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使用關聯法則為主之語言模型於擷取 
長距離中文文字關聯性 

 

Association Rule Based Language Models for 
Discovering Long Distance Dependency in Chinese 

 

簡仁宗  陳鴻儀 

國立成功大學資訊工程學系 

Email：jtchien@mail.ncku.edu.tw 
 

 

摘要 
本論文提出一種能擷取長距離資訊的語言模型，它可以擷取多詞彙之間的關

聯性，擷取的方式是使用資料探勘中十分流行的 Apriori 演算法，傳統上 n-gram

語言模型只能在 n-gram 視窗內擷取到有限距離的資訊，較長距離的資訊也就因

此而流失，然而這些失去的長距離資訊對於語言模型是十分重要的，所以如何克

服 n-gram 模型缺乏長距離資訊一直是非常熱門的研究課題，觸發序對就是其中

一種有效的方法，其主要功能是在擷取長距離之詞序對資訊，也就是建立起詞與

詞之間的關聯性，然而我們所提出的關聯法則技術能擷取多元詞組間的關聯性，

可以說是進一步改良詞組數並建立更長距離資訊，而實驗結果也顯示本論文方法

比起傳統觸發序對獲得較低的 perplexity，此關聯法則技術也可以有效的與其他

模型調整及模型平滑化的技術結合，在語言模型的效率改善方面能有更良好的效

果，最後本論文也將提出的語言模型成功的應用在語音辨識與文件分類上，並建

立一套個人化之新聞瀏覽器之展示系統。 

 

1. 簡介 
拜硬體技術不斷進步的貢獻之下，，一般人會很理所當然的使用自動櫃員機

提款或是利用自動空調設備來控制室內的溫度，而這都是由於電腦的自動化管理

讓生活變的如此便利，正所謂 “科技始終來自人性” ，推動科技進步的那隻幕後
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的黑手就是建立在 “使人便利” 的基礎之上，但是電腦自從在發明之初就存在一

個與人性背道而馳的缺點，與它們的溝通需要透過一個特定的按鍵裝置，比方說

要與個人電腦溝通就必須透過鍵盤或滑鼠等裝置，事實上這是使許多人對電腦望

之卻步的原因，要學習如何使用鍵盤與電腦做溝通就等於是強迫人去學習ㄧ種 

“電腦語言”，這與 “使人便利” 的原則當然是互相違背的，但是反過來說如能讓

電腦學習人類的語言，使電腦能更接近人類，也就能使其與人類生活的結合更加

緊密，進一步如果電腦能透過語言的學習而具備了閱讀的能力，我們就可以讓電

腦為我們過濾亦或分類每天所需閱讀的文件，比方說可以應用在於 e-mail 廣告過

濾或是新聞文件分類等等，就可以讓電腦為我們省下更多的時間。 

要克服電腦與人在語言上的鴻溝，在語言技術的領域有了聲學模型(acoustic 

model)與自然語言模型(natural language model)的產生，而這兩項技術的發展在國

外已經行之有年，台灣自西元一九八二年起便開始有了中文聲學模型方面的研

究，許多研究單位包括台清交成等大專院校，以及工研院、交通部、中研院、中

華電信等都積極的投入研究的工作並且擁有了十分豐碩的研究成果，而在聲學模

型已日益成熟的基礎下，自然語言模型的發展也備受矚目，誠如前文所述，語音

技術發展的最終目的就是要將電腦與人類的溝通便利化，而要達到這個目的，將

語音模型與自然語言模型做結合是必須的，我們的論文主要就是著墨於自然語言

模型的探討，我們將會對自然語言模型中的一項十分成功且廣泛運用的技術

n-gram 語言模型做介紹，並且分析其在傳統上的缺點與改進技術，而本論文也

將會針對 n-gram 模型其中一項缺點-長距離資訊的缺乏，提出一套新的改進方

法，並且結合其他改進方法，進而發展出一套較有效率的 n-gram 模型，我們將

會將其應用在結合聲學模型做語音辨識和文件分類的領域之上，期望對其正確率

有一定幅度的改善。 

而自然語言模型方面在現今有許多不同的發展，依其內容主要分為三個方

向，一、根據語言學所發展出的文法(grammar)分析，二、以知識為基礎而發展

的語言資料庫，三、著重於統計而發展出的 n-gram 模型。而我們主要是著墨於

統計式的 n-gram 模型，在第二章中，我們將對 n-gram 模型做詳細的介紹，並對

其缺點加以探討，第三章中將會介紹傳統上針對 n-gram 模型的缺點所衍生出的

改進方法，並且提出一種能擷取長距離資訊的語言模型，將它應用在語音辨識或
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新聞文件分類的系統上有一定幅度的幫助。 

 

2. n-gram 語言模型簡介 

目前 n-gram[11]模型的探討於各相關學術會議及期刊論文上已有相當多的

文獻發表，顯示各種研究機構對此一領域的發展有相當大的期許，故投身於其

中，而在各方都致力於改進 n-gram 模型之下，n-gram 模型在效能上已獲得相當

不錯之成果，在本章中我們將會對 n-gram 模型的基本概念做一簡單之介紹。 

 

2.1 n-gram 模型之應用 

一般而言 n-gram 語言模型通常應用於貝式分類器(Bayes classifier)，扮演著

事前機率(priori probability)或是可能性( likelihood )的角色，以語音辨識為例子而

言，假設有一段聲學訊號(acoustic signal)X，我們的目標是去找尋出此訊號最有

可能的對應文句(sentence) S*，使用貝式分類架構是找出最佳事後機率的文句 
* argmax ( | ) argmax ( | ) ( )

S S
S P S X P X S P S= = ⋅              (1) 

其中 n-gram 模型 P(S)扮演著事前機率的角色，透過聲學模型計算可獲得一段文

句的聲學模型分數 P(X|S)，再透過語言模型計算可獲得此文句的語言模型分數

P(S)，將兩機率相乘求得最佳化之文句，即為此聲學訊號最有可能之對應文句。 

就文件分類的領域而言，給定一篇文件 d，目標是去找尋此篇文件所屬的類

別 c (category)，假設我們總共定義了 k 個類別，並且使用這些類別所屬的文件訓

練好不同類別的 n-gram 模型 L1、L2、……、Lk， 使用貝式分類器求得此篇文件

所屬的類別 c* 可寫成 
* argmax ( | ) argmax ( | ) ( )

c c
c P c d P d c P c= = ⋅               (2) 

在這邊 n-gram 模型 P(d|c)扮演的是可能性量測的角色，透過語言模型機率計算

可以獲得 P(d|c) 的值，而假設所有類別出現的機率是均等，只要能使 P(d|c)最

佳化的類別語言模型，即為此文件 d 為最有可能對應之類別。 

 

2.2 n-gram 模型之建立 

語言模型主要的功能是在評估一段文句出現的機率，假設有一文句 S 其長度

為 T 並且是由一段詞序列 W1W2W3…WT所組成，則 S 出現的機率可以寫成 
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(3) 

 

但是此種方法在計每一個詞的條件機率時都要牽涉到前面所有的詞序列，使得計

算量太大而無法實現，為解決這個問題所以有 n-gram 模型的產生，在 n-gram 模 

型中，它是假設一個詞出現的機率只跟前面 n-1 個詞有關，因此(3)式可以近似為 

 

                 (4) 

其中 1
1

i
i nW −
− + 代表 1 2 1......i n i n iW W W− + − + − 詞序列，如此一來使用 n-gram 可以大量節省計

算時間與記憶體，讓實用性大為提高。而一般在建立 n-gram機率模型 1
1( | )i

i i nP W W −
− +

最直覺的方法就是統計在詞序列 1 2 1......i n i n iW W W− + − + − 後出現 iW 的次數再除以詞序

列 1 2 1......i n i n iW W W− + − + − 在訓練文集中出現的次數，也就是 

 

                 (5) 

 

其中 ( )j
iC W 代表 j

iW 在訓練文集中出現的次數。 

 

2.3 n-gram 模型之評估 

基本上在評估一個 n-gram 模型的效果時常使用 perplexity[12]這個評估標

準，而事實上它是在計算機率模型的 entropy，entropy 在訊息理論上指的是將機

率 P 乘以資訊-logP，應用在 n-gram 模型的評估則表示為: 

            logpH P P= −  

(6) 

 

其物理意義表示在計算一個 n-gram 模型的 entropy 時，必須先將詞典中的詞做

組合，形成為無限長的詞序列 1 2...... QWW W ，並且將所有的可能詞序列計算其機率

與資訊的乘積後加總，即可得到此 n-gram 模型的 entropy。但事實上不容易實現

如此複雜的計算，必須假設可以提供一段足夠長的詞序列來代表所有的詞序列組

1 2

1 2 1 1, 2 1

1 2 1
1

( ) ( , ,....., )
( ) ( | )..... ( | ,....., )

( | ,......, )

T

T T

T

i i
i

P S P W W W
P W P W W P W W W W

P W WW W

−

−
=

=
=

=∏

1 1 1
1 1

1 1

( ) ( )( | )
( ) ( )

i

i i
i i n i n

i i n i i
i n i n

W

C W C WP W W
C W C W

− − + − +
− + −

− + − +

= =
∑

1 2

1 2 1 2
...

1lim ( ... )log ( ... )
Q

Q QQ WW W
P WW W P WW W

Q→∞
=− ∑

1
1 2 3 1

1

( ) ( , , ,....., ) ( | )
T

i
T i i n

i

P S PW W W W PW W −
− +

=

= ≅∏
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合，這種假設在統計學上稱為此詞序列為 ergodic，故(8)式可改寫為 

 

 (7) 

而 perplexity 的定義為 

2 pHperplexity =                              (8) 

perplexity 代表了 n-gram 模型中的平均分支因數(average branching factor)，

perplexity 越低代表 n-gram 模型在做機率評估時，所遇到的分支越少，也就是此

模型的效率越好。 

 

2.4 n-gram 模型的缺點 

n-gram 模型長久已來就存在著三個重要的問題，也是研究 n-gram 模型的人

一直努力的目標，我們分述如下: 
 

1.訓練文集與測試文集領域上之差距(domain mismatch) :  

n-gram 模型在建立時，必須要有一訓練文集來統計出此模型的機率，因此

n-gram 模型受制於它的訓練文集，當訓練文集不平均時可能會使 n-gram 模型較

偏向某種領域(domain)，假設我們的訓練文集是財經類的新聞，但是此 n-gram 模

型的目的是用來測試政治新聞，那麼就會造成較大的誤差，在這方面通常會使用

較一般化的的平衡文集作為訓練文集來解決這個問題。但矛盾的是如果我們使用

較為平衡的文集訓練出我們的 n-gram 模型，此 n-gram 模型用來測試某些特定領

域的新聞是否恰當?事實上我們希望在測試政治新聞時我們的n-gram模型是偏向

政治類的，測試財經新聞時 n-gram 模型是偏向財經類的，為了要完成這項需求，

就必須對 n-gram 模型再做改進，使其具有調整之效果[3][4][5][7]。 
 

2.訓練文集不足(data spareness) :  

n-gram 模型在訓練時，並不能保證訓練文集能夠包含所有詞的組合，以至

於所訓練出來的機率模型某些詞組相連的機率為零，或是因為訓練文集的不平

衡，造成統計出來的機率模型並不夠一般化，而為了解決這個問題，就有平滑化

技術的產生，在參考文獻[2]中對傳統上受歡迎的平滑化技術有詳盡的說明。 

 

1 2
1( ) log ( ...... )p QH P WW W
Q

= −
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3.長距離資訊(long distance)缺乏之問題 :  

n-gram 模型在計算上的優勢是在於它使用了 n-gram 視窗(n-gram window)做

為基礎，節省了大量的記憶體與運算時間，但也因為使用了這個概念使得 n-gram 

模型只能擷取到視窗之內的資訊，長距離的資訊就因此而流失，而這些流失的資

訊很可能會造成 n-gram 模型測試時相當程度的誤差，故如何擷取長距離的資訊

一直都是 n-gram 模型中相當受到矚目的研究的課題。一般而言目前 n-gram 模

型的研究均以解決此三項問題為主，本論文針對上述第三項長距離資訊的擷取提

出改進方法，期望能提昇 n-gram 模型的效果。 

 

3. n-gram 模型改進方向 
針對 n-gram 模型的問題已經有許多論文提出改善的方法，在本章中，我們

將針對幾組熱門的解決方式做簡介。3.1節是快取 n-gram模型(cache n-gram model)

與混合式 n-gram 模型(mixture n-gram model)[3]的介紹，此項技術是為了要使

n-gram 模型更符合測試文集領域所發展出來。3.2 節我們將介紹一個在平滑化技

術上十分受到歡迎且有效的 Witten-Bell 平滑化技術[13]。3.3 節是對於觸發序對

(Trigger pair)[8][9]的簡介，觸發序對是在擷取長距離資訊的一種有效的方法，可

以用來補償 n-gram 模型長距離資訊的不足，而本論文也將提出一種改進觸發序

對的方法為對照組，並在實驗中做比較研究。 

 

3.1 快取(cache)n-gram 模型與混合式(mixture)n-gram 模型 

為了要使 n-gram 模型能夠更符合測試時的領域，所以產生了模型調整的概

念，它的概念是基於ㄧ篇文章或是一段文句會有一個近似的主題，比方說棒球類

的新聞就比較偏向運動類的領域，與其他類別的新聞(如財經新聞)就有一段相當

大的差距，而希望能在做測試時，利用文章前面出現的資訊，動態的調整我們的

n-gram 模型，使得我們的模型更能符合我們測試文集的領域，基於此種概念，

就有快取模型與混合式模型的技術產生。 

快取 n-gram 模型顧名思義就是相同的詞序列會在鄰近的時間點上不斷出

現，比方說我們的測試文集是一篇有關金融股的新聞，也就是說此篇文件“金融

股”這段詞序列會不斷出現，透過我們的詞典，會將此詞序列斷詞為“金融”與“股”
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兩個詞，此時若我們在第一次測試到此詞序列時，將 “金融” 後面接 “股” 的機

率提高，自然可以增強我們模型的準確性，在快取模型中會保留一塊快取記憶

體，而做文件測試時，會將最近測試過的文句拿來訓練出快取 n-gram 模型 Pc 將

其與原始的統計模型 PS 做結合，我們將模型機率用(9)式表示 

 

(9) 

其中µ代表結合比重。 

而在本論文中，我們使用的是文句階層混合式 n-gram 模型(sentence-level 

mixture n-gram model)，在每經過一文句後，就利用此文句所提供的資訊調整混

合模型的比重參數。我們是利用奇摩網站已分類好的新聞，做為我們的分類群

組。而我們會依據分群過後之文集訓練出對應於各群組之 n-gram 模型，在這邊

以 Pk 表示第 k 個群組的 n-gram 模型，而在做測試時，使用權重 kλ 將各群之模

型做組合成為測試用的 n-gram 模型，也就是說假設有一文句 S 為 

W1W2W3……WT，則此文句出現的機率為 

 

           (10) 

其中 m 代表混合數個數，但為此模型還須做兩點改進，第一、為了避免每個群

組中的訓練文集太少，造成資料稀疏(data sparseness)，每個單一群組模型需要再

結合一個一般化的模型(general model)，用以增加模型的可靠度，第二、在測試

時可能會有無領域(nontopic)的文集存在，所以我們又必須將一般化模型加入，

視為一個無領域的群組，在此我們將一般化模型以 PG 表示，故上式可改寫為 
, 1

1 1
1 1

1 1

( ) [ ( | ) (1 ) ( | )]
m G T

i i
k k k i i n k G i i n

k i

P S P W W P W Wλ α α
+

− −
− + − +

= =

= + −∑ ∏       (11) 

其中 kα 為第 k 個群組模型與一般化模型的組合權重。在混合式 n-gram 模型中，

有兩個權重 kα 及 kλ 存在，基本上混合式 n-gram 模型是依據前文來動態的調整此

二權重，在初始時會使用少數保留文集估測出其初始值，測試時會在每一文句結

束時再去做一次權重的調整，而調整的動作可以分別寫成(12)(13)式 

  

     (12) 

 

1
1

1 1
1 1 1 1

1

1 ( | )
( | ) (1 ) ( | )

k l

k

N T old i
new k k i i n
k N old i old i

l i k k i i n k G i i n
l

l

P W W
P W W P W WT

αα
α α

−
− +

− −
= = − + − +

=

=
+ −∑∑

∑

1
1 1

1 2 1 1
1

( ...... ) [(1 ) ( | ) ( | )]
T

s i c i
T i i n i i n

i

P WW W P W W P W Wµ µ
+

− −
− + − +

=

= − +∏

1 1
1 1

1 1
1 1 1

( ) ( | ) ( | )
T T m

i i
i i n k k i i n

i i k

P S P W W P W Wλ
+ +

− −
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= = =

= =∏ ∏∑
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其中 Tl 代表在文句 l 的詞數，Nk 表示在群組 k 的總文句數。 

 

(13) 

其中 N 代表調整的總文句數。權重的調整的主要根據測試時文件所出現的資訊，

混合式 n-gram 模型會依前文在每個群組模型出現的機率為權重，動態的調整測

試模型的組合權重，比方說在測試文件中不斷提到金融消息，混合式 n-gram 模

型就會將模型逐步的調整到財經領域，再利用這調整過後之 n-gram 模型繼續測

試後面的文句，然後再將測試而得的新資訊繼續做調整，這種遞迴式的做法是一

種稱為資訊結構(Information structure)的概念。 

3.2 Witten-Bell 平滑化技術 

在平滑化問題上，我們引進了十分廣泛應用且受到歡迎的 Witten-Bell 平滑

化技術[13]做為加強我們 n-gram 模型的基礎，平滑化技術主要建立於將 n-gram 

模型中沒有訓練到的詞序列機率模型使用(n-1)-gram 模型做補償，也就是 

1 1
1 1

1 1 1
interp 1 1 interp 2( | ) ( | ) (1 ) ( | )i i

i N i N

i i i
i i N i i N i i NW W

P W W P W W p W Wλ λ− −
− + − +

− − −
− + − + − += + −    (14) 

這是一個遞迴式的定義，所有的 n-gram 模型都必須利用(n-1)-gram 模型做補償，

其中 1
1

i
i NW

λ −
− +

代表的是合併 n-gram 與 (n-1)-gram 之權重，而 Witten-Bell 平滑化技

術對此一權重有一個特殊的估測方式，在這邊先對符號做以下的定義 
1 1

1 1 1( ) |{ : ( ) 0} |i i
i n i i n iN W W C W W− −

+ − + − +⋅ = >                (15) 
1

1 1( )i
i nN W −

+ − + ⋅  代表在 1
1

i
i nW −
− +  後可接的詞數，其中下標「1+」代表是連接一個詞

以上之意。權重因數定義為 

  

(16) 

即為 Witten-Bell 的 n-gram 模型建立方式，其物理意義表示在統計 1
1

i
i nW −
− + 出現次數

時，如果
1

1
i

i nW −
− + 後面可接的詞數越少，我們給 1

1( | )i
i i nP W W −

− + 較大的權重，反之則使

用較多的(n-1)-gram 做補償，假設在做 bigram 統計時，詞典中有一詞為「類神經」，

我們發現在訓練文集中「類神經」後都接「網路」一詞，此時就不需要太多的

unigram 做補償，這是因為此名詞有獨特性，後面幾乎都接少量特定的詞，而若

欲統計一詞「幾乎」後可接詞的 bigram 機率，可能會發現訓練文集中其後可接 
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的詞非常多，此時 unigram 的權重可以適度加大，以彌補可能較多的資訊損失，

使語言模型的準確性提高。 

 

3.3 觸發序對 (Trigger Pair) 演算法 

在自然語言中，存在著許多高度關聯性的詞組，比方說“醫生、“護士”或是“陽

光”、“熱”等就經常出現於於同一句子之中，但由於它們通常在句子中並不相連，

所以 n-gram 模型並沒有辦法擷取到這些詞之間的關聯資訊，因此就有了觸發序

對的產生，觸發序對的設計主要在於解決長距離資訊彌補 n-gram 模型的不足的

問題，觸發序對由於其沒有演算法與資料結構可以快速的對資料庫做求取，故觸

發序對會限制本身為 “序對” 、即若有一辭典 V，觸發序對會對其中所有可能的

詞序對做考慮，如此一來可將促發序對的總個數控制於|V|2 內。 

 在統計觸發序對之前，我們必須訂定一個觸發序對的視窗大小，而觸發序對

的選取主要是依據平均相互資訊(average mutual information) ，簡稱 AMI，它是

用來評估兩個詞 Wi 和 Wj之間的關聯性大小， AMI 以數學式表示如下 

(17) 

其中 P(W,Wj) 代表 Wi、Wj 出現在同一視窗的機率， ( , )i jP W W  代表在同一個視

窗中只出現 Wi,而沒出現 Wj 的機率。透過 AMI 評估標準，我們將其選為觸發序

對，以符號( i jW W→ ) 表示。當序對選取完畢後，必須要對每個觸發序對計算其

相互資訊 MI (mutual information)，用對數表示之如下 

 

(18) 

如果 Wi和 Wj是相互獨立的話，則 MI(Wi, Wj) = 0，相互資訊反映了觸發序對中兩

個詞相互間的資訊變化。而觸發序對並無法單獨使用[14]，因為它只能反映出詞

與詞的資訊變化，所以我們必須將其與 unigram 做結合，如此一來所獲得的資訊 
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比起 n-gram 模型多了長距離的資訊，為了方便起見使用對數表示為 

  

(19) 

其中 logP(Wi) 即為 unigram 模型機率，ws 代表 window size，現在在我們的論文

中將 window size 定為文句長度，也就是說在我們論文中的觸發序對是文句階層

的觸發序對(sentence-level trigger pair)，代表我們只能擷取同一文句中的觸發序對

資訊。現在我們必須將觸發序對加入 n-gram 模型之中做為長距離資訊擷取之輔

助，透過線性插補(linear interpolation)的方式，我們可以一權重 ai 將其做合併，

也就是 

1

log ( ) log ( )    
k

MERGED i i
i

P S a P S
=

= ⋅∑                  (20) 

其中  0 1  ia≤ ≤ 且 
k

i=1

 1ia =∑ ，在這邊我們有兩個模型機率存在 

1. P1(S) = Pn-gram(S) 為 n-gram 模型對文句 S 所估測出之機率。 

2. P2(S) = PMI-Trigger-pair(S) 為觸發序對模型對文句 S 所估測出之機率。 

透過(20)式的計算，我們可以使用觸發序對計算出一段文句的機率，且此機率有

長距離資訊存在，比起傳統的 n-gram 模型在資訊擷取上為佳。 

 

4. 關聯法則與其應用 
在這邊我們引入了一個在資料探勘(Data Ming)領域受到十分廣泛運用的

Apriori 演算法[1]，此演算法可以用來建立關鍵詞的關聯法則，舉例而言，假設

有一組交易紀錄資料庫，此資料庫記錄著每筆交易所包含的商品，關聯法則所要

擷取的就是每個商品間的相互關係，也就是說我們想知道一筆交易出現了某種商

品後，還有哪些商品是可能出現在同一筆交易紀錄之中，如果說商家從關聯法則

中知道顧客買了商品甲後，還有很大的機率會去買商品乙，則可將商品甲與商品

乙放在附近增加顧客的方便性與商家的業績。 

 

4.1 Apriori 演算法 

假設我們有一組新聞文件資料庫 D，裡面包含了|D|篇文章，每篇文章均是

辭典 1 2{ , ,......, }nL w w w= 的子集合，用上面的例子解釋就是各種商品的集合之

意，而關聯法則以 X Y⇒ 的型式表示，其中 X、Y 均是 L 的子集合(subset)且互

max(1, )2

1 1

log ( ) log ( ) ( )
i wsT

i j i
i i T j i

P S P W MI Trigger W W
−

= = = −

= + − →∑ ∑ ∑
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相獨立，如果在所有包含 X 的文章中有 c% 同時也包含了 Y，則我們可以稱關聯

法則 X Y⇒ 存在於資料庫 D 中的信賴度(confidence)為 c，此外若有 s% 的文章同

時包含 X 與 Y，則我們可稱關聯法則 X Y⇒ 以支持度(support) s 存在於資料庫 D

中，換句話說，信賴度是一種量測關聯法則強弱的標準，而支持度則是表示統計

上出現的頻率，事實上我們實作時會訂定信賴度與支持度的門檻，我們擷取出來

之關聯法則的信賴度與支持度均必須大於此門檻。 

以下即為擷取關聯法則的演算法流程，是以資料探勘中的 Apriori 演算法做

為基礎所改寫而成若我們以簡單的例子說明之，假設我們共有三詞，分別以 a、

b、c 代表，Apriori 演算法就是在找尋此三詞的關聯性，它的概念就是先將這些

詞兩兩為一組建立序對集合(a,b)，(a,c)，(b,c)，並且對資料庫搜尋每一序對，是

否同時出現在於同一文句中，假設只有(a,b)，(b,c)序對符合這項條件，則將(a,c)

刪除，此時我們建立(a,b)，(b,c)的關聯法則，此關聯法則的層級(step) 為二 ，不

過我們必須計算其信賴度與支援度，例如我們可以計算同一篇文章出現詞 a 且出

現詞 b 的機率，即為其信賴度。而我們會再將剩餘下之序對(a,b)，(b,c)做結合成

為(a,b,c) 並搜尋訓練文集中(a,b,c)會不會同時出現於一文句中，如果沒有則刪除

之，有則可以計算給定任二詞，出現第三詞的機率，此時稱關聯法則的層級為三，

找尋出的關聯法則之層級是依其詞數而定，層級越大，代表其關聯法則中的字數

越多。上述只是概念性的做法，Apriori 演算法事實上會做ㄧ些節省時間的動作，

而其中最重要的部分就是建立雜湊樹(hash tree)的資料結構以節省更多的運算時

間。 

 

 

 

 

 

 

 

 

表一、 關聯法則演算法 
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使用我們改變後的 Apriori 演算法，我們可以獲得詞與詞之間的關聯法則，而關

聯法則的形式如下 

    confidence %     suppport %WordSeq Y c s⇒ = = 代表出現詞序列 

WordSeq 的文章中有 c%的機率會出現 Y ，而有 s% 的文章同時包含了 WordSeq 

與 Y。以下為利用西元二千零一年十二月二十八號到西元二千零一年十二月三十

一號期間的政治新聞所擷取出的兩條關聯法則範例，第一條關聯法則的層級為

二，第二條的層級則為三 

(1)小三通  ⇒  大陸  

confidence = 90%  support = 6.25% 

(2)大陸 小三通 ⇒   兩岸    

confidence = 100%  support = 2.25% 

以上例而言，出現“小三通”後，新聞語料有 90 % 的機率也會出現 “大陸” 這個

詞，這個關聯法則佔了總文句 6.25%，如果“大陸”與“小三通”同時出現後，新聞

語料會有 100 %的機率也會出現“兩岸”，而此關聯法則佔了總文句 2.25%。 

 

4.2 關聯法則為主之 n-gram 模型機率計算 

為了使關聯法則更能反映語言模型的特性，我們將關聯法則做一稍微的變

動，我們將其使用相互資訊的形式表示，就有如觸發序對一般對任一關聯法則 

WordSeq ⇒  B ，我們計算其相互資訊並用對數表示之 

 

        (21) 

如使用關聯法則為長距離資訊的輔助的 n-gram 模型機率，為了方便以對數表示

為 

    (22) 

其中 P(Wi)代表 unigram 模型之機率。MI-Association(W1W2…Wi-1⇒Wi)  代表使

用詞序列 W1W2…Wi-1 所找出之最大層級之關聯法則 WordSeq ⇒  Wi 的相互資

訊，如同觸發序對一般 ws 代表 window size，在這邊我們也將 window size 定

為文句長度，也就是說我們的關聯法則是文句階層的關聯法則(sentence-level 

( , )( ; ) log
( ) ( )
P WordSeq BMI Association WordSeq B

P WordSeq P B
− =

1 2 1
1 1

log ( ) log ( ) ( ...... )
T T
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association rule)。如同觸發序對一般，我們要將關聯法則與傳統 n-gram 模型做

結合，如同(20)式，此時 

1. P1(S) = Pn-gram(S) 為 n-gram 模型對文句 S 所估測出之機率。 

2. P2(S) = PMI-Association(S) 為關聯法則模型對文句 S 所估測出之機率。 

 

4.3 關聯法則與觸發序對之比較 

使用關聯法則做資訊擷取與觸發序對最大的不同在於我們透過關聯法則可

以獲得多元詞組(multi-word)之間的關聯性，而觸發序對只能擷取詞與詞之間

(word pair)的關聯性，互相比較之下我們的方法是較強健的，圖一為關聯法則與

觸發序對之示意圖，圖中箭頭表示關聯性。由圖中我們可以清楚的看出傳統的

bigram 模型只能由前面所出現的詞來對目前所出現的詞做機率評估，即 n-gram

模型文句間的關聯性是循序的，且受制於 n-gram 視窗之大小，而觸發序對則可

跳脫此關聯性，只要是同一段文句中所出現的詞都可以有相互間的關聯性存在，

不過觸發序對模型的限制在於只能擷取詞與詞之間的關係，而我們所提出之關聯 

 

 

 

bigram 

 

 

 

bigram 與 Trigger pair 

 

 

 

 

bigram 與 Association rule 

圖一、 bigram 模型、Trigger pair 與 Association rule 之比較 
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trigger pair

trigger pair

W1 W2 W3 W4 WTWT-1bigram bigram bigram bigram ...... bigram bigram

association
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法則序對則可以將關聯性擴大，變成多元詞組間的相互關係，可以說是觸發序對

的延伸研究。 

 
5. 實驗 
5.1 實驗資料庫 

為了將本論文方法時實現在中文系統中，首先必須製作了一套詞典，詞典中

主要部分是 CKIP 中文詞庫[15]，它主要是利用國語日報辭典中約四萬目詞的原

始資料加以分類，並且附加部分的語法及語意訊息在其中，本論文只使用到詞出

現的頻率，並無使用到語法與語意資訊，取出其中一、二、三、四詞的部分作為

我們的基本辭典，並不定期由人工更新我們這部詞典的新詞。 

另外我們準備了兩組基本的實驗資料庫，第一是 CKIP 平衡語料庫，這是一

個十分一般化的語料庫，有近二千萬字之現代漢語語料及超過五百萬字之古代漢

語語料。另外我們在西元二千零一年四月十日至四月十六號擷取民視即時新聞、

中央社、中時電子報、電子新聞網、聯合新聞網、ETtoday 與鉅亨網等網站的新

聞文件共 3118 篇，包含有科技、社會、休閒、國際、體育、影視、政治及財經

等八大類別，依日期將其區分為訓練文集(四月十日到四月十四日共 2234 篇)和

測試文集(四月十五、十六日共 884 篇)。並且我們以 bigram 模型來驗證本研究

方法。 

 

5.2 不同語言模型之實驗結果 

我們會對平滑化技術做評估，將傳統 n-gram 模型與加入 Witten-Bell 平滑化

技術的 n-gram 模型做比較，在這邊我們使用 CKIP 平衡語料庫加上新聞訓練文

集做訓練，並對測試文集做評估，表二的第一列為傳統 n-gram 模型所得之結果，

第二列則為加入 Witten-Bell 改進後之結果。另外我們會在本小節中對混合式模

型的效能做評估，在混合式模型方面，我們使用 CKIP 平衡語料做為一般化模型

之訓練文集，並經由新聞訓練文集分類好的八個群組訓練群組模型，對測試文集

做測試，所測得之 perplexity 如表二第三列所示。接下來是對觸發序對與原始模

型的效能做比較，在這邊我們使用 CKIP 平衡語料庫加上新聞訓練文集做訓練，
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並對測試文集做評估，所得之結果列於表二的第四列。 

 

Bigram(Baseline) 258.8

Bigram + Witten-Bell 193.5

Bigram + Mixture n-gram 201.5

Bigram + MI-Trigger pair 237.5

表二、不同語言模型改進技術之 perplexity 比較 

 

5.3 關聯法則之模型效能 

在本實驗中，一開始我們將會測試關聯法則依最大層級數對於 perplexity 之

影響，在這邊我們使用 CKIP 平衡語料庫與新聞訓練文集做訓練，並且對測試文

集做測試，表三即為所得之結果，圖二為其與觸發序對的圖形化表示，可以看出

隨著最大層級的增加，perplexity 有一定程度的下降，由此項觀察可以證明我們

所提出的相互資訊為基礎的關聯法則對於 n-gram 模型的改進有相當程度的改

善，並且層級數較高的情形下，模型的效能優於觸發序對，而我們也發現最大層 

 

Association Step 2 3 4 5 6 7 

Bigram +Association 239.5 221.7 217.3 215.7 215.6 215.5 

表三、依關聯法則最大層級不同所測得之 perplexity 比較 

 

 

 

 

 

 

 

 

圖二、觸發序對與關聯法則不同層級所得之 perplexity 比較 
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級到達五就發生了飽和狀態，在此之後隨著層級數增加，perplexity 並不會有顯 

著的改善，故在本論文之後的實驗我們都將關聯法則的最大層級定為五，用以節

省記憶體與運算時間。我們會將所有提到的技術相互結合做比較，在這邊使用為

CKIP 平衡語料庫加上新聞訓練文集做訓練，而後對測試文集做 perplexity 之評估

比較，結果如表四所示，在這邊可以發現我們的方法可以有效的結合平滑化技術

與混合式模型，對於 n-gram 模型的改進可以更進一步。 

 

Bigram (Baseline) + Witten-Bell 193.5 

Bigram + Mixture n-gram + Witten-Bell 178.3 

Bigram + Witten-Bell+MI-Trigger Pair 168.8 

Bigram + Mixture n-gram + Witten-Bell+ MI-Trigger pair 160.4 

Bigram + Witten-Bell+ MI-Association 148.2 

Bigram +Mixture n-gram + Witten-Bell+ MI-Association 135.8 

表四、不同結合技術之 perplexity 比較 

 

5.3 語音辨識之實驗 

我們將 n-gram 語言模型與語音辨識的工作做結合，語音辨識是以隱藏式馬

可夫模型(HMM)為基礎，特徵參數為二十六階語音特徵參數，由 12 階的 

MFCC、12 階的 delta MFCC、delta log energy 與 delta delta log energy 所組成，

語音訊號的取樣頻率為 8kHz，解析度為 16 bits，音框大小為 256 點(23.22ms)，

音框位移大小為 85 點 (7.74ms)。所使用的語音資料庫為  Mandrain Across 

Taiwan(MAT) 所提供的 MAT-160。測試語料由不確定人數之男性及女性所錄音

之國語獨立詞與文句透過電話錄音共 500 句，供做便是測試用。表五為使用上

述語料所做出之辨識結果，第一列(Baseline)為單純使用音節模型辨識技術所得

之結果，第二列(Bigram)為音節模型辨識分數再加上語言模型辨識分數所得之結

果，第三列(Bigram + MI-Trigger pair)則是先對語言模型使用觸發序對改進後所得

之分數，再與音節模型分數合併所得之結果，第四列(Bigram + MI-Association) 則

是先對語言模型使用關聯法則補償技術後所得之分數，再與音節模型分數合併所
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得之辨識率，上述語言模型與聲學模型分數之合併比重均為 1:1，並且語言模型

事先都經過 Witten-Bell 平滑化技術解決其平滑化問題。 

 

Baseline 51.33 

Bigram 51.86 

Bigram + MI-Trigger pair 52.31 

Bigram + MI-Association 52.92 

表五、不同語言模型所測得之音節正確率(%) 

 

5.4 文件分類之實驗 

在本實驗中，我們將透過所提出的改進方法對文件分類的工作做模擬，在這

邊我們使用新聞訓練文集對八種不同的領域分別訓練出 n-gram 模型，成為原始

模型，另外加入觸發序對與關聯法則成為改進後之模型，由此二模型為基礎進行

文件分類模擬工作之正確率比較，表六為所得之結果，由表中可以觀察到我們改

進過後的模型在文件分類的工作上比起傳統之 n-gram 模型在分類的正確率上

有小幅度的改進，而我們認為改進幅度並不如預期的主要原因是由於我們所選取

的新聞文件有未確定性(ambiguous)的問題，有些新聞文件在網頁上是分類於政治

領域，但實際上若將其分類於財金領域也未嘗不可，這些文件造成我們在模擬分

類的實驗時錯誤率的增加。 

 

 科技 社會 休閒 國際 體育 影視 政治 財經 平均 

Bigram(Baseline) 64.8 77.1 69.8 72.6 84.6 75.4 86.9 72.1 75.4 

MI-Trigger pair 66.6 78.3 69.6 70.9 85.2 76.0 86.9 74.8 76.0 

MI-Association 66.8 78.3 70.8 71.9 85.2 75.8 88.6 75.1 76.6 

表六、不同語言模型所做之文件分類正確率(%) 

 

5.5. 個人化新聞文件瀏覽器 
在論文最後，我們將以自然語言模型為發展基礎，透過模型機率的評估，對

59



 
 

於網路新聞文件做線上分類，並依據個人閱讀的習慣，建立出一套符合個人需求

之新聞文件瀏覽器，期望能藉由這套系統增加一般人在閱讀新聞文件上的效率，

圖三即為此瀏覽器在視窗上的執行時的畫面，藉由畫面中的 “文件更新” 按鈕，

此瀏覽器會透過網路獲得最新之新聞文件，而 “啟動學習” 的按鈕則會將閱讀過

的文件資訊加入語言模型之中，最後由語言模型的預測分數將新聞文件做排序，

使用者可能較有興趣的新聞會優先列在標題欄內，假設使用者是一位籃球迷對於

NBA 的相關報導十分的關心，在六月十四日 NBA 總冠軍賽正打的火熱時在運動

類新聞選取了幾篇相關的文件，如圖三所示，當此使用者在六月十五日瀏覽運動

類新聞時，系統會優先將 NBA 相關的文件列於標題欄，如圖四所示。 

 

6. 結論及未來研方向 
在本論文中我們對於傳統的 n-gram 模型做了完整的介紹，從模型的建立與

評估到模型缺點的探討，都有一套完整的說明，而我們也針對每項 n-gram 模型

的缺點介紹了近幾年來一些較為受歡迎的解決方式，包括了混合式 n-gram 模

型、Witten-Bell 平滑化技術與觸發序對等，而在我們論文中的實驗，也證明了這

些方法對於改進 n-gram 模型是十分有效的。 

另外我們也在論文中提出了一個關聯法則的技術，此方法是透過一個在資料

探勘上十分受歡迎的 Apriori 演算法，利用文句結構的特性，使用文句前面所提

供的資訊來建立文句中前後文的關聯法則，將其用於 n-gram 模型的改善上得可

以得到不錯的效果，在實驗方面本方法可以有效降低 perplexity，證明我們的改

進過後之 n-gram 模型比起傳統的模型效能為佳，最後我們將其應用在語音辨識

與文件分類的工作上在正確率上也有一定幅度的改善。 

未來在 n-gram 模型上的研究應不僅止於解決傳統 n-gram 模型上的缺陷，傳

統上的 n-gram 模型是從統計的概念發展而出，嚴格來講並不是一個完整的自然 

語言，只能說是其中的一個重要的部分，未來必須有效的結合語言文法與知識 

背景的語言學才能算是真正的語言模型，而如何將三者融合[10]是一個十分困難 
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圖三、個人化新聞文件瀏覽器展示介面(2001/6/14) 

 

圖四、個人化新聞文件瀏覽器展示介面(2001/6/15) 
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的問題，因為 n-gram 模型是機率模型，語言文法則是一個人工定的條例，並不

是一組機率模型，有人透過剖析(Parsing)將其機率分析而出，這是一門重要且艱

深的學問，而知識背景的語言學又更複雜了，只有人工定的分數沒有機率模型，

要將其與 n-gram 模型結合則又必須花費更多的功夫，但是唯有克服這個困難，

才能夠大幅度的提昇語言模型的效率。 
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基於階層式類神經網路之自動新聞文件分類方法
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摘要摘要摘要摘要

　　文件分類是一項決定一篇文件是否屬於一個或多個已事先定義好的類別之

工作，而自動化分類則可以有效地幫助分類的處理。在本篇論文中，我們提出了

一個以階層混合式的專家模組(hierarchical mixture of experts model)為基礎的文

件分類方法。這個模組使用了分割－克服原理(divide-and-conquer principle)，在

一個事先定義好的階層架構下定義較小的分類問題，而最後的分類器則是使用類

神經網路中的倒傳遞網路來完成分類機制。另外，在特徵選取(feature selection)

上，我們也做了一些有別於傳統方法的改變。最後，我們以部份路透社

(Reuters-21578)的新聞性文件做為測試資料，實驗結果顯示我們所提出的方法能

有效地改善文件分類的正確率。

1. 緒論緒論緒論緒論

　　近幾年來，隨著網路技術不斷地進步，有用的資訊也相對地大量成長中。雖

然網路上舉手可得的資訊方便人們對資訊的取得與傳遞，但是當網路資訊量愈來

愈大時，如何有效、且快速地取得有用的資訊，便成為非常重要的事情。此時，

文件分類(text categorization)技術，即透過演算法分析一電子文件後，將其分配

(assign)給一或多個類別(categories)，便扮演著其中重要的角色。

　　傳統的文件分類工作都是由某個領域的人類專家(human experts in domain)

所完成。但是，隨著文件數量快速地成長，對於專家而言，這樣的工作就變得更

困難了。在這種情況下，文件的自動分類就顯得更加重要了。
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　　很多在做文件分類的方法中，例如使用規則庫 (rule-based)、知識庫

(knowledge-based)、或樣本庫(instance-based)．．．等，都是依賴大量的樣本來

決定和文件有關的規則或知識。一般而言，這些樣本集合必須由那些對應用領域

有深入認識的專家來訂定與建立，也因此，這些方法常常因為相關樣本建立得不

足或不完全，使得規則或知識也就相對地不齊全，因此，就無法對文件做全盤性

的樣本比對，以致於造成了分類上的困難。

　　在本篇論文中，主要的動機在於改善目前文件分類的方法，我們不以關鍵字

的存在否來決定一篇文件應屬於那一個或多個類別。進一步的，我們採用以類神

經網路為基礎的階層式架構的機器學習的方法來決定文件的歸屬。而且，經由這

樣學習的方法，可以使文件分類系統更容易地應用到其他的領域。

　　本篇論文除了緒論外，第二節將介紹我們所提的階層式模組，第三節將介紹

特徵及訓練樣本集的選取，第四節則針對我們所使用的路透社新聞性資料集所做

的一些自動化文件分類實驗的結果與分析。最後，我們為本篇論文提出總結。

2. 階層式模組階層式模組階層式模組階層式模組

　　圖一所示，是我們所提出的自動化文件分類的完整模組。一個文件分類系統

(text categorization system)的主要工作流程，是先用一組訓練樣本集來訓練系統

中的文件分類器；然後再藉由已訓練好的分類器對測試樣本中的新文件做自動化

分類的動作。在圖一的實線箭頭部份是整個文件分類的詳細訓練過程，首先決定

一組已由專家分類好的樣本集，從此樣本集中，經過一連串的前處理程序後，選

擇一組最能代表及識別(identification)此類別的特徵集(feature set)。並以向量方式

表示之，如此就可得到一個以特徵向量表示的樣本組，而在階層式類神經網路模

組中，主要是希望能透過每一個樣本組來訓練其所屬的分類器，使其能很正確地

將每一個樣本分到正確的類別去。經過一連串的反覆學習後，我們得到一組已訓

練好、具有相當辨識程度的分類器，以供測試階段時使用。
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　　圖一中的虛線箭頭部份則是整個測試流程，起初也是將一新文件經過一連串

的前序處理後，再依特徵集轉換成向量形式，最後透過階層式類神經網路模組，

以決定新文件所屬的類別。

圖一　本論文所提出之自動化文件分類模組

　　在圖一用虛線方塊所圍成的，就是我們所提出的階層式類神經網路模組，其

詳細的架構如圖二，此模組的主要的靈感是來自於 Jordan 和 Jacobs[1993]所提出

的階層式混合的專家模型(hierarchical mixture of experts , HME model)。HME 模

式是以分割-克服原理(divide-and-conquer principle)為基礎，其主要的想法是將一

個大問題分割成若干個容易解決的小問題，然後再結合這些小問題的解答，以得

到一般化的解答。而在分類一個減少範圍上(reduced domain)，HME 模型是經由

將輸入空間(input space)劃分成一巢狀、順序的區域，然後訓練特定的較小分類

器，以此求得一個分類問題的答案。HME 模型包含兩個基本的元件：閘門網路

(gating networks)和專家網路(expert networks)。這些元件的結構類似於樹狀結構
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(tree structure)，其內部節點是閘門、樹葉節點是專家。圖二就是我們提出的一個

五層的階層式模組架構圖。

圖二　本論文所提出之階層架構圖

　　在我們的模型中，每個閘門所表示的是一份文件的一般概念，假如文件中包

含著所表示的概念，則網路的輸出是 1，否則為 0。而專家所表示的是特定的類

別[Ruiz, 1999]。所有的文件都以向量表示之。整個分類工作是由根節點(root node)

開始，假如閘門的輸出值為真，則第二層的節點都會被啟動，如此的程序持續至

它到達一個樹葉節點。

　　對於閘門和專家網路，由於類神經網路中的倒傳遞網路(back-propagation ,

BP Network)具有學習正確率高、理論簡明[Zurada, 1992]。因此，我們決定使用

三層的倒傳遞類神經網路，其輸入層包含了 N 個特徵，隱藏層包含了(2N/3)個節

點，而輸出層為單一個節點。而在神經元的架構中，我們使用 S 形函數(sigmoid

function)作為轉換函數。此函數具有微分容易的優點，可配合降梯度法則來調整
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神經元間的權重，此函數當自變數趨向正負無限大時，函數值趨近於常數，其函

數值域在[0,1]之間。

3. 特徵選取和訓練資料集選取特徵選取和訓練資料集選取特徵選取和訓練資料集選取特徵選取和訓練資料集選取

　　一般而言，文件大部份都是人們以自然語言所書寫而成的，這些文件中的文

字所要表逹的，則是人們的想法與意見。我們相信在這些想法與意見中，主要是

由一些重要的觀念所組成的，而我們認為文字中的名詞字詞最能表逹一個觀念的

形成。因此，在特徵選取過程中，我們首先使用了由 Eric Brill [1993]所提出的詞

性分析器(part-of-speech tagger)為每個英文字標示其詞性資訊，然後選擇名詞集

合的關鍵字詞。接下來則必須使用 stop word 過濾器模組，將上述所選取標示名

詞的關建字詞中，過濾一些不足以代表文件本身特性字詞，以避免在接下來的處

理過程中，引入太多不必要的雜訊(noise)。在做完 stop word 的處理後，其他剩

下的名詞字集還不能算是最後想要的特徵集。因為根據人們的寫作習慣，對於那

些出現頻率太過於頻繁或過於貧乏的字，通常都沒有太大的義意及重要性，對於

符合這兩種情形的字集，我們可以經由字詞頻率－反文件頻率(term frequency and

inverse document frequency , TFIDF)的分析而將其過濾掉，如此處理後所剩下的

部份，我們稱之為特徵字詞(feature words)，這些字詞才是最重要的精華。

　　此外，在訓練分類器方面，對於同一類別的正負訓練樣本選取上，若兩者的

選取差距過大，造成過度地不平均，很有可能會造成分類器在學習上的誤差，以

致於造成最後分類上的錯誤。因此，對於訓練樣本的選取也是不可忽視的工作之

一。在這一方面，我們採用了由 Ruiz [1999]所提出的″類別區(category zone)″的

概念來選取訓練樣本集，其基本做法為選取屬於此類別的文件為正樣本，而選取

最靠近此類別、卻不屬於此類別的文件做為負樣本。這樣的概念，最早是來自於

Singhal 等人[1997]為文件繞送(text routing)所提出來的想法。
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4. 實驗結果與分析實驗結果與分析實驗結果與分析實驗結果與分析

  4.1 資料集

　　本實驗所使用的測試資料集，是由 David D. Lewis [1996]和路透社人員所共

同整理而成的路透社新聞性文件－Reuters-21578。在這個資料集中，總共包含了

21578 篇文件，分為五大類別 (EXCHANGES, ORGS, PEOPLE, PLACES,

TOPICS)，我們只拿五大類別中的 TOPICS 類別做為實驗之用。在這個類別中，

包含了 135 個子類別，為了階層式模組的訓練及測試的需要，我們只選擇包含三

篇文件以上的子類別做為測試類別。最後，我們使用了 96 個子類別、10555 篇

文件作為實驗用的資料集。

　　對於 96 個子類別的階層架構，我們使用了 [陳彥呈, 2000] 所提出的架構

圖，其架構如圖三。它基本的建構概念是依據文件在各類別之間的分佈來分析類

別間的關連性所建立起來的。

圖三　在 TOPICS 中，96 個子類別的階層式架構圖

94



  4.2 結果

　　在評估我們的模組效能之前，我們要先針對我們的模組提出兩個問題：1)

在同樣使用類神經網路方法的情況下，有使用階層式架構和沒有使用階層式架構

的效能差異。2)我們所提出的階層式架構和目前幾個有名的分類方法比較，其優

劣為何？

　　在本實驗中所使用的評估方法，為在資訊擷取中最常被大家使用的正確率

(precision)、召回率(recall)和 F1 評估方法。

　　表格一所示，是我們所提出的階層式方法和沒有使用階層架構的方法的比較

[Manevitz, 2000]，由表格中，我們可以很清楚地看出來，我們所提出的階層式方

法，大大地提昇了分類的正確性。

表格一　使用階層式架構 V.S. 沒有使用階層式架構的平均效能比較

　　表格二所示，則是我們所提出的方法和兩個著名的分類方法的比較－決策樹

(decision tree) [Weiss, 1999]和 k-NN 方法[Aas, 1999]。由表格中，我們可以知道，

我們所提出的模組在某些類別上，其效能比其他兩種方法好。而在正確率及召回

率上的成長，也比其他兩種方法要來得穩定。
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表格二　我們所提出的階層式分類模組和決策樹及 k-NN 之比較

5. 結論結論結論結論

　　本論文主要是在文件分類上，提出一個結合機器學習方法的階層式模組，並

且使用了詞性分析器，以擷取出真正有意義的特徵字詞。最後，我們將我們的方

法和其他方法做比較。從實驗的結果我們得知，我們所提出的階層式模組確實能

提高正確率和召回率。

　　本論文的未來研究方向主要有特徵的選取，在使用類神經網路做為分類模組

時，特徵選取的好壞會直接影響到分類的正確性。此外，我們也希望在類別區上

尋求其他的方法，以期能求得更合適的訓練樣本集。
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Abstract 

A phonetic representation of a language is used to describe the corresponding 

pronunciation and synthesize the acoustic model of any vocabulary. In order to obtain 

better phonetic representation, context-dependent units are used to model co-articulation 

effects between phones and have been broadly in speech recognition. However, this 

representation generally increases the number of recognition units. A phonetic 

representation with smaller phonetic units such as SAMPA-C for Mandarin Chinese can 

be applied to reduce the number of recognition units. Nevertheless, smaller phonetic 

units such as SAMPA-C will contain confusion characters and generally degrade the 

recognition performance. In this paper, a statistical method based on chi-square testing 

is used to investigate the confusion characteristics among phonetic units and develop a 

more reliable phonetic set, named modified SAMPA-C. Finally, experiments on 

continuous Mandarin telephone speech recognition were conducted. Experimental 

results show an encouraging improvement on recognition performance can be obtained. 

In addition, the proposed approaches represent a good compromise between the 

demands of accurate acoustic modeling. 
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1. Introduction 

From the viewpoint of speech recognition, a phonetic representation is functionally defined by 

the mapping of the fundamental phonetic units of a language to describe the corresponding 

pronunciation and synthesize the acoustic model of any vocabulary. In the past years, context-

dependent units have been broadly used to model the co-articulation effects such as triphone models, 

which consider both left and right phonemes at the same time. However, this representation 

generally increases the number of recognition units. Approaches for designing a smaller number of 

phonetic units are needed in the context-dependent based recognition. 

In recent years, many phoneme-based phonetic representations have been used such as 

International Phonetic Alphabet (IPA) [1], Speech Assessment Methods Phonetic Alphabet 

(SAMPA) [2], and SAMPA for Chinese (SAMPA-C) [3]. Among these representations, SAMPA-C 

is more flexible and consistent than other phoneme-based phonetic representations for Mandarin 

Chinese. However, in SAMPA-C, several phonetic units with short duration are not easy to be 

distinguished and therefore degrade the recognition performance. 

For Mandarin speech, the confusion characteristics can be found and analyzed in syllable-

dependent, subsyllable-dependent, or phoneme-dependent situation. In a training database, syllable-

dependent confusion characteristics are difficult to extract due to the sparse data problem. In 

contrast, the inconsistent phoneme segment in the training data is also not suitable to detect the 

phone-dependent confusion characteristics. The misdetected phones will result in misrecognition of 

syllables/subsyllables. Consequently, the phone-dependent confusion characteristic is not helpful 

for the analysis and representation of confusion characteristics of SAMPA-C based Mandarin 

speech recognizer. Therefore, the subsyllable is chosen as a compromising unit for the analysis of 

subsyllable-dependent confusion characteristics. 

In this paper, based on the statistical hypothesis, the χ2 (chi-square) testing [4] is an alternative 

test for evaluating dependence, which does not assume normally distributed probabilities. The 

underlying principle is to compare the observed frequencies with the expected frequencies. For 

investigating the effects of the confusion characteristics, the χ2 statistic is used to examine the 

consistencies of two probabilistic distributions and the statistical decision criteria are applied to 

evaluate the statistical evidence for the confusion degree of two subsyllables. According to the 

analysis result, a less confusable phonetic set, namely modified SAMPA-C, is applied to develop a 

new Mandarin speech recognizer and compared to the original SAMPA-C. 
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The architecture for constructing the recognition model is shown in Fig. 1 and can be divided 

into two processes: development process and evaluation process. In the development process, an 

acoustic training database is collected and classified statistically for establishing SAMPA-C based 

recognition models. By analyzing the output distributions of confusion models, the confusion 

characteristics are extracted and used to generate the modified SAMPA-C. Moreover, using 

decision tree, the context-dependent models are generated for evaluating the performance.  In the 

evaluation process, two continuous Mandarin speech recognition systems are developed and used to 

evaluate the syllable recognition rates using SAMPA-C and modified SAMPA-C HMM-based 

recognition models, respectively. 
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Fig. 1. Overall scheme for developing the HMM-based recognition models  

using modified SAMPA-C 

 

2. Analysis of Confusion Characteristics 

To accurately represent the confusion characteristics of Mandarin speech, the subsyllables are 

used as the basic units in the analysis process and extracted from the recognition outputs generated 

by the SAMPA-C based syllable recognizer. In this analytic procedure, 50 context-independent left-

to-right HMMs with 4 states and 12 mixtures are built as the basic recognition models. 1551 

utterances generated by 80 speakers in Mandarin Speech Database Across Taiwan (MAT) are used 

for advance analysis. In the following tests, the effect of the confusion characteristics between every 

two subsyllables is considered. 
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2-1 Testing for subsyllable-dependent confusion characteristics 

To clarify the subsyllable-dependent confusion characteristics, the training and misrecognized 

data are used and divided into several categories, which are defined as subsyllable attributes (SA). 

For each SA, the numbers of occurrences and misrecognitions generated by the recognizer are 

accumulated. Then, these two corresponding frequency distributions of the training and 

misrecognized data, treated as SA distributions, are utilized to quantitatively analyze the confusion 

degree by using the χ2  testing. The χ2  value, which is greater than a threshold of the predefined 

significance level, implies that the SA distributions can be regarded as different. Accordingly, 

several subsyllables are treated as confusable and need further discrimination. The formula to 

calculate the χ2  value is defined as follows. 
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where Wi is the number of appearances of the i-th SA. 

The effects of confusion characteristics are analyzed and extracted from the recognition 

outputs generated by the SAMPA-C based syllable recognizer. Table I and Table II show two SA 

distributions of INITIALs and FINALs represented by SAMPA-C, respectively. It is clear that “d” 

and “V:” has the largest number of appearances in INITIALs and FINALs. However, the tendency 

of “dC” and “IM” was misrecognized frequently more than that of “d” and “V:”, respectively. “dC”, 

“IM”, “d”, and “V:” are the Mandarin syllables represented by SAMPA-C. As a result for a 

Mandarin speech recognizer, the confusion characteristics seems to strongly depend on the 

subsyllables. Next, since insufficient training data happen for some SAs, the χ2 testing conditions 

might not be satisfied. Thus, the following two conditions in each SA have to be considered [5]. 

(1) The percentage of the expected value over five is above 80%. 

(2) All expected values are more than one. 

In Table I and Table II, the χ2 values are 164 and 97 for INITIALs and FINALs, respectively. It 

is clear that the χ2 value is greater than 5% of the significance level. Therefore, the analyzed results 
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show significant evidences that the confusion characteristics of INITIALs and FINALs can be 

regarded as subsyllable-dependent. 

 

Table I.  SA distributions of INITIALs represented by SAMPA-C, 2χ  value = 164, p ≤ 0.05 

INITIAL NULL b p m f d t n l g k 

Number of 

appearances 
141 65 46 47 17 227 71 87 97 59 56 

Number of 

misrecognition 
49 27 11 10 6 57 38 23 26 21 14 

INITIAL h dC tC C dZ tS S R dz ts s 

Number of 

appearances 
80 54 51 49 62 56 72 52 57 49 56 

Number of 

misrecognition 
18 51 31 19 32 51 38 11 36 44 20 

 

Table II.  SA distributions of FINALs represented by SAMPA-C, 2χ  value = 97, p ≤ 0.05 

FINAL NULL a: O: V: ai ei aU ou aM @M aN VN r 

Number of 

appearances 
38 72 8 194 60 40 61 53 69 52 59 56 8 

Number of 

misrecognition 
11 32 3 33 24 14 36 29 13 20 18 14 2 

FINAL i: ja: jE jai jaU jou jEM IM jaN IN u: wa: wO:

Number of 

appearances 
41 15 37 4 30 29 47 34 25 43 58 21 47

Number of 

misrecognition 
21 11 11 2 6 11 25 25 6 22 13 8 22

FINAL wai wei waM w@M waN wVN y: yE yEM yM yN 

Number of 

appearances 
23 57 58 38 27 53 17 23 24 14 16 

Number of 

misrecognition 
8 9 23 20 12 4 11 11 12 4 8 
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2-2 Examination of confusable phonetic set 

According to the previous analysis, the misrecognition happens in some specific SAs. In 

general, the misrecognition is caused by the incorrect pronunciation or the confusable phonetic set. 

The incorrect pronunciation is due to inarticulacy such as the retroflexion in Mandarin speech. For 

examples, the “tS” and “IN” is usually pronounced as “ts” and “IM” in INITIALs and FINALs, 

respectively. Thus, in this paper, the confusion characteristic of each recognition units in the 

SAMPA-C based recognizer has to be examined and the phonetic set should be redefined. Table III 

shows some examples of SA distributions of confusions for recognition units in SAMPA-C. The 

upper two measures show the χ2 values are greater than 5% of the significance level and the 

phoneme will cause the subsyllable-dependent confusion according to the χ2 testing. On the other 

hand, the lower two measures show the χ2 values are smaller than 5% of the significance level and 

these subsyllables possess less confusion characteristic. 

 

Table III.  Comparison of SA distributions of syllables represented by  

concatenating (+) phonetic units in SAMPA-C 

Subsyllable d d+C d+Z d+z 

Num. of appearances 227 54 62 57 

Num. of misrecognition 57 51 32 36 

χ2  value = 55, p ≤ 0.05 

(a) 

Subsyllable y+E y+E+M y+M y+N 

Num. of appearances 23 14 14 16 

Num. of misrecognition 11 4 4 8 

χ2  value = 1.65, p ≥ 0.05 

(b) 

 

2-3 Determination of confusable phones 

Given a subsyllable A, the subsyllable-dependent confusion characteristic between 

subsyllables A and B can be analyzed in Table IV, which show the four possible outcomes for a 

given trial. The confusion relationship between subsyllables A and B can be shown in Fig. 2. 

According to this representation, the χ2  testing serves as a way to quantify the confusion between 
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these two distributions. Hence, based on the four outcomes in Table IV, the χ2  testing can be 

applied to determine the degree of confusion between subsyllables A and B and is given by 

( )( )2 ij ij ij ij
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where fij is the observed frequency. Eij is the expected frequency and defined as 
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where fi0 is the totals of the i-th row and f0j is the totals of the j-th column. If the value in Table IV is 

small, Yate’s correction method is used to estimate a robust χ2 value [6]. Therefore, the confusable 

phone, which causes the subsyllable-dependent confusion, can be found. Table V shows some 

examples of confusion measure. In this table (a) and (b) have high confusion contrast to (c) and (d). 

Accordingly, subsyllable “d+C” and subsyllable “U+N” are likely confused with subsyllable “C” 

and subsyllable “i+U+N”, respectively. 

 

P(R A|O A)
A

B

Significance Level

P(R B|O A )P(R A |O B)

P(R B |O B)

 
Fig. 2. Confusion relationship of subsyllables A and B 

 

Table IV.  Four possible outcomes for a given trial 

Recognition Result 
 

RA RB 

OA P(RA|OA) P(RB|OA) 
Observations 

OB P(RA|OB) P(RB|OB) 
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Table V.  Examples of confusion measure (number of appearances)

Recognition Result
 

d+C C 

d+C 3 23 
Observations 

C 3 30 

χ2  value = 0.00265, p ≥ 0.05

(a) 

Recognition Result
 

U+N i+U+N 

U+N 49 0 
Observations 

i+U+N 7 8 

χ2  value = 0.00146, p ≥ 0.05

(b) 

Recognition Result 

d+C d 

d+C 3 12 Observations

d 0 170 

χ2  value = 23.16, p ≤ 0.05

(c) 

Recognition Result 

U+N V+N 

U+N 49 3 Observations

V+N 2 42 

χ2  value = 76.98, p ≤ 0.05

(d)

 

3. Design of the Modified SAMPA-C 

Based on the analysis of confusion characteristics, several confusion subsyllables caused by 

the confusable phonetic representation can be extracted. The confusable phonetic representation can 

be automatically detected using the above process. In our experimental results, the automatic speech 

recognition based on SAMPA-C cannot model the rapid variation between subsyllables. This is 

because that the confusion always occurs in the short duration between two subsyllables and the 

phonetic units representing the short phones cannot model this short duration well. Accordingly, a 

longer phonetic representation similar to subsyllable units is adopted to eliminate the confusion 

between two confusable subsyllables. These unsuitable phonetic units are manually analyzed. Each 

unit is concatenated with other phonetic unit to form a new, longer phonetic unit. The testing 

process is performed on the new representation iteratively. Finally, a modified SAMPA-C phonetic 

set, which suitably represent Chinese pronunciation is obtained and listed in Table VI. The original 

SAMPA-C phonetic set is also listed in Table VI for comparison. The phonetic units with boldface 

are the newly defined units. For example, the new phonetic unit “G” is defined by concatenating the 

phonetic units “d” and “C.” The total number of phonetic units in the modified SAMPA-C becomes 

52 compared to 45 in the original SAMPA-C. 
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Table VI. Modified SAMPA-C and the examples with  

the corresponding Chinese characters and PinYin 

Modified 

SAMPA-C 

Examples by 

PINYIN 

Modified 

SAMPA-C 

Examples by 

PINYIN 

G(d+C) GIN (晶 jing1) z(d+z) zI: (子 zi3) 

Q(t+C) Qi: (七 qi1) c(t+s) cu@M (村 cun1) 

X(C) XiaU (小 xiao3) aN(a+N) laN (狼 lang2) 

Z(d+Z) ZUN (中 zhong1) aM(a+M) maM (慢 man4) 

C(t+S) Ca: (茶 cha2) iU(I+U) XiUN (兄 xiong) 

 

4. Experimental Results 

In the experiment setup, a Mandarin Speech Across Taiwan (MAT) telephone speech database, 

pronounced by 160 speakers (81 males, 79 females), with 8,237 files (sampling rate of 8kHz) was 

employed. Another speech database with 500 utterances was also collected and used as the testing 

data. In the following experiments, 12 Mel-Frequency Cepstrum Coefficient (MFCC), 12 delta 

MFCC, one delta log energy, and one delta delta log energy are extracted as a 26-dimension feature 

vector.  

In the first experiment, the SAMPA-C based recognizer and the modified SAMPA-C based 

recognizer were built for the comparison of recognition performance. In these systems, the context-

independent models were adopted and the subsyllable recognition rates of INITIALs and FINALs 

for the two systems are listed in Table VII. 

 

Table VII. Recognition rates using SAMPA-C and modified SAMPA-C, respectively 

 SAMPA-C Modified SAMPA-C

INITIAL 55.86% 75.08% 

FINAL 66.53% 67.26% 

 

For Mandarin speech, the confusion effects of INITIALs are more obvious than that of 

FINALs. Due to the channel distortion of telephone network, the unvoiced INITIAL part with short 

duration is easy to be misrecognized. Therefore, the confusion between INITIALs can be 

discriminated using the modified SAMPA-C and the recognition performance can be improved 
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significantly. 

Moreover, another phonetic representation set is also developed for evaluating the confusion 

characteristics analysis. This phonetic representation with 58 fundamental subsyllables [7-9] was 

adopted in this experiment. With the same training database, the distributions of misrecognition for 

subsyllable “dC”, “C”, “dZ”, and “d” are shown in Fig. 3. The subsyllable “dC” is usually 

misrecognized to “C”. However, the subsyllable “C” is not usually misrecognized to “dC”. It is 

difficult to detect the confusion characteristic of subsyllable “dC”. In our approach, the χ2 value of 

“dC” compared with other subsyllables is shown in Fig. 4. The confusion characteristic of 

subsyllable “dC” can be detected. For the significance level, the subsyllable “C” usually confused 

with subsyllable “dC”. 

In the next experiment, the context-dependent models were applied for evaluation and the 

experimental results are shown in Fig. 5. It is clear that the modified SAMPA-C can achieve an 

encouraging recognition performance, which is better than that obtained using the SAMPA-C. 

Especially, for the context-dependent models, the confusion between syllables can be efficiently 

discriminated and the recognition performance can also be improved. 
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Fig. 3.  Distributions of error rate for subsyllables (a) dC, (b) C, (c) dZ, and (d) d. 

 

132



0

10

20

30

40

50

60

C d dZ p tC NULL b n

subsyllable

ch
i-s

qu
ar

e 
va

lu
e

 
Fig. 4.  χ2 value of “dC” compared with other subsyllables 
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Fig. 5. Syllable error rates with respect to SAMPA-C and  

modified SAMPA-C based recognition system. 

 

In order to evaluate the performance of different phonetic representations, we conducted 

experiments on three continuous syllable recognition model types. Three forms of subsyllablic 

units – right-context dependent INITIAL/FINAL (RCD-IF), SAMPA-C based tri-phones, and 

modified SAMPA-C based tri-phones were conducted to evaluate the syllable recognition rates 

(SRR). Table VIII shows the experimental results and the modified SAMPA-C based approach 

outperformed the other two types. 

 

133



Table VIII. Syllable recognition rates using RCD IF, SAMPA-C based tri-phones, and modified 

SAMPA-C based tri-phones 

 RCD IF SAMPA-C 

Tri-phones 

Modified SAMPA-C 

Tri-phones 

No. of Nodes 675 754 812 

SRR 46.12% 43.23% 50.23% 

 

5. Conclusions 

In this paper, the confusion characteristics for Mandarin speech using SAMPA-C were 

analyzed. The confusion characteristics generated with respect to confusable phonetic set can be 

discriminated by incorporating a statistical categorical data analysis method without any model 

assumption. Redefining the phonetic set, the effect of the confusion characteristics can be reduced 

and the recognition performance can be improved significantly. Hence, a modified SAMPA-C is 

proposed to provide a corresponding phonetic representation for building more reliable recognition 

models. Experimental results show that the proposed approaches give an encouraging improvement. 

For the portability to other languages, the proposed procedure can be easily applied to detect the 

confusion phonetic units of that language. Accordingly, a more reliable phonetic set for that 

language can be obtained. 
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Abstract 

In a text-to-speech (TTS) conversion system based on the time-domain 

pitch-synchronous overlap-add (TD-PSOLA) method, accurate estimation of pitch periods 

and pitch marks is necessary for pitch modification to assure an optimal quality of the 

synthetic speech. In general, there are two major issues on pitch marking: pitch detection 

and location determination. In this paper, an adaptable filter, which serves as a bandpass 

filter, is proposed for pitch detection to transform the voiced speech into a sine-like wave. 

Based on the sine-like wave, a peak-valley decision method is investigated to determine 

the appropriate part (positive part and negative part) of the voiced speech for pitch mark 

estimation. At each pitch period, two possible peaks/valleys are searched and the dynamic 

programming is performed to obtain the pitch marks. Experimental results indicate that 

our proposed method performed very well if correct pitch information is estimated. 

1. Introduction 
In past years, the approach of concatenative synthesis has been adopted by many 

text-to-speech (TTS) systems [1]–[6]. The concatenative synthesis uses real recorded 

speech segments as the synthesis units and concatenates them together during synthesis. 

Also, the time-domain pitch-synchronous overlap-add (TD-PSOLA) [6] method has been 

employed to perform prosody modification. This method modifies the prosodic features of 

the synthesis unit according to the target prosodic information. Generally, the prosodic 

information of the speech includes pitch (the fundamental frequency), intensity, and 

duration, etc. For a synthesis scheme based on TD-PSOLA method, it is necessary to 

obtain a pitch mark for each pitch period in order to assure an optimal quality of the 

synthetic speech. The pitch mark is a reference point for the overlap of the speech signals. 
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It is useful to have a speech synthesizer with various voices for speech synthesis. 

Sometimes it is also important for a service-providing company to have a synthesizer with 

the voice of its own employee or the speaker of its favorite. For conventional TTS 

systems, however, it is a professional but tedious job to create a new voice. Recently, 

corpus-based TTS systems have been appreciated which use a large amount of speech 

segments. Some approaches selected the speech segments as the candidates of synthesis 

units. Establishing the synthesis units includes speech segmentation, pitch estimation, 

pitch marking, and so on. However, pitch marking is very labor-intensive among them if 

there involved no automatic mechanism. 

In general, there are two major issues on pitch marking: pitch detection and location 

determination. Compared to pitch detection [7]-[14], few papers have been presented for 

pitch marking [15][16], which is also a difficult problem because of the great variability 

of the speech signals. Moulines et al. [15] proposed a pitch-marking algorithm based on 

the detection of abrupt changes at glottal closure instants. At each period, they assumed 

that the speech waveform could be represented by the concatenation of the response of 

two all-pole systems. On the other hand, Kobayashi et al. [16] used dyadic wavelet for 

pitch marking. The glottal closure instant was detected by searching for a local peak in the 

wavelet transform of the speech waveform. 

In this paper, we propose a pitch-marking method based on an adaptable filter and a 

peak-valley estimation method. The block diagram is shown in Fig. 1. The input signals 

are constrained to the voiced speech because only the periodic parts are interested. We 

introduce an adaptable filter, which serves as a bandpass filter, to transform the voiced 

speech into a sine-like wave. The autocorrelation method is then used to estimate the pitch 

periods on the sine-like wave. Also, a peak-valley decision method is presented to 

determine which part of the voiced speech is suitable for pitch mark estimation. The 

positive part (the speech with positive amplitude) and the negative part (the speech with 

negative amplitude) are investigated in this method. This is motivated from Fig. 2(a), 

which displays an example of waveform having the negative part reveals explicit 

periodicity. In general, it could synthesize better speech quality if the pitch marks are 

labeled at the positions of extreme points (peaks and valleys) of the speech. At each pitch 

period, two possible peaks/valleys are searched. Finally, the pitch marks are obtained by 

the dynamic programming by calculating the pitch distortion.  
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Adaptable Filter

Voiced Speech

Peak-Valley Decision

Pitch Marks

Pitch Periods
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Pitch Mark
Determination

Peak/Valley Searching

Dynamic Programming

 
Figure 1: Block diagram of the proposed pitch-marking method. 

2. Pitch Detection Using an Adaptable Filter Followed by 

Autocorrelation Method 
The proposed adaptable filter serves as a bandpass filter in which its pass band is from 

50 Hz to the detected fundamental frequency, up to 500 Hz, of the voiced speech. The 

adaptable filter is achieved by the following three steps.  

Step 1. It computes the FFT (Fast Fourier Transform) to transform the voiced speech 

into the frequency domain. 

Step 2. The fundamental frequency, f0, is detected by searching the first peak of the 

spectral contour.  

Step 3. The IFFT (Inverse FFT) is invoked over the passband between 50 Hz and f0 

to obtain the filtered speech. 
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(a)

(b)

(c)

The first peak

(d)

 

Figure 2: Results of the adaptable filter and pitch mark determination. (a) Waveform of 

the voiced speech with explicit periodicity on the negative part. (b) Waveform of the 

filtered speech. (c) Detected pitch marks. (d) Spectral contour (note that the frequency 

axis is not linearly plotted). 

  

An example of the adaptable filter is displayed in Fig. 2. Panel (a) and (b) shows the 

waveforms of the original speech and the filtered speech, respectively. It can be seen that 

the filtered speech is generally a sine-like wave that reveals clear periodicity than that on 

the original speech waveform. For a frame in the middle of the voiced speech, the spectral 

contour is depicted in panel (d). Note that the frequency axis is not linearly plotted for the 

reason of inspecting the first spectral peak. The first peak was found at 168 Hz, which is 

the fundamental frequency. Finally, the pitch periods are obtained by analyzing the 

filtered speech using the conventional autocorrelation method. 

3. Pitch Mark Determination Using a Peak-Valley Decision Method and 

Dynamic Programming 
3-1 Peak-Valley Decision 
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From observations, we found that the voiced speech, s[·], is synchronous with the 

filtered speech, o[·], either at peaks or at valleys. For the case illustrated in Fig. 2 (a) and 2 

(b), they are synchronous at valleys having explicit periodicity instead of those at peaks. 

As a result, the pitch marks could be easily determined at the negative part than those at 

the positive part. In the following, peak-valley decision method calculates two costs by 

summing the amplitudes of s[m], where m represents the position of the local extreme 

point of o[·] over each pitch period: 

∑
=

⋅=
peak

n
peak

peak
peak

N
nPoss

N
C

1

]][[1                                  (1) 

∑
=

⋅−=
valley

n
valley

valley
valley

N
nPoss

N
C

1

]][[1                                  (2) 

where the symbols are defined as follows: 

peakC : Cost estimated at the peaks of o[·]. 

valleyC : Cost estimated at the valleys of o[·]. 

peakN : Total number of the peaks of o[·]. 

valleyN : Total number of the valleys of o[·]. 

][nPospeak : Position of the n-th peak of o[·]. 

][nPosvalley : Position of the n-th valley of o[·]. 

The peak-valley decision is made as follows: If peakC > valleyC then the positive part (peak) 

of s[·] is adopted for the evaluation of pitch mark. Otherwise, the negative part (valley) of 

s[·] is adopted. 

 

3-2 Pitch mark determination Based on Dynamic Programming 

Once the adoption of the peak or valley has been decided, say peak, the positions of 

pitch marks are determined by picking the peaks of s[·]. For the i-th pitch period, Pi, two 

highest peaks in the corresponding voiced speech are searched. Suppose the highest and 

the second highest peaks are located at Li1 and Li2, respectively. It might occur that the 

second one is absent. For this case, we let Li2 = Li1. For all the detected peaks, the 

determination of pitch mark is then performed based on dynamic programming. The 

distortion of pitch period, di(j,k), and its accumulation, Ai(j), are defined as follows: 

),(),( )1( kjgPLLkjd ikiiji +−−= − , for i=2,…,PN                     (3) 
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where PN is the total number of pitch period and j, k=1,2. In Equation (3), ),( kjg  is a 

penalty function represented as 
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=
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),(

kj
kjg                                        (5) 

The penalty function is introduced here due to the preference of the highest peak.  

The search path of the dynamic programming is illustrated in Fig. 3. The peak 

locations (pitch marks) can be obtained by back tracing the peak sequence corresponding 

to the smallest value of Ai(1) and Ai(2). An example of the results of pitch marking is 

shown in Fig. 2(c). Similar procedures described above can be applied to the case of 

“valley”. 

Peak 2

Peak 1

...

1 2 3 4 PNPN-1  
Figure 3: Illustration of the peak-picking search path of the dynamic programming. 

4. Experiments and Results 
4-1  Experimental environment 

A continuous speech database was established which provides the basic synthesis 

units of our Mandarin Chinese TTS system. This database is composed of 70 phrases and 

their lengths are between 4 to 6 Chinese characters. It includes an amount of 436 tonal 

syllables comprising the required 413 basic synthesis units. A native female speaker read 

them in normal speaking style. The speech signals were then digitized by a 16-bit A/D 

converter at a 44.1k Hz sampling rate. The syllable segmentation was manually done in 

order to obtain the precise boundaries of voiced speech and unvoiced speech. The total 

duration of the 436 voiced speech is about 2.1 minutes. For each syllable, the voiced 

speech was used to test the proposed methods. The frame size used in the adaptable filter 

was set to 4096 speech samples (92.8 ms). 

For the voiced speech, the waveforms along with the pitch marks obtained from our 
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pitch-marking program were visually displayed. The pitch marks were then checked and 

corrected by an experienced person through a friendly interface. For the evaluation of the 

experiments, we obtained 436 sets of human-labeled pitch marks, denoted as H, which 

comprises 23868 pitch marks. 

4-2  Performance of the pitch marking method 

The results of the peak-valley decision were verified by human judgment on visual 

displays. A success rate of 99.1% is obtained (4 of the 436 results were disagreed). For the 

female speaker, we found that 97.2% of the voiced segments reveal clear periodicity on 

the negative parts. 

The proposed method generated 23860 pitch marks, denoted as I, without any 

duplication. The success rate of the pitch marking method is defined as follows: 

{ }
%100

 and  |
rateCorrect ×

∈∈
=

H
HxIxx

                         (6) 

As shown in Table 1, a success rate of 97.2% is obtained (baseline), in contrast with the 

95% and 97% success rates of the methods of [15] and [16], respectively. However, we 

found that most of the errors are resulted from the incorrect results of pitch detection. 

Most of the pitch errors are due to large changes of pitch locating at the boundaries of the 

voiced speech. Providing correct pitch information, our method leads to a success rate of 

99.5%. 

 

Table 1: Success rate of the pitch-marking method. 

Condition Baseline Using correct pitch  

Success rate 97.2% 99.5% 

 

5 Conclusions 
In this paper, a preliminary work on pitch marking has been proposed. We present the 

adaptable filter combined with the autocorrelation method for pitch detection. On the 

other hand, a peak-valley decision method is introduced to select either the positive or the 

negative parts for evaluation of pitch mark. Also, a dynamic-programming-based pitch 

mark determination method is demonstrated where two peaks/valleys are searched at each 

period. In the experiments, our pitch-marking method achieves 97.2% success rate. 
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Furthermore, a high success rate of 99.5% is obtained providing correct pitch information. 
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3HRSOH RIWHQ HPSOR\ WKH )RUZDUG DOJRULWKP WR VROYH WKH ILUVW SUREOHP DQG WKH 9LWHUEL DOJRULWKP WR

VROYH WKH VHFRQG RQH� )RU WKH WKLUG SUREOHP� SHRSOH XVH *UDGLHQW DOJRULWKP� 7KLV SDSHU DLPV DW

VROYLQJ WKH ODVW SUREOHP� ZH XVH WKH WDEX VHDUFK DOJRULWKP WR VHDUFK WKH RSWLPDO PRGHO SDUDPHWHUV � �

�� 7+( 7$%8 6($5&+ $/*25,7+0

7KH WDEX VHDUFK DOJRULWKP� ZKLFK ZDV SURSRVHG E\ *ORYHU >�@� LV D JHQHUDOL]HG KHXULVWLF JOREDO

VHDUFK WHFKQLTXH ZLWK VKRUW�WLPH PHPRU\� ,WV EDVLF LGHD LV WR H[SORUH WKH VHDUFK VSDFH RI DOO IHDVLEOH

VROXWLRQV E\ D VHTXHQFH RI PRYHV DQG WR IRUELG VRPH VHDUFK GLUHFWLRQV DW WKH SUHVHQW LWHUDWLRQ LQ RUGHU

WR DYRLG F\FOLQJ DQG MXPS RII ORFDO RSWLPD� 7KH HOHPHQWV RI D PRYH IURP WKH FXUUHQW VROXWLRQ WR LWV

VHOHFWHG QHLJKERU DUH SDUWLDOO\ RU FRPSOHWHO\ UHFRUGHG LQ WKH WDEX OLVW IRU WKH SXUSRVH RI IRUELGGLQJ WKH

UHYHUVDO RI WKH UHSODFHPHQW LQ D QXPEHU RI IXWXUH LWHUDWLRQV�

7KH WDEX VHDUFK DSSURDFK EHJLQV ZLWK WHVW VROXWLRQV JHQHUDWHG UDQGRPO\ DQG WKHLU FRUUHVSRQGLQJ

REMHFWLYH IXQFWLRQ YDOXHV DUH FRPSXWHG� ,I WKH EHVW RI WKHVH VROXWLRQV LV QRW WDEX RU LI LW LV WDEX EXW

VDWLVILHV WKH DVSLUDWLRQ FULWHULRQ� WKHQ VHOHFW WKLV VROXWLRQ WR EH WKH QHZ FXUUHQW VROXWLRQ WR JHQHUDWH WHVW

VROXWLRQV IRU QH[W LWHUDWLRQ� ,W LV FDOOHG DVSLUDWLRQ FULWHULRQ LI WKH WHVW VROXWLRQ LV D WDEX VROXWLRQ EXW WKH

REMHFWLYH YDOXH LV EHWWHU WKDQ WKH EHVW YDOXH RI DOO LWHUDWLRQV� 7KH WDEX VHDUFK DOJRULWKP LV JLYHQ DV

IROORZV�
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7DEX 6HDUFK $OJRULWKP ��

^

JHQHUDWH WKH LQLWLDO VROXWLRQV�

FDOFXODWH WKH FXUUHQW VROXWLRQ DQG WKH EHVW VROXWLRQ�

ZKLOH WHUPLQDWLRQ FULWHULRQ QRW UHDFKHG

^

JHQHUDWH WKH WHVW VROXWLRQV LQ WKH QHLJKERUKRRG RI WKH FXUUHQW VROXWLRQV�

FDOFXODWH WKH FRUUHVSRQGLQJ REMHFWLYH YDOXHV�

XSGDWH WKH FXUUHQW VROXWLRQ DQG WKH EHVW VROXWLRQ�

XSGDWH WKH WDEX OLVW�

`

`

�� 7+( 76�+00$/*25,7+0

,Q WKLV SDSHU� WKH FRQILJXUDWLRQ RI +00 LV D ILYH VWDWHV OHIW�ULJKW PRGHO DQG WKH VSHHFK IHDWXUH

YHFWRUV DUH YHFWRU TXDQWL]HG LQWR WKH FRGHERRN ZLWK WKH VL]H RI ���� 6R $ LV D ��E\�� PDWUL[ DQG % LV D

��E\���� PDWUL[� $V VKRZQ LQ )LJ� �� WKLV PRGHO FDQ UHSUHVHQW VSHHFK VLJQDO ZKRVH SURSHUWLHV FKDQJH

RYHU WLPH LQ D VXFFHVVLYH PDQQHU�

'XH WR WKH FRQILJXUDWLRQ RI WKH PRGHO� VRPH WUDQVLWLRQV EHWZHHQ VWDWHV GR QRW H[LVW VR WKDW WKH

FRUUHVSRQGLQJ HOHPHQWV LQ PDWUL[ $ DUH FRQVWDQWO\ ]HUR DQG WKHVH HOHPHQWV ZLOO QRW EH HQFRGHG ZKHQ

SHUIRUPLQJ VHDUFK�

7KH RSWLPDO PRGHO SDUDPHWHUV VHDUFKLQJ SUREOHP PXVW EH PDSSHG WR WKH WDEX VHDUFK DOJRULWKP

EHIRUH LW FDQ EH XVHG� 7KH PDSSLQJ SURFHGXUH LV GHVFULEHG DV IROORZ�

,Q 76�+00 WUDLQLQJ� WKH PRGHO LV HQFRGHG LQWR D VWULQJ RI UHDO QXPEHUV EHWZHHQ � DQG �� DQG RI

FRXUVH WKH\ VDWLVI\ WKH HTXDWLRQ ��� DQG ���� $V VKRZQ LQ )LJ� �� WKLV VWULQJ LV FRPSRVHG RI WZR SDUWV�

6$ DQG 6%� 7KHVH WZR SDUWV DUH FRPSRVHG RI WKH URZV RI PDWULFHV $ DQG % UHVSHFWLYHO\�

$ VROXWLRQ RI WKLV DOJRULWKP LV GHILQHG DV VO FRQVLVWLQJ RI D VHW RI UHDO QXPEHUV OLNH WKH RQH VKRZQ

LQ )LJ� �� 7KH SUREDELOLW\ SQ�2_ Q�
� RI WKH +00 VROXWLRQ¬Q ZKLFK JHQHUDWHV WKH WUDLQLQJ REVHUYDWLRQ

VHTXHQFHV
0RRR2 �

��
= PXVW EH FDOFXODWHG DV WKH REMHFWLYH IXQFWLRQ YDOXH�

7KH LQLWLDO WHVW VROXWLRQV DUH JHQHUDWHG UDQGRPO\� $IWHU WKH ILUVW LWHUDWLRQ� WKH WHVW VROXWLRQV DUH

JHQHUDWHG IURP WKH EHVW VROXWLRQ RI FXUUHQW LWHUDWLRQ E\ VZDSSLQJ WZR LQGLFLHV UDQGRPO\� 7KH WDEX OLVW
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PHPRU\ VWRUHV WKH VZDSSHG LQGLFHV RQO\� ,W LV D WDEX FRQGLWLRQ LI WKH VZDSSHG LQGLFLHV WR JHQHUDWH WKH

QHZ WHVW VROXWLRQ IURP WKH EHVW VROXWLRQ RI FXUUHQW LWHUDWLRQ DUH WKH VDPH DV DQ\ UHFRUGV LQ WKH WDEX OLVW

PHPRU\�

/HW { }
V

1W
���� ���

��
�= WR EH WKH VHW RI WKH WHVW VROXWLRQV� OHW { }����������� 1

FFFF ���� �= DQG

{ }����������� 1
EEEE ���� �= EH WKH EHVW VROXWLRQ RI FXUUHQW LWHUDWLRQ DQG WKH EHVW VROXWLRQ RI DOO

LWHUDWLRQV UHVSHFWLYHO\� OHW 9W ^Y�� Y��«� Y1V`� YF DQG YE GHQRWH WKH VHW RI REMHFWLYH IXQFWLRQ YDOXHV IRU

WHVW VROXWLRQV� WKH REMHFWLYH IXQFWLRQ YDOXH IRU WKH EHVW VROXWLRQ RI FXUUHQW LWHUDWLRQ DQG WKH REMHFWLYH

IXQFWLRQ YDOXH IRU WKH EHVW VROXWLRQ RI DOO LWHUDWLRQV� UHVSHFWLYHO\� ZKHUH YO LV WKH REMHFWLYH IXQFWLRQ

YDOXH IRU VROXWLRQ
O�
�

V1O ≤≤� � 7KH DOJRULWKP LV JLYHQ DV IROORZV�

6WHS �� 6HW WKH WDEX OLVW VL]H
V7 � WKH QXPEHU RI WHVW VROXWLRQV V1 DQG WKH RSWLPXP QXPEHU RI LWHUDWLRQV

PO � 6HW WKH LWHUDWLRQ FRXQWHU �=L DQG LQVHUWLRQ SRLQW RI WKH WDEX OLVW �=OW � *HQHUDWH V1

VROXWLRQV { }
V

1W ���� ���
��
�= UDQGRPO\� FDOFXODWH WKH FRUUHVSRQGLQJ REMHFWLYH YDOXHV

9W ^Y��Y��«�Y1V` DQG ILQG RXW WKH FXUUHQW EHVW VROXWLRQ MF �� = �
O

O
YM �PD[�DUJ= �

V1O ≤≤� �

6HW
FE �� = DQG

FE YY = �

6WHS �� &RS\ WKH FXUUHQW EHVW SDWK
F�
WR HDFK WHVW VROXWLRQ

O�
�

V1O ≤≤� � )RU HDFK WHVW VROXWLRQ
O�
�

V1O ≤≤� � JHQHUDWH WZR UDQGRP LQWHJHUV
�
U DQG

�
U � 1U ≤≤

�
� � 1U ≤≤

�
� �

��
UU ≠ � *HQHUDWH

WKH QHZ WHVW VROXWLRQV E\ VZDSSLQJ ��
�
UO�

DQG ��
��
U� � &DOFXODWH WKH FRUUHVSDQGLQJ REMHFWLYH

YDOXHV
V

1YYY ���
��
� IRU WKH QHZ WHVW VROXWLRQV�

6WHS �� 6RUW
V

1YYY ���
��
� LQ LQFUHDVLQJ RUGHU� )URP WKH EHVW WHVW VROXWLRQ WR WKH ZRUVW WHVW VROXWLRQ� LI

WKH WHVW VROXWLRQ LV D QRQ�WDEX VROXWLRQ RU LW LV D WDEX VROXWLRQ EXW LWV REMHFWLYH YDOXH LV ODUJHU

WKDQ WKH EHVW YDOXH RI DOO LWHUDWLRQV YE �DVSLUDWLRQ OHYHO�� WKHQ FKRRVH WKLV VROXWLRQ DV WKH FXUUHQW

EHVW VROXWLRQ
F�
DQG FKRRVH LWV REMHFWLYH YDOXH DV WKH FXUUHQW EHVW REMHFWLYH YDOXH YF �JR WR VWHS

�� RWKHUZLVH�WU\ WKH QH[W WHVW VROXWLRQ� ,I DOO WHVW VROXWLRQV DUH WDEX VROXWLRQV� WKHQ JR WR VWHS ��

6WHS �� ,I
EF YY < � VHW

EF �� = DQG
EF YY = � ,QVHUW WKH VZDSSHG LQGLFHV RI WKH FXUUHQW EHVW VROXWLRQ

F�
LQWR WKH WDEX OLVW� 6HW WKH LQVHUWLQJ SRLQW RI WKH WDEX OLVW �+=

OO WW � ,I VO 7W > � VHW �=OW � ,I

POL < � VHW �+= LL DQG JR WR VWHS �� RWKHUZLVH� UHFRUG WKH EHVW SDWK LQGH[ DQG WHUPLQDWH WKH

DOJRULWKP�
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�� 6,08/$7,216

�� H[SHULPHQWV DUH FRQGXFWHG WR YDOLGDWH WKH DOJRULWKP SURSRVHG LQ WKLV SDSHU� :H UHFRUGHG HDFK

ZRUG¶V SURQXQFLDWLRQ �� WLPHV� 7KHQ ZH KDYH ��� WUDLQLQJ REVHUYDWLRQ VHTXHQFHV� )RU HDFK ZRUG� ZH

XVHG WKH WDEX VHDUFK DOJRULWKP DQG WKH IRUZDUG�EDFNZDUG DOJRULWKP WR WUDLQ WKH +00 UHVSHFWLYHO\� DQG

WKHQ ZH FDQ REWDLQ WZR VHWV RI +00 PRGHO SDUDPHWHUV DQG FRPSDUH WKHP� ,Q WKLV SDSHU� WKH OHQJWK RI

WKH WDEX OLVW ��=
V7 � WKH WKUHVKROG RI WKH SUREDELOLW\ �����=

WK3 � WKH QXPEHU RI WKH LWHUDWLRQ ,P  ����

WKH QXPEHU RI WKH VROXWLRQV LQ HDFK LWHUDWLRQ16  ��� 7KH LQLWLDO PRGHO SDUDPHWHUV DUH FUHDWHG UDQGRPO\

DQG DUH QRUPDOL]HG WR VDWLVI\ WKH HTXDWLRQ ��� DQG ����

,Q HDFK H[SHULPHQW� WKH +00 WUDLQLQJ XVLQJ WKH IRUZDUG�EDFNZDUG DOJRULWKP ZLOO EH WHUPLQDWHG

ZKHQ WKH LQFUHDVH RI WKH DYHUDJH ORJ SUREDELOLW\ OHVV WKDQ ������� DQG 76�+00 WUDLQLQJ ZLOO EH

WHUPLQDWHG DIWHU ��� LWHUDWLRQV�

,Q WKLV SDSHU� ZH FRPSDUHG WKH +00V WUDLQHG E\ WKH WDEX VHDUFK DOJRULWKP DQG WKH IRUZDUG�

EDFNZDUG DOJRULWKP UHVSHFWLYHO\� 6LPXODWLRQ UHVXOWV DUH VKRZQ LQ 7DEOH �� 7KH\ DUH PDGH XS RI WZR

SDUWV�
V3 DQG G3 � V3 GHQRWHV WKH DYHUDJH ORJ SUREDELOLW\ RI WKH +00 JHQHUDWHG E\ WKH �� WUDLQLQJ

REVHUYDWLRQ VHTXHQFHV RI WKLV +00 DQG
G3 GHQRWHV WKH DYHUDJH ORJ SUREDELOLW\ RI WKH +00 JHQHUDWHG

E\ WKH RWKHU �� WUDLQLQJ REVHUYDWLRQ VHTXHQFHV RI WKH RWKHU +00V�

$V VKRZQ LQ 7DEOH �� WKH +00V WUDLQHG E\ WKH WDEX VHDUFK DOJRULWKP WKDW KDYH KLJKHU DYHUDJH ORJ

SUREDELOLWLHV WKDQ WKH +00V WUDLQHG E\ WKH IRUZDUG�EDFNZDUG DOJRULWKP H[FHSW H[SHULPHQW ��� ,W

PHDQV WKH +00V WUDLQHG E\ WKH WDEX VHDUFK DOJRULWKP FDQ EHWWHU GHVFULEH DQG UHFRJQL]H WKH WUDLQLQJ

REVHUYDWLRQ VHTXHQFHV� 7KH H[SHULPHQW �� LV QRW VDWLVI\LQJ EHFDXVH WKH EHWWHU RSWLPXP LV QRW

HQFRXQWHUHG GXULQJ VHDUFKLQJ� WKXV WKH ZKROH VHDUFK SURFHGXUH LV QRW JOREDOO\ RSWLPDO�

�� &21&/86,216

7KLV SDSHU SURSRVHV WKH 76�+00 WUDLQLQJ PHWKRG� 7KH WDEX VHDUFK DOJRULWKP LV HPSOR\HG WR

UHSDLU WKH +00 PRGHO SDUDPHWHUV � DQG PDNH 3Q�2_� � KLJKHVW� 7KH VLPXODWLRQ UHVXOWV LQGLFDWHG WKDW

76�+00 WUDLQLQJ KDV D KLJKHU SUREDELOLW\ LQ ILQGLQJ WKH JOREDO RSWLPDO SDUDPHWHUV ZLWK EHWWHU

SHUIRUPDQFH WKDQ WKH IRUZDUG�EDFNZDUG DOJRULWKP� %HVLGHV� SDUDOOHO LPSOHPHQWDWLRQ RI 76 DOJRULWKP

FDQ EH HPSOR\HG WR UHGXFH VHDUFKLQJ WLPH VXFK WKDW LWV VHDUFKLQJ WLPH FDQ FRPSDUH ZLWK RWKHU KHXULVWLF

DOJRULWKPV�
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5()(5(1&(

��/� 5� 5DELQHU� ³$ WXWRULDO RQ +LGGHQ 0DUNRY 0RGHOV DQG 6HOHFWHG DSSOLFDWLRQV LQ VSHHFK

UHFRJQLWLRQ�´ 3URFHHGLQJ RI ,(((� � 9RO� ��� 1R� �� ����� SS� ���a����

�� -RVHSK 3LFRQH� ³&RQWLQXRXV VSHHFK UHFRJQLWLRQ XVLQJ +LGGHQ 0DUNRY 0RGHOV�´ ,((( $663 0DJ��

9RO� �� 1R� �� ����� SS� ��a���

��'� %XUVKWHLQ� ³5REXVW SDUDPHWULF PRGHOLQJ RI GXUDWLRQ LQ +LGGHQ 0DUNRY 0RGHOV�´ ,((( 7UDQV� RQ

6SHHFK 	 $XGLR 3URFHVVLQJ� � 9RO� �� 1R� �� ����� SS� ���a����

�� )� -HOLQHN� ³&RQWLQXRXV VSHHFK UHFRJQLWLRQ E\ VWDWLVWLFDO PHWKRGV�´ 3URFHHGLQJ RI ,(((� 9RO� ��� 1R�

�� ����� SS� ���a����

�� 6� (� /HYLQVRQ� /� 5� 5DELQHU DQG 0� 0� 6RQGKL� ³$Q LQWURGXFWLRQ WR WKH DSSOLFDWLRQ RI WKH WKHRU\ RI

SUREDELOLVWLF IXQFWLRQV RI D 0DUNRY SURFHVV WR DXWRPDWLF VSHHFK UHFRJQLWLRQ�´ 7KH %HOO 6\VWHP

7HFKQLFDO -RXUQDO� $SULO ����� SS� ����a�����

�� )� *ORYHU DQG 0� /DJXQD� ³7DEX VHDUFK�´ .OXZHU $FDGHPLF 3XEOLVKHUV� �����
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� � �� �

)LJ� �� $ ILYH VWDWHV OHIW�ULJKW PRGHO

D��� D��� E���D��� D��� ��� D��� E��� E��� ��� ��� E�����E�����

�VW URZ RI

PDWUL[ $

�QG URZ RI

PDWUL[ $

�VW URZ RI

PDWUL[ %

6$ 6%

������ ������

)LJ� �� 7KH VWULQJ UHSUHVHQWDWLRQ RI +00

7DEOH � 7KH FRPSDULVRQ RI DYHUDJH ORJ SUREDELOLW\ REWDLQHG ZLWK WZR DOJRULWKPV

76 )RUZDUG�%DFNZDUG([SHULPHQW

3V 3G 3V 3G

�� ������� ������� ������� �������

�� ������� ������� ������� �������

�� ������� ������� ������� �������

�� ������� ������� ������� �������

�� ������� ������� ������� �������

�� ������� ������� ������� �������

�� ������� ������� ������� �������

�� ������� ������� ������� �������

�� ������� ������� ������� �������

��� ������� ������� ������� �������
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Abstract

The design and compilation of the CUCall telephone speech corpora is described in

this paper. Speech database is an indispensable resource for research and development

of state-of-the-art spoken language technology. These speech recognition systems rely

greatly on a huge amount of well-designed and appropriately processed speech data for

parameters training. On the other hand, as telephony applications are becoming more

demanding and complicated, natural language interface is gaining more popularity than

the traditional touch tone operation. Therefore, large telephone speech databases are

required for such system building. Separate speech corpora are needed for telephone

systems since there exist significant differences due to the channel difference. In this

paper, we will describe the design and processing of a set of spoken language corpora for

Cantonese that are collected over fixed line as well as mobile telephone networks. The

corpora are intended as a versatile set of training data for general purpose application

systems that adopt a statistical approach to spoken language processing. The designed

set of corpora will be made up of over 1000 speaker calls.
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1 Introduction

Speech data collected over telephone network is an essential resource for telephone based

spoken language systems. The increasing penetration of remote system or service access

over telephone networks has created a great driving force for collecting a huge amount

of telephone speech data from a large speaker population and for different languages.

Since the current state-of-the-art speech recognition techniques are statistically based,

the availability of annotated data is particularly important. In general, the greater the

amount and coverage of the data, the better the speech applications developed. In order

to build a spoken language system over telephone network, the speech data has to be

collected over telephone network and properly transcribed. The goal of this work1 is to

collect and compile a set of general purpose Cantonese telephone speech data from a large

group of people of both genders. With the availability of this set of corpora, the rapid

growth in the spoken language applications over telephone networks for the Cantonese

speaking community is made possible.

Over the past decades, many telephone based spoken language systems have been

developed with great success. They all take advantage of the existence of several spoken

language corpora compiled in recent years. Examples include the Jupiter from MIT [25],

HMIHY2 from AT&T [17] and the European Union projects such as ACCeSS [27] and

ARISE [28] etc. Nowadays, there are quite a large number of companies that make

use of simple automatic telephone service systems to reduce the cost of employing human

operators. Many of them have upgraded or wish to upgrade their touch-tone based system

to speech enabled versions. It is obvious that continuous efforts are needed to enhance

these services via speech technologies as much as possible.

For building telephone speech recognition systems, there has long been a great demand

on Cantonese telephone speech data. This work is an initial effort to collect a set of

Cantonese spoken language corpora over telephone network. It is targeted to provide

some versatile data for public use. It aims to enrich the infrastructure for spoken language

technology by providing the speech community with well-designed corpora in Cantonese.

The compiled database will enable the integration of Cantonese speech technology to

many of the existing telephone based interactive systems.

1http://dsp.ee.cuhk.edu.hk/speech/cucall.html
2How may I help you? is the service offered by AT&T.
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1-1 Background

There has been much effort in spoken language corpora development over the past decades.

These include the TIMIT [8], Resource Management [15], Wall Street Journal [14], Air

Travel Information Service [16] etc. from the United States. In Europe, there are the

EUROM1 [21] and SpeechDat [3] etc. They contain microphone data and telephone

data as well. From the early adaptation of microphone corpora to network versions like

NTIMIT [5] and the collection of real-world telephone data such as MACROPHONE [1],

CALLHOME [30], SpeechDat [3], POLYPHONE [29] etc., there is an abundant amount

of data available for the western languages. The availability of these telephone corpora

has successfully helped drive the research and development of telephone-based speech

technologies of these languages.

For Asian languages, there has been limited investment spent on corpora development.

Much effort came from Japan, for example those reported in [6, 7, 13]. For Chinese

language, speech database collection has only started relatively recently. More widely used

databases include microphone speech corpora such as the USTC95 [19], HKU96 [2, 24],

HKU99 [4], CMSC [22] and others [23]; and telephone speech corpora such as MAT-160

and MAT-2000 [18, 20, 31]. These telephone data become valuable resources for many

voice-activated telephony applications development.

Among the many Chinese dialects, Cantonese is one of the most popular Chinese

dialects used in the southern China. Development of spoken language corpora has just

started within the past decade [9, 10, 11]. It began with some small-scale corpus collection

for specific projects. There is great shortage in Cantonese speech corpora to drive the

growth and advancement of Cantonese speech technologies.

In 1997, the development of CUCorpora3 [9, 11, 12] was initiated at the Chinese

University of Hong Kong. CUCorpora is the first large-scale Cantonese spoken language

corpora that are made available for public access. It is designed to cover both phonetically

based content and common task oriented and application-specific content. The present

work on telephone speech data compilation is a momentous extension of this effort. The

vast variation of operator network protocols in Hong Kong4 yet enrich the content of the

3http://dsp.ee.cuhk.edu.hk/speech
4Hong Kong has a large number of mobile network operators offering different kinds of network services

using different protocols. This includes the GSM900, GSM1800, TDMA, CDMA.
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corpora. Since the speakers will have to call our server to activate the data collection pro-

cess, the resultant corpora are thus code named CUCall. The availability of the invaluable

CUCall will undoubtedly nourish the booming technologies to a greater extent.

1-2 Paper organization

The paper is organized as follows. The design of the corpora materials will be described in

detail first in Section 2. The design selection of the major parts of data will be elaborated.

After that, actual collection process is presented. From the recording system setup down

to the collection process, every detail of the process will be given. In Section 4, the post-

processing of the captured data will be explained. The validation, transcription as well

as the organization procedures are described. We will then provide some initial analysis

on the designed corpora materials. Finally, conclusions are made in Section 6.

2 Corpora Design and Organization

The design of the CUCall has been based on our previous experience with CUCorpora.

The concepts behind stay the same. Like CUCorpora, CUCall comprises of linguistically

oriented and application-specific data. In CUCall, we take a step forward to include

spontaneous conversations and short paragraphs data. These will altogether make up two

major parts in the corpora:

1. Phonetically oriented continuous speech data that focus on:

(a) coverage through carefully designed corpora materials; and

(b) different speaking styles from short paragraphs and free form spontaneous con-

versation style.

2. Application-oriented short phrases and digit strings.

Figure 2 shows an overview of the organization of the CUCall telephone spoken language

corpora.
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2-1 Phonetically-oriented data

2-1-1 Phonetic coverage oriented

The phonetically oriented data in the CUCall is based on the design of the CUCorpora

with some variations. This part of the data set is made up from sentences and short

paragraphs. The materials for the sentences are based on the test and training materials

of the CUSENT corpus in CUCorpora and the short paragraphs are excerpted from local

newspapers.

Sentences The sentences are chosen to be phonetically rich in the sense that they con-

stitute complete coverage of bi-phone class context. The selection of sentences was detailed

in [9, 11]. It was implemented as a semi-automatic process where human intervention is

included to decide on the readability of the automatically selected sentences.

Short paragraphs The short paragraphs attempt to emphasize more on the variations

of the speaking behaviour and characteristics. For short paragraphs, the selection is

solely based on the readability of the paragraphs without taking into consideration of the

phonetic content. It aims to enrich the sentence data as well as provide data that bears

very different speaking style. Table 1 shows the amount of data for each of these types.

Table 1: The number of reading materials for each type of the phonetically oriented data.

material number

sentences 5719

short paragraphs 90

2-1-2 Speaking style oriented

For collecting speech data of different speaking styles, the design of CUCall included

specifically short paragraphs and conversation parts.

Short paragraphs While the short paragraphs can enrich the phonetic coverage as

mentioned in 2-1-1, the data collected in this part is believed to be very different from

that of the stand alone sentences. There are many different speaking phenomena being
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exaggerated when people reading a section of long text materials. These include correc-

tion, hesitation, breathing, long pause etc. Therefore, these recorded materials can also

serve the purpose of representing another kind of speaking style in addition to enriching

the phonetic content of the sentence corpus.

Spontaneous conversation In the CUCall corpora, a new type of speech data to

be collected is the spontaneous conversation type of utterances. These data are collected

with the aim to obtain the characteristics of various speakers when prompted to speak

in an unprepared manner. There are expected delay, hesitation, correction and skipped

words etc. In addition, there are also many colloquials, pronunciations and agrammatical

sentences that will not be found in normal read speech. These will provide us with

invaluable data for the study of the variation of speaking characteristics under different

situations.

The design of “prompts” for this part of data collection has been carefully planned.

It is implemented as a single round dialogue between the speaker and the system. Since

the speakers are free to answer anything to the prompts, the phonetic content is uncon-

trollable. The major consideration here is to ensure that there is a high proportion of

speakers capable of responding to the prompts. Due to the lengthy nature of the recording

process, some speakers are expected to skip these prompts intentionally while some may

be too enthusiastic to give very long answers. Several points are considered during the

design of prompts:

1. The prompts must be simple enough that “spontaneous” response is possible. Cal-

culation, memory recall or questions requiring accuracy are not suitable.

2. The prompts must have different answers from different speakers so as to increase

the variations of the collected data. It would be even better if the same speaker will

give different answers at different time.

3. The responses to the prompts may be either long or short.

4. Both for legal purpose and encouraging speakers to answer, the content of the answer

must be irrelevant to privacy of the speakers.

Based on the considerations mentioned above, we have carefully designed six prompts.

These prompts are carried out at the end of each of the collection sessions. It is done
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this way because by that time, the speaker will be more familiar with the recording

process. This will then reduce the probability of making mistake since unprepared types

of responses are usually “error” prone. In Figure 1, the six prompts are listed for reference

(in English translation, because of the colloquial nature of the Cantonese prompt, not all

words are writtable in characters ).

Figure 1: The Cantonese prompts (with English translation) for spontaneous spoken response
collection.

1. Would you please describe the environment of your recording, such as where

are you, anybody nearby and anything happening?

2. Which schools have you been studying at? Such as primary and secondary

school. Did you study other short courses of any kinds?

3. Are you using a mobile phone? (this is intentional for a short yes-no answer)

4. In which district of the city do you live? And what is the name of the estate

or street?

5. Besides Cantonese, what other languages do you speak?

6. What kinds of transportation do you take the most frequently and where do

you go?

2-2 Application-specific data

The CUCall corpora also contain digit strings as well as application-specific short phrases

in some specific domains. The design of the digit corpus is similar to that of the CUD-

IGIT [9] corpus. In CUCall, the reading materials include all of the single digits together

with some random generated long digit strings. This makes up a small-scale digit string
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corpus collected over telephone network from a large number of speakers.

The short phrase materials are designed with reference to CUCorpora. Phrases are

chosen from various reading materials including names of listed companies and their ab-

breviations, name of foreign currencies, district names and major housing estates in Hong

Kong together with the navigation commands adopted from the CUCMD [9, 11] corpus.

These phrases cover the financial domain, navigation commands, as well as major local

places. They could be used when building command based speech applications for the

related domains. Table 2 lists the amount of corresponding type of phrases.

Table 2: The amount of different types of phrases for the application-specific data.

material amount

name of places (districts & housing estates) 228

listed companies 1085

foreign currencies 37

navigation commands 90

Total 1440

3 Data Collection Process

The data collection is facilitated by using an automatic call centre type telephone server

system. The overall set-up is shown in Figure 3. This server system allows the speakers to

call in and then read the provided materials. It is also equipped with the usual navigating

features with a touch-tone telephone system.

3-1 Telephone Server

The telephone server is a cluster of computers with one file server and two computer

telephony servers (see Figure Figure 4). The file server has a large 64 GB harddisk and is

directly connected to the two telephony servers over a 100 Mbps isolated ethernet.5 The

5This is intentionally set up to improve the security and robustness of the systems. The cluster of computer
connected in their own network could eliminate the interference of possible network traffic from other irrelevant
processes.
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computer telephony servers are equipped with a Dialogic D/41-ESC four port telephony

cards for telephone network connection.

There are eight ports available on the Dialogic D/41-ESC card, but only two ports are

used. This is sufficient for our current scale of speech collection. Also, additional ports

may be used as backup during system maintenance or occasional system breakdown.

Furthermore, we can also even out the potential analog channel discrepancies among the

different ports by intermittently changing the answering ports over the course of data

collection.

3-2 Collection Process

The actual collection process was implemented in several steps:

1. Preparation of the reading materials;

2. Distribution of the reading materials;

3. Accepted speakers call to the telephone server.

4. Return of filled questionnaires from speakers.

Preparation of reading materials The reading materials are mixtures of phrases

and sentences described in Section 2. Each part is randomly shuffled and printed out on

paper. Every 10 to 30 successful calls will gives a complete set for that part of the corpora.

In order to differentiate against different gender and different kinds of telephone networks,

the reading materials are prepared and distributed in four parallel streams: male mobile,

male fixed-line, female mobile and female fixed-line. At the end of each of the prompt

sheets, there is a short questionnaire to enable the collection of information about the

speaker’s age group, telephone network operator (for mobile phone) or type of telephone

(whether they are using extension line or direct line).

Distribution of prompt sheet The prepared prompt sheets are distributed through

recruited agents. They pass the reading materials to candidate speakers. After recording,

the speakers then return the prompt sheet with questionnaire duly completed to the agent

and then the agent pass them back to us for processing. The adoption of an agent based

distribution network allows an efficient collection process while we could indirectly control

the speaker community by choosing appropriate agents.
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Speakers call The speakers will make call to our telephone server at any time they

so wish. The server would answer the calls whenever it is idle. The speakers are then

requested to jot down a generated serial number for bookkeeping purpose. After that,

our server program will prompt the speaker by the item numbers on the prompt sheet

and then wait for the speakers’ speech data with an automatic silence detector. After the

speakers have read the prompted item (or time-out if the speakers do not say anything),

the data is immediately stored on to the server’s hard disk. This prompting process

repeats until the last item is finished. The server then reminds the speakers to fill out the

questionnaire and hang up subsequently.

Questionnaire return After the agents have collected the prompt sheet, the serial

number and questionnaire results are entered into our database for bookkeeping and

analysis purposes. Up to this point the collection process is completed and the data are

kept for later post-processing.

4 Post-Processing of Data

The most important part of a spoken language corpora development process is the post-

processing of the collected speech data. The collected data need to be accurately an-

notated with necessary labels and organized properly for easy distribution and usage.

Based on our previous experience from developing the CUCorpora [9], we have carefully

designed the post-processing procedure for the telephone speech data. Figure 5 illustrates

the general flow of the post-processing procedures.

Validation of the calls Among the large number of calls received, there is a small

percentage of useless data. It may be due to the reason that the speakers give up reading

after a short while, the recording environment is too noisy that the silence detector failed

totally, or even the system broke down. Based on the serial numbers, we validate all of

the calls by checking if there is reasonable amount of data being recorded. If the call is

finished properly, the information of the speaker provided on the questionnaire is entered

into our speaker database anonymously.
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Phonemic transcription of the validated data A major effort in spoken lan-

guage corpora development is annotation. This is the most important and labour intensive

process. In our case, all of the validated data will be transferred using cassette tapes to our

contracted professional transcribers. They will listen to the recording tapes and provide

Cantonese phonemic transcriptions to all data or mark them as noise wherever applica-

ble. Those successfully transcribed data will then be accompanied by the corresponding

phonemic transcription when distributed.

Partitioning and distribution of the collected data The transcribed data will

then be partitioned according to the different parts (e.g. digit strings, short phrases,

sentences, spontaneous conversation etc.). The partitioned data will be organized into

different directories according to different speakers. The phonemic transcription will also

be provided in the form of LSHK6 transcription symbols. These organized directories of

speech data and transcription will be printed on to compact disk for distribution.

5 Data Analysis

In this section, some statistical information of the designed corpora reading materials

will be presented. Although there are many expected discrepancies from the actual data

that are collected, these statistics can still give an overview of the characteristics of the

designed corpora. The discrepancies between the designed materials and the recorded

data are mainly due to the reason that there are many speakers who read colloquial and

’lazy’ pronunciations, mis-read of materials (e.g. insertion, deletion and substitution of

words), and mis-use of the recording systems (e.g. start reading before the recording

actually started, stop reading before all of the materials are read, etc.). These could only

be analyzed after all data have been transcribed. Detailed statistical analysis of the actual

collected data will be released after the information has been prepared.

Table 3 shows the basic information for different parts of the corpora. From this table,

it can be observed that out of the 1600 common tonal syllables in Cantonese, the sentence

materials have covered over 85% of the syllables. In the short paragraphs corpus, even

though the tonal syllable coverage is not as high as that of the sentence recording, we are

6Linguistic Society of Hong Kong.
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Table 3: Statistical information of the reading materials for the phonetically oriented and
application-specific parts of the corpora.

Part # per speaker # tonal syl. # base syl. syllable count

Phonetically oriented corpora

sentences 50 (out of 5719) 2251 1030 4 to 31

short paragraphs 3 (out of 90) 768 418 23 to 120

Application-specific corpora

1-digit string 10 N.A. N.A. N.A.

7-digit string 5 N.A. N.A. N.A.

8-digit string 5 N.A. N.A. N.A.

16-digit string 5 N.A. N.A. N.A.

phrases 48 (out of 1440) 562 344 2 to 8

expected to obtain speech data in the form of sentences of length ranging from 23 to 120

characters. These could give us a number of important and unique characteristics in long

utterances.

Figure 6 gives another way to look at the properties of the designed reading materials in

the sentences and paragraphs parts of the corpora. These are the frequency-of-frequency

(FOF) scattered plots for the base and tonal syllables in these parts of the corpus. The

FOF plots show the distributions of the occurrences of the syllables. From these figures,

it is observed that the content of the corpora is reasonably distributed. While there are

some frequently occurred syllables and also some rarely occurred syllables, the majority

of the syllable occurrences lie in the middle range. This could then enable us to obtain a

normal distribution for the syllables in these parts of the corpora.

For the application-specific corpora, information shown in Table 3 can give us an idea

of what is being collected for the database. We have some randomly generated digit strings

of various lengths. They should cover most of the common applications where digit strings

are needed to be recognized. These may include getting identity card number, telephone

number, credit card numbers etc. The 7-digit, 8-digit, 16-digit strings together with the

single digits are targeted for these applications. However, since digit strings are so general

that continuous digit string data can definitely be applied to other areas of applications.
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The other application-specific data collected in this corpora are phrases of various

kinds (see Section 2). The phrases from the various different domains are mixed and

shuffled for each of the speakers so as to increase the variation in the collection data.

From Table 3, it may be found that the acoustic coverage of the phrase part is not as

good as that of sentences and paragraphs. Since these data are designed for use in the

designated domains, phonetic coverage is not the major concern during corpus design.

Nevertheless, the base syllable coverage for these phrase is not far deviated from the

complete Cantonese syllable inventory.

Regarding the amount of data in the corpora, a rough estimation has been made. Up

to the time of writing, there have been over 1,000 successful calls received. These calls

give a total of around 200 hours of data covering all sorts of acoustic events (speech,

silence, noise, background etc). Among this volume of recording, the sentence, speaking

style, short phrases and digit parts roughly contains 84, 40, 28 and 59 hours of recording.

We are currently post-processing these data and they will be made available for public

release in the near future when the data are processed.

6 Conclusions

In this paper, the design and data collection process for a telephone spoken language

corpora is presented. Details about the post-processing and preliminary analysis of the

data are given. Based on the previous experience in microphone speech data collection,

this work is extended to collect telephone speech data so as to provide sufficient materials

for the building of statistical spoken language systems. The corpora are again divided

into two parts: phonetically oriented data and application-specific data. In this work, we

have further extend our previous design to include also short paragraph for encompassing

speaking characteristics when people reading long materials. Furthermore, we have also

included some free-form open questions or prompts for obtaining speaking characteristics

in spontaneous speech. Spontaneous speech presents new challenges to speech recognition

and the collected data is a valuable resource for investigating possible solutions.
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Figure 6: Scatter plots showing the frequency-of-frequency statistics for syllables in (a) the
sentence and (b) the paragraph reading materials.
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Abstract 

In this paper, we describe the creation of Chinese zero anaphora resolution 
rules by performing experiments. The rules were constructed based on the 
centering model. In the experiments, we selected several texts as testing 
examples. We compared the referents of zero anaphors in the testing texts 
identified by hand with the ones resolved by using an algorithm employing 
a resolution rule. Three rules were used to carry out the experiment. The 
results show that the rule considering grammatical role criteria and domain 
knowledge obtained the best result: 85% of zero anaphors in the test texts 
were correctly resolved. We investigate problems of miss-resolution of zero 
anaphors in the test text and propose solution to deal with them. 

1. Introduction 

In Chinese text, anaphors are frequently eliminated, termed zero anaphor (ZA) 

hereafter, due to their prominence in discourse [LT81]. For example  in (1), the topic 

of the utterance (1a) is 電子股 ‘Electronics stocks,’ which is eliminated in the 

second utterance and the topic of utterance (1c), 證券股 ‘Securities stocks,‘ is 

eliminated in the utterance (1d).  

(1) a. 電子股 i 受 美國高科技股 重挫 影響， 
Electronics stocks were affected by high-tech stocks fallen heavily in America. 

b. φi 今日 持續 下跌； 
(Electronics stocks) continued falling down today. 

c. 證券股 j 也 相對回應， 
Securities stocks also had respondence. 

d. φj 盤 中 陸續 下殺 至 跌停。 
(Securities stocks) fell by close one after another on the market. 

A simple rule, Rule 1, can be formulated by observing the phenomenon of topic chain 

in Chinese text. This rule can be used to correctly resolve the referent of the ZA in 
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(1a), for example. 

Rule 1: If a ZA occurs in the topic position of utterance i, then its 
antecedent is the topic of utterance i-1. 

In general, zero anaphors in Chinese can occur in any grammatical slot with an 

antecedent that may occur in any grammatical slot, regardless of their distance [LT79]. 

Thus Rule 1 is obviously insufficient to account for the resolution of ZAs. 

Within the theories of discourse, Centering is a computational model, which has 

been developed as a methodology for the explanation of the local coherence and its 

relationship to attentional state at the local level and focuses on pronominal and 

nominal anaphora [GJW83, GJW95]. It is formalized as a system of constraints and 

rules, which can, as part of a computational discourse model, act to control inference 

[JW81]. In the centering model, each utterance in a discourse segment has two 

structures associated with it, called Forward-Looking and  Backward-Looking centers, 

which correspond approximately to Sidner's potential foci and discourse focus [Sid79]. 

Forward-Looking Centers, Cf, is a set of discourse entities in an utterance, and  

Backward-Looking Center, Cb, is a special member of this set, which is the discourse 

entity that the utterance most centrally concerns. Our analysis is based on this 

computational model to resolve the intersentential ZAs. 

In this paper, we aim at formulating rules for the resolution of zero anaphors in 

Chinese. We start with a rule, Rule 2, formulated by employing the centering model.   

Rule 2: For each utterance Ui in a discourse segment U1, …  , Um: If Cb(Ui) 
is realized by a zero anaphor in Ui+1 then the Cb(Ui+1) must be realized by 
Cb(Ui).  

We performed an experiment by using an algorithm employing this rule to see how 

the ZAs in news text are resolved. The initial result showed that about half of the ZAs 

could not be correctly resolved. Consequently we considered adding other constraints, 

such as grammatical role criteria and semantic knowledge, to enhance the rule and get 

better results. We repeated the experiment and the result showed that about 85% can 

be correctly resolved by using the new rule. The remaining 15% errors of the ZAs 

resolution occur because of the lack of sufficient semantic knowledge and the 

character of locality of centering model. We further investigate these situations and 

propose an approach to solve the problem. 

In the next section we describe this nature of zero anaphora in Chinese. In 

Section 3, we describe the centering model, and we illustrate the result of the 

238



 

empirical study we made by observing the industry news we collected in Section 4. 

The discussion and implementation are in Section 5 and 6, respectively, and finally 

conclusions and future works are made. 

2. Zero Anaphora in Chinese 

In Chinese, anaphors can be classified as zero, pronominal and nominal forms, as 

exemplified in (2) byφi , 他 and 那個人, respectively [Chen87]1. Zero anaphors are 

generally noun phrases that are understood from the context and do not need to be 

specified.  

(2) a. 張三 i 驚慌 的 往 外 跑， 
Zhangsan frightened and ran outside. 

b. φi 撞到 一個 人 j， 
(He) bumped into a person. 

c. 他 i 看清 了 那人 j 的 長相， 
He saw clearly that person’s appearance. 

d. φi 認出 那 人 j 是 誰。 
(He) recognized who that man is. 

According to [LT81], zero anaphors can be classified as intrasentential or 

intersentential. Intrasentential zero anaphora occur mainly in topic-prominent 

constructions, namely, sentences having a topic but not a subject such as the φ in 

(3). In this sentence, the noun phrase, 房子 (house), is the topic while the subject is 

not present. In sentences of this sort, subjects, in general, refer to general classes or 

unspecified noun phrases. In English, you, they (or more formally one is used in this 

function. This kind of zero anaphor occurs specifically in topic-prominent 

constructions; they have nothing to do with entities in previous sentences in discourse. 

(3) 房子 φ 蓋好 了 
The house, (someone) has finished building it. 

In the intersentential case, antecedent and anaphors are located in different 

sentences. Depending upon the distance between the sentences containing antecedent 

                                                 
1 We use a b

aφ  to denote a zero anaphor, where the subscript a is the index of the zero anaphor itself 

and the superscript b is the index of the referent. A single φ  without any script represents an 
intrasentential zero anaphor. Also note that a superscript attached to an NP is used to represent the 
index of the referent. 
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and anaphor, it can further be divided into two types: immediate and long distance. 

The former is where the sentence containing the antecedent is immediately followed 

by the one containing the anaphor, such as j
1φ  in (4b) and k

1φ  in (4d). For the long 

distance type, the sentence containing the antecedent and anaphors, on the other hand, 

are not in immediately succeeding order, such as i
1φ  in (4e). 

(4) a. 螃蟹 i 有 四對 步足 j  
A crab has four pairs of feet. 

b. j
1φ  俗稱 「腿兒」 

(They) are commonly called "tuier." 

c. 由於 每條 「腿兒」 的 關節 k 只能 向下 彎曲 
Since every "tuier"'s joint can only bend downwards, 

d.  k
1φ  不能 向 前後 彎曲 

(it) can't bend backward or forwards. 

e.  i
1φ  爬行 時 

(When) (it) crawls, 

f.  i
2φ  必須 先 用 一邊 步足 的 指尖 抓地 

(it) must use the tips of feet on one side to grasp the ground. 

g.  i
3φ  再 用 另一邊 的 步足 直伸 起來 

(It) then uses the feet on the other side to move upwards. 

h.  i
4φ  把 身體 推 過去 

(It) pushes (its) body towards one side. 

Since Chinese has no inflection, conjugation, or case markers, the pronominal 

system is relatively simple, as shown in Table 1 [LT81]. A third-person pronoun can 

be used to replace an intersentential zero anaphor, except for first- and second-person 

pronouns, without changing the meaning of the sentence. Though the resulting 

meaning of each sentence is unchanged, the whole discourse becomes less coherent. 

Table 1: Pronominal system in Chinese 

Number Person Pronoun 
singular first  我 
singular second 你, 妳 
singular third 他, 她, 它 
plural first  我們 
plural second 你們, 妳們 
plural third 他們, 她們, 它們 
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3. Centering Model 

Centering has its computational foundations established by Grosz and Sidner [Gro77, 

Sid79] and were further developed by Groze, Joshi and Weinstein [GJW83, GJW95]. 

Within the framework of the centering model, each utterance U in a discourse 

segment has two structures associated with it, called forward- looking centers, Cf(U), 

and backward-looking center, Cb(U). The forward-looking centers of Un, Cf(Un), 

depend only on the expressions that constitute that utterance. They are not constrained 

by features of any previous utterance in the discourse segment (DS), and the elements 

of Cf(Un) are partially ordered to reflect relative prominence in Un. The more highly 

ranked an element of Cf(Un), the more likely it is to be Cb(Un+1). The highest ranked 

element of Cf(Un) that is realized2 in Un+1 is the Cb(Un+1). 

The set of forward- looking centers, Cf, is ranked according to discourse salience. 

The highest ranked member of the set of forward- looking centers is referred to as the 

preferred center, Cp.3 The preferred center of the utterance Un represents a prediction 

about the Cb of the following utterance Un+1 and is the most preferred antecedent of 

an anaphoric or elliptical expression in Un+1. Hence, the most important single 

construct of the centering model is the ordering of the list of forward-looking centers 

[WIC94, SH96].  

3.1 Constraints and rules 

In addition to the structures for centers, Cb, and Cf, the theory of centering specifies a 

set of constraints and rules [WIC94, GJW95]. 

Constraints 

For each utterance Ui in a discourse segment U1, … , Um: 

1. Ui has exactly one Cb. 

2. Every element of Cf(Ui) must be realized in Ui. 

3. Ranking of elements in Cf(Ui) guides determination of Cb(Ui+1). 

4. The choice of Cb(Ui) is from Cf(Ui-1), and can not be from Cf(Ui-2) or other prior 
sets of Cf. 

                                                 
2 An utterance U, realizes c if c is an element of the situation described by U, or c is the semantics 
interpretation of come subpart of U. 
3 The notion of preferred center corresponds to Sider’s notion of expected focus [Sid83] 
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Backward- looking centers, Cbs, are often omitted or pronominalized and discourses 

that continue centering the same entity are more coherent than those that shift from 

one center to another. This means that some transitions are preferred over others. 

These observations are encapsulated in two rules [WIC90, WIC94, GJW95]: 

Rules 

For each utterance Ui in a discourse segment U1, … , Um: 

I. I. If any element of Cf(Ui) is realized by a pronoun in Ui+1 then the Cb(Ui+1) must 
be realized by a pronoun also. 

II. Sequences of continuation are preferred over sequence of retaining; and 
sequences of retaining are to be preferred over sequences of shifting. 

Rule I represents one function of pronominal reference: the use of a pronoun to 

realize the Cb signals the hearer that the speaker is continuing to talk about the same 

thing. Psychological research and cross-linguistic research have validated that the Cb 

is preferentially realized by a pronoun in English and by equivalent forms (i.e. zero 

anaphora) in other languages [GJW95]. 

Rule II reflect the intuition that continuation of the center and the use of 

retentions when possible to produce smooth trans itions to a new center provide a basis 

for local coherence. The transition states are further described in the next section. 

3.2 Transition states 

The typology of transitions from Ui-1 to Ui is based on two factors: whether the Cb(Ui) 

is the same as Cb(Ui-1), and whether this discourse entity,  Cb(Ui), is the same as the 

Cp(Ui): 

1. Cb(Ui) = Cb(Ui-1), or Cb(Ui-1) is undefined. 

2. Cb(Ui) = Cp(Ui) 

If both (1) and (2) hold then a pair continuations across Un and across Un+1. If (1) 

holds but (2) does not then the utterances are in a retaining transition, which 

corresponds to a situation where the speaker is intending to shift onto a new entity in 

the next utterance. If (1) does not hold then the utterances are in one of the shifting 

transition states depending on whether or not (2) holds. The definition of transition 

states is summarized in Table 2 [WIC94]. 
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Table 2: Transition states 

 

For illustration purpose, consider the example (1) in Section 1; in the Table 3, the 

centering structures contain Cb, Cf and Cp where the set of Cf are partially ordered to 

reflect relative prominence in each utterance. The first two transition states of (1a) and 

(1b) are CONTINUE corresponding to the two factors, “Cb(Ui) = Cb(Ui-1), or Cb(Ui-1) 

is undefined” and “Cb(Ui) = Cp(Ui), or Cb(Ui) is undefined.” In (1c), the transition 

state is RETAIN because of “Cb(U1c)≠Cp(U1c).”. SMOOTH-SHIFT is the last 

transition state of example (1) while “Cb(U1d) = Cp(U1d)” and “Cb(U1d)≠Cb(U1c)” 

hold. 

Table 3: Centering structures and transition states for example (1) 

Cb: undefined 
Cf: [電子股, 美國高科技股] (1a) 
Cp: 電子股 

CONTINUE 

Cb: 電子股 
Cf: [ZA (電子股)] (1b) 
Cp ZA (電子股) 

CONTINUE 

Cb: 電子股 
Cf: [證券股] (1c) 
Cp: 證券股 

RETAIN 

Cb: 證券股 
Cf: [ZA (證券股), 盤] (1d) 
Cp: ZA (證券股) 

SMOOTH-SHIFT 

 

4. Experiment and Result 

This paper is concerned with resolving the problem of zero anaphora in Chinese using 

the centering model. In this section, we first describe the methodology of zero 

anaphora resolution we adopted based on centering. Second, we explain how to apply 

our rules and represent the results of applying the different rules to the test texts. 

4.1 Experiment for zero anaphora resolution 

 Cb(Ui) = Cb(Ui-1) 
or Cb(Ui-1) is undefined 

Cb(Ui)≠Cb(Ui-1) 

Cb(Ui) = Cp(Ui) CONTINUE SMOOTH-SHIFT 
Cb(Ui)≠Cp(Ui) RETAIN ROUGH-SHIFT 
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The task of zero and nominal anaphora resolution is performed after the semantic 

interpretation phase that converts the syntactic structure of a sentence into a semantic 

representation form such as the logic form [JA94]. After semantic interpretation, an 

anaphor becomes a parameter in a logic form. For example, the logic form of the (5b) 

is新鮮(φ). The task of anaphora resolution is to find out the referent of the omission 

in the logic forms.  

(5) a. 張三 買了 一顆 蘋果 i 
Zhangsan bought an apple. 

b. φi 很 新鮮 
(It) is very fresh. 

Recall that the centering model, an utterance, Ui, is associated with a set of 

forward-looking centers, Cf, with each element an entity in Ui. The highest ranked 

element in the set, Cp, becomes the prediction of backward- looking centers, Cb, of the 

following utterance, which is zeroed if it does not violate syntactic constraints, such 

as the object of a prepositional phrase [LT81]. Therefore to apply the centering model 

for zero anaphora resolution, the essential task is to rank the elements in the set. The 

task of ranking elements is determined according to certain rules, for example Rule 2 

described previously in Section 1. In this paper, our goal is to develop effective rules 

to obtain better result. 

We performed an experiment to examine the effectiveness of using a rule for the 

resolution of zero anaphors. In the experiment, we selected a number of industry news 

as the test text s. Table 4 summarizes the total news, paragraphs, utterances, zero 

anaphors and words in the test texts.  

Table 4: Summary of test texts 

 Paragraphs Utterances Words  Zero Anaphors 
1 4 36 199 25 
2 3 26 229 9 
3 4 31 213 13 
4 4 29 213 15 
5 3 27 208 11 
6 4 35 282 15 
7 3 28 234 14 
8 3 27 289 12 

Total 28 239 1867 115 
 

In the experiment, we first of all identify by hand the referent of each zero 
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anaphor occurring in the texts. Then we compute the referents of zero anaphors 

identified by using an algorithm employing a resolution rule. The computed result is 

then compared with the one by hand to see the correction rate of the resolution rule. 

The correction rate of a resolution rule is defined as below. 

Correction rate: Assume that m ZAs occur in n utterances. The correction 
rate of a resolution rule is the number of referents of ZAs resolved by an 
algorithm employing the resolution rule that are identical to the ones 
identified by hand. 

The experiment is performed repeatedly by replacing new rules and it is stopped 

until promising result is obtained. The initial result of using Rule 2 shows that only 

55% of the ZAs are correctly resolved, which is obviously not effective enough. The 

errors occurs in the initial result may be that Rule 2 does contain enough semantic 

knowledge. In the following, we propose other rules to replace Rule 2 and compare 

the results. 

4.2 Results of using other rules 

Grosz et al., in their paper [GJW95], assume that grammatical roles are the major 

determinant for ranking the forward-looking centers, with the order “Subject > 

Object(s) > Others”. In Chinese, the concept of subject seems to be less significant 

while the topic in a sentence appears to be crucial in explaining the structure of 

ordinary sentences in the language [LT81]. By adopting the concept of grammatical 

roles and topic-prominence in Chinese, we order the grammatical roles in Chinese 

with topic having the highest priority as shown in Figure 1. The subject and objects 

occurring in an embedded clause, that is, Secondary Subject and Secondary Objects, 

are give lower priority.  

 

 

 

Figure 1: Grammatical role criteria 

By adding the grammatical role criteria to Rule 2, we obtain a new rule, Rule 3: 

Rule 3: For each utterance Ui in a discourse segment U1, …  , Um: If Cb(Ui) 
is realized by a ZA in Ui+1 and no other noun phrase having higher priority 
of grammatical role criteria than the ZA then the Cb(Ui+1) must be realized 
by Cb(Ui).  

Topic > Main Subject > Direct Object > 
Secondary Subject > Secondary Objects 
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Rule 3 is used to verify if the order of the elements in grammatical role criteria 

we assumed is helpful to raise the correction rate of zero anaphora resolution. We 

further developed another rule, Rule 4, by considering the domain knowledge 

corresponding to the test texts. 

Rule 4: For each utterance Ui in a discourse segment U1, …  , Um: If Cb(Ui) 
is realized by both specific nouns in the lexicon and a ZA having the highest 
priority of grammatical role criteria in Ui+1 then the Cb(Ui+1) must be 
realized by Cb(Ui).  

In Rule 4, in addition to grammatical role criteria, we further add the lexical semantic 

knowledge to the nouns specified in the lexicon. The experiment results of using these 

rules are investigated as follows.  

4.3 Experiment results using three rules 

The experiment is performed three times by using Rule2, 3 and 4, respectively. The 

first experiment employs the simplest rule, Rule 2, as described in Section 1. Since 

Rule 2 does not have constraint to order elements in Cf, here we take the surface order 

of entities from left to right in the utterance. After performing the experiment, the 

correction rate is 55%, which is obviously not satisfied. In the second experiment,  

we employed an enhanced rule, Rule 3, and the correction rate is 62%. The result is 

better but it is still not significant. In the third experiment, we used a further enhanced 

rule, Rule 4, the correction rate becomes 85%, which is more promising. The results 

are summarized in Table 5.  

Table 5: Summary of experiment results using three rules 

 Rule 2 Rule 3 Rule 4 
ZAs correctly 

resolved 63 71 98 

Correction Rate 55% 62% 85% 

5. Discussions 

We have performed experiments on ZA resolution by using three rules with different 

complexities. The result is promising to some extent; however, there are still 15% of 

ZAs in the test texts can not be correctly resolved. In the following, we investigate the 

problems and propose methods to deal with them. One problem is because of 

insufficient semantic knowledge, namely domain ontology. In the lexical database, 
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one word may have several word senses and there is a set of synonyms for each sense 

[MBF+90]. Besides, one word may have hypernyms, hyponyms, coordinate sisters, 

and other relationship to another word, e.g., 大同 ‘Tatung,’ is a hyponym of 電子股 

‘Electronics stocks,’ and 上市公司類股 ‘listed securities,’ is a hypernym of電子股 

‘Electronics stocks.’ If the domain ontology contains sufficient lexical and semantic 

knowledge, it would be helpful to analyze a discourse by understanding the context.  

Another problem is with the locality of Cb(Ui) as mentioned in Constraint 4 in 

Section 3.1. The centering model only accounts for local coherence, that is, the 

computation of Cb and Cf is confined within successive utterances. Thus the rules we 

proposed in Section 4 can only deal with immediate zero anaphors. For zero anaphors 

having their antecedents outside this scope, the rules would be ineffective. Worse yet, 

the miss-resolution of a long distance zero anaphora would fail to resolve the 

following zero anaphors, or error chaining [SH96]. To solve this problem, we extend 

the referent set of Cb(Ui) to be the collection of entities occurring in utterances 

previously in the discourse, that is, U1 … Ui-1. The referent of a long distance zero 

anaphor is then determined by examining the elements in the extended referent set. 

The algorithm for resolving long distance zero anaphors is described as below. 

Description: A long distance zero anaphor z is found in the current utterance Ui 
and then it enters the following procedure. Assume that the extended referent set 
is E. A temporary set, temp_set, is used to record the elements in E that satisfy 
the semantic constraints of z.  

Procedure: 
For each element e in E do 

If e satisfies the semantic constraints of z, then add e to temp_set. 
 end for; 
 If there is one element in temp_set then return the element as the result; 
else return the element in temp_set having longest distance from z as the result. 

The semantic constraints we used in the above procedure come from the 

selectional restrictions of the main verb in utterance Ui [JA94]. This kind of 

restrictions can be used to select the referents of zero anaphors in the topic position. 

On the one hand, in the sentence which the topic and subject are identical, the zero 

anaphor in the topic position is restricted by the semantics of the main verb. On the 

other hand, for sentences with both topic and subject, the topic is frequently moved 

from the object position of the sentence. Thus zero anaphors of this sort are restricted 

by the main verb as well. We ignore the selectional restrictions of other syntactic 
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constructs such as coverb and adjective phrases because the objects or heads of these 

kinds of phrases can not be zeroed according to syntactic constraints in Chinese 

[LT81]. Consider, for example, the long distance zero anaphor i
2φ  in (6d). Before 

entering the above procedure, assume that the extended referent set, {市場人士 i, 央

行 j, 匯率 k, 台幣 l }, was obtained, where the first two elements satisfy the 

selectional restrictions of the main verb of (6d), 預期. Here the first one is selected 

because it is in a more prominent position.  

(6) a. 市場人士 i 擔心 央行 j 會 再度 干預 匯率 k， 
People on the market worry that Central Bank will intervene the exchange rate 
again. 

b. i
1φ  不敢 輕易 搶匯， 

(They) are afraid to enter the exchange market. 

c. 台幣 l 匯率 k 緩步 走低， 
The NTD's exchange rate stops to slowly fall down. 

d. i
2φ  預期 央行 j 不會 輕易 讓 新台幣 j 貶值。 

(They) expect that Central Bank of China will not let NTD be depreciated. 

6. Implementation 

The goal of this paper is to resolve zero anaphors occurring in discourses based on the 

centering model. A discourse is a sequence of utterances exhibiting coherence 

[GJW95]. The resolution of zero anaphors in a discourse is therefore divided into two 

parts. First, we process each utterance in turn and identify zero anaphors occurring in 

the utterance. Then we apply a zero anaphor resolution algorithm to resolve the 

referents of the zero anaphors. 

The first part consists of tasks of word segmentation, parsing and semantic 

interpretation. An input utterance is fragmented into word sequence, and after parsing 

and semantic interpretation, the semantic form is obtained. Therefore, in this part, the 

input is a sequence of utterances and the output is the corresponding sequence of 

semantic forms. Zero anaphors with the information of either immediate or long 

distance are represented as arguments in the semantic forms. Basically,  a zero anaphor 

is considered an immediate one. But if there are linguistic cues accompanied with the 

utterance, such as the utterance is the beginning of a new full sentence, and it has 

initial adverbial connectives, etc., then the zero anaphor is considered a long distance 
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case. In the second part, the resolution procedure examines each zero anaphor in turn. 

If an immediate zero anaphor is found, then apply the resolution rules described in 

Section 4. Otherwise, if it is a long distance zero anaphor, then apply the procedure as 

described in Section 5. The system architecture is shown in Figure 2. 

NLP Module

Word 
Segmentation

Parsing

Grammar & 
Semantic Interpretation  

Rules

Discourse 
Segment

Referents 
of ZAs

valid 
uttrances

utterances 
contained 
anaphors

Domain 
Ontology

ZA Resolution 
_

+

Resolution RulesLexicon

Semantic 
Interpretation

Figure 2: System architecture 

In the system the NLP Module carries out in order the work of word 

segmentation, parsing and semantic interpretation by consulting the lexicon and the 

syntactic and semantic rules. This module corresponds to the first part described 

previously in this section. According to the segmentation standard proposed by 

Academia Sinica [HCC96, HC+97], we built a small lexicon for the test texts, and  

employ a simple algorithm of word segmentation. The algorithm is according to a 

strategy that prioritizes the longest word first. The syntactic grammar rules we 

construct are from the utterances of the test texts and refer to Sinica Corpus and Auto 

tag program [SC01, CKIP99] and then the parser corresponding to the grammar rules 

is build as a sentence- level parser in DCG [GM89]. Each utterance within an input 

discourse segment is converted into a syntactical structure by the parser and the 

output structure is interpreted to produce the semantic form, which includes the 

entities in the utterance and is also used to judge whether the utterance contains zero 

anaphors or not. 

ZA resolution by consulting the domain ontology and resolution rules is the 
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second part of our system. If an input utterance contains a zero anaphor, then apply 

the resolution rules described in Section 4 to obtain the referent of the zero anaphor. 

Currently,  the ZA Resolution only deals with the immediate zero anaphors. We will 

extend the algorithm to include the resolution of long distance zero anaphors 

described in Section 5. 

7. Conclusions 

In this paper, we performed the experiments on zero anaphora resolution in Chinese 

based on centering model. In the experiments, 85% of zero anaphors in the test texts 

were correctly resolved. The remaining zero anaphors were miss-resolved because of 

lack of sufficient domain knowledge and occurrence of long distance zero anaphors. 

Since the centering model only focuses on local coherence in discourse, we therefore 

propose to extend the referent set of a zero anaphor to include all entities occurring 

previously in the discourse. Though the experiment results are promising to some 

extent, we found that there are problems that are worth further study. First we need to 

build domain ontology to get better resolution. Second, the phenomenon of error 

chaining is inherent in zero anaphors resolution. Thus an effective method is needed 

to account for this problem. The method we proposed in Section 5 is a step towards 

solving this problem. Third, the test texts used in this paper were selected from 

industry news. We will further extend our experiment to include texts from other 

domains. 
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Abstract 
We present a new method for automatic classification of Chinese unknown verbs. 

The method employs the instance-based categorization using the k-nearest neighbor 
method for the classification. The accuracy of the classifier is about 70.92%. 
 
Keyword: unknown word, lexical similarity 
 
 

1. 緒論 

自然語言處理㆗重要的步驟是將㆗文文件斷詞並附加詞類標記；在斷詞標記

的過程㆗會遇到的㆒個問題為未知詞的存在。現行的斷詞標記系統以辭典為基礎

輔以構詞的規則訊息進行斷詞標記，但因為語言的特性之㆒「無窮盡的創造力」，

無法窮舉出所有的詞彙；㆒本好的辭典也不應該無止盡的擴大所收錄的詞彙，因

此如何辨識處理辭典㆗不存在的詞彙就成了㆒個重要的課題。 
 

1-1 研究動機與目標 

前㆟對於未知詞的探討重點集㆗在名詞細目的辨認㆖，如組織名、㆟名、㆞

名辨識等(李振昌(1993)，李振昌、李御璽與陳信希(1994)㆟名辨識等等)。僅有

Chen、Bai 與 Chen(1997)利用前綴(prefix)、後綴(suffix)的訊息處理全部的未知詞，

正確率約為 76%，而白明宏、陳超然與陳克健(1998)使用 Chen、Bai 與 Chen (1997)
所提出的方法，再利用前後文的訊息來補強 Chen、Bai 與 Chen (1997)方法不足

之處，將正確率提高至 83.83%。在動詞辨識正確結果不高的情況㆘，本論文將

處理重心放在未知動詞的辨識處理㆖，並且希望將這種處理未知動詞的方法在未

來可以轉移處理名詞與形容詞。 
動詞不管在任何文法理論㆗，在剖析句子時都是位於最㆗心的部分，若動詞

為未知詞，勢必將影響句子剖析的正確性。現代漢語的動詞結構繁複，內部規則

複雜，若無足夠的語言訊息完全無法判斷其分類，我們認為動詞自動分類研究至

                                                 
1 本論文㆗程式設計感謝馬偉雲、楊昌樺學長提供意見；兩位評審老師惠賜意見，特此致謝。 
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今無法提高正確率的主因為動詞繁複的內部結構。 
 我們的目標為將動詞自動分類到㆗研院詞庫小組(1993)的詞類架構㆖，動詞

的詞類分類共有 15 類，但並非每㆒類都具有孳生性。有些類別如功能詞㆒般，

屬於封閉性詞類，封閉性詞類為該分類㆗的詞彙不會增加，而在㆗研院詞庫小組

的分類㆗ 15 類㆗有 9 類是具有孳生性的分類；這 9 類分類㆗的動詞詞彙，會隨

著語料庫的增長而增多，我們希望將未知動詞自動分類到這 9 類動詞分類㆗，這

九類為動作不及物動詞(VA)、動作及物動詞(VC)、動作及物動詞＋㆞方賓語

(VCL)、動作雙賓動詞(VD)、動作句賓動詞(VE)、分類動詞(VG)、狀態不及物動

詞(VH)、狀態使動動詞(VHC)、狀態及物動詞(VJ)。 
 

1-2 研究方法 

本論文㆗未知詞的定義為不存在辭典㆗的詞彙。陳克健、陳超然(1997)分析

未知詞的種類為兩種，第㆒種為封閉性，這㆒類型雖然在數量㆖可能為無數個，

但是可用規則語法(Regular Expression)來產生與辨識，如：西元㆒九九九年(時
間)、㆒千兩百七十㆓(數字)、㆓七八八㆔七九九(電話)等。第㆓類則為開放性，

這㆒類的未知詞很難用規則語法來表達，複合詞即屬這㆒類。白明宏、陳超然與

陳克健(1998)在分析㆗研院平衡語料庫後歸納出未知詞主要的分類為略語、專有

名詞、衍生詞、複合詞與數字型複合詞。 
未知動詞通常為複合詞，由兩個以㆖的組成成分組合而成，這種組成成分我

們稱為詞基(base)2。趙元任(1968)、Li 與 Thompson (1981)與湯廷池(1988)提及漢

語的複合詞具有特定的內部句法結構；如：「欺敵」，由「欺」與「敵」這兩個詞

基組成，兩個詞基之間的關係為動賓結構。雖然詞基是有限的，但是詞基與詞基

的組合數量龐大，且組合成分間的語意關係複雜，因此造成了我們無法將所有的

未知動詞收錄進字典㆗。 
在本論文㆗我們利用相似法來判斷動詞的分類，尋找未知動詞的相似詞，計

算未知動詞與相似詞之間的相似度，再將這些相似詞依照詞類分組。從每個詞類

當㆗取出 K 個相似詞出來，將這些相似詞的分數予以平均，得到未知動詞到每

個詞類的平均距離，未知動詞的詞類即與其距離最相近的詞類。 
 

                                                 
2Sproat 與 Shih (1996) 稱內部的處理單位為詞根(root)，Chen、Bai 與 Chen (1997)稱處理的單位為

前綴(prefix)與後綴(suffix)。我們則稱處理單位為詞基(base)，並採用 Katamba (1993:45) 對詞基

(base)所㆘定義：“…a base is any unit whatsoever to which affixes of any kind can be added….In other 

words, all roots are bases. Bases are called stems only in the context of inflectional morphology.” 我們

在此處決定使用詞基為我們切割的單位的原因在於詞基的定義較詞根 (root) 、詞幹 (stem) 寬

鬆。未知動詞被我們斷詞系統切分出來很多單位，我們並不確定這些單位真正的意義，因此我們

希望選用㆒個最寬鬆的定義可以涵蓋所有被斷詞系統所切分的單位。 
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1-3 語料分析與處理 

我們在此介紹未知動詞的特性與可猜測未知動詞詞類的可能因素。首先，討

論未知動詞的特性。未知動詞為複合詞，通常由數個具有孳生性的詞基所組成，

本身語言具有高透明性。例如，未知動詞「求新」與「講錯」相對於列入辭典㆗

的「忐忑」、「侷促」這㆒類的詞彙多具有語意透明性，並且可以從其組成成分預

測出該詞的語意。 
其次，我們認為有兩個因素可預測未知動詞的分類。㆒、語意。語意相近的

詞彙，所屬的詞類應類似。我們將同義詞詞林㆗的語意類與㆗研院詞庫小組(1993)
詞類作對應，㆗研院詞庫小組詞類有 45 類。平均來說，同義詞詞林㆒個語意類

僅對應到詞庫小組 1.97 種詞類，即㆒個語意類㆗的詞彙共有的詞類數量。因此

我們認為語意因素可左右詞彙的詞類。㆓、結構。結構通常會限定組成的詞類，

若結構為“VC+Na”的未知動詞，通常會組成 VA 詞類，因為在這個未知動詞的內

部結構㆗已經出現了㆒個普通名詞(Na)來滿足前面的動作及物動詞(VC)所要求

的論元，在這種情形㆘通常會形成不及物動詞，因此我們認為結構會影響到動詞

的詞類。 
在本篇論文㆗我們利用這些線索尋找與未知動詞相似的詞彙，來預測未知動

詞所屬的詞類。 
 

2. 實驗方法 

我們利用相似法來判斷動詞的分類，尋找未知動詞的相似詞，計算未知動詞

與相似詞之間的相似度，再將這些相似詞依照詞類分組。從每個詞類當㆗取出 K
個相似詞出來，將這些相似詞的分數予以平均，得到未知動詞到每個詞類的平均

距離，未知動詞的詞類即與其距離最相近的詞類。 
 

2-1 相似法 (Instance-Based Categorization) 

我們在這節說明如何使用相似法來預測動詞的分類。未知動詞的特性之㆒為

組成成分屬於常用詞且語意明確，例如：試印、講完。這兩個詞彙都無法在辭典

㆗查詢到，但我們卻很清楚的可以從字面㆖得知這兩個動詞的語意，而且這樣的

組合方式是非常具有孳生性的，可以繼續孳生「唱完」、「說完」等等各樣的詞彙。 
 根據我們對未知動詞語料的觀察，未知動詞的組成雖然有㆒定的模式，但因

為語言的複雜度，無法將所有的規則條列出來。因此我們在這邊使用相似法，將

每個訓練語料㆗的未知動詞都當作是㆒條規則，當有新的未知動詞出現時，將其

與所有的動詞做比較，測量新的未知動詞與訓練語料㆗的動詞的相似度，新的未

知動詞與訓練語料㆗的動詞越相似時，新的未知動詞越有可能屬於與其相似動詞

的詞類。例如：講完與唱完。若「講完」我們訓練語料㆗的動詞，「唱完」為我
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們的未知動詞。未知動詞的第㆓個組成成分與訓練語料㆗的例子相同都為「完」，

因此我們僅需要得知「講」與「唱」的相似度，若「講」與「唱」分屬的詞類相

似度高，則表示「講」與「唱」的結構類似；若「講」與「唱」的語意相似程度

高的話，則「唱完」的動詞分類則很可能與「講完」相同。 
 使用相似法的好處在於相似法所尋找的的相似詞，若相似度高的話，不僅可

以預測詞類分類，同時也可以預測語意與結構分類。當兩個詞彙相似度高時，表

示這兩個詞彙的詞類、語意類與結構必定相似。 
我們在本節㆗首先介紹語意與詞類相似度的測量方法，接㆘來說明相似詞的

選取與未知動詞詞類的預測。 
 

2-2 相似度測量 

在本論文㆗我們使用知網作為語意測量的工具，㆗央研究院㆗文句結構樹測

量詞類相似度，介紹如㆘。 
㆒、知網為㆒雙語(㆗文、英文)的知識性辭典，由董振東與董強編撰完成收

錄約十㆒萬條詞條，知網系統㆗包含有㆗英雙語知識辭典、㆗文簡體知識辭典、

㆗文繁體知識辭典、概念特徵、動態角色與屬性、詞類表、反義關係表、對義關

係表、標示符號與說明、知網管理程序等。我們在本節當㆗將介紹如何使用知網

計算語意相似度與評量方法。 
㆓、㆗央研究院㆗文句結構樹資料庫 1.0 ㆗包含了十個檔案，㆔萬八千七百

㆓十五棵㆗文結構樹，含有㆓十㆔萬九千五百㆔十㆓個詞詞彙，每㆒句結構樹，

標示漢語句法與語意訊息，詞類標記與斷詞標記系統㆕十五個標記不同，結構樹

㆗的標記是由㆕十五個標記細分而成。在本節㆗我們利用㆗研院㆗文句結構樹測

量詞類的相似度。 
 

2-2-1 語意相似度測量 

知網約選用了㆒千七百多個義原來定義㆗英雙語知識辭典㆗的每個詞，並且

建有描述各個義原之間的關係的分類樹。例如：「讀書」㆒詞由「從事」、「學」

與「教育」㆔個義原定義而成，知網㆗並有分類樹表示「從事」、「學」與「教育」

㆔個義原之間的關係。 
㆒般來說，㆒個詞在知網㆗可能擁有多個詞條，原因在於詞彙的多義性，因

此我們在這邊定義兩個詞Word1,Word2間的相似度相等於兩個詞各屬的詞條間最

大相似度。 
 

( ) ( y2x121 EntryWord,EntryWordimScoremaxHowNetSWord,WordcoreHowNetSimS −−= )
 

 其次，每㆒個詞條可能由㆒到八個義原定義而成，如「讀書」㆒詞由「從
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事」、「學」與「教育」㆔個義原定義而成，在知網標記義原的規則㆗，在詞條的

所有定義義原㆗，第㆒個義原㆒定是主要意義分類，形成概念間的㆖㆘位關係

(is-a relation)，第㆓個以後的義原為次要區分與詞彙之間的關係就不確定，依照

知網標記決定。計算兩個詞條間相似度時主要義原與整個詞彙之間的關係十分重

要，必須與其他的次要義原分開計算。因此 
 

( )
( )

( ) (( )my,y,2nx,x,22

y,1x,11

y2x1

...SemSem,...SemSemcoreSecondaryS*w
SemSemrePrimarySco*w

EntryWord,EntryWordcoreHowNetSimS

+
∩=

−−

)

( )

( )

( ) ( )

 

 
 知網㆗有描述義原與義原之間的階層關係的分類樹，我們在這邊利用描述

義原之間關係的分類樹來幫助我們計算義原間的相似度。陳克健、陳超然

(1997:270)認為兩個語意類的相似度在於兩個語意類在分類樹交集節點的語意訊

息量(Information Content)，將整個詞分類架構看成㆒個訊息系統，㆒個語意類 
Sem (相當於知網㆗的義原)的訊息量定義為 Entropy(System)-Entropy(Sem)。我們

在這邊使用陳克健、陳超然(1997)計算語意訊息量的方法來計算知網㆗各義原的

訊息量。 
 知網㆗兩個義原的相似度為這兩個義原所交集節點的語意訊息量，所得到語

意訊息量越高表示這兩個義原越相似，因此第㆒部份的相似度定義如㆘： 
 

( )
( ) ( )

( ) ( )( ) System/EntropySemSemEntropySystemEntropy
System/EntropySemSemnContentInformatio

SemSemrePrimarySco

y,1x,1

y,1x,1

y,1x,1

∩−=
∩=

∩
 

 
 
而第㆓部分的相似度的定義為： 
 

( ) ( )( )

( ) ( )( )( )

( ) ( )( )( ) 









−








∩−=



















−∩=

∑

∑

= =

= =

1n/System/EntropysemSemEntropySystemEntropy

1n/System/EntropySemSemnContentInformatio

...SemSem,...SemSemcoreSecondaryS

n

2i
jy,ix,

{1...m}j

jy,ix,

n

2i {1...m}j

my,y,2nx,x,2

Max

Max

 
 我們令(n>=m)，也就是第㆒個詞條的定義的義原多於或等於第㆓個詞條的義

原，從第㆒個詞條㆗第㆓個義原開始，每個義原與第㆓個詞條㆗的每個義原計算

相似度，第㆒個詞條㆗每個義原留㆘與第㆓個詞條義原相似分數最高的組合，將

第㆒個詞條㆗每個義原得到的分數平均，就是我們所定義的第㆓部分的相似度。
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以㆖兩式㆗各項皆除以Entropy 是為維持相似值介於 0,1 之間。 (System)
 

2-2-2 詞類相似度測量 

我們將 1.0 版㆗的句結構樹㆗歸納出規則，並統計每條規則出現的頻率，如

圖 1 可歸納出右邊的㆔條規則，規則之前的數量表示規則出現的次數。㆘圖為㆗

研院㆗文句結構樹的範例： 
 

S

theme
NP

quantity
NP

Head
VH11Head

Neqa
Head
Nad

Word1 Word2 Word3

1 quantity NP --> Head_Neqa
1 theme NP --> head_Nad
1 S --> quantity_NP theme_NP Head_VH11

 
圖 1 ㆗文句結構樹樹狀圖與歸納規則 

  
每㆒個詞類的向量由各父節點與兄節點出現的頻率組成，先為放入各父節點的頻

率，再依次放入兄節點的頻率，若該個節點沒出現在該詞類㆗，則放入為 0。定

義如㆘： 
 
i={VA, VAC, VB, VC, VCL,…Na, Nb….A,…P,…} 

>
=<

 ) node ngfreq(sibli ),..., node ngfreq(sibli
 ),node (sibling freq ), nodeparent ),...freq(nodet freq(paren ),nodet freq(paren Category

m2

1n21i

 
得到各個詞類的向量後，我們利用㆘列公式計算詞類與詞類之間的相似程度，所

得的分數介於 0~1 之間，1 表示完全相同，0 表示完全不相同。 
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 ( )
ji

ji
ji

CategoryCategory
CategoryCategoryCategoryCategoryoreCategorySc

*
, •

=        

 
我們列出部分 VH 類的動詞與各類動詞的相似度於表格 1。除了 VH 類㆘的分類

VHC 類外，VH 類動詞與 VI 類相似程度最高，VH 類與 VI 類兩者皆為狀態動詞，

他們的差別僅在於可接的論元數量。VI 類為類單賓動詞，基本㆖也是不及物動

詞，但是 VI 類的動詞在語意㆖可接受㆒個論元，但該論元的位置不出現在動詞

之後，通常使用㆒個介詞將論元引介出來。而 VH 類與 VA 類的相似程度為次高，

VH 類與 VA 類同屬不及物動詞，他們的差別僅在於動作與狀態的區分。 

表格 1  詞類相似度(部分) 

詞類 1 詞類 2 相似度 
VH VA 0.674 
VH VC 0.611 
VH VD 0.643 
VH VE 0.540 
VH VG 0.591 
VH VH 1.000 
VH VI 0.736 
VH VJ 0.655 
VH VHC 0.852 

 

2-3 相似詞的選取 

在使用相似法來預測動詞分類的過程㆗，㆔個主要的步驟。㆒為未知動詞的

相似詞的選取，㆓為測量未知動詞與相似詞的相似度，㆔為決定未知動詞的詞類。 
 首先，當㆒個新的未知動詞出現時，我們並不知道哪些訓練語料的動詞與新

的未知動詞較相似，因此理論㆖我們必須計算每個訓練語料㆗的動詞與新的未知

動詞的相似度，尋找出相似度較高的相似詞作為新的未知動詞預測詞類的依據，

計算新的未知動詞與訓練語料㆗動詞的定義如㆘： 
 
If Word= wordbase1+wordbase2+wordbase3...+wordbasen 

 Sim(Wordunknown,Wordknown) 
 =weight1*Sim(wordbase1-unknown,wordbase1-known) 
 +weight2*Sim(wordbase2-unknown,wordbase2-known) 
 +... 
 +weightn*Sim(wordbasen-unknown,wordbasen-known) 
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若採用這種方法必須計算訓練語料㆗的每㆒個詞彙與我們未知動詞的相似

度，將會浪費許多不必要的計算時間，因此僅就訓練語料㆗與新的未知動詞前詞

基相同與後詞基相同的相似詞為計算標的。尋找到前詞基相同與後詞基相同的相

似詞後，第㆓步需計算這些選取出來的相似詞㆗與新的未知動詞詞基相異的部分

的相似度。計算兩個詞彙相似度的方法，如㆘； 
 
Sim(Wordunknown,Wordknown) 
=w1*Score1+w2*Score2 
=w1*HowNetSimScore(Basei,Basej) 
+w2*CategoryScore(category(Basei),category(Basej)) 
 
Wordknown 為相似詞 
Basei為未知動詞與相似詞相異的詞基 
Basej為相似詞與未知動詞相異的詞基 

 
最後㆒個步驟是決定未知動詞的詞類。我們已有了㆒群相似詞，同時每個相似詞

也有與未知動詞的相似分數。先將這些相似詞依照詞類分組，從每個詞類當㆗取

出 K 個相似詞出來，將這些相似詞的分數予以平均，得到未知動詞到每個詞類

的平均距離，未知動詞的詞類即與其距離最相近的詞類。我們將在㆘㆒節測試語

意相似度㆗的比重、語意與詞類的比重以及 K 值的大小對正確率的影響。 
 

3. 實驗結果 

㆗研院平衡語料庫第㆔版五百萬詞內，未知詞經由㆟工標記為動詞者有 9170
個，佔 18.2%，名詞類有 40455 個，佔 80.3%，非謂形容詞有 761 個，佔 1.5%。

本論文的處理範圍為這 9170 個未知動詞，即不存在辭典㆗的動詞。從㆗抽取出

1000 個動詞當作測試語料(Final Test Set)，其餘的未知動詞當作訓練語料(Training 
Set)，測試語料的正確答案為㆟工標記的詞類。 

在相似法㆗需要討論㆘列㆔點。㆒、調整語意相似度㆗的主要義原與次要義

原間的比重，㆓、調整語意與詞類兩種相似度的比重，㆔、調整 K 值的大小，

使整個系統的正確率達到最佳狀態。 
 
正確率的定義為： 
正確率＝猜測正確的未知動詞/(1000-無法猜測的未知動詞) 
 

3-1 語意比重相似度評量 
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我們首先要固定兩個變數，語意與詞類的比重與 K 值，才能觀察出相似度比

重的變化對正確率的影響。因此先給予 K=1，語意與詞類比重為 1 與 0，依照相

似度比重的變化對正確率的影響製成㆘表。 

表格 2  相似度比重與正確率變化表 

語意與詞類比重(語意,詞類) 語意相似度比重(w1,w2) 正確率 

(1,0) (1,0) 54.04% 
(1,0) (0.9,0.1) 57.58% 
(1,0) (0.8,0.2) 57.70% 
(1,0) (0.7,0.3) 57.58% 
(1,0) (0.6,0.4) 56.97% 
(1,0) (0.5,0.5) 56.85% 
(1,0) (0.4,0.6) 56.23% 
(1,0) (0.3,0.7) 55.87% 
(1,0) (0.2,0.8) 56.11% 
(1,0) (0.1,0.9) 56.11% 
(1,0) (0,1) 56.09% 

 
由㆖表㆗可看出主要義原的比重為 0.8 與次要義原的比重為 0.2 時可以得到最高

的正確率，因此在本實驗㆗我們使用 0.8 與 0.2 作為主要義原與次要義原的比重。 
 

3-2 語意與詞類比重評量 

我們將相似度比重設定 w1 為 0.8 與 w2 為 0.2，K=1，觀察語意與詞類比重的

變化對正確率的影響。 
 

表格 3 語意與詞類比重與正確率變化表 

語意與詞類比重(語意,詞類) 語意相似度比重(w1,w2) 正確率 

(1,0) (0.8,0.2) 57.70% 
(0.9,0.1) (0.8,0.2) 58.41% 
(0.8,0.2) (0.8,0.2) 58.30% 
(0.7,0.3) (0.8,0.2) 58.85% 
(0.6,0.4) (0.8,0.2) 58.85% 
(0.5,0.5) (0.8,0.2) 59.40% 
(0.4,0.6) (0.8,0.2) 59.62% 
(0.3,0.7) (0.8,0.2) 60.40% 

261



(0.2,0.8) (0.8,0.2) 60.51% 
(0.1,0.9) (0.8,0.2) 60.62% 

(0,1) (0.8,0.2) 48.97% 
 
 
 經由㆖表的觀察，我們不能放棄詞類分數或語意分數，因為當詞類分數或語

意分數比重為 0 時，所得到的正確率皆低。另外，我們發現約有㆒成的未知動詞

無法猜測，原因在於沒有相似的例子或知網㆗沒有收錄該詞彙，造成沒有猜測結

果的情形。 
 

3-3 K 值變化 

 經由㆖述的實驗，我們現在將相似度比重設定為 0.8 與 0.2，而語意與詞類

的比重設定為 0.9 與 0.1，來觀察 K 值的變化對正確率的影響。 

 

表格 4  K-value 與正確率變化表 

語意與詞類比重 語意相似度比重 K-value 正確率 

(0.1,0.9) (0.8,0.2) 1 60.62% 

(0.1,0.9) (0.8,0.2) 2 65.82% 

(0.1,0.9) (0.8,0.2) 3 66.70% 

(0.1,0.9) (0.8,0.2) 4 67.48% 

(0.1,0.9) (0.8,0.2) 5 67.15% 

(0.1,0.9) (0.8,0.2) 6 67.26% 

(0.1,0.9) (0.8,0.2) 7 67.59% 

(0.1,0.9) (0.8,0.2) 8 67.81% 

(0.1,0.9) (0.8,0.2) 9 68.14% 

(0.1,0.9) (0.8,0.2) 10 68.25% 

(0.1,0.9) (0.8,0.2) 20 68.14% 

(0.1,0.9) (0.8,0.2) 30 67.59% 

(0.1,0.9) (0.8,0.2) 40 67.48% 

(0.1,0.9) (0.8,0.2) 50 68.25% 
 

在這邊我們發現，相似例子的多少對整體正確率的變化有影響，因此我們將

字典㆗的動詞放入我們的訓練語料㆗，使得訓練語料增多，觀察正確率的變化。 
從表格 5 ㆗我們發現，當訓練語料為未知動詞加㆖字典㆗的動詞時，正確率
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隨之增長。但在表格 5 與 4 的比較㆗發現，當 k=1 和 2 時，表格 5 的正確率比表

格 4 的正確率低。我們認為可能的解釋原因在於字典㆗有㆒小部分的詞彙不具語

意透明性，當我們僅尋找少數相似的詞彙時，容易造成誤判，使正確率降低造成

的結果。 
 

表格 5  K-value 與正確率變化表 

語意與詞類比重 語意相似度比重 K-value 正確率 

(0.1,0.9) (0.8,0.2) 1 58.59% 
(0.1,0.9) (0.8,0.2) 2 65.12% 
(0.1,0.9) (0.8,0.2) 3 67.65% 
(0.1,0.9) (0.8,0.2) 4 67.97% 
(0.1,0.9) (0.8,0.2) 5 67.86% 
(0.1,0.9) (0.8,0.2) 6 68.49% 
(0.1,0.9) (0.8,0.2) 7 68.49% 
(0.1,0.9) (0.8,0.2) 8 68.49% 
(0.1,0.9) (0.8,0.2) 9 68.81% 
(0.1,0.9) (0.8,0.2) 10 68.91% 
(0.1,0.9) (0.8,0.2) 20 70.60% 
(0.1,0.9) (0.8,0.2) 30 70.50% 
(0.1,0.9) (0.8,0.2) 40 70.71% 
(0.1,0.9) (0.8,0.2) 50 70.92% 
(0.1,0.9) (0.8,0.2) 60 70.71% 
(0.1,0.9) (0.8,0.2) 70 70.60% 
(0.1,0.9) (0.8,0.2) 80 70.39% 
(0.1,0.9) (0.8,0.2) 90 70.18% 
(0.1,0.9) (0.8,0.2) 100 70.07% 
(0.1,0.9) (0.8,0.2) 200 68.81% 
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4. 結果分析 

我們在本節分析猜測錯誤的未知動詞、相似法無法處理之未知動詞與我們蒐

集語料的問題。 
 

4-1 猜測錯誤之未知動詞分析 

在我們實際觀察相似法猜測錯誤的例子當㆗，參見㆘表(詳列於在附錄㆗)，
我們條列出來猜測錯誤的例子。從這些例子當㆗我們觀察幾個現象：㆒、大部分

的猜測錯誤的例子為較罕見的詞語，如：言趣、黏結之類。使用者在使用這些詞

語之時，若無語境實在也很難判斷出正確的分類。㆓、有部分的詞彙已經詞彙化

了，如：高挑。該詞彙無法從詞彙的組成成分觀察出該詞彙的意義來。這些動詞

的處理方式，不適用於以㆖所提出的方法。 

 

表格 6  猜測結果 

未知動詞 系統猜測詞類 正確詞類 
言趣 VH VA 
捐掉 VC VD 
晨運 VC VA 
夷平 VH VC 
黏結 VC VH 
自屬 VC VG 
練唱 VC VA 

 

4-2 相似法無法處理之未知詞 

我們以相似法在處理未知動詞之時，觀察到當訓練語料僅為未知動詞時，約

有㆒成的未知動詞無法辨識。而當訓練語料的數量增大時，不能處理的動詞數量

便降低了。 
 

表格 7  無法處理之未知動詞數量變化 

訓練語料 不能處理動詞的數量 
未知動詞 96 

未知動詞＋字典 34 
  

我們可以從㆖表㆗發現，當我們的訓練語料增加時，的確可以縮減不能處理
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的未知動詞。我們在㆘面分析這㆔十㆕個不能處理的未知動詞，並試著尋找解決

無法預測詞類的問題。 
 

表格 8  無法預測分類的未知動詞分類 

無相似分數 潰腫起來、大挪移、㆒決勝負、直垂到、瀲灩、鬧雙胞,、大

買單、㆘油鍋、昇進到、起酒疹、大收紅、㆖山㆘海、泫然

淚㆘、游手好閑、匯寄到、歸併到、暗藏玄機、唉聲嘆氣、

安㆝樂命、黯然無語、大飽耳福,、轉增資 
無相似詞彙 蕞爾小邦、遊客如織、蝶躞、潸然淚㆘、叱吒、洞房花燭、

吃飽喝足、㆖山㆘海、商調至、松蘿垂掛、喁喁情話、萬民

歸心、克己復禮 
 
 我們可以從㆖表㆗大概歸納出未知動詞不能處理的情形。㆒、找到相似的詞

彙，但無法計算出相似度。 
 
如：「泫然淚㆘」尋找到兩個相似詞。 

泫然欲滴,0,VH 
泫然欲泣,0,VH 

 
但是因為「淚㆘」與「欲滴」無法計算相似度，造成了無法判斷「泫然淚㆘」的

詞類。㆓、完全無法找到相似詞彙，如：「蕞爾小邦」。不能處理的㆕字未知動詞

大多為 VH 類的成語，因此我們猜測這些不能處理的㆕字動詞為 VH 類，㆔字動

詞若為 V＋N 結構則為 VA 類，字尾為趨向補語的詞彙詞類與補語之前的動詞相

同，剩餘的都猜測為 VH 類。 
 

4-3 語料分析 

我們討論㆔個語料問題。㆒、未知詞的定義與抽取未知詞的方法。㆓、㆗研

院平衡語料庫㆗標記的㆒致性。㆔、㆗研院平衡語料庫標記的模糊㆞帶。 
 

4-3-1 未知詞定義與抽取未知詞的方法 

 我們在這邊討論未知詞的定義與抽取出來的未知動詞所衍生的㆒些問題。首

先，本文未知詞的定義為不存在於字典㆗的詞彙，並且假設未知詞應具有語意透

明性，即我們可以從字面㆖得到該詞彙的語意，但是在我們所收集的未知動詞

㆗，有㆒小部分並不屬於這種類型，例如：㆗的(㆒箭㆗的)、夯築、向邇、离去、

遄飛、熏繞、絜靜、鴥彼等。 
 不具語意透明性詞彙的最佳的處理方式是將其增入辭典㆗，根據我們對語料
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的觀察與分析，發現這類型詞彙出現的原因大多是作者引用到了非現代漢語的詞

彙，或非常用詞與字，我們認為解決這部分詞彙最好的方法就是將這㆒類型的詞

彙全部收錄字典㆗。 
 

4-3-2 ㆗研院平衡語料庫標記的㆒致性 

在我們觀察訓練語料㆗，發現有標記不統㆒的現象，這讓我們很難將這㆒部

份的語料歸納出任何的結論，例如：「verbi+不了」這種結構，在 verbi屬動作動

詞的情況㆘，我們發現有部分的標記㆟員將「verbi+不了」這種結構的動詞的分

類標記成 verbi的分類，即仍屬動作動詞，另外有部分的㆟則將「verbi+不了」標

記成為㆒個狀態動詞，論元結構分類不改變。如：「抵擋不了」標記為 VJ 類(狀
態單賓動詞)，「阻擋不了」標記為 VC 類(動作單賓動詞)，但「抵擋」與「阻擋」

在㆗研院詞庫小組詞知識辭典㆗的詞類皆屬 VC 類(動作單賓動詞)。 
我們推測這樣的標記方法是部分標記㆟員認為「不了」會使整個動詞狀態

化，但是不會改變整個動詞的論元結構，因此標記㆟員將這樣的組合給予狀態動

詞，而另外㆒部分的認為加㆖「不了」後，並不會影響整個動詞的動作與狀態的

分類，則給予該 verbi原先的分類。 
 由於標記規則的不統㆒，我們無法從㆗歸納出任何規則，這些標記不㆒致的

詞彙影響到我們使用相似詞判斷動詞分類的正確率。我們也認為這種類型的詞彙

的確很難去決定分類，但希望有個統㆒的規則，可以將這種類型的詞彙給予㆒致

性的標記。我們也希望藉由我們從這個角度的觀察與提出討論，爾後進㆒步修改

㆗研院平衡語料庫㆗的詞類標記，使得語料庫標記更為㆒致。 
 

4-3-3 ㆗研院平衡語料庫標記模糊㆞帶 

 在我們觀察訓練語料時，發現有許多未知動詞具有兩種以㆖的分類，我們認

為這㆒類的動詞出現的原因在於本身語意㆖的模糊，讓標記㆟員不易判斷該類動

詞的所屬標記。㆘表 9 列出未知動詞具有兩種以㆖標記的詞彙，出現最多的為兼

有動作與狀態的未知動詞，其次為及物性的模糊，如：及物與不及物的模糊與單

賓與雙賓的模糊。 
 

表格 9 標記模糊詞彙 

動作與狀態模糊 出現次數 詞彙 
兼有 VA 與 VH 43 ㆒爭長短、㆔拖㆕拉、大放光明、大開眼界、

小反彈、不忍卒說、㆝搖㆞動、斗轉星移、左

等右等、交互為用、共霑法益、同床共枕、合

作來合作去、在握、安享㆝年、行俠仗義、呼

朋喝友、居無定所、忽前忽後、背井離鄉、家
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傳戶曉、站得住、笑吟吟、鬥鬧熱、剪徑伏擊、

密鑼緊鼓、接應不暇、清火、連戰皆墨、速審

速結、喧㆝動㆞、惡語相向、發㆟省思、亂停、

滑漏過去、蓄勢待撲、蝕甚復圓、語冠全場、

誤蹈法網、趕流行、撫今思昔、講道完、斷去、

藏垢納汙 
兼有 VC 與 VJ 17 出不了、交織出、伴隨有、抵免、抵抗不了、

附設有、看不順眼、要不了、浪費掉、配置有、

停放有、牽連到、脫離不了、著有、裝設有、

過不了、應證 
及物性模糊  
兼有 VA 與 VC 17 大吵、大降、生產出來、存㆘來、折回來、狂

襲過來、延伸出來、拖出去、放飛、流傳㆘來、

洗來洗去、捲來捲去、教改、淡出、聊開、散

布開來、著墨、解解饞、蓋㆘來、聯合起來、

隱去 
兼有 VH 與 VJ 3 互敬、住不起、嚇慘、憨拙 
兼有 VC 與 VD 13 付得起、保留給、致㆖、展現給、租到、退回

給、配起來、推介給、移轉給、設計給、散播

給、轉述給、轉移到 
 
 動詞分類的模糊性影響了正確率的高低，有些動詞可為動作也可為狀態，但

是這裡所謂的正確答案並沒有把這類動詞所有可能的分類標記出來。在這種的情

況㆘，若他們僅標記該動詞為動作動詞的㆒類，而我們僅猜測為狀態動詞的㆒

類，使得正確答案與我們預測的分類不同。儘管我們預測了其㆗㆒項可能的分

類，但仍須計算為猜測錯誤，使得我們的正確率降低。 
例如：「站得住」㆒詞可以當 VA 類與 VH 類的動詞，但若標記者僅將「站得

住」標記為 VH 類，而我們的系統卻猜測「站得住」為 VA 類，雖然我們的系統

猜測正確，但是因為正確答案僅給予「站得住」㆒個可能的詞類，沒有標記出來

第㆓個可能的詞類。這類標記模糊的動詞是我們系統無法提高正確率的原因之

㆒。 
這㆒類的詞彙大概的歸納為㆘列幾點。㆒、成語性的詞彙多具有 VA 類別與

VH 類別。㆓、特殊的後綴詞，如：「不了」與「有」。若該詞彙擁有這樣的後綴

詞，就可能具有狀態與動作的身份。㆔、部分加了「趨向補語」的動詞，也可能

具有不及物與及物兩種特性。㆕、加㆖了「給」為後綴的動詞，也具有單賓與雙

賓的特性。 
 我們將來希望將這㆒部分的詞彙歸納出規則，若屬於這類型的動詞，我們就

可以自動給予㆒種以㆖的分類。 
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5. 結論 

我們本文㆗利用相似法來判斷動詞的分類，尋找未知動詞的相似詞，計算未

知動詞與相似詞之間的相似度，再將這些相似詞依照詞類分組。從每個詞類當㆗

取出 K 個相似詞出來，將這些相似詞的分數予以平均，得到未知動詞到每個詞

類的平均距離，未知動詞的詞類即與其距離最相近的詞類，正確率為 70.92%。 
分析猜測錯誤的未知動詞㆗，大部分的詞彙為比較罕見的用詞或是已經詞彙

化的詞語，我們建議將這㆒部分的未知詞收錄於字典㆗。其次，將部分無法預測

分類的未知詞收錄辭典㆗，如成語『蕞爾小邦』。另外，我們也期待當訓練語料

增多與知網收錄詞彙增多時，可以處理另外㆒部份目前無法得到相似分數或無法

尋找到相似詞的未知詞。 
相似法容易受到語料㆗錯誤訊息的干擾，因此㆗研院平衡語料庫㆗標記的不

㆒致性與部分詞彙本身的模糊性都影響到我們未知動詞自動分類的正確率。我們

希望㆗研院平衡語料庫㆗標記不㆒致的語料與標記模糊語料的處理方式能夠得

到改善，也期待改善後的結果能夠影響我們動詞分類系統的效能。 
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附錄  

未知動詞 
系統猜

測詞類 

正確詞

類 

迎來 VA VC 

言趣 VH VA 

捐掉 VC VD 

晨運 VC VA 

夷平 VH VC 

黏結 VC VH 

自屬 VC VG 

練唱 VC VA 

傾盡 VC VH 

夾處 VC VJ 

車拼 VA VC 

迷向 VC VA 

齊薰 VH VC 

走穩 VH VA 

攏好 VH VC 

耐燃 VC VH 

嗤鼻 VH VA 

申領 VH VC 

正價 VA VH 

堵回 VC VCL 

承標 VA VC 

高挑 VC VH 

漂忽 VJ VA 

大登 VH VC 

抽背 VA VC 

交詮 VE VC 

報來 VH VC 

吹響 VH VC 

㆗第 VH VA 

悠到 VCL VC 

轉劇 VA VH 

燒昏 VC VHC 

㆟治 VC VH 

自定 VH VC 

重登 VC VCL 

轉走 VC VA 

折拗 VC VH 

實徵 VC VH 

提味 VH VA 

湊熱 VH VA 

偵錯 VC VA 

曝身 VA VH 

避靜 VH VA 

擁至 VC VCL 

步踵 VCL VC 

自食 VA VC 

藏諸 VC VCL 

孝親 VA VH 

對招 VC VA 

營築 VH VC 

試走 VC VA 

給就 VC VD 

易記 VC VH 

無誨 VC VH 

寶肝 VH VA 

起腳 VH VA 

哭窮 VH VA 

時起 VC VH 

無念 VJ VH 

回傳 VD VC 

啞口 VA VH 

湧退 VC VA 

鼓足 VH VC 

互映 VA VH 

自野 VA VH 

正對 VH VC 

不輟 VH VA 

承續 VH VC 

板結 VC VH 

對㆗ VC VJ 

獨統 VA VH 

攘外 VH VA 

租住 VC VCL 

教懂 VH VC 

沾黏 VH VC 

抗震 VH VA 

並稱 VE VG 

削聳 VC VH 

運賣 VC VD 

增殖 VC VA 

惡用 VC VJ 

作美 VH VA 

明化 VHC VH 

撤到 VC VCL 

畫方 VH VA 

採到 VCL VC 

怒張 VH VA 

虛矯 VH VC 

為亂 VH VA 

酌進 VH VC 

轉遊 VA VCL 

移葬 VCL VC 

撲㆖ VC VA 

倒盡 VH VJ 

近身 VH VA 

自云 VA VE 

叮穩 VC VA 

廣作 VG VC 

唸作 VG VC 

雙殺 VC VA 

解壓 VC VA 

加烈 VC VH 

從眾 VA VH 

靜棲 VA VCL 

哭倒 VC VA 

收擔 VC VA 

悅動 VC VH 

跌斷 VC VHC 

互連 VH VJ 

觀照 VA VC 

拒容 VJ VA 

超產 VA VC 

大誇 VH VC 

盲動 VA VH 

整錯 VH VC 

共學 VC VA 

澆到 VC VCL 

搞懂 VH VE 

裝得了 VJ VC 

破記錄 VH VA 

斷不了 VH VC 

碰不得 VH VC 

管起來 VC VE 

定出來 VA VC 

問清楚 VC VH 

遞㆖來 VC VA 

妨害到 VJ VC 

運㆘來 VA VC 

大震撼 VC VJ 

侵占去 VA VC 

撿回來 VA VC 

沒法度 VC VH 

往回收 VC VA 

伸進來 VA VC 

哄㆖去 VA VC 

傾銷至 VC VCL 

抬回來 VA VC 

切進來 VA VC 

拗脾氣 VA VH 

合八字 VH VA 

行的通 VC VH 

巡禮完 VC VCL 
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播㆘去 VA VC 

暗㆘來 VA VH 

當不了 VC VG 

惹不得 VH VJ 

漲退潮 VH VA 

跑進來 VA VCL 

走著瞧 VC VA 

自宣布 VA VE 

談戀愛 VH VA 

喜愛㆖ VC VJ 

大辯論 VC VE 

窩藏進 VC VCL 

穿進去 VA VC 

減輕到 VC VH 

溜進去 VA VCL 

搬㆘去 VA VC 

大販賣 VC VD 

實習用 VC VH 

激增到 VC VJ 

起不了 VH VJ 

減少到 VC VH 

大肚子 VA VH 

縮小到 VC VH 

經得住 VC VJ 

試開工 VC VH 

容不進 VC VJ 

拖出來 VA VC 

傳遞至 VCL VC 

量出來 VA VC 

久旱未雨 VH VA 

學有專攻 VC VH 

驚醒過來 VA VHC 

得意滿面 VA VH 

金盆洗手 VH VA 

易朝換主 VA VH 

照射㆘來 VH VA 

春光外泄 VC VH 

跌足搥嘆 VE VH 

蹈光養晦 VH VA 

展現出來 VA VC 

㆝㆟交戰 VH VA 

提報㆖來 VA VC 

言者諄諄 VA VH 

睽隔已久 VH VA 

糾結起來 VA VH 

隱善揚惡 VH VA 

生聚教養 VH VA 

增添進來 VA VC 

聽不進去 VC VA 

學無止境 VC VH 

塵灰撲撲 VC VH 

消受得起 VC VJ 

流於言表 VA VH 

大傷腦筋 VA VH 

表露出來 VA VC 

先馳得點 VH VA 

昏迷過去 VA VH 

應付得了 VJ VC 

大顯神威 VH VA 

搜竭枯腸 VH VA 

共體國艱 VH VA 

發監執行 VC VA 

拋頭露臉 VC VH 

乘興而去 VA VCL 

曬曬太陽 VC VA 

回復過來 VA VH 

傲霜鬥雪 VA VH 

以策萬全 VA VH 

雕梁畫棟 VA VH 

大行其道 VE VH 

持之有故 VH VA 

視而未見 VC VA 

竄高伏低 VH VA 

弄虛作假 VC VA 

堆積㆘來 VA VC 

決定不了 VC VE 

放縱出來 VC VA 

鴨子聽雷 VA VH 

經受不起 VC VJ 

藉題發揮 VC VA 

傳染開來 VC VH 

遙不可及 VJ VH 

滲濕開來 VC VH 

妙筆生花 VA VH 

期待出來 VC VH 

隨而俱之 VA VH 

碰觸不得 VH VC 

知恩圖報 VC VH 

生存㆘去 VA VH 

未述其詳 VH VA 

據實以告 VE VA 

另當別論 VA VH 

勞而不獲 VC VH 

再蹈覆轍 VH VA 
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�@ABCross-Language Information RetrievalC�ªa«¬�EF+

�%&'(�)*��������­~®���¯#/°±�Q

9�
+�?
�@A�G���ª�k²³)*��´Bdocument

translationC�Oj³KLµ¶�� B́query translationC�hiBMcCarley

1999C+ef:·¸���jsk²KL^gN���hi+"���

NTCIR-2�¹cD�µ¶@Aº»¼½BKando et al. 2001CD��¾K

L®�D�¿�À�Á�¹)^gN�Â�Ã3�­~�Äc]^D)

�Å)*�aÆÇ

� Assembly Parade Law

� Parade and Demonstration

� Constitution

� Freedom of speech

� Indemnification

� Communism

� Country separation

� Council of Grand Justices

� Legislation

� Amendments

KL^gN���ÈÉNÊ
ËÌÍBWord Sense DisambiguationC

�G�BIde and Veronis 1998, Chen and Chang 1998C3P
���BPhrase

TranslationC�G��W�p_��Î���ÏÐ�������ST�

��Ñ-��¾)*YBText CollectionCD45)*+Ò����NË

ÌÍ3���NÊÓÔBLexical ChoiceCUVW)*Y�
ÕZ[\�

]^_+��Ö^gND� demonstration/"�xy¿UV�� �Å

DI×�³ØÙ´RÏa�� ³ØÚ +́
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1. ß�àá�âã���mnBGey and Chen 1997, Kwok 2001C

2. o��p_�q
NrBOard 1999, Kwok 2001C

�ÝÞhi�Îäå�sÏæçuvW)*Y]^���+���J�

è��éZêN�%ëäå+Kwok¿ì�o�l ��mnW�p_q


Nr�ÏaícMichael Jordan�)*Y�îïè�³ðªñò �́å

	�?
�@A����:G�+

/ó�[��W)*Y�]^_�ChenôB1999CõNÊöl��

Boccurrence statisticsC÷ø��NÊÓÔ�ùúD+Zû�è�éZê

N�?
�@A���_�üZ��j��ó�ý~�Oþ���h

i�õè��� �=éZêNBKnight and Graehl 1997, Chang et al.

2001C+�ýhi��	J�?
�@AZ�&�dT��������

_R	
�
��§�ü.w�
c�Q�����+

xy�/�h�?
�@AD�KL^gN����UVZ���

�R	��©i������������+������hiD�Ú

"/�hiBExample-based ApproachCW~�������s���µ

Õ÷�Bdata-drivenC�hi���a|uvWµ¶@A)*Y]^��

�+�D�� IBM Watson ��D�� Brown ôB1988, 1990, 1993C�

��~������hi��
���/	
���§3hi��/ä

ïª9+

.wxyz{a|}��Þ��~��J�3����hi

BStatistical Alignment and Machine TranslationC-Q9KL^gN��
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�@A�KLN���À�¾��ZdRÌ	
�hi+�

���)D�xy���Þ����J���BAlignment ProbabilityC
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�hi��Q9��+���ST�������ïa�QP
J�3

���d�+

2. ������	
�

���������M���� ·�±!"#�$%hiBDirect

ApproachC�&-�'� ®���¯i¸Í/()�����hi

BTransfer ApproachC+� 1980*+,����-.��/�����h

iBEmpirical ApproachC�����Ú"O09
ÕY/�������

�­~+Brown ���
ÕY/��~��hi��
���§�/1

2+� Brown �~��������Á��) S W�) T �����

BTranslation ProbabilityC Pr( T | S )�ª�¸Ì �Á�3¾��45Ç

(a) NÊ����BLexical Translation ProbabilityC

Pr( Si | Tj )

(b) 6v��BFertility ProbabilityC

Pr( a | b )

(c) ±!78��BDistortion ProbabilityC

Pr(i | j, k, m )

�D

Si / S �9 i ¾M

Tj / T �9 j ¾M

a/ Si �:\

b/ Tj �:\

k/ S �:\

m/ T �:\

Brownôo��Ñ:¦;<=>�¹i09
ÕY���}�?@

AB�³�{C»� 3́³�D� ¬́EiBExpectation and Maximization
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AlgorithmC�ª�íc�3¾F°���45�~�»�C+�³�D�´

�GH�¿��ef���45»�CÁ�I²�ªa���J�+R

³�{C»�´�GH�¿��ÒZ�q

ÕJ���D���J�

/KL�»�3¾��45C+

}� EM¬Ei�~��������D�����45�»�C

ª-�MN+�O¶HP��BNoisy Channel ModelCÁ�SQ���

�45�3eR
� N-gram
���BLanguage ModelC�ª��45

¬Ei��ST45iBBeam SearchCI�D��C�©��uv��+

3. �
�������	����
�

Brown �=��D�±!78����(�U�M���eR±!W�

VMt^�WX+�YZ=*�WXÁ�[�¾��J�BalignmentC

©������±!©�R���ÒZM�WJ�M�±!\ �±!

78��C�]^+�1��U�M���eR±!W�VM���±

!Z[\�]^_+�T Si’, i’ ≠ isÏJ�c Tj�� SiJ�ceR±! j

���_`/ 1

Pr(j | i, k, m) ≅ 1 a Pr(j | i’, k, m) = 0, i’ ≠ i

.wYZWXÁ����_`:·¸�bcÁs��d�»�+ef�

Îªa���J�©�����Cg��hi±!78���]^�.

wI-�jI�k�5C+"��@>3M¹)lDM)�P
J��

�ªa��J� A* Á�3¾M S1 S2 S3��eR±!�¸ë�

S1 → {T1, T2}

S2 → {T3, T4}

S3 → {T5}

ü¿� A* = (0, 12, 34, 5)B9�¾ 0+mÒZ�D)MsZJ��nZD

)MtiJ�c¹)M�bcC+� k = 3É m = 5�P
J�D���

J�/ A*�bcop 35%+$%»� A*��:ªa»�CBMaximum

Likelihood EstimationC�íc
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Pr MLE ( A* ) = 0.35

	R���YZ�WXÁ

Pr( A* ) = P(1|1,3,5) P(2|1,3,5) P(3|2,3,5) P(4|2,3,5) P(5|3,3,5)

eo��[�±!78��CB0.6C»� P(j | i,3,5)��]^q	�d�

rd�Q
�»�CÇ

Pr( A* ) < (0.6) 5 = 0.046656 << 0.35

Pr( A* ) << Pr MLE ( A* )

/óstïQ
�»���eR±!����xy��ó$%»�

#n��uJ±!3M5�hi+�whiÁ�6v��W±!78�

�Qv /��J���BAlignment ProbabilityC+.wÏwYZùú¾

ë�M�±!¡��eR±!¡6v�M5�R����J�-�vù

ú+��J�xiÁ�xyõ�) SW�) T����� PrBT | SC�¸

Ì �Á�Ý¾��45Ç

(a) NÊ����BLexical Translation ProbabilityC

Pr( T(Ai) | Si )

(b) ��J���BAlignment ProbabilityC

Pr ( A | k, m ) = Pr ( A0, A1, A2, …, Ak | k, m )

�D

Si / S �9 i ¾M

T(Ai)/ T DJ�c Si �·¸

A0 / T DnZJ�c S�·¸�Ry

Ai / T DJ�c Si �·¸�Ry, i >0

k/ S �:\

m/ T �:\

�T¾ëM Si �J�M� TD/hz��xyª��J�eR±!
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�{� B(A, i) 3|� E(A, i)�-F�J�^}�mb�ü¿�

Si → T(Ai) = {T B(A,i), T B(A,i)+1, T E(A,i) }

Ai = { B(A,i), B(A,i)+1, … , E(A,i) }

4. ��

xyQ9ó�­~�������xy�����P
�����dT

3ª9_+}����xyxóÌ���Z^�Á~_¾G�Ç

1. ���J���B+6v��W±!78�����ª�íc�

îï�J�¸Í�

2. ��J����D�_ÞJ��RÏ��$¾ëJ�eR±!�

�~�Q���J����Ã5��;Ï;�$�÷Ü»���

\;Ï;���

3. ��J����Ã5�WJ�5��]��Á����C�~�

ª�\;Ï;�d�

4. ��&����������c?
�@A�ª9_[Od�

4.1 ��������������

��Ïç²í:�q
P
�
Õ�xyk� BDC�¹MrBBDC 1992C

�P
�e�/����=�Õ+/óuQ���eR��F�G��

xy����¹)$� 3 ¾N��e��D):\ÏT+��xyü�

�D)��M 
�e+�ý�e����IIÏ�M�������

&�ª��dµÕ�O¶+�=µÕ��#
�&�xyíc 96,156�

ª��¹DP
����>+xy�BPn, QnC, n = 1, N -+m��


Õ+

�Â�D�xy� EM¬Ei�-íc93�Ò����Ê���

�¡��J���+xyk²óW�pÏÐ���� Ochô�B2000C
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J� IBM������Q���hi+�e�s�z{�����»�+

1. <=�� �xyk² Brown���Z�±!78��+� EM

¬Ei�9¡¢�&`<=o�������J���+

2. xyWX¹DP
����¹)WD)M�£¤�Ü��;�

[+Ò�9�¢�E�����±!78��Ï��pI��0

¥¸¦ Pr(j | i, k, m ) = 1/m�Rk�t§5�~�i�¨±!78

���C�ÁÇ

k

i

m

j
mkji

5.05.0
1),,|(

−−−−=�� [1]

�D i = ¹)M±!�k = ¹)M©5�j = D)M±!�m = D

)M©5+

S T i k j M Pr( j | i,k,m)
flight ª 1 2 1 4 0.875
flight M 1 2 2 4 0.875
flight « 1 2 3 4 0.625
flight 9 1 2 4 4 0.375
eight ª 2 2 1 4 0.375
eight M 2 2 2 4 0.625
eight « 2 2 3 4 0.875
eight 9 2 2 4 4 0.875

m 1 ±!78���t§5~�

J�U��q
P
�xyWXU¾¹)Mª��� �D¬­�

¾D)M������;.±!ÏÐR®+"�[���>� 2 ¾¹)

M�� 4 ¾D)M�xyª�íc 8 ¾¹D)M�¬¯uJ+U�¾

uJ�±!78��W°� 1� Pr( j | i,k,m)C î�+"��J
ÕD

q
P
Bflight eight,ªM«9C�xy�°� 1 ª��Eíc�m 1�

¬¯NÊuJ�±!78��+
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Zó¬¯uJ�±!78��&�xy¿ªLw»�
ÕYP
D

�¬­¹)M EWD)M C������ Pr (C | E)�°��ÁÇ

∑∑∑

∑∑∑

= = =

= = == N

n

k

i

m

j
n

N

n

k

i

m

j
nn

mkijiPE

mkijjQCiPE

EC

1 1 1

1 1 1

),,|Pr())(,(

),,|Pr())(,())(,(

)|Pr(
δ

δδ
[2]

�D Pn(i)/ Pn�9 iM�Qn(j)/ Qn�9 jM�k = |Pn|�m = |Qn|

δ(x, y) = 1 a x = y, δ(x, y) = 0 a x ≠ y

Si Tj i k j m Pr(j|i,k,m) Pr(Tj | Si) Pr(Tj | Si) Pr(j|i,k,m)

flight ª 1 2 1 4 0.875 0.00797 0.00697

flight M 1 2 2 4 0.875 0.00797 0.00697

flight « 1 2 3 4 0.625 0.25770 0.16106

flight 9 1 2 4 4 0.375 0.16901 0.06338

eight ª 2 2 1 4 0.375 0.02903 0.01089

eight M 2 2 2 4 0.625 0.04839 0.03024

eight « 2 2 3 4 0.875 0.06774 0.05927

eight 9 2 2 4 4 0.875 0.06774 0.05927

m 2 ±!78��3NÊ�����»�C

°� 2��¯���© EW C��ÒZP
D���C��±� E

WÒZD)���C�©Q�oí Pr (C | E)���C²� 0W 1��+

³L°� 2 Òíc���C�xyª�»�¬­P
´¬¯M�uJ�

��C+m 2~�m 1�¬¯uJ�NÊ����+
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4.2 EM ���������

��	�
��
�

Zó{=���45»�C�xy¿ª�Q9 EM ¬EiD��D�G

H+xyk²F°�µ¶iBGreedy MethodC-I²U��q
P
BPn,

QnC��DJ�+xyWXF°�6v��Ç�¾¹)ª�J�c 0 c

$¾D)M�RU¾D)M·aJ�c�$�¾¹)M+ZóP
´�

NÊ��3±!78���{=»�C3�]^B�m 2C�xy¿ª�

�¸Ó²�[��Cj�uv¹)WD)M�uJ��KLWX�6v

����±�V�¹)MWwD)M�uJ+?@�¹9�ÖGH�$

cnZº»�D)M�O��Cd�[�¾¼½C (threshold) /¾+a

Zº»�D)M�¿>/nZJ�c¹)M+�dJ����¼½C�

ª�¿ÀÁÂ\Ãd�ÄÅJ��üZ��÷ø 0J 1�0J$�6v�

�+���1ÆJÇÈ�&�� 0.008/¼½C�ª��:·¸dÁÂ\

�ÄÅuJ+wÉc “flight eight” �"#��m 2���C�xyªí

c�m 3�J�©�B0, 34, 12C+

Si Ti i j k m Pr(j|i,k,m) Pr(Tj | Si) Pr(Tj | Si) Pr(j|i,k,m)

flight « 1 3 2 4 0.625 0.25770 0.16106

flight 9 1 4 2 4 0.375 0.16901 0.06338

eight ª 2 1 2 4 0.375 0.02903 0.01089

eight M 2 2 2 4 0.625 0.04839 0.03024

m 3Bflight eight, ªM«9C��DJ�B0, 34, 12C

������ - ��
�����

�����D�I²�ªa�J�©�&�xy¿ª�ÊË¾ëM�±
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!78���÷ø����J������$%»�#¾J�©���

�C+xy³ÌP
�¹DM5�~��¹D)M5 k3 mÍ&Á�Î

ÞJ�©� A���Ç

),(

)),((
),|Pr(

TS
TS

==
=

mkcount

Acount
mkA

����
[3]

A
k m

A0 A1 A2

Pr(A|k,m)

2 4 0 12 34 0.572025052

2 4 0 123 4 0.121317560

2 4 0 1 234 0.085479007

2 4 0 1234 0 0.078056136

2 4 0 0 1234 0.065066110

2 4 0 124 3 0.020992809

2 4 0 2 134 0.016585479

2 4 0 3 124 0.007886801

2 4 0 34 12 0.005915101

2 4 0 13 24 0.004059383

2 4 0 134 2 0.003363489

2 4 0 23 14 0.002551612

2 4 0 4 123 0.002319647

2 4 1 0 234 0.002087683

2 4 0 234 1 0.001855718

m 4 ÝMJ�MP
���J���C�[�f 15ê

���D�EM¬Ei�9�¢�½��Ï� 601ÞJ�©�+�ÝMJ

�MP
R��Z 38 Þ©�+m 4 ~�³Ì���[cd�~�f 15

êJ�©�+�m 4ª�ÇÈc_�Ç
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1. ��»��ST�Wxy��ÐnZ�øÇ

�ªa�P
���£¤�ÑÒ�)�£¤+

Ð�¹)M����eR±!�hz�+

�¾¹)M�ªa��c 2¾D)M+

2. J�Ó����C�D�Ô5�_¾J��+�ªa�J��p

ó 90%�����+

3. J���45MN��\ÎÕ+

m 5~� 2J 4MP
J���Cf 5ê��1"#+

S T T(A0) S1 T(A1) S2 T(A2)

T-shaped antenna ���� T-shaped �� antenna ��

X-ray examination ���� X-ray �� examination ��

irresistible force 	
�� irresistible 	
� force �

Unwritten law 	
�� unwritten 	
� law �

Central Asia ���� Central � Asia ���

mutual non-interference �	�� mutual � non-interference 	��

undesirable element 	��� undesirable 	��� element

unalterable truth 	��� unalterable 	��� truth

come soon 	��� come soon 	���

a desperado 	�� a desperado 	�� 

m 5 ¡Mc�MP
��ªa� 5ÞJ�©���"

������ – ����
���

�~�J�©�����Ð��xyÐJ�üÑ 4.2��D��ST�»

�¹)M�� ÏÐD)M���+xyk²W9�¢Ï�J�hi�

Ïwùú¹)MJ�cD)°M����R�ùúU�¾¹)M�P


D�ÒJ�c�D)Mi+�ýD)Mi:·¸�bc�hz��RÖ

�Nr×I×�NØ+Ù	üZÔ5�"#�¹)�J�eR��Mi¡
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ÏhzMi¡ÏaY��NÚBbound morphemeCôôbc+xy�

“$empty$”-+m¹)MJ�c�Mi�bc+ùúµÕÏÛBdata

sparsenessC�ªa�xy÷ø“$any$”-+m¹)MJ�c����¬¯

D)Mi�bc��k� Good-Turing �0Ü�©iBsmoothing methodC

-»�$any$�����+

E C PrBC|EC

flight «9 0.6480231012

flight « 0.1411528654

flight Ý� 0.0602616768

flight $empty$ 0.0296114718

flight Ý 0.0296114718

flight ¸ 0.0041786956

flight ¸Þ 0.0041786956

flight «ß� 0.0041786956

flight «Ý 0.0041786956

flight «� 0.0041786956

flight Ý« 0.0041786956

flight à 0.0041786956

flight á 0.0041786956

flight $any$ 0.0000009248

m 6 “flight”�� ÏÐD)Mi���

m 6 ~� flight �� ÏÐD)Mi����âã�p�N¡NÚ¡

$empty$¡$any$+���¢��{C»�D�flight J�c$empty$��

�»�C 0.0296114718q	�[+·���J����m 4�B0,0,1234C
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WB1,0,234C�����É$any$���»�C»�íQ
�xy�{�

EM¬Ei��&�_¾¢äD�Ýjå]æç�bcÁ�$empty$��

�»�C;�'��d�R-,Q
�èé+

4.3 EM ���������

�9�¢��{C»��&�xyª�w¸�I²P
��ªaJ�©
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false retrieval ���� ���� �� ��

used car �� �� ��  
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2. ��jI¸û�nZ&��üNOý½NBlight verbC�� make¡
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3. W�)Ï�Ü���£¤��Bflight eight, ªM«9C+
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Abstract 
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V-diao constructions, according to their semantics, fall into three categories:  
A) Physical disappearance from its original position, with the V slot filled by 

physical verbs, such as tao-diao “escape”, diu-diao “throw away”, and so on. 
B) Disappearance from a certain conceptual domain, rather than from the 

physical space, with the V slot filled by less physically perceivable verbs, 
such as jie-diao “quit”, wang-diao “forget” and the like. 

C) The third category of V-diao involves speaker’s subjective, always negative, 
attitude to the result.  Examples include: lan-diao “rot”, ruan-diao “soften”, 
huang-diao “turn yellow”, and so forth. 

The meaning in Type C constructions cannot be gained by simply putting their 
component parts together, so in this study, I shall term V-diao as a construction 
(Goldberg 1995) rather than merely a resultative compound (Li and Thompson 1981). 
 Metaphor, as a mechanism of semantic change (Sweetser 1990, Bybee, Perkins 
and Pagliuca 1994, Heine, Claudi and Hunnemeyer 1991), is a plausible account of 
the polysemy between Type A and B.  Type A denotes disappearance from physical 
space, while Type B disappearance from the conceptual space.  I thus speculate on 
the mapping relation between the physical and the abstract, conceptual domain.   
 Other than metaphor, pragmatic inference is claimed to be a major mechanism of 
semantic change (Hopper and Traugott 1993, Bybee, Perkins and Pagliuca 1994).  In 
such changes, context plays a crucial role.  Frequent use of a grammatical or lexical 
unit in a particular context may lead to the inference that the context is an integral part 
of its meaning.  The development of Type C V-diao may relate to frequent 
co-occurrence of negative verbs and -diao.  (The reason why only negative verbs are 
allowed in the construction will be further addressed in the next section.)  
Consequently, negative connotation may spread to the entire construction and give 
rise to the constructional meaning. 

                                                 
* I’m grateful to Dr. Lily I-wen Su for her insightful comment on this paper. 
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 There also exists a cognitive constraint on its applicability.  The construction 
does not allow verbs with positive connotation in the V slot.  This is because, the 
semantics of the construction cannot contradict the metaphor it is based on (Huang 
and Chang 1996).  Also, it cannot override, either, the orientational metaphor based 
on human experiential basis (Lakoff and Johnson 1980): GOOD IS UP; DOWN IS 
BAD. 
 Hopefully, this study can serve as a valid argument for the interaction of our 
language use and grammar, and the conceptual basis of human language. 
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1 V-diao as a Construction 

V-diao is traditionally termed as a resultative compound (Li and Thompson 

1981).  However, in this study, I shall avert this conventional terminology and treat it 

as a construction instead, because it actually denotes something more than what its 

components literally give.  In this paper, I shall adopt the definition of Goldberg 

(1995), and Fillmore, Kay, and O’Connor (1988), to define a “construction” as 

follows: A construction refers to a form-meaning pair, the meaning of which cannot 

be strictly predictable from its component parts or from other previously established 

constructions.  It may specify not only syntactic, but also lexical, semantic, and 

pragmatic information. 

  But as a construction, what is its constructional meaning?  Also, what are the 

driving forces of the emergence of constructional meaning?  Furthermore, a 

selectional restriction seems to stand in what properly fits into the V-slot.  In this 

paper, I shall attempt to look into the constructional meaning, its driving forces, and 

finally, the selectional constraint of the verb. 

V-diao construction comprises a verb (be it action or stative), and a verbal suffix 

-diao.  It gives the final state of the agent, if used intransitively, and of the receiver 

of the action, in transitive cases.  It may represent: A) Physical disappearance of an 

entity from its original position, B) Disappearance from a certain conceptual domain, 
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and C) Speaker's subjective evaluation on the result of an event, as in (1)-(3) 

respectively. 

(1) ta   qiaoqiao   pao-diao  le 
he  quietly  run away  CRS 
"He ran away quietly." 

(2) ta   jie-diao   le    nage   huai  
 xiguan 
he  get rid of  Perf   that   bad  habit 
"He got rid of that bad habit." 

 (3) diennau  zuotien  huai-diao   le 
    computer  yesterday  break down  CRS 
    "The computer broke down yesterday." 

I shall begin this paper with a close look at the semantics of the foregoing types 

of V-diao, especially the last one, since Type C constructions involve an intriguing 

phenomenon: the interpretation of negative results cannot be gained directly from the 

compositional parts of a construction, as indicated in Goldberg (1995).  Later I shall 

further look into how the constructional meaning emerges. 

 

1.1 Physical Disappearance 

It is reported that a suffix in a resultative verb compound indicates the result of 

an action (Li and Thompson 1981).  The first kind of -diao gives the final state, i.e., 

physical absence, of the agent or the patient.  Mostly this kind of -diao is affixed to 

easily perceivable physical action verbs such as pao "run", as in (1), diu "throw", shao 

"burn", and so on. 
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1.2 Disappearance from a Conceptual Domain 

The second sort of V-diao denotes also the result of an action.  However, this 

differs from type A in the sense that it represents a less "concrete" disappearance.  It 

is often attached to low transitive verbs, without obvious physical motion, and 

accompanies an abstract noun phrase.  Consider example (2) again: 

(2) ta   jie-diao   le   nage   huai   
 xiguan 

he  get rid of  Perf  that   bad   habit 
"He got rid of that bad habit." 
 

A bad habit is an abstract entity.  The giving up of it is almost an undetectable.  

But how can we perceive its existence and disappearance?  Also, from where does 

the habit disappear? 

This has everything to do with our conceptual system.  We experience many 

things, through sight and touch, as having distinct physical shapes and boundaries.  

We thus tend to project physical shapes and boundaries on them, conceptualising 

them as entities and imposing on them physical characteristics such as existence and 

disappearance, even though we can never really feel them with our hands or sense 

them with our eyes or nose (Lakoff and Johnson 1980). 

Therefore, in this case, a habit is conceptualised as a physical entity.  It can be 

done away with, fade out, and finally disappear from our conceptual domain as 
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physical things do from the physical space.  Thus, Type B seems to represent the 

final state of usually a non-physical action, i.e., an abstract entity being done away 

with and finally disappearing from one's conceptual domain. 

 

1.3 Negative Evaluation on the Result 

Type C V-diao denotes a somewhat negative evaluation on the result in question.  

It often co-occurs with verbs with negative connotation, such as lan-diao “rotten”, 

si-diao “die”, shu-diao “lose”, and et cetera.  However, its negative meaning does 

not seem to come from the preceding verb in every case.  Consider the following 

instances (4) and (5): 

(4) binggan   ruan-diao  jiu    bu   hauchi   le 
  cookie  soften  PARTICLE not  tasty   CRS 
  “Cookies won’t taste good if becoming soft.” 
 (5) cai   huang-diao jiu   bu  xinxien  le 
  vegetable  yellow  PARTICLE not  fresh  CRS 
  “Vegetables won’t be fresh if they turn yellow.” 

 In (4) and (5), the words huang “yellow” and ruan “soft” do not themselves 

carry negative meanings, but the constructions clearly involve one’s unfavourable 

attitude to the final state of vegetables and cookies.  The constructional meaning, 

which carries negative attitude, cannot be gained from the compositional parts 

(Goldberg 1995), in this case, -diao and the verb preceding it.  In the following 

sections, I shall examine the semantic change of -diao, and try to account for the 
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emergence of the constructional meaning of V-diao. 

1.4 Data and Methodology 

Two main sources provide the examples of the expressions discussed in this 

research.  The written source mostly comes from the Academia Sinica Corpus.  The 

spoken source comprises the Taida Spoken Corpus, and another eight hours of data 

from Professor Lily I-wen Su.  An approximate total of sixteen hours of 

conversational Mandarin is adopted to serve the purpose of this study. 

 

2 Metaphorical Relation 

It is argued that, when a grammatical meaning is derived from its source, there 

often exists a metaphorical relation between the two meanings (Sweetser 1990, Bybee, 

Perkins and Pagliuca 1994).  Such semantic change takes place to serve certain 

functional end in grammar and discourse, as indicated by Heine, Claudi and 

Hunnemeyer (1991:48): 

We try to demonstrate that metaphorical transfer forms one of the main driving 
forces in the development of grammatical categories; that is, in order to express 
more “abstract” functions, concrete entities are recruited. 

Similarly, Goldberg considers metaphor a mechanism to develop polysemous 

construction.  Her study on the way construction indicates that metaphor be a 

plausible cause of semantic change, since it involves a “metaphorical self-created 

path” (1995: 203).  This corresponds to my observation on V-diao: a metaphorical 
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transfer takes place when the construction proceeds from the physical domain to a 

conceptual domain, denoting metaphorical disappearance. 

 

2.1 From Type A to B: Metaphor at Work 

The above claim seems to be the case in the development of -diao.  The 

meaning of Type A is the most concrete and physical, since it indicates a salient result 

after some physical action is carried out.  Type B, on the other hand, denotes 

disappearance from our mental space instead of from the physical space.  Now 

consider (6), a typical instance of such metaphorical transfer: 

(6) a. ta    xiang   pao    keshi   pao-bu-diao 
  He   think  run   but   run-not-away 
  “He tried to escape but failed.” 
   b. zhuan   ge    shiwan     pao-bu-diao 
  earn   PARTICLE a hundred thousand  run-not-away 
  “(Someone) should earn more than a hundred thousand dollars.” 

Pao-bu-diao in (6a) denotes the unsuccessful outcome of the agent’s escape.  

The agent fails to escape and will not disappear.  In (6b), it means that, the landmark 

“a hundred thousand” is certain to be met.  However, not every single case of Type B 

has a counterpart in A.  Actually, most Type B constructions do not.  Pao-bu-diao is 

simply a case employed to illustrate the metaphorical relation between the two 

polysemous constructions.  In most cases of type B constructions, the V slot is filled 

by less physical verbs, such as jie “get rid of” in (2), hulue “ignore”, wang “forget”, 
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and so on. 

2.2 Summary 

In this section, I have shown that the physical “resultative compound” V-diao has 

undergone a metaphorical transfer, and develops the sense of disappearance from a 

conceptual domain.  Thus, it makes perfect sense to speculate that the polysemy of 

the construction is at least partly contributed by metaphor, since disappearance is a 

common feature of Type A and B.  This corresponds to the observation of Goldberg 

(1995).  Figure 1 is representative of the mapping relation between Type A and B 

V-diao: 

 

Type A (physical domain)     Type B (conceptual domain) 

     mapping relation 
disappearance of  --------------------------------> disappearance of  
physical shape             conceptual shape 
 

Figure 1 Metaphorical Transfer Between Type A and B V-diao 

 

3 Pragmatic Inference 

Other than metaphor, pragmatic inference is claimed to be a major mechanism of 

semantic change (Hopper and Traugott 1993, Bybee, Perkins and Pagliuca 1994).  In 

such changes, context plays a crucial role.  Frequent use of a grammatical or lexical 
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unit in a particular context may lead to the inference that the context is an 

incorporated part of its meaning.  Goossens’ research on Old English modals (1982) 

reports that, there were rarely “real” epistemic markers in OE, and that possibility 

markers frequently combined with adverbs to express epistemic functions.  That is, 

speakers could have generalised and have extracted the epistemic meanings from the 

context and have imposed them on modals.  This suggests that frequent 

co-occurrence with a particular context may “colour” the semantics of a gram. 

It is highly likely that the final stage of development of V-diao is based on such 

mechanism.  I have argued for the existence of the constructional meaning in 1.3.  

Now let us see how language use and context collaborate to lead to the constructional 

meaning in this case. 

 

3.1 From Type B to C: Emergence of Constructional Meaning 

In Type C construction, the sense of disappearance retains, but there seems to be 

something more than the combination of the verbal sense and disappearance.  In 

general, these constructions involve undesirable assessment from the speaker.  That 

is, the speaker obviously does not favour the consequence of the change of state. 

It is noteworthy that Type C constructions can be further divided into two 

subtypes by the verbs in the V slot: 1) Verbs with negative connotation, such as lan 
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“rot”, si “die”, po “break”, shu “lose”, and so on.  2) Neutral verbs, such as huang 

“yellow”, ya “croak”, ruan “soft”, and so on.  This classification highly pertains to 

the emergence of constructional meaning.  Let us see how. 

Initially, only the former constructions are formed.  They simply denote a 

metaphorical disappearance, labeled Type B.  As frequency of use increases, 

speakers tend to associate the construction with the adverse image.  Such frequent 

collocation of verbs and the suffix may invite the inference that the constructions are 

used to express one’s unfavourable appraisal of the situation at issue.  The context is 

thus “semanticized” (Hopper and Traugott 1993:75), and becomes an integral part of 

the construction.  Consequently, the construction may accommodate neutral stative 

verbs in the V slot and still gain a negative interpretation.  See (4) and (5) again for 

illustration: 

(4) binggan   ruan-diao  jiu    bu   hauchi   le 
  cookie  soften  PARTICLE not  tasty   CRS 
  “Cookies won’t taste good if becoming soft.” 
 (5) cai   huang-diao jiu   bu  xinxien  le 
  vegetable  yellow  PARTICLE not  fresh  CRS 
  “Vegetables won’t be fresh if they turn yellow.” 

 “Yellow” and “soft” themselves do not signal any adversity.  The adverse 

meaning is subtly signalled and triggered by the frequent occurrence of negative verbs 

in the construction.  In other words, the constructional meaning, i.e. speaker’s 

negative attitude, derives neither from the suffix denoting disappearance nor the verb 
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preceding it, but could have been generalised from the constant collocation of 

negative words and -diao.  Now even neutral verbs may fit into the V slot and 

indicate negative assessments. 

 

3.2 Summary 

Pragmatic inference is one of the driving forces of semantic change, and I have 

proven that it is at crucial play in the development of V-diao construction as well.  

First only verbs that result in physical and conceptual disappearance may occur in the 

construction.  Then a group of verbs with negative connotation prompts a deduction 

of constructional meaning.  Consequently, the negative sense of the verbs has 

transferred onto the entire construction, and the constructional meaning is drawn: the 

speaker’s undesirable appraisal of the result.  The following figure illustrates the 

development path from Type B to C: 

 

Type B          Type C 
negative meaning         meaning has transferred 
comes from context  -------------------------------> onto the construction 

    semanticization of context 

Figure 2  Semanticization of Context and Emergence of  

Constructional Meaning 
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4 Conceptual Structure and Selectional Restriction 

 As the construction develops its polysemy, it comes be used in increasingly 

wider contexts.  At the beginning it only accommodates physical verbs and denotes 

physical disappearance.  It further proceeds to tolerate less physical verbs and 

metaphor allows a sense of conceptual disappearance.  Finally, it may apply to a 

variety of stative verbs to express speaker attitude.  Nevertheless, in spite of its 

seemingly free occurrence, some restriction still exists.  Consider the following pairs 

for illustration: 

 (7)  a. wo  zhengge  ren   sha-diao   le 
    I   entire  person  stun-Suffix  CRS 
  “I was entirely stunned.” 
  b. *wo   congming-diao  le 
     I    smart-Suffix   CRS 
 (8) a. dongxi   langfie-diao   le 
    thing   waste-Suffix   CRS 
  “The thing is wasted.” 
  b. *dongxi  jenxi-diao   le 
     thing   cherish-Suffix   CRS 

 From the above pairs, it is evident that the V slot does not allow verbs with 

positive connotation.  It seems that the semantics of positive verbs clashes with that 

of the entire construction.  Why is this the case?  What is basis of such selectional 

restriction? 
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4.1 Metaphorical Basis of Selectional Restriction 

Previous studies on Mandarin -qilai constructions claim that the development of 

grammatical units cannot contradict the metaphor that they are based on, and that the 

collocation of -qilai and verbs are conceptually restricted on a semantic basis (Chang 

1994, Huang and Chang 1996).  My following observation on V-diao corresponds to 

this claim. 

I have argued for metaphor as the driving force of semantic change from Type A 

to Type B V-diao.  Further, this metaphorical transfer obeys the orientational 

metaphor GOOD IS UP; BAD IS DOWN (Lakoff and Johnson 1980:16): 

Physical basis for personal well-being: Happiness, health, life, and control– the 
things that principally characterize what is good for a person– are all UP. 

 The physical and experiential basis for DOWN IS BAD is also evident in our 

language use and conceptual system.  Syncronically, the most basic meaning of diao 

is physical dropping / falling and involves downward movement.  It follows that 

diao can relate to something bad in our conceptual system.  Be it grammaticalised or 

not, diao should never override the conceptual restriction to modify something good.  

In other words, if the metaphor DOWN IS BAD is truly at work in the emergence of 

the construction, it seems rather natural for the construction not to accommodate a 

verb with positive connotation.  Thus, conceptual / cognitive restriction can fully 
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account for the intrinsic incompatibility of positive verbs in V-diao construction. 

 The above semantic restriction is critical in the development from Type B to C 

V-diao, and without it, the rise of constructional meaning would be impossible.  The 

constructional meaning is language users’ generalisation from a previous existing 

pattern.  The constraint must have existed prior to the formation of constructional 

meaning.  Otherwise, without such a selectional restriction, the construction would 

fail to emerge, since positive verbs would intervene.  Therefore, it is justified to say 

that this constraint metaphorically shapes, or at least helps to shape, the constructional 

meaning. 

 

4.2  Summary 

In this section, the incompatibility of positive verbs and -diao is closely 

examined from a semantic viewpoint.  The meaning of diao metaphorically 

constrains the verb types it co-occurs with, which proves the metaphorical nature of 

our conceptual system.  Also, such selectional restriction results in the emergence of 

constructional meaning.  The metaphorical condition on constructional meaning thus 

reflects the interaction between grammar and human conceptual system. 
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5 Conclusion 

In this study, I have classified V-diao constructions according to their 

semantics, and have explained the constructional meaning.  In the second section, 

metaphorical transfer is argued to be an important mechanism in the development of 

the construction.  Furthermore, I have discussed how pragmatic inference enables 

language users to arrive at the constructional meaning.  Figure 2 shows the different 

stages of V-diao construction and their change of mechanism. 

Finally, a selectional restriction on the V slot exists.  The exclusion of positive 

verbs is conceptually conditioned by the semantics of diao.  This suggests, the 

semantic change and grammaticalisation process of a grammatical unit, or a 

construction, is conditioned by human physical and experiential basis.  Hopefully, 

this study may serve as a valid argument for the interaction of our language use and 

grammar, and the conceptual basis of human language. 

 

TYPE A       TYPE B       TYPE C 

physical  (metaphor)  conceptual  (inference) negative evaluation 

Figure 3 Development of V-diao and Change of Mechanism 
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摘要 

 動詞語義的分析與表達是處理語言知識的核心課題。藉由對近義詞的探索，

有助於了解動詞語義的重要特徵。本研究即以表示心理活動的動詞--「想」、「認

為」、「以為」與「覺得」為例，試圖釐清動詞所表達的語法與語義關係。以語料

為本的方式，透過詞義區分，我們認為以「模組─屬性動詞語意表徵模式」(MARVS)

來表達這組詞彙，可以說明其在句構搭配上的異同，符合一般對動詞語義決定其

句法行為的看法，提供比一般詞典所載更豐富的語義訊息。 

 

 

1. 前言 

 「想」、「認為」、「以為」與「覺得」這組詞，皆可用以表達說話者對事物的

看法，詞典中往往以這組詞來相互定義與解釋，例如《重編國語辭典》(教育部重

編國語辭典編輯委員會 1982)、《漢語常用詞用法詞典》（李曉琪等 1997）、《現代

漢語詞典》（中國科學院研究所詞典編輯室 1988）等等，這組詞也多半被收錄在

同義詞或近義詞詞典中，如《近義詞應用詞典》（陳炳昭 1991）、《同義詞詞林》（梅

家駒等 1986）、《現代漢語同義反義詞典》（吳海 1996）等。由詞典中，這組詞所

表示的意思可以整理如下： 

【認為】︰對某一事物經分析思考後所作的判斷。如：我不認為他會出席會議。 

【以為】︰（1）認為，看成，理解是。如：不以為苦，反以為樂。 

317



  

(《漢語常用詞用法詞典》：「常和實際情況相反」) 

(《近義詞應用詞典》：「『以為』著重於自己認為。多指自己的想

法、看法，主觀性強；『認為』指對人或事物確定看法、做出判

斷，客觀性較強。」) 

  （2）用為、用作。左傳˙昭公十五年：司晉之典籍，以為大政。 

【想】︰  （1）思索﹑思考。如：想辦法、想不出所以然。 

  （2）欲、要、打算﹑希望。如：想結婚、想出國。 

  （3）推測、猜度。如：料想、推想、猜想。 

  （4）認為、覺得。如：你想這樣對不對？我想你應該回家一趟。 

  （5）思念、懷念。如：想念。 

  （6）似、像。 

唐˙李白˙清平調三首之一：雲想衣裳花想容，春風拂檻露華濃。   

【覺得】︰（1）感到。如：我覺得有點冷。 

     （2）認為。如：我覺得這樣做最好。 

（《現代漢語詞典》：「語氣較不肯定」） 

（《漢語常用詞用法詞典》：「語氣較輕」） 

 

然而，這組詞，其間的差異除了在抽象的「主觀性」、「客觀性」與語氣上的

差異之外，在句法以及語用表現上究竟有何異同，其內部的語意結構、屬性為何，

為本文探討的重點。在中研院詞庫小組含有五百萬語料的平衡語料庫中，這組詞

出現的筆數分別為「想」6,005筆，「認為」4,132筆，「以為」719筆，「覺得」4,441

筆。以下將先區分這組詞個別的語意，觀察具有近似語意的「想」、「覺得」、「認

為」和「以為」，在功能分布、參與角色特性、與其他辭彙的搭配情形，最後嘗試

以這組詞在 Huang et al (2000)所提出之「模組─屬性動詞語意表徵模式」

(Module-Attribute Representation of Verbal Semantics, MARVS)的模組來說明這組近

義詞的異同。 
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2. 語意區分 

 當一個詞可以解讀為一個以上的意思時，這些不同的意思，究竟是這個詞的

不同的意義(sense)，或者只是同一個或某幾個意義的不同義面(facet)，向來是語言

學家所關切的問題。Ahrens, Chang, Chen & Huang (1998), Lin & Ahrens (2000)為名

詞訂出了區分準則，以下我們將參考該標準，嘗試界定動詞「想」、「覺得」、「認

為」和「以為」這組詞個別詞項的意義與義面，擷取其語義相近的意義或義面來

做比較。 

 

2-1 詞義區分標準 (Ahrens, Chang, Chen & Huang 1998 , Lin & Ahrens 2000) 

區分個別語義(sense)和義面(meaning facet)的準則： 

區分語義: 

(1) 在同一個語境下，不能出現兩個（或多個）個別的語義； 

(2) 沒有別的核心語義可以衍伸出該語義來，或者很難清楚地界定哪一個是核心

語義。 

區分義面: 

(1) 在同一個語境下，可以出現另一個義面； 

(2) 是核心語義或其他義面的衍伸； 

(3) 語意類別相同的詞，會有類似的語義衍伸出相關的義面來。 

 

2-2 「想」、「覺得」和「以為」的語義區分 

  「想」、「覺得」、「認為」和「以為」這組詞，除了「認為」之外，「想」、

「覺得」和「以為」，都具有多重意思，以下將逐一敘述。 

 

2-2-1 「想」 

從平衡語料庫中我們觀察到在現代漢語使用中，「想」的意思可能至少有以下

八種，採用以近義詞互釋的方式，可如下表示： 
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想 1：表「思索」 

1a. 狼來了！怎麼辦呢？我們一起來看，一起來聽，一起來<想> 。 

 b. 我就說：「我要怎麼做你才會高興呢？」<想> 了一 <想>，她說：「要我高

興就陪我打麻將。」 

 c. 對極了！我 <想> 不通的問題就在這裡。當你要用錢去賺錢時，就不能用

錢去助人。 

這類「想」常搭配思索的問題如(1)中各句，也常見思考後所得出的答案由「說」

引介出來，如(1b)中之「要我高興就陪我打麻將。」。 

 

想 2—表「希望」、「想要」 

 2a. 也許你比較 <想> 知道的是，今年景氣好不好？ 

  b. 台灣不少堅強女性，不但要主宰自己的生活也 <想> 改進社會。 

 c. 我不說，你也知道我心裡想什麼嗎？還不是 <想> 我出人頭地，封妻萌子。 

 d. 我 <想> 你做個溫柔、可愛、聽話的好姑娘，不多嘴多舌。 

這類「想」，表示意欲；多半可由近義詞「希望」、「想要」代換。其內容可以由其

後緊接著的動詞組顯示，如 (2a)和(2b)，亦可由子句表達，如(2c)和 (2d)。 

 

想 3—表「回憶」、「回想」 

3a. 夢的最後我似乎有上前去跟妳打招呼聊天的樣子。但是我醒來後卻始終 <

想> 不起來到底有沒有，只記得車窗外，妳我的過去一直在經過…。 

 b. 有些語言，初聽時微痛，然而，事後一 <想> ，卻痛不可當，因為說話的

人在語言的刀刃上抹上了毒藥…。 

這類「想」，常搭配「起來」表示回憶一個已知而被遺忘了的事件、訊息，如例句

(3a)。事件的已然性質往往可以從語境中得知，如(3a)中的「夢…，…醒來後」與

例句(3b)中的「初聽…，…事後」。 
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想4—表「懷念」 

4a. 一跟她說話，她就有一點兒想哭。原來這是她第一次離開家， 

她 <想> 母親，她 <想> 乾酪肉腸，她 <想> 她的狗。 

 b. 謝謝老師．我上一年級的時候，心裡有點兒害怕，雖然在學校上課，可是

一直 <想> 家。老師知道我不習慣，常常走來跟我說話。 

這類表示懷念、思念的「想」，其後常緊接著名詞組表示懷念或思念的對象。這個

對象帶給懷念者的往往是美好的回憶，而目前卻與懷念者分離。 

 

想 5—表「推測」、「認為」 

5a. 我 <想> ，不管這世界再怎麼變，做人的原則始終是不會改變的。 

 b. 他的妻子嫦娥，看到后羿越來越驕傲，心裡 <想> ：如果讓他吃了不死的

藥，那麼人們就要痛苦不堪了。 

這類「想」，表達的是經過推測、思索後判斷所得的信念，其後常接子句作為賓語，

並且和其句賓之間常有停頓。 

 

想 6—表意外 

6a. 天保陡然憤恨不已，狠力朝昏暗中想像的可惡男人踢去，不 <想> 踢在一

架破風車的支腳上，疼得滋出一身熱汗。 

 b. 大學生的兼差工作琳瑯滿目，但你可能沒 <想> 過，人體模特兒現在也成

了大學生打工的新出路。 

 c. 雖有說不盡的惆悵，我卻放下了懸掛的心。實在 <想> 不到，貝珍不僅深

愛著東尼，而且也懂得如何去愛。 

這類「想」搭配否定詞「不」與「沒」，形成「不想」、「沒想過」、「想不到」，與

「沒想到」等等，表示「出乎意料之外」的語意。 
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想 7—表「設想」 

7a. 看電視是很好的休閒活動，可是我們也要為靈魂之窗<想>一 <想> ，別為

了看電視而損壞了它。 

 b. 你得替人家<想>一 <想> ，那生身父母，雖然沒有撫養她，可是他們也有

骨肉之情啊！ 

這類「想」常搭配「為」與「替」引介須顧及而為之「設想」、「著想」的對象，

如例句(7a)中之「為靈魂之窗」與例句(7b)中之「替人家」。須顧及的因素往往也伴

隨著出現，如例句(7a)中的「別為了看電視而損壞了它。」，與例句(7b)中的「那生

身父母，雖然沒有撫養她，可是他們也有骨肉之情啊！」 

 

想 8—表「聯想」 

8. 每當我從全自動電腦洗衣機中取出甩乾的衣服時，常使我 <想> 及人生。

乾衣筒祇有在高速旋轉時，才會把水份甩得乾乾淨淨。人生也是…。 

這類「想」常搭配「及」與「到」，形成「想及」、「想到」等。其所表達的語意是

由某一個事件引發另一個事件的成形。 

 

 以上「想」的八種意思當中，後三者「想」的語意並非單由「想」可得知，

而是在語境中和其他詞彙搭配下產生的結果，如「想 6」搭配否定詞，「想 7」搭

配「為」與「替」，「想 8」搭配「及」和「到」等。因此，「想」主要的語義可能

是前五種意思，其在語料庫中出現的頻率如表（一），圖示如下頁圖（一）： 

表（一）︰「想」出現的頻率 

詞項 想 1 想 2 想 3 想 4 想 5 

筆數 907 3177 140 73 1504 

 

下圖（一）中假設以表示思索的「想 1」為「想」的中心語義，考慮因素之一
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乃是基於「想 1」與其他語義的「想」比較起來，在時間參照上，比較自由。「想

2」，表示意欲、希望，指的常是尚未發生的事情(irrealis)。「想 3」、「想 4」分別表

示回憶與懷念，指的常是已經發生過的事情(realis)。而表示推測的「想 5」，和「覺

得」、「認為」與「以為」具有近似語義，雖然所需推測的事情可能已經發生，可

能尚未發生，但在其後賓語搭配的種類上，不如「想 1」來得多。因此，在頻率上，

「想 1」出現的次數並非最多，但基於時間參照時間與後接賓語種類的考量，以「想

1」為「想」的核心語意。 

圖（一）：「想」主要的語義 

 

     過去        現在    未來 

      想 3        想 1    想 2 

     回憶     思索      意欲  

NP /S      NP/S        VP/S 

          想 4 

         懷念 

       NP      想 5 

          推測 

           S 

 

2-2-2 「覺得」 

「覺得」的意思，至少有以下兩種： 

覺得 1—表示「感覺到」 

9a. 不知不覺船已經出了三峽。李白 <覺得> 眼前一亮，立刻看到天空地闊，

江面寬大；果然當天晚上，就到了江陵。 

 b. 欣賞他、讚美他、支持他，孩子自然會成長起來，而做母親的人也會 <覺

得> 開心。 
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覺得 2—表示「認為」 

10a. 孟子看見人家讀書，就學著讀起書來。孟母 <覺得> 這地方對於孩子很好，

才住下來，不再搬家。 

  b. 我 <覺得> ，一個成功的現代人就是要學習。 

表示認為的「覺得 2」，常接子句當賓語，而表示感覺的「覺得1」較常接動詞組

當賓語。上述例句中，「覺得 1」和「覺得 2」的意思似乎清楚可辨，然而在以下

例句中，他們的界線卻顯得模糊許多，用「感覺到」或者「認為」來代換，似乎

皆可： 

10c. 他看到陶師們把用剩的泥土丟棄， <覺得> 十分浪費，於是把這些泥土收

集起來，再加淘洗…。 

  d. 四分之一，卻配備了比交響樂團音量大幾倍的打擊樂器，這種比例，一看

就 <覺得> 不合理。 

因此，「覺得」可能只有一個語義(sense)，為表示「感覺」、「感到」的「覺得 1」，

而與「認為」等具有近義的「覺得 2」為「覺得 1」的語義延伸，為其義面之一。 

 

2-2-3 「以為」 

「以為」有三個語義：表示「以之為」、「認為」與「錯誤地認為」，前二者搭

配的句式分別為 NP以及具有詢問語義的疑問句。 

以為 1—表「以之為」 

語料庫中這類意思的「以為」，均為古文，所接之賓語皆為名詞組: 

11a. 這是宋朝歐陽修文忠集裡的詩詞。詞中所提的鵯鵊凌晨先雞而鳴，農家 <

以為> 下田之候，俗稱催明鳥。   

  b. 租界馬路四通，城內道途狹隘；租界內異常清潔，車不揚塵，居之者幾 <

以為> 樂土，城內雖有清道局，然城河之水，穢氣觸鼻，僻靜之區，坑

廁接踵，較之租界，幾有天壤之別。 
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以為 2—表「認為」 

這類意思的「以為」，常和「如何」等疑問詞搭配，且語義為詢問，如(12a)。

出現於直述句時，以表示第一人稱的「我個人」或「個人」為主語如(12b)與(12c)。 

12a. 但為了掌握工作狀況，保持人和的政治關係面是應該的工作行為，您 <

以為> 如何？  

12b. 我個人<以為>，他是屬於比較理性的指揮。 

12c. 經過以上七點質疑之後，個人<以為>要重塑城鎮風貌可能性的過程應有

如下如下幾項方案，可作為進一步努力的參考...。 

語料中，含疑問詞「什麼」的問句，亦有使用「認為」替換回答的情形，如(12d)

中畫線部分所示。 

12d. 古人說的鬼多半指死去的祖先，所以祭拜祖先又叫祭鬼。那麼古人 <以

為> 鬼神到底是什麼樣子呢？他們認為鬼神就像法官一樣，處罰做壞事

的人...。 

 

以為 3—表「錯誤地認為」 

在此語義表達，說話者(speaker)認為主事者 (Agent)錯誤地相信某信念。 

13a. 不了解這個循環，男人和女人都很容易開始懷疑他們的愛。女人會 <以

為> 他不再愛她。 

13b. 小敏最近常到我這兒來。開始我 <以為> 她是怕我一個人寂寞，來和我

做伴兒的。後來發覺事情有點不對頭。她總抱怨這個學期很累。我開始

和她玩笑說那是說那是她伺候丈夫太盡心盡意的結果。 

例句(13a)中，「以為」的域外論元(external argument)，主事者(Agent)「女人」認為

「他不再愛她」為真，而說話者認為非真。例句(13b)中的主語「我」認為「她是

怕我一個人寂寞」為真，而說話者認為非真。因為主語和說話者為同一人，故有

自我發現實情的「後來發覺事情有點不對頭」語句出現。 
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「以為」以上三種語義衍伸，可能先有以名詞組為賓語的「以之為」、「以為是」，

再分成和「認為」近義，以及和「錯誤地認為」近義的兩個不同的意思的「以為」： 

     圖(二)︰「以為」的語義衍伸 

以之為(+名賓)   以為是(+名賓)    以為≒認為(+疑問句賓，及以「我個人」為主

語的直述句等) 

                 以為≒錯誤地認為(+直述句賓) 

由於大致成互補分布狀態，故「以為」應該有三個語義(sense)： 

表(二)︰「以為」的語義 

「以為」sense1：「以之為」+名賓(NP) 

      sense2：「認為」+疑問句賓(S[+Q]) 

      sense3：「錯誤地認為」+直述句賓(S[-Q]) 

 

 以上我們從語料庫中，觀察「想」、「覺得」、「認為」和「以為」的所表達的

意思，逐一列出「想」、「覺得」和「以為」所表達的多種意思，再根據詞義區分

標準 (Ahrens, Chang, Chen & Huang 1998, Lin & Ahrens 2000)，將「想」分成五個

語義：「想 1」表「思索」；「想 2」表「意欲」；「想 3」表「回憶」，「想 4」表「懷

念」，「想 5」表「推測」、「認為」。並且將「覺得」所表達的兩個意思「感覺到」

和「認為」，視為同一個語義下的兩個義面。最後將「以為」區分成三個語義：「以

為 1」表「以之為」，「以為 2」表「認為」，而「以為 3」表「錯誤地認為」。 如

此，我們可以清楚地界定和「認為」具有近似語意者為「想」的第五個語義、「覺

得」的第二的義面，以及「以為」的第二個語義。 

 

 由於「覺得」的第二個義面，如上所示，有時不易和另一個義面明確區分開

來，且「以為」的第三個語義「錯誤的認為」亦和「認為」相關，因此在以下的

觀察與探討中，也同時涵蓋了「覺得」整個語義的兩個義面，以及「以為 2」和「以
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為 3」兩個語義。 

3. 觀察 

 在此部份我們將觀察這組近義詞--「想」、「覺得」、「以為」與「認為」，在功

能分布上和參與的角色特性上，以及與其他句式或辭彙搭配上的異同。 

 

3-1 功能分布 

在功能分布上，如下表所示，這組詞在句中皆多作為述語(predicate)功能。除

了「認為」有極少數的名物化情形之外，其餘三個詞皆無名物化用法。和關係句

搭配作為名前修飾語的情形亦不多見。「想 5」和「以為」能帶少數的名詞組當賓

語，而「認為」和「覺得」不能帶名詞組作為賓語。此外，「想 5」和「認為」後

接句賓與述賓筆數的百分比，差量較大。 

  表(三)：「想 5」、「認為」、「以為」與「覺得」語法功能分布比較 

 想 5 認為 以為 覺得 

總數 (99.1%) (99.98 %) (98 %) (100%) 

總數 (89.5 %) (98%) (99 %) (100%) 

後接句賓 (78.9%) (84.5 %) (73.2 %) (64.3 %) 

後接述賓 (10.2%) (13.5 %) (26.4 %) (35.7 %) 

後接賓語 

後接名賓 (0.4%) 0 (0.4 %) 0 

做述語 

後不接賓語 (10.5 %) (1.98 %) (1.0 %) 0 

做修飾語 (0.9%) 0 (2.0 %) 0 

名物化 0 0.02 0 0 

 

3-2 參與角色特性 

依照中文詞知識庫(1993)的分類，「覺得」屬於狀態句賓述詞(VK1)，所帶論

元角色為經驗者（Experiencer）、終點(Goal)之外，「想」、「認為」和「以為」皆為

屬於動作句賓述詞(VE2)，帶有主事者(Agent)與終點(Goal)兩論元。在搭配的主語
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方面，「想 5」的主語為[有生] ([+ animate])的主事者(Agent)，而「認為」的主語可

為[無生]([-animate])、[表見解]([+opinion])的主事者。「以為」的主語亦多為[有生]

的主事者，但可有[無生]表示立場等作為主事者(Agent)。 

表(四)：論元結構比較 

    詞項 

類別 
想、認為、以為 覺得 

動詞類別 VE2 VK1 

論元結構 Agent<*<Goal Experiencer<*<Goal 

 

表(五)：「想 5」、「認為」與「以為」的主事者(Agent role) 屬性比較 

      詞項 

論元屬性 
想 認為 以為 

主事者 [有生] 

 [有生]； 

 [無生,表見解]； 

 [有權威] 

 [有生]； 

 [無生, 表立場] 

 

「認為」的主語可帶[有權威]([+authority])，而「想 5」的主語比較不含此特

徵。其比較，如下表（六）。「想 5」有近九成的主語，皆為人稱代名詞，而「認為」

以人稱代名詞為主語者，不到一成。語料中「想 5」只有一筆出現主語為「音樂家」，

屬於有特殊專長者，然而「音樂家」和「檢察官」、「醫師」等比較起來，似乎「檢

察官」、「醫師」等在權威性方面稍高一籌。此外語料中亦顯示「想 5」以機構、場

所為主語者，多為「學校」與「家裡」，其權威性更是遠遠不及「認為」可帶主語

如「總統府」、「法院」、「教育局」等等。「認為」除了能如以下(14)中畫線部分以

權威人士為主語之外，猶能以「觀念」、「觀點」、「看法」、「輿論」等為主語，分

別如以下(15)至(17)句中所示。顯示「想 5」的主語須為[有生]([+animate])，而「認

為」的主語可以為[無生]([-animate])、[表見解]([+opinion])。 
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表(六)：「想 5」與「認為」主語比較 

主語類別 範例 認為 想 5 

人稱 
我、我們、你、你們、他、

她、他們…. 
9% 89.36% 

一般人 

小朋友、孩子、學生、兒子、

母親、家長、女性、讀者、

觀眾、工作者、工作者、經

營者、百姓、人名…… 

35.5% 7.98% 
人 

有特殊專長、

地位之人 

學者、專家、學家、教授、

醫師、檢察官、縣官、黨工、

官員、職稱，職稱+人名 

29% 0.07% 

業界 
學界、電腦業、…類、警方、

校方 
7% 0 

機構、組織、場所 

政府、總統府、黨、黨中央、

機關、機構、陸委會、署、

司、鎮公所、教育局、縣市、

法院、學校、學生會、醫院、

雜誌、社會、家裡 

13.5% 0.13% 

思想、意見 觀點、看法、輿論 5.5% 0 

其他  0.5% 2.46% 

(14) 以色列參謀總長蕭姆隆認為 ，伊拉克動用化學武器的時刻已越來越接近。 

(15) 血壓的控制什麼程度才算理想？而什麼程度才需長期服藥呢？目前觀念認為

早晨睡醒時與下午二時到四時所測的血壓，若兩天所測的血壓值，均發現收

縮壓超過一五毫米水銀柱或是舒張壓超過一毫米水銀柱，就需要開始治療。 

(16) 語言派：第一個派別將社會建構等同於語言活動，這個觀點認為所謂的男女

特質是由男女在其主體位置的確認過程中所決定的，而語言活動在這確認過

程中起著主要作用， 

(17) 自從黃加進發現澎湖古沉船後，政府相關部門受到很大壓力，民間輿論認為，
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沉船為重要文化資材，教育部明知「國寶」就在自家門口，卻還不積極「搶

救」，實在有失職守。 

 

故，在語用上，「認為」多搭配較具有權威性的人士、機關與職稱。並且，可

由下表(七)中「認為」常和法相副詞搭配，看出「認為」對事件的非實然(irrealis)

要求較高。 

表(七)：「認為」後接賓語類型 

「認為」後接賓語類型  百分比% 

疑問句 3.0 

比較句型 9.0 

假設句 3.0 

因果句 0.5 

轉折句 2.0 

評價句 4.5 

句型 

 

(23.50%) 

事實陳述句 1.5 

[+epistemic]   32.5 法相副詞 

(52.50%) [+deontic]   20.0 

評價副詞 3.5 

程度副詞 11.0 

時間副詞 3.5 

含副詞 

 

(71.5%) 

其他副詞 

 

(19%) 
數量副詞 1.0 

其他(5%)  5.0 

總計  100.0% 

 

3-3 搭配限制 

在體(aspect)和狀語的搭配上，亦各有不同。分別如下表(八)至(十)所示（星號

「*」表示該搭配方式不被接受，問號「？」表示接受度存疑）。 
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表(八)：與體之搭配關係比較 

   動詞 

 體 
想 5 認為 覺得 以為 

 了 *想了 *認為了 覺得了 *以為了 

過 想過 *認為過    *覺得過 *以為過 

 著 想著 *認為著    *覺得著 *以為著 

 一直   一直想   一直認為   一直覺得  一直以為 

在  在想  *在認為   *在覺得      *在以為 

表(九)：與表示反覆、多次等句式之搭配關係比較 

       動詞 

 句式 
想 5 認為 覺得 以為 

V越 V 想越想 *認為越認為 *覺得越覺得 *以為越以為 

V一 V 想一想 *認為一認為 *覺得一覺得 *以為一以為 

再 V   再想     *再認為     *再覺得     *再以為 

不只一次地 V 不只一次地想 *不只一次地認

為 

*不只一次地覺

得 

*不只一次地以

為 

表(十)：與狀語搭配關係比較 

       動詞 

 狀語 
想 5 認為 覺得 以為 

  一路   一路想  *一路認為   *一路覺得  *一路以為 

  一致  *一致想   一致認為   一致覺得   一致以為 

  一貫  *一貫想   一貫認為   *一貫覺得  *一貫以為 

主觀地 ?主觀地想 主觀地認為 *主觀地覺得 主觀地以為 

直覺地 ?直覺地想 直覺地認為 *直覺地覺得 直覺地以為 

 

此外，只有「想 5」能帶「得」字補語。而在與否定詞「別」的搭配方面，「以

為」常與「別」搭配，能和「別」搭配的為表示「錯誤地認為」的「以為 3」。表

示「認為」的「以為 2」亦不能和「別」共現。「覺得」不可和「別」搭配，「想 5」
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與「認為」亦通常不和「別」搭配使用。 

 

4. 動詞語意表達式--MARVS 

  關於動詞語義訊息的表達，Huang et al (2000) 提出了「模組─屬性動詞語

意表徵模式」(Module-Attribute Representation of Verbal Semantics, MARVS)，主張

每一詞義即代表一個特殊的事件結構，具有其獨特的表徵內涵。此表徵模式將動

詞語意分為兩個模組，事件模組(event module)與角色模組(role module)。各模組之

下則含括細部的屬性界定。其基本架構如下： 

 圖三：模組--屬性表達式 

動詞 – 語義(Sense)i –事件訊息( Eventive Information) 

     

 事件模組(Event Module)     參與角色模組(Role Module) 

  事件內部屬性      參與角色內部屬性 

  (Event-Internal Attribute)    (Role-Internal Attribute)   

 

在 MARVS 中，動詞所能表達的事件類型主要由五種基本事件模組組成，用

以描述事件的過程(process)、狀態(state)、階段(stage)，事件的長短，以及事件的端

點(boundary)，其表達方式如下表(十一)所示︰ 

表(十一)：五個基本事件模組 

表達方式 ‧ ////// ^^^^^  / 

事件模組 
端點 

(boundary) 

過程 

(process) 

階段 

(stage) 

狀態 

(state) 

瞬時

(punctuality) 

只能呈現一種單純事件形態的動詞，為表示核心事件(nuclear event)的動詞，可以

同時指涉事件端點的，為表示簡單事件(simplex event)動詞，而可指涉過程或過程

完成後的狀態的動詞，為表示複合事件(composite event)的動詞。 
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5. 解釋 

於MARVS架構中的觀察，顯示「認為」、「以為」和「覺得」在事件類型中，

較可能為表示狀態的動詞，其中「覺得」帶有起始點，而「想 5」比較可能為無端

點的表示過程的動詞。 

表(十二)︰「想」、「覺得」、「認為」和「以為」在為MARVS中的表達式 

詞項 「想 5」 「覺得」 「認為」 「以為 2」 「以為 3」 

事件模組 //// ‧______ ______ ______ ______ 

事件內部 

屬性 

[-控制] 

說者報導 

主事者 

的信念 

[-控制] 

說者報導 

經驗者的 

信念 

[-控制] 

說者報導 

主事者的信 

念 

[-控制] 

說者報導 

主事者的 

信念 

[+控制] 

說者指出 

主事者的信念 

有誤 

主事者： 

第一人稱 

終點：[非表疑問] 

參與角色 

模組 

   與 

參與角色 

內部屬性 

主事者 

[有生] 

經驗者 

[有生] 

主事者 

[有生] 

[無生,表意見] 

 

終點： 

[表確定] 

主事者： 

第二人稱] 

終點：[表疑問] 

主事者 

[有生] 

 

終點 

[非表疑問] 

若如上表(十二)所示，「想 5」為不帶端點，單純表示過程的的動詞，則可以說

明上表(八)中，「想 5」可以不和「了」搭配，而和表示事件正在進行的「在」與表

示持續的「一直」和「著」搭配。同時也可以說明上表(九)中，只有「想 5」可以

和表示反覆、多次的狀語搭配。「覺得」為帶有起始端點，表示起始狀態的動詞，

可以說明上表(八)中，這組詞中，只有「覺得」可以和「了」搭配使用。再者，若

只有「以為 3」帶有[+控制]([+control])的屬性，則可以說明這組詞中，只有「以為

3」能和「別」搭配出現。「認為」的角色「終點」( Goal)為若帶有[表確定]([+affirmation])

的徵性，則吾人便不難預測在語用上為凸顯其確定性，搭配的主事者多半是具有

某方面權威的人士、機關與職稱。 
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此外，透過事件屬性中「說者報導主事者(Agent)/經驗者(Experiencer)的信念」

與「說者指出主事者(Agent)的信念有誤」，可以區分出「想」、「覺得」、「認為」和

「以為」這組詞的語意相似處，同時也可以區分出「以為」的細部語意差異來。

否則我們可能不容易理解詞典中所載「以為」具有「認為」的語意，但卻又「常

和實際情況相反」。再者，如果能以參與角色模組搭配角色內部屬性來表徵辭彙語

意，而將「以為 2」中不同屬性的主事者搭配不同屬性的對象，則辭典中所述「『以

為』主觀性較強」可更清楚地表達出來，同時也呈現了「以為」不止能夠搭配第

一人稱，也可以搭配第二人稱的實際使用現象。 

 

6. 結論 

 「想」、「覺得」、「認為」以及「以為」這組在詞典中常用以互相釋義的近義

詞，其所表達的意思與實際使用上的異同處，並不容易從既有詞典所載中得知。

由以語料為本的方式，從含有大量語料的語料庫中，觀察「想」、「覺得」、「認為」

與「以為」這組近義詞的所表達的意思以及出現的語境，我們區分出「想」有五

個語義，「覺得」有兩個義面，「以為」有三個語義，而「認為」只有一個語義。

具有相近意義者為「想 5」、「覺得」、「認為」和「以為 2」。由他們搭配詞語以及

句法表現，以「模組─屬性動詞語意表徵模式」(MARVS)表達，可以讓我們對這

組詞彙語義的訊息與樣貌，得到更多的認識與瞭解。在MARVS中，「想 5」為表

示過程(process)的動詞，「覺得」為表示起始狀態(inchoative state)的動詞，「認為」

和「以為」皆為表示均質狀態(homogenous state)的動詞。表示「錯誤地認為」意思

的「以為 3」和表示「認為」的這組近義詞，不同之處在於後者為「說話者旨在報

導主事者或經驗者的信念」，而前者為「說話者旨在指出主事者或經驗者的信念為

誤」。說話者對主事者或經驗者信念的看法，在此扮演極為重要的語義區隔。透過

MARVS對事件模組、事件屬性，角色模組以及角色屬性等分層的表達方式，可以

對這組詞的語義、句法行為以及語用上，得到較為合理的解釋與預測。符合詞彙
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語義學家(Pustejovsky 1995, Levin 1993, Atkins等 1988) 對「動詞句法行為，特別

是論元表達，決定於動詞語義」的共同看法。 
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