎹ᷣ天㚱Ḵ烉炷1炸冒埴⺢䩳柀➇䈡䓐ᷳ䞍嬀㛔橼ㆾ炷2炸德忶
⮵ㅱ䫾䔍⮯℠啷⑩枭ᷳ㧁柴⮵ㅱ军䎦㚱䞍嬀㛔橼䭨溆ᶲˤ 
 

ὅ㒂䞼䨞䚖䘬炻㛔䞼䨞㍸↢ᶨ⮵ㅱ䫾䔍炻德忶ᷕ㔯㥳娆↮㜸炻⃰⮯䃉㱽䚜㍍⮵ㅱᷳ

㧁柴娆↯↮䁢庫⮷䘬ㆸ↮娆炻ℵẍ娆⼊㭼⮵䘬㕡⺷⮯ㆸ↮娆冯ᷕ㔯娆⼁䵚嶗⍲ᷕ劙暁婆

䞍嬀㛔橼ᷕ䎦㚱䭨溆䓊䓇㭼⮵忋䳸炻⼿⇘ᶨᾳ⮵ㅱ䳸㝄ˤ啱㬌㕡⺷⎗㕤ᶵ剙屣檀柵ㆸ㛔

䘬ね㱩 炻ʂ⛐㤪⾝忋䳸Ⰼ㫉⮯㧁柴娆⼁㒜⯽᷎⮵ㅱ军䞍嬀㛔橼ᷕʕ 娛䳘㬍樇⤪⚾ᶱ㇨䣢ʕ  
 
 

⛐ㆸ↮娆䘬⭂佑ᶲ炻㛔䞼䨞⮯ N⫿㧁柴娆↯↮ㆸḴ⫿ㆸ↮ˣᶱ⫿ㆸ↮ˣ…ˣ(N-1)
⫿ㆸ↮炻⮯㇨㚱䘬⎗傥ㆸ↮⭂佑䁢ㆸ↮娆普⎰炻ℵ德忶忁ṃㆸ↮娆冯 149,751䫮 BOW
㤪⾝忚埴娆⼊㭼⮵冯忋䳸ˤ 
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㧁柴娆 Ki 

ㆸ↮娆 Ki2 ㆸ↮娆 Kij 

 

⚾ᶱˣ䞍嬀㤪⾝㒜⯽㳩䦳 
 
(ᶱ) 㥳娆↮㜸 
 

⮯㧁柴娆↯↮䁢ㆸ↮娆䘬⮵ㅱ㕡⺷℟㚱⡆≈⮵ㅱ䳸㝄㔠慷ᷳ㓰㝄炻䃞侴Ṏ㚱䲵ℍ⣒

⣂㬏佑屯㕁䘬∗ἄ䓐ˤ⚈㬌炻䁢Ḯ⛐䞍嬀㛔橼⮵ㅱ忶䦳忶㾦忶⣂䘬朆䚖㧁䳸㝄炻㛔䞼䨞

德忶 CWNᷕ䘬娛䳘娆佑屯㕁忚埴ᷕ㔯㥳娆↮㜸妋㰢㬏佑⓷柴炻⮯ㆸ↮娆㥳ㆸ㧁柴娆䘬
䳬⎰㕡⺷ẍṢⶍ㕡⺷忚埴婆妨↮㜸炻㬠䲵↢ℑ䧖ᷣ天䘬㧋⺷烉ḳẞ槭≽冯⮎橼槭≽ˤ 
 
ᶨˣḳẞ槭≽ event driven烉(⮰㚱⎵娆(Ṣ⎵) +)  ≽娆  ( +⍿娆) 
1. ⮰㚱⎵娆(Ṣ⎵) +  ≽娆 
ἳ烉 

伭㻊㜦炾⒕Ḯ 
⮷⬠䓇炾嶛准 
 

2. ⮰㚱⎵娆(Ṣ⎵) +  ≽娆  +⍿娆 
ἳ烉 

⚅Ṽ炾榶炾㛐楔 
ㆹ炾㔔ッ炾⚳䇞 
 

ㆸ↮娆 Ki1 

ᷕ㔯娆⼁䵚嶗 ᷕ劙暁婆䞍嬀㛔橼 

妋㬏佑冯㥳娆↮㜸 

㤪⾝佌普䷖㷃 

㤪⾝㒜⯽冯⮵ㅱ䳸㝄

㤪⾝㒜⯽冯佌普 

…
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3. ≽娆  + ⮰㚱⎵娆(Ṣ⎵) 
ἳ烉 

⚆␛炾哉よ桐 
㈦⚆炾⣒欗敋 

 
 
Ḵˣ⮎橼槭≽ entirety driven烉䃉≽娆䘬 
 
1. ᾖ梦婆  + ᷕ⽫婆 
 

堐ᶨˣᾖ梦婆 + ᷕ⽫婆㤪⾝↮㜸 
ᾖ梦婆 + ᷕ⽫婆㤪⾝↮㜸 ἳ 
Ⱄ⿏炾⮰㚱⎵娆(⛘⎵) 炾ᷕ⽫婆 
Ⱄ⿏炾⮰㚱⎵娆(Ṣ⎵) 炾ᷕ⽫婆 

✪剙炾咔厲炾吃 
湫㔯炾䌣℔炾普 

⮰㚱⎵娆(⛘⎵)炾Ⱄ⿏炾ᷕ⽫婆 ❶㬎䷋炾䦭炾戨 
㸀㼕䷋炾戨炾拈 

⸜ẋ炾㛸岒炾ᷕ⽫婆 ⃱䵺⸜炾戨炾拈 
㻊 炾曺䌱炾䑚 

⸜ẋ炾⿏岒炾ᷕ⽫婆 ℐ嚨炾喅㔯炾⽿ 
㻊炾Ṣ䈑䔓炾⁷ 

⸜ẋ炾䳸㥳炾ᷕ⽫婆 ℐⒸ炾倚⼳炾婾 
㻊櫷炾⎊㚠炾怠 

㛸岒炾≇傥炾ᷕ⽫婆 ⃱举炾忋㍍炾☐ 
䵚䳸勱炾暐炾堋 

㛸岒炾㧋⺷炾ᷕ⽫婆 䐒䐁炾暁俛炾㜗 
湫䐒䐁炾䄁炾⢤ 

⿏岒炾ᷕ⽫婆 ⌘剙䦭炾㡅ἳ 
⢆㬣⿏炾儠䀶 

 
 
2. ᷕ⽫婆(+忋㍍娆ㆾṳ䲣娆) ᷕ⽫婆 
ἳ烉 

曰剅炾␴炾䈃㧇 
⚆栏炾冯炾⯽㛃 
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⚃ˣ㤪⾝㒜⯽冯佌普䷖㷃 

 
(ᶨ) 㤪⾝㒜⯽冯佌普 
 

⛐德忶ㆸ↮娆⮯㧁柴娆⮵ㅱ军 BOW㤪⾝ᷳ⼴炻ὧ⎗ẍ㒜⯽⼿⇘ᶨ䳬㧁柴娆⍲℞ㆸ
↮㤪⾝炻ẍ⍲ㆸ↮㤪⾝忋䳸⇘ SUMOᶲ䘬㤪⾝䭨溆普⎰ˤ侴⚈䞍嬀㛔橼㛔幓㇨℟⁁䘬
䳸㥳䲣䴙炻㇨ẍ⎗ἧ䓐䭨溆攻䘬㤪⾝嶅暊⭂佑↢䚠Ụ㤪⾝炻忚侴妰䬿䚠Ụ佌普炻ἧ⼿ㆸ

↮娆⼿ẍ㒜⯽⮵ㅱ军䞍嬀㛔橼ᶲ᷎德忶佌普䘬㕡⺷⼊ㆸ佌ℏⶖ䔘⮷炻佌攻ⶖ䔘⣏䘬㤪⾝

佌普ˤ㛔䞼䨞姕⭂䚠Ụ㤪⾝䭨溆䁢⛐ SUMO㝞㥳ᷕ嶅暊⎬ㆸ↮㤪⾝嶅暊䁢 2ẍℏ䘬㤪
⾝䭨溆ˤ 
 

㭷ᾳ䴻䓙 BOW㒜⯽䘬䞍嬀㤪⾝悥⎗ẍ⛐ SUMOᷕ㈦⇘⮵ㅱ䭨溆炻䓙㕤 SUMO䘬
㧡䉨䳸㥳炻忁ṃ㤪⾝䭨溆普⎰㇨⼊ㆸ䘬⫸㧡ὧ⎗夾䁢ᶨᾳ佌普ˤ堐Ḵẍ “䐒䐁暁俛㜗” 
ἄ䁢ἳ⫸炻婒㖶ㆸ↮娆䴻忶⮵ㅱ军 BOW䘬ㆸ↮㤪⾝㒜⯽ᷳ⼴炻啱䓙 SUMO㤪⾝䭨溆
ỵ伖妰䬿䚠Ụ⹎嶅暊㇨⼿⇘䘬㤪⾝佌普ˤ䓙㛔ἳᷕ⎗䞍䐒䐁暁俛㜗䘬ㆸ↮娆⮵ㅱ⇘

SUMO㗪炻ℙ⎗⛐䞍嬀㛔橼㧡䉨䳸㥳ᷕ⼊ㆸᶫᾳᷣ天佌普ˤ 
 

堐Ḵˣ㤪⾝佌普䭬ἳ烉䐒䐁暁俛㜗 
䐒䐁暁俛㜗 

BOW㒜⯽䳸㝄 WN ID 
SUMO 

node 

SUMO

ᷕ嬗 
SUMO㤪⾝䭨溆ỵ伖 㤪⾝佌普 

䐒䐁居 
01466296N mollusk 

庇橼≽

䈑 

1.1.1.1.2.4.8.14.15.9.,mollusk,庇橼

≽䈑,C,_mollusk cluster 1 

䐒䐁居 
01466296N mollusk 

庇橼≽

䈑 

1.1.1.4.11.25.46.57.,mollusk,庇橼≽

䈑,C,_mollusk cluster 2 

䐒䐁剙䲳䘬㏒

䒟揝☐ 02169007N art work 喅埻⑩

1.1.1.1.2.5.13.,art work,喅埻

⑩,C,_art_work cluster 3 

䐒䐁䲳㏒䒟☐ 02169007N 
art work 喅埻⑩

1.1.1.1.2.5.13.,art work,喅埻

⑩,C,_art_work cluster 3 

暁俛䒞 
02185088N artifact Ṣ忈䈑

1.1.1.1.2.5.,artifact,Ṣ忈

䈑,C,_artifact cluster 3 

暁俛湷⛇䨬䒞 
02185088N artifact Ṣ忈䈑

1.1.1.1.2.5.,artifact,Ṣ忈

䈑,C,_artifact cluster 3 

暁俛⸛⸽惺㜗 03291208N 
artifact Ṣ忈䈑

1.1.1.1.2.5.,artifact,Ṣ忈

䈑,C,_artifact cluster 3 

暁俛⺷俛㨇 
02809404N device 墅伖 

1.1.1.1.2.5.16.,device,墅

伖,C,_device cluster 3 
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BOW㒜⯽䳸㝄 WN ID 
SUMO 

node 

SUMO

ᷕ嬗 
SUMO㤪⾝䭨溆ỵ伖 㤪⾝佌普 

䐒䐁䶂 
09870127N 

unit of 

measure 

㷔慷╖

ỵ 

1.2.3.11.50.,unit of measure,慷⹎╖

ỵ,C,_unit_of_measure cluster 4 

䐒䐁䶂 
09870127N 

constant 

quantity ⷠ慷 

1.2.3.11.48.,constant quantity,ⷠ

慷,C,_constant_quantity cluster 4 

䐒䐁 
10543998N mineral 䣎䈑 

1.1.1.1.1.2.4.,mineral,䣎

䈑,C,_mineral cluster 5 

(䣎)剼䲳䐒䐁 10544179N 
mineral 䣎䈑 

1.1.1.1.1.2.4.,mineral,䣎

䈑,C,_mineral cluster 5 

䐒䐁 10617402N 
mineral 䣎䈑 

1.1.1.1.1.2.4.,mineral,䣎

䈑,C,_mineral cluster 5 

䲭䐒䐁 10617402N 
mineral 䣎䈑 

1.1.1.1.1.2.4.,mineral,䣎

䈑,C,_mineral cluster 5 

⼑䲳䐒䐁 10740932N 
mineral 䣎䈑 

1.1.1.1.1.2.4.,mineral,䣎

䈑,C,_mineral cluster 5 

䲭㡅䲳䐒䐁 10740932N 
mineral 䣎䈑 

1.1.1.1.1.2.4.,mineral,䣎

䈑,C,_mineral cluster 5 

丷䴚䐒䐁 10740932N 
mineral 䣎䈑 

1.1.1.1.1.2.4.,mineral,䣎

䈑,C,_mineral cluster 5 

暁俛䘬 
00236774A body part 

幨橼悐

ẞ 

1.1.1.1.2.4.9.18.,body part,幨橼悐

ẞ,C,_body_part cluster 6 

暁俛⽫ 
04189008N organ ☐⭀ 

1.1.1.1.2.4.9.18.23.,organ,☐

⭀,C,_organ cluster 6 

暁俛䘬 
02509854A hearing 倥 

1.1.2.8.38.84.87.92.,hearing,

倥,C,_hearing cluster 7 

 
 (Ḵ) 佌普䷖㷃 
 

䓙㕤㤪⾝㒜⯽⼴㇨⼿⇘䘬佌普⼨⼨⊭⏓⣒忶漸暄䘬ℏ⭡炻⚈㬌㚱⽭天⺢䩳ᶨᾳ佌普

䷖㷃䘬㨇⇞ẍ㾦⍣冯⍇⥳㧁柴ⶖ䔘庫⣏䘬㤪⾝佌普炻⁭ᾅ䔁ᷣ天䚠斄䘬㤪⾝佌普ˤ㬌

㗪炻⇵徘䓙Ṣⶍ㬠䲵ᷳ㥳娆㧋⺷⌛⎗㈖㺼忶㾦☐ᷳ奺刚ˤẍ䐒䐁暁俛㜗ᶨἳ炻㛔䞼䨞⌛

ẍ㥳娆⍇⇯⋨彐↢㬌㧁柴娆ᷕᷣ天䘬ᷕ⽫婆ẍ⍲ᾖ梦婆炻ℵẍ㬌㥳娆㧋⺷军䞍嬀㛔橼ᷕ

䚠⮵ㅱ↮㓗ᷕ忶㾦↢℟㚱檀䚠斄⿏ᷳ⮵ㅱ佌普炻䓙⶚㒜⯽᷎↮佌⼴䘬㤪⾝佌普ᷕᾅ䔁⮵

ㅱ㬋䡢䞍嬀㛔橼↮㓗ᷳ佌普炻侴㉳㡬℞检佌普ᶵ䫎⎰㥳娆⍇⇯ᷳ佌普ˤ 
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倥 
1 

C7 

幨橼
悐ẞ

☐⭀

1 

1 

C6 

䣎䈑 
7 

C5 

C1 C2 C3 

庇橼 
≽䈑 

庇橼 
≽䈑 

Ṣ 
忈 䈑 

喅 
埻 ⑩ 墅伖

1 1 

1 2 

3 

䈑 
䎮 慷 

ⷠ慷 
慷⹎
╖ỵ

1 1 

C4 

⚾⚃ˣSUMO⫸㧡佌普冯㫉㔠↮ⶫ炷ẍ “䐒䐁暁俛㜗” 䁢ἳ炸 
 

 
㬌㕡㱽ᷕ斄挝䘬⇌㕟➢䢶䁢⎬佌普㇨忋㍍䘬 SUMO㤪⾝䭨溆冯㥳娆㧋⺷䘬㏕惵ˤ

䓙 “䐒䐁暁俛㜗” 䭬ἳ⎗⼿䞍⛐ “ᾖ梦婆 + ᷕ⽫婆” 䘬㥳娆㧋⺷ᶳ炻佌普 3㇨㊯㴱䘬
SUMO㤪⾝炷Ṣ忈䈑x 墅伖x 喅埻⑩炸〘⎗堐忼ᷕ⽫婆䘬㤪⾝ʕ 侴佌普 5㇨㊯㴱䘬 SUMO
㤪⾝炷䣎䈑炸炻ẍ⍲佌普 6㇨㊯㴱䘬 SUMO㤪⾝炷幨橼悐ẞˣ☐⭀炸⇯䓐Ἦ⁛忼㛔ἳ䘬
ᾖ梦婆㤪⾝炻↮⇍䁢㛸岒冯㧋⺷ˤ⚈㬌德忶㥳娆㧋⺷㇨忚埴䘬佌普䷖㷃ὧ⎗⮯⍇㛔㒜⯽

军ᶫᾳ佌普䘬㇨㚱㤪⾝䷖㷃ㆸ佌普 3ˣ佌普 5ẍ⍲佌普 6䫱ᶱᾳ℟㚱ẋ堐⿏䘬佌普ˤ⚾
⚃ᷕ⎬ SUMO⫸㧡䭨溆⎛“ᷳ㔠⫿䁢ㆸ↮娆䚠斄㤪⾝㔠慷炻ἄ䁢怠⍾佌普冯⏎䘬≈㪲
㡅ẞˤ䴻佌普䷖㷃⼴炻⍇⥳㧁柴娆䘬䚠Ụ㤪⾝⺞Ỡ娆普ὧ㗗ℑᾳ䷖㷃⼴㤪⾝佌普ᷕ䘬娆

⼁ˤ 
 
ῤ⼿䔁シ䘬㗗炻➢㕤佌普ᷕ⊭⏓䭨溆䘬㔠慷⣂⮉炻ㆹᾹ㊯⭂䴎佌普 5庫檀䘬慵天䦳

⹎炻忁㗗ẍ娆℠奨⾝Ἦ忚埴䘬姕⭂炻⚈䁢娆℠ᷕ⊭⏓庫⣂䘬枭䚖冒䃞㗗㤪⾝ᶲ慵天䘬佌

普枭䚖ˤ侴ᾖ梦婆䘬栆⇍䴻㛔㔯↮㜸⎗⼿⇘㚱Ⱄ⿏ˣ⮰㚱⎵娆ˣ⸜ẋˣ㛸岒ˣ⿏岒ˣ䳸

㥳ˣ≇傥ˣ㧋⺷ˣ⿏岒䫱ḅ⣏栆ˤ 
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Ḽˣ䳸婾 

㛔䞼䨞ᷣ天䚖䘬⛐㕤㍊妶ẍ㤪⾝㒜⯽䘬㕡⺷⮯⍇⃰℟㚱柀➇䈡㬲⿏䘬㔠ỵ⌂䈑棐

℠啷⑩㧁柴忚埴ㆸ↮㤪⾝↮㜸炻᷎⮵ㅱ军䞍嬀㛔橼ᶲ䘬䭨溆ˤℵẍ㥳娆㧋⺷⮯㤪⾝佌普

忚埴䷖㷃炻⼿⇘斄倗㤪⾝佌普ˤ⺢㥳佌普᷎ẍ㥳娆㧋⺷䮑怠斄倗佌普䘬ᶨᾳ⤥嗽㗗佌普

攻䃉Ḻ㕍⿏炻⎗性⃵䪞䇕侴䉏䈚㚱ẋ堐⿏䘬佌普ˤ䳸㝄⮯ἧᶵ⎴柀➇ᷳ℠啷⑩傥啱䓙㧁

柴䘬忋䳸侴㔜⎰ㆸᶨ䞍嬀䲣䴙ʕ ⛐䞼䨞ᷕẍṢⶍ㬠䲵㕡⺷㔜䎮↢㥳娆㧋⺷᷎㍸↢℟㚱ẋ

堐⿏䘬䭬ἳἄ䁢婒㖶炻⎗ἄ䁢㛒Ἦ⣏慷冒≽⊾嗽䎮ᷳ➢䢶ˤ 

䓙㛔䞼䨞㇨㍸↢ᷳ㤪⾝冯䞼䨞姕妰⎗憅⮵⃚⬀⣏慷⣂柀➇䞍嬀䘬╖ᶨ℠啷㨇㥳㔯

⫿屯㕁忚埴㤪⾝㒜⯽炻⮵㕤㔠ỵ⌂䈑棐䚠斄䞼䨞⎗㚱㇨≑䙲炻䈡⇍㗗⛐㻊婆㔠ỵ⌂䈑棐

䘬屯妲㩊䳊ㅱ䓐ᶲˤ⎴㗪Ṏ⎗ἄ䁢㞍娊㒜⯽䚠斄䞼䨞ᷳ⍫侫ˤ侴䓙㕤⮰㚱⎵娆彐嬀⍲嗽

䎮ᶲᷳ⚘暋炻⼴临䞼䨞ᶲ⎗⮶ℍ⎰怑䘬⎵䧙彐嬀㕡㱽ẍἧ嗽䎮䭬⚵傥㚜冣⬴㔜ˤ 

 

 

⍫侫㔯䌣 
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㐀天 

㛔婾㔯㍸↢ᶨᾳ䳸⎰䶂ᶲ侣嬗㚵⊁䵚䪁䘬嶐婆妨⮰⇑㩊䳊䲣䴙(Cross-language 
Patent Retrieval System)炻⇑䓐怑⎰嗽䎮ᶵ⎴婆妨䘬 bi-gram䳊⺽㕡㱽炻德忶㩊䳊⺽㑶嗽
䎮⣂婆妨䘬⮰⇑㔯ẞ普炻᷎䳸⎰䵚嶗侣嬗㚵⊁䲣䴙炻⇑䓐㞍娊侣嬗䘬㕡㱽炻⮯⍇⥳䘬㞍

娊≈ẍ侣嬗炻ℵ忚埴⮰⇑㩊䳊ˤ㛔䲣䴙忚ᶨ㬍⇑䓐㩊䳊䳸㝄炻㟡㒂⮰⇑↮栆橼䲣ᷳᷕ䘬

International Patent Classification (IPC)↮栆炻⎗⮯⮰⇑㔯ẞ䚠斄䘬 IPC↮栆↿↢ˤ 

䚖⇵㛔䲣䴙⎗ẍ嗽䎮劙㔯冯㖍㔯䘬╖婆⮰⇑㩊䳊x ẍ⍲㖍㔯㩊䳊劙㔯⮰⇑㔯ẞ冯劙

㔯㩊䳊㖍㔯⮰⇑㔯ẞℑ䧖嶐婆妨㩊䳊ˤἧ䓐侭⎗ẍ怠㑯㞍娊普Ἦ㸸炻䶐廗冯ᾖ㓡㞍娊炻

怠㑯ᶱ䧖ᶵ⎴䘬㞍娊普侣嬗㕡⺷炻怠㑯ᶱ䧖ᶵ⎴䘬侣嬗㚵⊁䵚䪁忚埴㞍娊侣嬗炻᷎ᶼ⎗

ẍ怠㑯㩊䳊䘬㪬ỵ⍲⮰⇑㔯ẞ普䘬䧖栆炻忚埴嶐婆妨䘬⮰⇑㩊䳊ˤ 

Abstract 

In this paper, we introduced a cross-language patent retrieval system which combined 
the various free web translators on the internet.  The bi-gram indexing method was used to 
deal with the multilingual patent documents, and the query translation method was used to 
translate the query form the source language to the target language. 

Currently, this system provides the functions of the monolingual and cross-language 
patent retrieval in English and Japanese.  The users can input the queries and use the 
different translation systems to process the query translation.  The different fields of the 
query topics and various patent document sets are selected to perform the cross-language 
patent retrieval from Japanese to English, and vice versa. 

斄挝娆烉嶐婆妨㩊䳊ˣ⮰⇑㩊䳊ˣBi-gramˣ㞍娊侣嬗 

Keywords: Cross-Language Patent Retrieval, Bi-gram, Query Translation. 

ᶨˣ䵺婾 

⮰⇑㔯ẞ㗗㤝䁢慵天䘬䥹㈨妲〗Ἦ㸸炻攟㛇ẍἮᶨ䚜⍿⇘䞼䘤侭ㆾẩ㤕䴻䆇侭䘬慵
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夾ˤ⮰⇑㔯ẞ㗗䚖⇵ⓗᶨ⬴ℐ℔攳㈨埻᷎傥ἧ䓐㱽⼳Ἦᾅ晄⮰⇑䘤㖶Ṣ㪲䙲䘬ᶨ䧖㕡

⺷炻㬋⚈䁢℞㎕䘤㈨埻㕡㱽傥彭忇⍵㗈㚨㕘䥹㈨≽ン⍲䞼䨞ㆸ㝄炻⚈㬌⮰⇑䘬岒冯慷㗗

䚖⇵堉慷⚳⭞∝㕘傥≃䘬慵天㊯㧁炻䓙㕤䓊㤕䓴䘬⚳晃䪞䇕崲嵐㽨䁰炻ℐ䎫ẩ㤕卓ᶵ䧵

㤝啱䓙⮰⇑䘬ᾅ嬟炻䵕㊩㈨埻柀⃒⃰⊊冯ⶪ⟜⇑䙲ˤ 

㟡㒂ᶾ䓴㘢ㄏ屉䓊㪲䳬䷼炷World Intellectual Property Organization, WIPO炸[1]⟙⮶炻
⮰⇑㔯ẞ⊭⏓ℐᶾ䓴 90%焍95%ᷳ䞼䘤ㆸ㝄炻侴℞⬫䘬㈨埻㔯ẞ炷婾㔯ㆾ㛇↲䫱炸ᷕ⎒
⁭⏓ 5%焍10%ᷳ䞼䘤ㆸ㝄炻STN International [2]ḇ㊯↢㚱 70%~90%䘬⮰⇑屯妲炻㟡㛔
㰺㚱⛐℞Ṿ䘬㛇↲ㆾ侭暄娴䘤堐忶ʕ 㬌⢾WIPO怬㊯↢⛐䞼䨞ⶍἄᷕ劍傥┬㕤ㅱ䓐⮰⇑
㔯ẞ䘬娙⎗ẍ⼿⇘䷖䞕 60%䞼䘤㗪䦳ˣ⎴㗪㷃⮹ 40%䞼䘤䴻屣ᷳ㓰䙲ˤ⚈㬌炻教嬨冯
↮㜸⮰⇑㔯ẞㆸ䁢㤝䁢慵天侴ᶼ䁢ᶵ⎗ㆾ仢䘬ᶨ枭ⶍἄ炻侴ἧ䓐⮰⇑㩊䳊㗗↮㜸⮰⇑㔯

ẞᷕ㤝䁢慵天䘬ᶨ䑘炻⚈䁢⤪㝄㩊䳊↢Ἦ䘬䳸㝄ᶵ㬋䡢炻恋湤ὅ䄏拗婌䘬䳸㝄㇨ 䘬↮

栆ˣ↮㜸ẍ⍲㇨㚱䘬㔠㒂ˣ⚾堐䫱炻悥㚫䃉㱽㬋䡢䘬⍵ㅱ↢晙⏓⛐⮰⇑㔯ẞᷕ䘬䞍嬀炻

䓙㬌⎗䞍⮰⇑㩊䳊⮵㕤ẩ㤕ㆾ䞼䘤侭悥㗗⼰慵天䘬ᶨ枭ⶍἄˤ 

䔞ẩ㤕ㆾ䞼䘤侭⛐攳䘤㕘䓊⑩ㆾ䓛婳⮰⇑㗪῁炻ᶨ⭂㚫⃰㩊䳊䚖⇵䘬䎦㱩炻ㇵ傥枸

⃰䞍忻⶚⬀⛐䘬䞼䨞㚱⒒ṃˣ槿嫱䓊⑩攳䘤妰䔓㗗⏎㚱婌ˣ㗗⏎慵墯䞼䘤ˣ㗗⏎㉝妠Ṿ

Ṣᷳ⮰⇑Ὕ㪲炻忁㧋ㇵ⎗ẍ䭨䚩慹拊␴㗪攻ᶲ䘬㴒屣炻᷎ 傥㚱㓰䘬㍐⯽䞼䨞䘤⯽䘬ⶍἄʕ  

䓙㕤⮰⇑Ὢ㍉Ⱄ⛘ᷣ佑炻⤪㝄⮰⇑天⍿⇘ᾅ晄䘬娙炻⯙⽭枰天␴⎬⚳Ἦ䓛婳⮰⇑炻

䔞ẩ㤕ㆾ䞼䘤侭⛐㩊䳊⮰⇑䘬㗪῁炻㛇㛃⎗ẍἧ䓐⎴㧋䘬斄挝⫿Ἦ㩊䳊伶⚳炻㖍㛔炻嶇

⎘䀋䫱⚳䘬⮰⇑炻᷎⍾⼿䚠斄⮰⇑㔯ẞ屯妲炻ᶵ忶䚖⇵⣏悐↮䘬⮰⇑㩊䳊䲣䴙᷎ᶵ㍸ὃ

嶐婆妨䘬㩊䳊㕡⺷炻㇨ẍἧ䓐侭⽭枰ẍᶱᾳᶵ⎴婆妨炻↮⇍⇘ᶱᾳᶵ⎴䘬䲣䴙㞍娊炻ㇵ

傥㈦⇘㇨㚱䚠斄䘬屯㕁ˤỮ⓷柴㗗炻᷎ᶵ㗗㇨㚱䘬ἧ䓐侭悥℟⁁嵛⣈䘬婆妨傥≃炻⎗ẍ

ἧ䓐ᶵ⎴䘬婆妨Ἦ㩊䳊⮰⇑炻㇨ẍ⤪㝄ᶨ攳⥳傥⛐䓴⭂䘬屯㕁䭬⚵ℏ炻㍸ὃḮ㵝味ℑ䧖

ẍᶲ䘬婆妨炻恋湤䲣䴙⯙⎗ẍㆸ䁢ᶨᾳ嶐婆妨䘬⮰⇑㩊䳊䲣䴙炻嬻ἧ䓐侭ἧ䓐冒⶙䘬婆

妨炻ḇ⎗ẍ㩊䳊⇘劙㔯ㆾ㖍㔯䘬⮰⇑ˤ 

㛔䞼䨞㍸↢䘬嶐婆妨⮰⇑㩊䳊炻℞䚖䘬䳸⎰䵚嶗⎬䧖⃵屣䘬侣嬗屯㸸炻攳䘤ᶨᾳ傥

嗽䎮⣂ᾳ婆妨䘬嶐婆妨⮰⇑㩊䳊䴙烊䓙㕤⍾⼿屯㕁ᶲ⼿旸⇞炻䚖⇵ㆹᾹ䘬䲣䴙嗽䎮䘬㔯

ẞ屯㕁⊭⏓㖍㔯冯劙㔯⮰⇑㔯ẞ普ˤ㛔婾㔯䫔Ḵ䭨ṳ䳡䚠斄䘬䞼䨞炻䫔ᶱ䭨婒㖶䲣䴙㝞

㥳冯㩊䳊䦳⸷炻䫔⚃䭨ṳ䳡⮎槿冯䳸㝄炻㚨⼴䁢䳸婾⍲㛒Ἦ䘬䞼䨞㕡⎹ˤ 

Ḵˣ䚠斄䞼䨞 

ὅㆹ⚳⮰⇑㱽䘬⭂佑㗗䁢溻⊝ˣᾅ嬟ˣ⇑䓐䘤㖶冯∝ἄ炻ẍὫ忚䓊㤕䘤⯽炻ㆹ⚳⮰

⇑ᷣ↮䁢烉䘤㖶⮰⇑炷㍸ὃ㕘䘬 ḳ㕡⺷ㆾ⮵㝸ᶨ⓷柴㍸↢㕘䘬㈨埻妋㰢㕡㟰䘬䓊⑩ㆾ

㕡㱽炸x㕘✳⮰⇑炷⮵冲ḳ䈑䘬⼊䉨ˣ㥳忈ㆾ墅伖㍸↢㕘䘬㈨埻⿏∝ἄ炸x㕘⺷㧋⮰⇑炷⛐

ḳ䈑䘬⢾奨ᶲ徥㯪伶デ䘬㕘∝ἄ炸ᶱ侭ˤ 

 ⮰⇑㔯ẞ㗗䴻䓛婳᷎忂忶⮑㞍⼴㇨㌰Ḱ䘬ᶨ䧖㪲⇑炻ℐᶾ䓴䎦㚱 100⣂ᾳ⮰⇑⯨℔
Ự⮰⇑㔯ẞ炻㭷⸜⸛⛯℔Ự 100⣂叔ẞ炻⬫㖊㗗㱽⼳㔯ẞ炻⍰㗗慵天䘬㈨埻ね⟙ˤ㒂䴙
妰㚱 90%䘤㖶ㆸ㝄䘬㈨埻ℏ⭡⎒㚱⛐⮰⇑㔯ẞᷕㇵ傥㈦⇘炻侴ᶼ⮰⇑㔯ẞ怬℟㚱⮵䘤㖶
∝忈婒㖶娛䚉␴℔Ự㚨㖑䘬䈡溆炻德忶㩊䳊㞍娊⮰⇑㔯ẞ炻⎗ẍ㈲㎉ⶪ⟜䥹㈨攳䘤㕡

⎹炻᷎ᶼ⎗ẍ⍫侫ṾṢ䞼䨞ㆸ㝄炻䭨䚩䞼䘤䴻屣冯䷖䞕㈽ℍ䘬㗪攻炻⎴㗪ḇ䁢⺋⣏ẩ㤕

⛐⚳ℏ⢾屧㖻ᷕ䝕妋㚱斄䓊⑩㈨埻䉨㱩炻⮵枸旚Ὕ㪲㍸ὃ⸓≑炻᷎ ᶼ䞼㒔ⶪ⟜䪞䇕䫾䔍ʕ  
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堐 Ĳįġ⮰⇑㩊䳊䘬枭䚖ġ

枭䚖ġ 㩊䳊㗪㨇ġ 㩊䳊䚖䘬ġ

⮰⇑䎦㱩㩊䳊ġ ⛐忚ℍ㝸ᶨ䞼䨞柀➇ㆾ攳䘤

㕘䓊⑩ᷳ⇵ġ

⣏慷㩊䳊↢䚠斄⮰⇑ˣḮ妋䚖⇵䘬⮰⇑㤪㱩ˣ᷎

⛐Ḯ妋ᷳ⼴ ↢㬋䡢䘬⇌㕟ˤġ

⎗⮰⇑⿏䘬㩊䳊ġ 㚱㕘㥳゛㒔䓛婳⮰⇑㗪ġ ⮵䓛婳⮰⇑䘬ℏ⭡␴㈨埻 ᶨ㕘䧶⿏䘬䡢娵炻婧

㞍㚱䃉䚠斄⇵㟰㚱≑㕤⮰⇑䓛婳䘬忂忶ˤġ

Ὕ㪲䘬㩊䳊ġ 䁢㈨埻ˣ䓊⑩⺽忚ㆾ廠↢ℍ

㗪忚埴ġ

⛐ᶨ枭㕘㈨埻ㆾ㕘䓊⑩忚ℍⶪ⟜ᷳ⇵ㅱ忚埴㚱

䃉Ὕ㪲䘬㩊䳊炻ẍ性⃵㥳ㆸ⮵ṾṢ⮰⇑㪲䘬⎗傥

Ὕ䉗ˤġ

⮰⇑㚱㓰⿏㩊䳊ġ ⛐䔘嬘ㆾ冱䘤⇍Ṣ䘬⮰⇑㗗

⏎㚱㓰侴忚埴ġ

㩊䳊↢䚠⎴䘬㈨埻ㆾ㔯䌣ẍ嫱㖶⇍Ṣ䘬⮰⇑䃉

㕘䧶⿏炻旚㬊䪞䇕侭Ỽ柀㝸ᶨ㈨埻柀➇ˤġ

㈨埻枸㷔㩊䳊ġ 䁢枸㷔㛒Ἦ䘬䘤⯽ġ 傥㬋䡢䘬忳䓐⮰⇑≈忇攳䘤∝忈ˤġ

℟橼⮰⇑㈨埻㩊䳊ġ 䁢妋㰢㈨埻⓷柴ᶲġ ⮰⇑屯㕁ᷕᷳ㚱斄㈨埻側㘗冯⓷柴炻ⷠ㭼㛇↲ㆾ

㚠䯵ᷕ姀庱天Ἦ䘬娛䳘ˤġ

䓙㕤⮰⇑㩊䳊㚱℞慵天⿏炻⛐㭷ᾳ昶㭝㩊䳊䚖䘬悥ᶵ⎴炻堐 1㔜䎮Ḯᶨ凔ẩ㤕⍲䞼
䘤侭ἧ䓐⮰⇑㩊䳊炻℞㩊䳊䘬枭䚖冯㗪㨇炻᷎ᶼ婒㖶℞㩊䳊䘬䚖䘬ˤ 

⮰⇑㔯ẞ䘬↮栆忂ⷠ㍉䓐 IPC↮栆, IPC↮栆堐䚖⇵䓙ᶾ䓴㘢ㄏ屉䓊㪲䳬䷼屈屔↢
䇰炻㭷Ḽ⸜ᾖ妪ᶨ㫉炷⤪堐 2炸炻侴䎦⛐ἧ䓐䘬㗗䫔ℓ䇰ˤ⽆ 2000.1.1 军 2005.12.31 ἧ
䓐䘬䫔ᶫ䇰 IPC䡤炻⛐⮰⇑㔯䌣ᶲ堐䣢䁢烉Int. CL.7烊䫔ᶫ䇰ℙ㚱 8ᾳ悐炷Section炸x
120ᾳᷣ栆炷Class炸x 628ᾳ㫉栆炷Subclass炸x 69,000ᾳᷣ䚖炷Group炸⍲㫉䚖炷Subgroup炸ʕ
ᶨᾳ⬴㔜ᷳ↮栆䡤⽭枰䓙ẋ堐悐ˣᷣ栆ˣ㫉栆ˣᷣ䚖ㆾ㫉䚖ᷳ䫎嘇䳸⎰㥳ㆸ炷⤪⚾ 1炸炻
ㆹᾹἧ䓐ᶨᾳ䭬ἳἮ婒㖶 H04L 12/44㇨ẋ堐䘬シ佑⤪ᶳ烉 

悐烉 H 暣⬠ 
栆烉 H04 暣㯋忂ᾉ㈨埻 
㫉栆烉 H04L 㔠ỵ屯妲ᷳ⁛廠炻ἳ⤪暣⟙忂ᾉ 
ᷣ䚖烉 H04L 12/00 㔠㒂Ṍ㎃䵚嶗 
㫉䚖烉 H04L 12/44 㗇⼊ㆾ㧡䉨䵚嶗 

 
堐 ĳġ⚳晃⮰⇑↮栆堐䇰㛔ġ

䇰㛔ġ 㚱㓰㛇攻ġ

䫔ᶨ䇰ġ ĲĺķĹİıĺİıĲ焍ĲĺĸĵİıķİĴıġ

䫔Ḵ䇰ġ ĲĺĸĵİıĸİıĲ焍ĲĺĸĺİĲĳİĴĲġ

䫔ᶱ䇰ġ ĲĺĹıİıĲİıĲ焍ĲĺĹĵİĲĳİĴĲġ

䫔⚃䇰ġ ĲĺĹĶİıĲİıĲ焍ĲĺĹĺİĲĳİĴĲġ

䫔Ḽ䇰ġ ĲĺĺıİıĲİıĲ焍ĲĺĺĵİĲĳİĴĲġ

䫔ℕ䇰ġ ĲĺĺĶİıĲİıĲ焍ĲĺĺĺİĲĳİĴĲġ

䫔ᶫ䇰ġ ĳıııİıĲİıĲ焍ĳııĶİĲĳİĴĲġ

䫔ℓ䇰ġ ĳııķİıĲİıĲ 䓇㓰ġ

炷屯㕁Ἦ㸸烉⚳晃⮰⇑↮栆㩊䳊䲣䴙ĩ䫔 Ĺ 䇰Īἧ䓐㊯⋿炸ġ
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⚾ Ĳġ⬴㔜ᷳ↮栆嘇䳬ㆸġ

炷屯㕁Ἦ㸸烉⚳晃⮰⇑↮栆㩊䳊䲣䴙ĩ䫔 Ĺ 䇰Īἧ䓐㊯⋿炸ġ

 

嶐婆妨屯妲㩊䳊炷Cross-Language Information Retrieval, CLIR炸㗗ἧ䓐㝸ᶨ䧖婆妨
Ἦ㞍娊⎎⢾ᶨ䧖婆妨䘬㔯ẞ炻ᶵ忶䓙㕤婆妨ᶲ䘬ⶖ䔘炻忂ⷠ悥暨天⮯㞍娊炷Query炸廱
㎃ㆸ嶇㔯ẞᶨ㧋䘬婆妨ʕ 䚖⇵⣏⣂㔠䘬ἧ䓐侭㚫⛐䵚晃䵚嶗ᶲἧ䓐㏄⮳⺽㑶Ἦ㞍娊㇨暨

天䘬屯㕁炻䔞ㆹᾹ廠ℍᷕ㔯䘬㞍娊⫿炻➟埴㩊䳊⼴ㆹᾹ⎗ẍ䘤䎦䳸㝄⎗ẍ⊭⏓℞Ṿ婆䲣

冯 Query㚱斄䘬䚠斄屯妲炻忁⯙㗗⚈䁢㏄⮳⺽㑶㚫冒≽⮯ぐ䘬廠ℍ䘬 Query侣嬗ㆸ℞Ṿ
䘬婆䲣᷎➟埴㩊䳊䘬≽ἄ炻䓙㬌⎗䞍嶐婆妨䘬屯妲㩊䳊⎗ẍ嬻ἧ䓐侭㕡ὧἧ䓐冒⶙䅇〱

䘬婆妨Ἦ㩊䳊℞Ṿ婆䲣䘬㔯ẞˤ⛐嶐婆妨屯妲㩊䳊䚠斄䘬䞼䨞ᷕ炻⣏悐↮㍉䓐䘬㕡㱽⎗

㬠䲵ㆸ㔯ẞ侣嬗炷Document Translation炸␴㞍娊侣嬗炷Query Translation炸ℑ䧖炻ℑ䧖
㈨埻䘬䚖㧁悥㗗天⮯㞍娊␴㔯ẞ䘬婆妨廱䁢ᶨ农ˤ 

ἧ䓐㔯ẞ侣嬗䘬㩊䳊㕡⺷⽭枰⮯㇨㚱㔯ẞ悥侣嬗␴ Query䚠⎴䘬婆䲣炻⃒ 溆㗗㔯ẞ

冯㞍娊悥㗗ἧ䓐䚠⎴䘬婆妨炻ἧ䓐侭⎗ẍ䚜㍍教嬨炻仢溆㗗侣嬗㇨㚱䘬㔯ẞ⽭枰便屣⣏

慷䘬㗪攻ˤ 

㞍娊侣嬗暨⃰⮯ Query侣嬗ㆸ␴㔯ẞ䚠⎴䘬婆妨炻䚖⇵⛐嶐婆妨屯妲㩊䳊ᷕ塓⺋㲃
䘬ἧ䓐炻㬌㕡㱽䘬⤥⢆⍾㰢㕤 Query㗗⏎塓㬋䡢侣嬗炻侴侣嬗䘬㕡㱽㚱⸦䧖塓㍸↢烊㚱
⫿℠侣嬗炷Dictionary-based translation炸㕡㱽[4]炻婆㕁⹓侣嬗炷Corpus-based translation炸
㕡㱽[5]炻㶟␴炷Hybrid炸㕡㱽[6]炻䵚嶗侣嬗㒟⍾炷web-based translation extraction炸㕡
㱽[7]烊䓙㕤䵚晃䵚嶗ᶲ䘬屯㸸䛦⣂炻⼰⣂䘬⮰⭞⬠侭⇑䓐㬌⃒⊊炻ἧ䓐䵚嶗㞍娊⼴ℵ
ἧ䓐㨇䌯䴙妰℞䳸㝄炻㚨⼴怠㑯㚨Ἓ䘬侣嬗䔞䳸㝄炻 Zhang 䫱Ṣ[8]㊯↢ἧ䓐䵚嶗㒟⍾
侣嬗㕡⺷⎗ẍ旵Ỷ娆⼁㵝味⹎䘬⓷柴ˤ 

䵄奨ẍᶲ㕡㱽炻ᷣ天䘬䚖㧁悥㗗⮯㞍娊␴㔯ẞ廱⊾ㆸ䚠⎴䘬婆妨炻ℵ忚埴屯妲㩊

䳊炻㞍娊䘬㔯⫿ᷕ㝸ṃ斄挝⫿娆劍䃉㱽塓㬋䡢⛘侣嬗炻⮯㚫⼙枧嶐婆屯妲㩊䳊䘬㸾䡢⿏ʕ  

⛐嶐婆妨屯妲㩊䳊 炻ᷕ⣏悐↮䘬Ṇ㳚婆妨᷎ᶵ⁷劙㔯ᶨ㧋⛐㭷ᾳ╖娆攻悥㚱↮昼䫎

嘇炻⚈㬌㕟娆忁ᾳ㬍樇⯙栗⼿㟤⢾䘬慵天炻Shi炵Nie[9]憅⮵Ṇ㳚婆䲣䘬㕟娆ἧ䓐ᶵ⎴㕡
㱽炻㊯↢⛐嗽䎮㖍㔯㕟娆㕡㱽㍉䓐 bi-gram≈ᶲ uni-gram⎗⼿⇘㚜⤥䘬㓰䓐ˤ 

 NTCIR炷NACSIS Test Collections for IR炸妰䔓[10]㗗䓙㖍㛔⚳⭞䥹⬠屯妲䲣䴙ᷕ⽫
炷National Center for Science Information Systems, NACSIS炸㇨䫾∫ᷣ彎䘬炻℞䚖䘬㗗ⶴ
㛃傥⺢䩳ᶨᾳ⣏✳㖍㔯㧁䪧㷔娎普炻ἄ䁢屯妲㩊䳊冯冒䃞婆妨嗽䎮䞼䨞䘬➢䢶屯㕁ˤ

NTCIR⽆ 1999⸜攳⥳冱彎炻军Ṳ⶚䴻怩ℍ䫔ᶫ⯮炻⽆䫔ᶱ⯮炷2001-2002炸攳⥳冱彎Ḯ
䫔ᶨ㫉䘬⮰⇑㩊䳊姽㭼炻㍸ὃ⣏✳䘬㔯ẞ普炻⊭⏓Ḵ⸜䘬㖍㔯⮰⇑ℐ㔯ˣḼ⸜䘬㖍㛔⮰
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⇑㐀天⍲Ḽ⸜㖍㛔⮰⇑䘬劙㔯㐀天炻㩊䳊柴䚖㚱劙ˣ㖍ˣᷕˣ杻䫱⚃䧖婆妨炻ἄ䁢嶐婆

妨䘬⮰⇑㩊䳊ˤ䓙㕤⮰⇑㩊䳊㚱ᶵ⎴䘬䚖䘬烉㈨埻婧㞍炷technology survey炸x ⇵㟰㩊䳊
炷invalidity search炸x ⮰⇑⛘⚾炷patent map炸䫱炻`ἧ㞍娊䘬ᷣ柴䚠⎴Ữᶵ⎴䘬㩊䳊䚖
䘬⯙㚫↢䎦ᶵ⎴䚠斄⮰⇑䘬䳸㝄炻暨天ᶵ⎴䘬㩊䳊㧉⺷冯㈨ⶏ炻 NTCIR䘬⮰⇑㩊䳊⽆
㈨埻婧㞍炷technology survey炸x ⇵㟰㩊䳊炷invalidity search炸x ⮰⇑⛘⚾炷patent map炸x
⮰⇑↮栆炷patent classification炸⇘Ṳ⸜䘬⮰⇑㍉䣎炷patent Mining炸x ⮰⇑侣嬗炷patent 
translation炸㭷⸜悥㚫㚱ᶵ⎴䘬ả⊁ˤ 

 㟡㒂ŏŕńŊœĮķ 㚱斄⮰⇑㩊䳊䘬䞼䨞ŜĲĲĭġĲĳĭġĲĴŞ炻天㍸㖯⮰⇑㩊䳊䘬䱦䡢⹎炻昌Ḯ⍇

㛔䘬㞍娊㪬ỵ⢾炻⽭枰≈ℍ℞Ṿ䘬䚠斄㪬ỵ炻䓂军㈲㔜ấ⮰⇑㔯ẞ悥䔞㩊䳊䘬㡅ẞ炻悥

⎗ẍ⡆≈㩊䳊䘬㞍ℐ䌯炷ųŦŤŢŭŭ炸⍲㞍㸾䌯炷űųŦŤŪŴŪŰů炸ŜĲĲŞˤ 

ᶱˣ䲣䴙㍷徘 

 㛔䲣䴙㝞㥳⤪⚾ 2㇨䣢炻椾⃰⮯⮰⇑㔯ẞ普屯㕁炻䴻忶㧉䳬䦳⺷忶㾦ᶵ暨天䘬䈡㬲
⫿⃫ˣ㍏⇞䡤Ƀ䫱⼴炻㍉䓐 bi-gram䘬㕡⺷Ἦ嗽䎮㖍㔯㔯ẞ炻⺢伖䳊⺽屯㕁⹓ˤ㞍娊普
⇑䓐ᶱ䧖䶂ᶲ侣嬗䲣䴙侣嬗䁢䚖䘬婆妨炻㩊䳊㧉✳ἧ䓐 TF-IDF炷term frequency-inverse 
document frequency炸䘬㕡㱽⮯㩊䳊⇘䘬㔯ẞ姽↮᷎≈ẍ㌺⸷炻↮栆㧉䳬䦳⺷⮯㩊䳊䘬
䳸㝄忚ᶨ㬍ἄ IPC code冒≽↮栆ˤ⚾ 3䁢嗽䎮㖍㔯㞍劙㔯ᷳ嶐婆妨⮰⇑㩊䳊䘬忶䦳炻
⃰⮯㖍㔯㞍娊普䴻䶂ᶲ侣嬗䲣䴙侣嬗ㆸ劙㔯炻⮯侣嬗忶⼴䘬㞍娊普忚埴娆⼁冯㕟娆䘬嗽

䎮炻㚨⼴忚埴㩊䳊ἄ㤕烊⚾ 4㗗嗽䎮劙㔯㞍㖍㔯ᷳ嶐婆妨⮰⇑㩊䳊䘬忶䦳ˤ 

ㆹᾹἧ䓐 Lucene[14]ἄ䁢⮰⇑㩊䳊䘬㏄⮳⺽㑶炻Lucene㗗 apache庇橼➢慹㚫 jakarta
枭䚖䳬䘬ᶨᾳ⫸枭䚖炻㗗ᶨᾳἧ䓐 JAVA 婆妨攳䘤ᶼ㗗攳㓦⍇⥳䡤䘬ℐ㔯㩊䳊⺽㑶ⶍ
℟炻㍸ὃ屯妲㩊䳊㇨暨天䘬慵天≇傥烉⺢䩳䳊⺽炷index炸␴㩊䳊炷retrieval炸ʕ Lucene
憅⮵庇橼攳䘤Ṣ⒉㍸ὃᶨᾳ䯉╖㖻䓐䘬ⶍ℟⊭炻⎗ẍ⺢䩳⬴㔜䘬ℐ㔯㩊䳊⺽㑶炻Lucene
昌Ḯ㚱 JAVA䘬䇰㛔ᷳ⢾炻ḇ映映临临䘬塓攳䘤ㆸ℞Ṿᶵ⎴䘬䇰㛔炻⤪ C#x C++x Delphix
PerlˣPythonˣRuby␴ PHP䫱炻㛔⮎槿㇨⺢䩳䘬⮰⇑㩊䳊䲣䴙㍉䓐 C#䘬䇰㛔ˤ 

 
⚾ ĳġ䲣䴙㝞㥳⚾ġ
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⚾ Ĵġġ ġ 㖍㔯㞍劙㔯ᷳ嶐婆妨⮰⇑㩊䳊嗽䎮ġ

 

⚾ ĵġ ġ 劙㔯㞍㖍㔯ᷳ嶐婆妨⮰⇑㩊䳊嗽䎮ġ

3.1 娆⼁嗽䎮 

嗽䎮Ṇ㳚婆䲣㔯ẞ䘬椾天ⶍἄ㗗娆⼁嗽䎮炻⚈䁢⣏悐↮䘬Ṇ㳚婆妨᷎ᶵ⁷劙㔯ᶨ㧋

⛐㭷ᾳ╖娆攻悥㚱↮昼䫎嘇炻ᶨ凔㍉䓐 N-gram䘬㈨埻嗽䎮ᶵ⎴䘬Ṇ㳚婆妨[15,16,17]炻
℞ᷕἧ䓐 bi-gram䘬㕡㱽⍰㭼ἧ䓐 uni-gram䘬㕡⺷⤥炻⚈㬌⛐㛔⮎槿ᷕ⮵㕤㖍㔯䘬㕟娆
㕡⺷㍉䓐 bi-gram䘬㕡㱽炻堐 3䁢㖍㔯⎍⫸㍉䓐 uni-gram⍲ bi-gram㕟娆⼴䘬䳸㝄ˤ 

⛐屯妲㩊䳊㗪炻㧁溆䫎嘇ˣ䈡㬲⫿⃫冯 䓐⫿炷Stop Word炸悥㗗䃉シ佑䘬炻⚈㬌
⛐⺢䩳䳊⺽␴㩊䳊ᷳ⇵暨㈲㞍娊普冯㔯ẞ普ℏ䘬忁ṃ䚠斄⫿⃫䴎⍣昌ʕ 䓙㕤ἧ䓐Lucene
⺢䩳䳊⺽㗪炻䲣䴙㚫冒≽⮯㧁溆䫎嘇冯 䓐⫿䴎忶㾦㌱炻⚈㬌ㆹᾹ⎒天㲐シ䈡㬲⫿⃫䘬

嗽䎮⌛⎗ˤ 
堐 Ĵġ ġ 㖍㔯㍉䓐 ŶůŪĮŨųŢŮ 冯 ţŪĮŨųŢŮ 㕟娆⼴䳸㝄ġ

⍇⥳⎍ġ ͹΢䓋̅居̯㍍䛨ͷΫΉͧ岒̯⎰ㆸġ

ŶůŪĮŨųŢŮġ ͹Ž΢Ž䓋Ž̅Ž居Ž̯Ž㍍Ž䛨ŽͷŽΫŽΉŽͧŽ岒Ž̯Ž⎰Žㆸġ

ţŪĮŨųŢŮġ
͹΢Ž΢䓋Ž䓋̅Ž̅居Ž居̯Ž̯㍍Ž㍍䛨Ž䛨ͷŽͷΫŽΫΉŽΉͧŽͧ岒

Ž岒̯Ž̯⎰Ž⎰ㆸġ
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Ĵįĳġ 㞍娊侣嬗嗽䎮ġ

㛔䲣䴙䘬㞍娊侣嬗㗗⮯⍇⥳婆妨䘬㞍娊普⇑䓐ᶵ⎴䘬䶂ᶲ侣嬗䵚䪁⮯℞侣嬗ㆸ䚖

㧁婆妨炻ℵ忚埴╖婆⮰⇑㩊䳊烊ἳ⤪烉劙㔯䘬㞍娊普䴻忶䶂ᶲ侣嬗䲣䴙侣嬗ㆸ㖍㔯⼴炻

ℵ忚埴㖍㔯⮰⇑㩊䳊ˤ䓙㕤ᶵ⎴䘬䶂ᶲ侣嬗䲣䴙㇨侣嬗䘬䳸㝄⛯ᶵ䚠⎴炻⚈㬌ㆹᾹ㍉䓐

Ḯ Google Translation[18]x Yahoo Babel Fish[19]⍲ Excite[20]ᶱ䧖ᶵ⎴䘬䶂ᶲ侣嬗䲣䴙Ἦ
⻴墄侣嬗ᶵ嵛䘬⓷柴ˤ 

⛐⮎槿ᷕ炻ㆹᾹἧ䓐䘬䶂ᶲ侣嬗䲣䴙᷎朆⬴ℐ憅⮵屯妲㩊䳊䘬㞍娊普(Topics)侴姕
妰䘬炻㇨ẍ劍ㆹᾹ䚜㍍㈲㞍娊普䘬㔯ẞ⁛復⇘䶂ᶲ侣嬗䲣䴙炻䘤䎦⁛⚆Ἦ䘬䳸㝄冯㔯ẞ

㟤⺷㚫㚱㇨拗婌炻堐 4↿↢䚜㍍ἧ䓐䶂ᶲ侣嬗䲣䴙㗪⎗傥䓊䓇ᷳ䘬⓷柴炻忁ṃ拗婌⽭枰
Ṣⶍ㩊夾侣嬗⼴䘬䳸㝄炻᷎ᾖ㬋℞拗婌炻㕡⎗忚埴⼴临䘬㩊䳊嗽䎮ˤ 

ㆹᾹ㍉⍾⎎ᶨ䧖䘬㕡⺷⎗ẍ㚱㓰䘬嬻忁ṃ拗婌䘤䓇䘬⓷柴旵Ỷʕ 椾⃰⃰⮯㞍娊普䘬

㔯ẞ廱ㆸ XML䘬㔯ẞ㟤⺷炻⚈䁢 XML䘬㔯ẞ℟㚱㪬ỵ䘬䈡⿏炻ㆹᾹ⮯㭷ᾳ㪬ỵ↮⇍
⁛復⇘侣嬗䲣䴙炻ℵ㊱㪬ỵὅ⸷⍾⚆侣嬗䘬䳸㝄炻晾䃞忁㧋⎗ẍ㬋䡢䘬⍾⚆䳸㝄炻ᶵ忶

䘤䎦悐ấ䳸㝄㚫ⷞ㚱 HTML tag炻䓙㕤ㆹᾹᶵ暨天忁ṃ HTML tag炻⮯忁ṃ HTML tag⍣
昌⼴炻⼿⇘ㆹᾹ暨天䘬侣嬗䳸㝄ˤ 

㛔䲣䴙ἧ䓐ᶱ䧖䶂ᶲ侣嬗䲣䴙忚埴㞍娊侣嬗炻↮⇍䁢 Google TranslationˣYahoo䶂
ᶲ侣嬗ˣ冯 Excite䶂ᶲ侣嬗炻↮⇍ṳ䳡㕤ᶳĻġ

Google Translation㗗ᶨᾳ⃵屣䘬䶂ᶲ侣嬗䵚䪁炻㍸ὃ⣂䧖婆䲣䘬侣嬗炻℞ᷕḇ⊭⏓
ἧ䓐劙㔯⮵㖍㔯䘬侣嬗㚵⊁炻Google 䶂ᶲ侣嬗䲣䴙㚱⇍㕤℞Ṿ侣嬗䲣䴙䘬ἄ㱽炻㗗㍉
䓐䴙妰⺷䘬ἄ㱽炻䓙暣儎忚埴䵚枩㭼⮵㈦↢侣嬗㨇䌯炻䔞ἄ㔯ẞ侣嬗ᷳ䓐ˤ 

 
堐 4  䚜㍍ἧ䓐䶂ᶲ侣嬗⎗傥䓊䓇ᷳ㟤⺷拗婌 
侣嬗⼴㟤⺷拗婌䳸㝄ᷳ䭬ἳ 拗婌婒㖶 

<TOPIC>  

<TOPIC-ID> 100 </ TOPIC-ID>  

PB <TITLE> sound transmission in mobile communications 

processing system </ TITLE> 

侣嬗⼴ℏ⭡冯 Tag 䘬ỵ伖

ᶵ㬋䡢 

<TOPIC-ID> 101 </ TOPIC-ID>  

<TITLE> Artificial boundary-derived lipids and proteins and 

biological hybrid by RIPOSOMUWAKUCHIN </ TITLE> 

Tagℏ㚱⣂检䘬䨢䘥䓊䓇 

<topic-id> 100 < /΀Όͻͧ- ID͓>  

<title> dtmf 炷ͿΝ͚Σ΀ΰΫΖΣ͹␐㲊㔘炸ễ復㕡⺷̰ˣ䦣≽

ỻ忂ᾉͯͱ;Θ< /ͷ͜΀Σ> 

Tag䘬㔯⫿ḇ塓侣嬗Ḯ 

A. B hepatitis, <br> B. genetic engineering techniques, <br> C. 

vaccine, vaccination 

⁛⚆䘬䳸㝄㚫⡆≈ᶨṃᶵ

⽭天䘬 Html Tag 
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堐 Ķġ䵕➢䘦䥹冯 ňŰŰŨŭŦˣŚŢũŰŰ 侣嬗㭼庫堐ġ

ġ Ṣ⎵ġ ⮰㚱⎵娆ġ

㖍㔯İ劙㔯⮵䄏ġ 㖍㔯İ劙㔯⮵䄏ġ

䵕➢䘦䥹ġ ΐΣΑΣ΀ί΍͡ΫίͣΡΜΫġ İġ

ŉŦųţŦųŵġŷŰůġŌŢųŢūŢůġ

凒䨢Ṍ忂䭉⇞ġ İġ ġ

łŪųġŵųŢŧŧŪŤġŤŰůŵųŰŭġ

ňŰŰŨŭŦ 侣嬗ġ ΐΣΑΣ΀΍͡ΫͣΡΜΫġ İġ

ŉŦųţŦųŵġŷŰůġŌŢųŢūŢůġ

凒䨢䭉⇞ġ İġ ġ

łŪųġŵųŢŧŧŪŤġŤŰůŵųŰŭġ

ŚŢũŰŰ 侣嬗ġ ·ΰΈΰ΀΍͡ΫŌŢųŢūŢůġİġ

ŜũŦųŶţŦųŶŵŰŞġűũŰůŦġŌŢųŢūŢůġ

凒䨢䭉⇞ġ İġ ġ

ŇŭŪŨũŵġŤŰůŵųŰŭġ

 
⛐⮎晃ἧ䓐ᶲ炻 Google Translation⮵㕤⮰㚱⎵娆ˣṢ⎵ˣ埻婆䫱䘬侣嬗ᶲ㚱℞䌐

䈡䘬⛘㕡炻ㆹᾹ⛐䵕➢䘦䥹炷Wikipedia炸ᶲ晐㨇怠㑯ᶨᾳṢ⎵冯⮰㚱⎵娆Ἦἄ㭼庫炻
⛐䵕➢䘦䥹ᶲ䘬㖍㔯冯劙㔯⇍䁢ΐΣΑΣ΀ί΍͡ΫίͣΡΜΫˣHerbert von 
Karajan炻ㆹᾹἧ䓐Google侣嬗䘬䳸㝄䁢ΐΣΑΣ΀΍͡ΫͣΡΜΫx Herbert von Karajan
侴 Yahoo侣嬗䘬䳸㝄䁢·ΰΈΰ΀΍͡Ϋ Karajanˣ[heruberuto] phone Karajan炻℞䳸㝄
⤪堐5㇨䣢ˤ 

Yahoo侣嬗䵚䪁㍸ὃ⣂⚳婆䲣䘬侣嬗炻⬫㗗㍉䓐 Alta Vista␴ Systran⎰ἄ㍸ὃ䘬侣
嬗㚵⊁ˬBabel Fish˭ʕ Yahoo㖍㛔䵚䪁ἧ䓐䘬侣嬗㚵⊁冯 Babel Fish㗗ᶵ⎴䘬㈨埻炻侴
ᶼ⁭㍸ὃ劙㔯ˣᷕ㔯ˣ㖍㔯⍲杻㔯䘬侣嬗㚵⊁ˤ䓙㕤忁ℑᾳ䵚䪁悥㚱㍸ὃ劙㖍䚠Ḻ侣嬗

䘬≇傥炻ㆹᾹ怠㑯ἧ䓐 Yahoo 侣嬗ἄ䁢ㆹᾹ䲣䴙䘬℞ᷕᶨ䧖侣嬗䲣䴙ˤ 

Excite侣嬗䵚䪁㍸ὃ䘬侣嬗婆䲣庫ᶲ徘ℑ䧖䲣䴙䁢⮹炻⬫⁭㍸ὃ㖍㔯⮵劙㔯ˣ劙㔯
⮵㖍㔯ˣ㖍㔯⮵ᷕ㔯ˣᷕ㔯⮵㖍㔯ˣ㖍㔯⮵杻㔯ˣ杻㔯⮵㖍㔯䫱ℕ䧖侣嬗㕡⺷炻Ữ㬌䵚

䪁㗗⣂㔠Ṣ⛐侣嬗㖍㔯㗪㍐啎ἧ䓐䘬䶂ᶲ侣嬗䵚䪁炻⚈㬌ḇ䲵ℍἄ䁢℞ᷕᶨ䧖䘬侣嬗䲣

䴙ˤ 

ĴįĴ ↮栆嗽䎮ġ

㛔䲣䴙䘬↮栆嗽䎮㍉䓐ᶳ↿㬍樇㰢⭂ IPC↮栆䡤烉 
(1) ⮯⮰⇑㔯ẞ普⺢䩳䳊⺽ 
(2) ἧ䓐 Topics (Query)忚埴㩊䳊 
(3) ⮵㬍樇Ḵ⍾↢ᷳ⇵ 3000ấ⮰⇑㔯ẞ↮⇍㉥⍾䚠⮵ㅱᷳ IPC code 
(4) 㬍樇ᶱ⼿⇘ᷳ IPC code↮⇍ἧ䓐ᶳ↿℔⺷妰䬿 Score 
Score(IPC)=ș(⮰⇑㔯ẞ⮵㕤 Query䘬䚠Ụ⹎↮㔠)  
ἳ⤪烉⽆㩊䳊䳸㝄ᷕ⍾↢䘬 Top 3000⮰⇑㔯ẞ炻䔞ᷕ⏓㚱ȾA61B_5_02ȿ忁ᾳ IPC 

code 䘬 ⮰ ⇑ 㔯 ẞ 䶐 嘇 ↮ ⇍ 䁢 PATENT-US-GRT-2000-06152884 ˣ
PATENT-US-GRT-1993-05181521冯 PATENT-US-GRT-1998-05772600炻⮵㕤 Query 䘬䚠
Ụ⹎↮㔠↮⇍䁢21.264ˣ17.724,ˣ20.125炻⇯烉 
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Score (A61B_5_02) = 21.264 + 17.724 + 20.125 = 59.113 
(5) 㟡㒂⼿↮檀Ỷ㌺⸷廠↢ IPC codes 
 

⚃ˣ⮎槿 

 ⮎槿屯㕁Ἦ㸸㗗㍉䓐 NTCIR ㍸ὃ䘬㔯ẞ普 (Document Sets)冯㞍娊普(Topics)炻屯
㕁⊭⏓ 1993⸜⇘ 2002⸜䘬 Unexamined Japanese patent applicationsx USPTO patent datax
Patent Abstracts of Japan冯 NTCIR-1冯 NTCIR-2 CLIR task Test Collection䫱䚠斄⮰⇑㔯
ẞ炻堐 6䁢忁ṃ㔯ẞ普䘬㔠慷冯㇨Ỽ⃚⬀⭡慷ˤ 

ㆹᾹἧ䓐 ōŶŤŦůŦ ⺢䩳㔯ẞ普䘬䳊⺽炻䓙㕤㖍㔯䘬㔯ẞ普悥㗗㍉䓐㖍婆婆䲣䘬 ņŖń

㔯ẞ䶐䡤㕡⺷炻忈ㆸ嬨⍾㔯ẞ冯⺢䩳䳊⺽㗪㚱Ḫ䡤䓊䓇䘬⓷柴炻䓙㕤 ōŶŤŦůŦ 㓗㎜ ŖŕŇĮĹ

䘬䶐䡤㕡⺷炻㇨ẍ枸⃰⮯㇨㚱䘬㖍㔯㔯ẞ普ἧ䓐ⶍ℟⮯ ņŖń 䶐䡤廱㎃ㆸ ŖŕŇĮĹ 䶐䡤炻

⍣昌㧁溆䫎嘇ˣ䈡㬲⫿⃫冯 䓐⫿炻ℵἧ䓐 ţŪĮŨųŢŮ 䘬㕟娆嗽䎮炻㍍ᶳἮἧ䓐 ōŶŤŦůŦ ⺢

䩳䳊⺽㨼炻⺢䩳⬴䳊⺽㨼⼴炻ὧ⎗ẍἧ䓐 ōŶŤŦůŦ ㍸ὃ䘬㩊䳊≇傥㩊䳊屯㕁ˤġ

堐 ĸ ㇨↿䘬㗗ἧ䓐㖍㔯⮰⇑㔯ẞ普⺢䩳䳊⺽㇨剙䘬㗪攻⍲㇨Ỽ⃚⬀⭡慷⣏⮷炻堐 Ĺ

㗗ἧ䓐劙㔯⮰⇑㔯ẞ普⺢䩳䳊⺽㇨剙䘬㗪攻⍲㇨Ỽ⃚⬀⭡慷⣏⮷炻⺢䩳䳊⺽㗪㇨ἧ䓐㨇

☐䁢烉őŦůŵŪŶŮġĵġĳįķķňŉŻ炻姀ㅞ橼⣏⮷䁢 ĲňŃ炻ἄ㤕䲣䴙䁢ŎŪŤųŰŴŰŧŵġŘŪůťŰŸŴġřőˤġ

ġ

堐 ķġġ ŏŕńŊœĮĸ 䘬㔯ẞ普㔠慷ġ

栆⇍ 婆妨 㔯ẞ㔠 ⭡慷炷MB炸 

NTCIR-1 
㖍㔯  332,918  312 
劙㔯  187,080  218 

NTCIR-2 
㖍㔯  403,240  600 
劙㔯  134,978  200 

Unexamined Japanese 
patent applications 

㖍㔯  3,496,252  96,768 

Patent Abstracts of 
Japan 

劙㔯  2,543,488  4,102 

USPTO patent data 劙㔯  1,315,470  53,351 
 

堐 7  NTCIR-7䘬㖍㔯㔯ẞ普䳊⺽ 
栆⇍ 㔯ẞ㔠 term㔠慷 Index⭡慷 Index㗪攻 

NTCIR-1  332,918  1,596,747   312 MB 6.98⮷㗪 
NTCIR-2  403,240  2,021,914   710 MB 9.56⮷㗪 

Unexamined 
Japanese patent 

applications 
 3,496,253  7,596,840 46,445 MB 308.08⮷㗪 
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堐 8  NTCIR-7䘬劙㔯㔯ẞ普䳊⺽ 
栆⇍ 㔯ẞ㔠 term㔠慷 Index⭡慷 Index㗪攻 

NTCIR-1  187,080  1,033,575  211 MB 4.11⮷㗪 
NTCIR-2  134,978  785,607  227 MB 2.78⮷㗪 

Patent Abstracts 
of Japan 

 2,543,488  3,191,893  676 MB 22.07⮷㗪 

USPTO patent 
data 

 1,315,470  2,653,186 1942 MB 27.69⮷㗪 

⛐㩊䳊ᷳ⇵炻椾⃰㈲㞍娊普䘬㔯ẞ⛯廱ㆸ ŖŕŇĮĹ炻ℵ⮯㨼㟰㟤⺷㓡䁢 řŎō 䘬㟤⺷炻

㍍ᶳἮ⮯㞍娊普墉䘬䈡㬲⫿䴎⍣昌炻㚨⼴⼿⇘ㆹᾹ㇨暨䘬㞍娊普ˤ䲣䴙䔓朊⤪⚾ Ķ ㇨

䣢炻ᷣ天㬍樇⊭㊔烉ġ

ĩĲĪġ椾⃰庱ℍ㞍娊普ġ

ĩĳĪġ㟡㒂天侣嬗䘬㕡⺷炻怠㑯㖍侣劙ˣ劙侣㖍ㆾ侭ᶵ侣嬗ġ

ĩĴĪġ㍍ᶳ怠㑯ἧ䓐䘬䶂ᶲ侣嬗ⶍ℟ġ

ĩĵĪġ䲣䴙㟡㒂ἧ䓐侭怠㑯䘬㩊䳊ℏ⭡ˣ㩊䳊䘬⮰⇑㔯ẞ普炷㖍㔯⮰⇑普ㆾ劙㔯⮰⇑

普炸x 㩊䳊䘬㪬ỵ炷ŕŊŕōņˣłŃŔŕœłńŕˣŇųŦŦġ ŕŦŹŵ炸x 㩊䳊䳸㝄䘬栗䣢䫮㔠炻栗䣢㚨

⼴䘬㩊䳊䳸㝄ġ

ġ

 
⚾ Ķġ䲣䴙ᷣ䔓朊ġ
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⚾ ķġ ġ 劙㔯㞍娊普㩊䳊㖍㔯⮰⇑㔯ẞ普ᷳ䭬ἳġ

 

⚾ ĸġ 㖍㔯㞍娊普㩊䳊劙㔯⮰⇑㔯ẞ普ᷳ䭬ἳġ

䓙㕤天㍸㖯⮰⇑㩊䳊䘬䱦䡢⹎炻昌Ḯ⍇㛔䘬㞍娊㪬ỵ⢾炻⽭枰≈ℍ℞Ṿ䘬䚠斄㪬

ỵ炻䓂军㈲㔜ấ⮰⇑㔯ẞ悥䔞㩊䳊䘬㡅ẞ炻悥⎗ẍ⡆≈㩊䳊䘬㞍ℐ䌯炷ųŦŤŢŭŭ炸⍲㞍㸾䌯

炷űųŦŤŪŴŪŰů炸ŜĲĲŞ炻㇨ẍㆹᾹ⛐姕妰䲣䴙㗪炻ḇ⮯ℐ㪬ỵ䲵ℍㆹᾹ䘬㩊䳊㡅ẞℏ炻⚾ ķ

䁢ἧ䓐劙㔯㞍娊普Ἦ㩊䳊㖍㔯⮰⇑㔯ẞ炻椾⃰庱ℍ劙㔯㞍娊普炻怠㑯劙侣㖍炻怠㑯㞍娊

柴䚖䶐嘇䁢 Ĵıı 䘬柴䚖炻㍍侭ἧ䓐 ņŹŤŪŵŦ 䶂ᶲ侣嬗䲣䴙炻ἧ䓐łŃŔŕœłńŕ 䁢㩊䳊㡅ẞ炻

⮰⇑㔯ẞ普⇯怠㑯㖍㔯⮰⇑㔯ẞ普炻㩊䳊㪬ỵ䁢łŃŔŕœłńŕ炻䳸㝄栗䣢䫮㔠䁢 Ĳııı 䫮炻

溆怠 ŴŦŢųŤũ ⇯㚫栗䣢㩊䳊䳸㝄炻℞ᷕ łńńŏ 䁢⮰⇑㔯ẞ䶐嘇ˣŔŤųŰŦ 䁢怑⎰⹎↮㔠烊⚾

ĸ䁢ἧ䓐㖍㔯㞍娊普Ἦ㩊䳊劙㔯⮰⇑㔯ẞ炻ἧ䓐㖍㔯㞍娊普炻㖍侣劙㕡⺷ˣ㞍娊柴䚖䶐

嘇 ĲĴĺĴx ňŰŰŨŭŦ 䶂ᶲ侣嬗 ŕxŊŕōņ 䁢㩊䳊㡅ẞ ŇxųŦŦġŕŦŹŵ 䁢㩊䳊㪬ỵˣ劙㔯⮰⇑㔯ẞ普ˣ

栗䣢䫮㔠䁢 Ĳııı 䫮ˤġ
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堐 ĺġ㖍㔯㞍娊普䶐嘇 ĲĴĺĴ 䘬㩊䳊䳸㝄ġ

⍇⥳ Query䘬 Title 戃䚜怖㯜⡩̯⮩̙彤͂≡㝄̬敊͌̚德㯜⛇㦥⭇榻炷̞̯

3炸炼德㯜⛇㦥⭇榻̩ḳ⼴妋㜸炼 
侣嬗⼴䘬䳸㝄 Vertical wall impervious soil permeability effects of the 

containment tank experiment (3) - and subsequent laboratory 
analysis permeable earth tank -- 

㩊䳊䳸㝄 Top 1䘬ℏ⭡ 

 

堐 9 䁢ἧ䓐㖍㔯 Topic 䶐嘇䁢 1393 䘬 TITLE 䔞ἄ Query 䘬柴䚖炻䴻忶 Google 
Translation ⮯㖍㔯侣嬗䁢劙㔯炻㞍娊劙㔯⮰⇑㔯ẞ䘬䳸㝄ㆹᾹ⍾↢ Top 1 䘬ℏ⭡᷎栗
䣢ʕ 堐 10䁢ἧ䓐㖍㔯㞍娊普䶐嘇 305㗪炻ɵ 䧖䶂ᶲ侣嬗䲣䴙䘬䳸㝄㭼庫炻ẍἧ䓐 Google 
Translation䘬㸾䡢⹎庫Ἓˤ 

䓙㕤⮰⇑㔯ẞ䘬屯㕁䚠䔞䘬漸⣏炻ㆹᾹ剙Ḯ⼰⣂䘬㗪攻⛐廱㎃㔯ẞ䶐䡤炻嗽䎮⍇⥳

屯㕁ᶲᶨṃ㰺䓐䘬屯妲炻⤪䈡㬲⫿ˣ㧁溆䫎嘇Ƀ䫱炻䔞忁ṃ嗽䎮⬴䔊⼴炻ㇵ傥攳⥳⺢䩳

䳊⺽ˤ侴⛐㞍娊侣嬗嗽䎮ᷕ炻ἧ䓐䘬䶂ᶲ侣嬗䲣䴙᷎朆⬴ℐ憅⮵屯妲㩊䳊䘬㞍娊普

(Topics)侴姕妰䘬炻⛐侣嬗䳸㝄ᶲ㚫䓊䓇㟤⺷ᶲ䘬拗婌炻ㆹᾹ㍉⍾䘬㕡⺷⎗ẍ㚱㓰妋㰢
忁ṃ㟤⺷⓷柴ˤ 

㟡㒂⮰⇑↮栆橼䲣ᷳᷕ䘬 International Patent Classification (IPC)忚埴冒≽↮栆炻⚈
㬌䔞⬴ㆸ㩊䳊ᷳ⼴炻暨⮯㩊䳊䳸㝄≈ℍ IPC code ᷎≈ẍ姽↮炻⼿⇘㚨⼴ᷳ䳸㝄ˤ↮栆
⫸䲣䴙䔓朊⤪⚾8㇨䣢炻ᷣ天䘬㬍樇⊭㊔烉 

(1) 庱ℍ㩊䳊䳸㝄 
(2) 怠㑯天≈ℍ IPC code䘬䧖栆 
(3) 忚埴㭼⮵᷎≈ℍ IPC code 

ἳ⤪庱ℍ䶐嘇300䘬㩊䳊䳸㝄炻IPC code䘬↮栆㕡⺷䁢 PAJ炵USPTO炻溆怠➟埴⼴
䓊䓇≈ℍ IPC code⼴䘬䳸㝄炷⤪⚾9炸烊℞ᷕ topicid䁢㩊䳊柴䚖䘬䶐嘇x IPC䁢 IPC codex
Score䁢↮㔠ˣIPC-rank䁢枮⸷ˤ 
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堐 Ĳıġ 㖍㔯㞍劙㔯枭䚖炻㖍㔯㞍娊普䶐嘇 ĴıĶ 䘬侣嬗䳸㝄ġ

 ҃ᆄ喕ૈ۔୷喼Ԗ喃喵嗾嘋嗿嘙喘ӝԋȘVIIIșૈ۔୷喼ߥៈ喁喉͠-嗰嘎ϯ
ӝނ喒嗃嗬嗋嘔嘋嗴嘔嗑嗾嘋嗚嗢嘍嘔ǵ嗾嘋嗅嗞嗸嘍嘔喘ϸ㟕 

Google 
Functionalized end of synthetic polymers VIII] [ -functional group to protect the 
compound and ANIONRIBINGUPORISUCHIREN Hello, polyisoprene reaction

Yahoo 
-[haro] chemical compound and the anionic living polystyrene which protect 

the synthetic (viii) functional group of the polymer which possesses the 
functional group in end, the reaction of the polyisoprene 

Excite 
-hello the reaction of the compound, the anion living polystyrene, and 

polyisoprene that protects synthesis VIII functional group of Polymer that has 
the functional group in the end. 

 

 
⚾ Ĺġ ġ ↮栆⫸䲣䴙䘬ᷣ䔓朊ġ

 
⚾ ĺġ ġ 㩊䳊䳸㝄≈ℍ ŊőńġŤŰťŦ ᷳ䭬ἳġ
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Abstract

One of the main difficulties in Chinese-Korean cross-language information retrieval is to trans-
late named entities (NE) in queries. Unlike common words, most NE’s are not found in bilin-
gual dictionaries. This paper presents a pattern-based method of finding NE translations online.
The most important feature of our system is that patterns are generated and weighed automati-
cally, saving considerable human effort. Our experimental data consists of 160 Chinese-Korean
NE pairs selected from Wikipedia in five domains. Our approach can achieve a very high MAP
of 0.84, which demonstrates our system’s practicability.

摘要

中韓跨語檢索上的困難之處，即在於query term中的專有名詞，由於人類語言的變化無法如同
大多數的一般名詞一樣，能夠在雙語辭典中找到其對應的翻譯詞。本論文提出一種基於翻譯模
板在Web中尋找翻譯詞的方式。由於Web的資料幾乎涵蓋人類到目前為止的所有知識，且會隨
時更新，因此能確保找到翻譯詞的recall。本研究的一大特點在於，所有用於擷取翻譯詞的模
板，均為自動生成，因此不需耗費大量人力來建構。此外，我們會利用訓練資料集來評估各模
板的權重，藉以給與各候選詞適當的信心值。我們採用維基百科的中韓專有名詞pair做為本方
法所需之訓練集與測試集。經實驗過後，我們的方法可以達到MAP 0.84的高分，證明本論文
提出方法的實用性。
Keywords: Chinese-Korean named entity translation, the Web, pattern
關鍵詞：中韓專有名詞翻譯,網路語料,模板

1 Introduction

In recent years, South Korean’s entertainment industry has established itself as one of the most
important emerging markets on the planet. In 2006, South Korean programs on Chinese gov-
ernment TV networks accounted for more than all other foreign programs combined [1]. South
Korean actors such as Lee Young-ae (이영애,李英愛), Bae Yong Joon (배용준,裴勇俊), Rain,
and Song Hye Gyo (송혜교, 宋慧喬) became very popular superstars in the great China area,
making text and multimedia information related to them turned hot. Such information is firstly
written or tagged in Korean. Unfortunately, most users in this area cannot directly specify
queries in Korean. Therefore, it is necessary to translate queries from Chinese to Korean for
Chinese-Korean (C-K) information retrieval systems. The main challenge involves translating
named entities (such as names of shows, movies and albums) because they are usually the main
concepts of queries.
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Named entity (NE) translation is a challenging task because, although there are many online
bilingual dictionaries, they usually lack domain specific words or NEs. Furthermore, new
NEs are emerged everyday, but bilingual dictionaries cannot update their contents frequently.
Therefore, it is necessary to construct a named entity translation (NET) system. In [2], the
authors romanized Chinese NEs and selected their English transliterations from English NEs
extracted from the Web by comparing their phonetic similarities with Chinese NEs. Yaser
Al-Onaizan [3] transliterated an NE in Arabic into several candidates in English and ranked
the candidates by comparing their counts in several English corpora. Chinese-Korean NET is
much more difficult than NET considered in previous works because a Chinese NE may not
have similar pronunciation to its Korean translation.

In this paper, we propose an effective pattern-based NET method which can achieve very
high accuracy. All patterns are automatically generated and weighed, saving considerable hu-
man effort.

2 Difficulties in Chinese-Korean Named Entity Translation

To translate an NE originated from Chinese into Korean, we begin by considering the two C-
K NET approaches. The older is based on the Sino-Korean pronunciation and the newer on
the Mandarin. For example,“臺灣” (Taiwan) used to be transliterated solely as “대만” (Dae-
man). However, during the 1990s, transliteration based on Mandarin pronunciation became
more popular. Presently, the most common transliteration for “臺灣” is “타이완” (Ta-i-wan),
though the Sino- Korean-based “대만” is still widely used. For Chinese personal names, both
ways are used. For example, the name of Chinese actor Jackie Chan (“成龍” Cheng-long) is
variously transliterated as “성룡”Seong-ryong (Sino-Korean) and “청룽” Cheong-rung (Man-
darin). Translating Chinese NEs by either method is a major challenge because each Chinese
character may correspond to several different Hangul characters or character sequences that
have similar pronunciations. This results in thousands of possible combinations of Hangul
characters (e.g., “張韶涵’ Zhang Shao-han can be transliterated to “장사오한” Jang-sa-o-han
or “장샤오한” Jang-sya-o-han), making it very difficult to choose the most widely used one.

NEs originated from Japan may contain Hiraganas, Katakanas, or Kanjis. For each char-
acter type, J-C translation rules may be similar to or very different from J-K translation rules.
Some of these rules are based on Japanese pronunciation, while some are not. For NEs com-
posed of all Kanjis, their Chinese translations are generally exactly the same as their Kanji
written forms. In contrast, Japanese NEs are transliterated into Hangul characters. Take “小泉
純一郎” (Koitsumi Junichiro) for example. Its Chinese translation “小泉純一郎” is exactly the
same as its Kanji written form, while its pronunciation (Xiao-quan Chun-yi-lang) is very differ-
ent from its Japanese pronunciation. This is different from its Korean translation, “고이즈미
준이치로” (Ko-i-jeu-mi Jun-i-chi-ro). In this example, we can see that, because the translation
rules in Chinese and Korean are different, it is ineffective to utilize phonetic similarity to find
the Korean translation equivalent to the Chinese translation.

3 Pattern-Based Named Entity Translation

In this section, we describe our C-K NET method for dealing with the problems described
in Section 2. We observed that an NE and its translation may co-exist in a sentence. Such
sentences may have structural similarity. For example, for ”李明博” and its Korean translation
“이명박”, the following sentences both contain the structure “NE ( translation )”:

“2007년 12월19일밤 李明博 ( 이명박 )후보의당선이사실상”
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“ 李明博 ( 이명박 )대통령중국방문의미와과제”

These local structures can be treated as surface patterns. In previous work, [4] employ five
hand-crafted patterns to extract NE translations. However, it is time-consuming to manually
create most patterns. Therefore, we aim to develop an approach that learns patterns automati-
cally.

3.1 Learning Translation Patterns

To generate translation patterns (TP), we need to prepare sentences containing at least one
Chinese NE and its Korean translation. For each pair of sentences x and y, we apply the
Smith-Waterman local alignment algorithm [5] to find the longest common string. During the
alignment process, positions where x and y share the same word are counted as a match. x’s
ith character and y’s jth character are denoted as xi and yi, respectively. The algorithm firstly
constructs an |x|× |y| matrix S. Each element Si,j represents the similarity score of an optimal
local alignment ending at xi and yj , which can be calculated by the following formula:

Si,j = max






0
Si−1,j−1 + s(xi, yi)

Si−1,j − d
Si,j−1 − d

,

where s(xi, yi) is the similarity function of xi and yi; d is the gap penalty. After S are calculated,
we backtrack from the optimal element to generate the output TP τ . τ is initialed to be empty.
The backtracking process iterates as follows. Suppose the current element is Sij , our algorithm
selects the largest one from {Si−1,j−1, Si,j−1, Si−1,j} as the next element. If Si−1,j−1 is selected,
that is, xi−1 and yi−1 are identical, xi−1 will be attached in front of τ . If either Si,j−1 or Si−1,j

are selected, a wild card will be attached in front of τ . This process stops until it arrives at the
first zero-valued element and τ is output.

The following is an example of a pair of sentences that contains “言承旭” (Jerry Yen) and
its Korean translation, “언승욱” (Eon Seung-uk) :

• 대만배우언승욱 (言承旭)요약정보.

• 배우언승욱(言承旭)이취재진의질문에답하고있다.

After alignment, the pattern is generated as:

배우 <Korean NE slot>(<Chinese NE slot>)

This pattern generation process is repeated for each NE-translation pair.

3.2 Weighting Translation Patterns

After learning the patterns, we have to filter out some ineffective patterns and determine each
TP’s weight for ranking translation candidates. Each TP τ is evaluated by employing it to
extract all possible Korean translations for each training-set NE e in from the sentences used
to generate τ . In extracting e’s translations, τ ’s <Chinese NE slot> is replaced with e. τ ’s
extraction F-score over all training-set NEs is treated as its weight and calculated as follows:

Precision =
# of correctly extracted translations
# numbers of extracted translations
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Recall =
# of correctly extracted translations

# of correct translations

F-score =
2 · Precision · Recall
Precision + Recall

3.3 Extracting and Ranking Translation Candidates

To find a Chinese NE’s Korean translation, we can apply the TPs to extract possible Korean
translations. For the given input Chinese NE e, our system sends e to AltaVista and limits the
result pages to Chinese and Korean. The snippets are collected and break them into sentences.
Only the sentences containing e are retained.

We then use all C-K TPs, whose <Chinese NE slot> are replaced with e, to match the
retained sentences. The strings matched by <Korean NE slot> are extracted as e’s translation
candidates. Each candidate c is scored by summing up the weights of TPs extracting c. This
score is used to rank all candidates.

4 Evaluation and analysis

In this section, we conduct an experiment to evaluate our pattern-based C-K NET system on
different NE types.

4.1 Data Sets

In this section, we illustrate how to prepare the experimental data for learning and testing
TPs. As mentioned in Section 3, TP learning requires sentences containing a Chinese NE
and its Korean translation.To prepare them, we firstly collect a list of NEs in Chinese, which
comprises of 120 NEs originated in Chinese such as言承旭 (Jerry Yan) and 周杰倫 (Jay Chou)
as well as NEs originated in Korea such as裴勇俊 (Bae Young-Jun) and張娜拉 (Jang Na-Ra).
These NEs are divided into five types based on its Wikipedia page’s categorization, including
person, location, organization, architecture, and others. Secondly, to acquire these NEs’ Korean
translation, each NE is sent to the Chinese Wikipedia, and the title of the matched article’s
Korean version is treated as the NE’s translation in Korean. Thirdly, each NE and its Korean
translation are attached in a query and then the query is sent to AltaVista. For instance, “言承
旭” (Jerry Yan) and its Korean translation “언승욱” are used to produce a query “+言承旭 +언
승욱”. The returned snippets in the top 20 pages are split into sentences. Only the sentences
that contain at least one NE and its Korean translation are retained in the test set.

The preparation of test data is similar to that of training data. 40 NEs (other than the 120
training NEs) are collected from the Wikipedia. The distribution among the five categories are
exactly the same as that of the training NEs. Then, each NE is directly sent to Altavista. The
returned snippets in the top 20 pages are split into sentences. Only the sentences that contain
the NE are retained.

4.2 Evaluation Methodology

We use the Mean Average Precision (MAP) [6] and Top-1 Precision at the Top-1 to measure
our NET system’s performance. For evaluating the performance of translating each NE, we
can calculate the average precision (AP), which is the average of precisions computed after
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Table 1: Evaluation Results

NE Type MAP Top-1 Precision
Location 0.7854 0.8571
Person 0.9458 1.0000

Organization 0.8333 0.6667
Architecture 0.7736 0.8333

Others 0.8702 0.7500
All 0.8402 0.8500

truncating the list after each of the correct translations in turn:

AP =

∑N
r=1(P (r) × rel(r))

number of correct translations
,

where r is the rank, N the number of extracted candidates, rel() a binary function on the
correctness of a given rank, and P () precision at a given cut-off rank. For evaluating the
performance of translating all NEs, we can calculate the mean average precision (MAP), which
is mean value of all the average precisions. Top-1 precision, used for evaluating the quality of
our system’s Top-1 candidates, is computed as the ratio of numbers that the correct translation
is the top 1 candidate divided by the total number of NE queries.

For evaluating the translation result, our Korean expert manually checked if the candidates
are correct translations. A candidate is judged as correct regardless it is generated based on the
Sino-Korean or Mandarin pronunciation.

4.3 Evaluation Result

Table 1 shows the categorical and overall performance of our pattern-based NET method. The
results show that our method can achieve close to 0.85 in both metrics. The scores of translating
person names are even higher. Both metrics are over 0.9 and the Top-1 precision is equal to
1, that is, all the Top-1 candidates output by our system are correct. This indicates that our
system’s ranking for translation candidates is very accurate and can be further exploited in
other applications that incorporate our NET system.

5 Discussion

From the evaluation results, we find that our method can translate most Chinese NEs effectively.
However, there are still some cases dropping the performance. In the following subsections,
we discuss TP’s effectiveness and analyze error cases.

5.1 Effectiveness of Pattern-based NET

For most test NEs, our method can extract their correct translations and put them in the forepart
of the candidate list. For example, for “金泰熙” (Jin Tai-xi), the Top-1 candidate is “김태희”
(Kim Tae-Hee), which is exactly the correct translation. As mentioned in section 2, Korean
transliterates Chinese NEs according to their Sino-Korean or Mandarin pronunciation. Our
method can extract translations based on both methods. For example, for “謝長廷” (Xie Chang-
ting), both the Sino-Korean transliteration “사장정” (Sa-jang-jeong) as well as the Mandarin
transliterations such “셰창팅” (Sye-chang-ting), “세창팅” (Se-chang-ting), and “시에츠앙
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팅” (Si-e-cheu-ang-ting) are extracted. It shows that our method can extract most Chinese
NEs’ Korean translations regardless of how the Korean translations are generated.

5.2 Error Analysis
5.2.1 Relevant Terms

Our method may extract an NE’s relevant phrases in addition to its translations. For instance,
for “親民黨” (People First Party), both the correct translation “친민당” (Chin-min-dang) and
the relevant phrase “쑹추위” (Ssung Chu-ui, 宋楚瑜, the chairman of People First Party) are
extracted. Although relevant phrases are not exact the translations, they might improve the per-
formance of some NET applications such as cross-language information retrieval (CLIR). This
is because the effect of adding relevant phrases in queries is similar to that of query expansion.

5.2.2 Different Phraseology in Chinese and Korean

Different phraseology in Chinese and Korean might make our NET method extract false pos-
itives. For example, the First Sino-Japanese War (1894–1895) is called Jiawu Zhanzheng (甲
午戰爭) by Chinese but is called Cheong-il-jeong-jaeng (清日戰爭) by Koreans. The Top-1
candidate output by our system is “갑오전쟁” (kap-o-jeon-jaeng), which is only annotated
for Koreans to understand its pronunciation. The most widely used Korean translations for the
First Sino-Japanese War is “청일전쟁” (Cheong-il-jeong-jaeng,清日戰爭). The other example
is the Chinese query “浪漫滿屋” (Lang-man-man-u), a Korean drama’s name. The Top-1 can-
didate is “랑만만우” (rang-man-man-u), which is the transliteration of the Chinese characters
“浪漫滿屋” based on the Mandarin pronunciation. However, the correct Korean translation
is “풀하우스” (Full House), which is the transliteration based on the English pronunciation.
These two queries show that different phraseology may rank the incorrect translation candi-
dates higher. However, the correct translations, such as “청일정쟁” and “풀하우스”, are also
extracted by our method. For some applications, such as CLIR, the inaccurate ranking does not
influence the performance a lot [7].

6 Conclusion

In this paper, we have demonstrated several advantages of our pattern-based NE translation
method. Our pattern-based method achieves higher recall because it extracts NE translations
from the Web, which contains most of human knowledge. Even translations of novel NEs can
be found. Second, our method can extract most translations for each NE. This feature makes
similar effects of query expansion and very helpful for cross-language information retrieval
because documents containing frequent or infrequent translations can be retrieved. Finally, the
high MAP over all five domains establishes our method’s generality.

In the future, we plan to apply our method to other language pairs. We also hope to ex-
tract not only the translations but also relevant information to them. We believe these new
features can be applied to other applications, such retrieving multimedia contents on the Web
2.0 platform whose tags are written in different languages from queries.
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