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Abstract - This paper proposes a new approach to 
construction of rule bases for the transferred- based 
machine translation. In our approach, the rule bases are 
constructed in combination of the linguistics knowledge 
and large scale of corpora. On the one hand the lexical 
knowledge, the syntactic knowledge and the semantic 
knowledge are all used in the rules. on the other hand the 
knowledge is used for the statistics and self-learning of 
rules. In each rule base, all rules are scored and ranked. 
Thus an impersonal choice for the sentence can be made. 
The preliminary experimental results show that the 
approach may increase the speed to build the rule base 
and improve the quality of rules.    
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1  Introduction 
The rule bases are very important for the 

transfer-based machine translation (MT), in which the 
analyzer, transfer and generator are all working based on 
the rules. There are many factors determining the quality 
of an MT system, including whether the design of the 
rule bases is appropriate, whether the rules may cover a 
large scope of linguistics phenomena, and whether the 
different rules keep consistent and so on. If the rules are 
summarized from a small size of language material, or 
the rules are constructed with the introspective method, 
the rules must be incomprehensive. Therefore, the 
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reasonable rules should be constructed by investigating 
large numbers of language materials, and the large-scale 
corpora are necessary. We  

 
believe that it is a right way to combine the linguistics 
knowledge and the large-scale corpora. 

Recently, there has been a rebirth of empiricism in 
the field of natural language processing. The 
corpus-based approach has been successfully used in 
many different areas of natural language processing, such 
as in part-of-speech tagging and speech recognition and 
so on. The corpus-based approach is also widely used in 
rule bases construction and parser development[3][5]. 
The scoring function is provided in [2]. To resolve 
ambiguity problems the scoring function has been 
successfully applied to an English-Chinese machine 
translation system, Chinese-Chinese machine translation 
system and a spoken language processing system [2] [9] 
[10][11][12] .  

Because the linguistics-based method and the 
corpus-based method each has advantages and 
disadvantages, Combination of the two methods is 
widely used for segmentation, tagging, analysis, and 
machine translation[1][4][6][7][14][15]. Constructing 
and maintenance of rule bases should make use of the 
combination of the two methods 

There are the rule bases for the word segmentation, 
part-of-speech(POS) tagging, analysis , transfer, and 
synthesis in a transfer-based Chinese-English machine 
translation system. In our approach, the rule bases are 
constructed in combination of the language knowledge 



 

and  large-scale corpora. We make use of the language 
knowledge such as the lexical knowledge, morphological 
knowledge, syntactic knowledge, semantic knowledge 
and the commonsense knowledge. In another words, all 
kinds of rules may use the lexical knowledge, POS 
knowledge, morphological knowledge, syntactic 
knowledge, and the semantic knowledge and so on. On 
the one hand, the corpora are used to help to construct 
rules by capturing knowledge correlative with rules. 
However, the simple rules, including the word 
segmentation rules and the POS tagging rules etc., can be 
captured by using the rule templates, and the corpora are 
used to fill the rule templates. On the other hand, the 
corpora are used to judge whether the rules are correct. 
When the rules are judged, the probability is evaluated to 
the rules. The probability scores of these rules are the 
correct rate of rules. However, when the tree can not be 
judged correct, the probability scores of both analysis 
rules and transfer rules are related to the scores of trees. 
The scores of trees takes into account the lexical 
information, syntactic information, and also the semantic 
information. 

 

2 Rule bases 
    As we know, there is not any word boundary marker 
in the Chinese sentence, so the word segmentation 
usually causes the intersection ambiguities and 
combination ambiguities. In our Chinese-English MT 
system, the word segmentation rules are mainly utilized 
to deal with the two kinds of ambiguities. The tagging 
rules are utilized to disambiguate for the word with more 
than one POS.  There may be more than one syntactic 
tree in the analysis phase. So the analysis rules are 
utilized to disambiguate and parse the sentences. A 
Chinese syntactic tree may be transferred into more than 
one English syntactic tree. So, the transfer rules are 
designed for disambiguating and transferring[8].  

The synthesis rules are utilized to disambiguate and 
synthesize the English word string. The morphology 
rules are used for morphology synthesis and 
disambiguating. Figure 1 gives the transfer-based 
Chinese-English machine translation process. 

The basic policy for constructing the rules are 
summarized as follows: 

(1) Integrality: The typical language phenomena 
should be covered by the rules, such as the typical 
intersection ambiguities, combination ambiguities, 
ambiguities of POS tagging, typical grammar and 
semantic phenomenon, word and structural transfer 
ambiguities, and synthesis ambiguities and so on. 

 
 
 
 
 
 
 
   
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(2) Consistency: The different rules in the same 
rule base should keep the consistency, such as the symbol 
and the expression of rule. 

(3)  The relation between general rule and 
exceptional rule: The general rules should express the 
general language regulations, but the exceptional rules 
express the special use of some words.  

(4)  Difference between two kinds of language: 
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Figure 1 Transfer-based Chinese English Machine Translation 
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There are a lot of differences between Chinese and 
English not only in the word but also in the sentence 
structure. So, the difference must be considered enough 
for both the transfer rule and synthesis rule. 

(5)  Rule based on large scale of corpora. The rules 
should be changed with the language’s change.  

(6)  Lexical information, syntactic information and 
semantic information. In all kinds of rules, the lexical 
information, syntactic information, and the semantic 
information should be made enough use of, thus the 
ambiguities are probably disambiguated. 
 

3 Linguistics knowledge 
In our experimental system, the rules are expressed 

with complex feature set, and the unification operation is 
adapted for the complex features. Some examples are 
given as follows. 
Rule-1:  ABC(A+BC, AB+C) 

IF  %A.POS=r, %BC.POS=a|f|d   
THEN  A+BC 

This rule expresses:  The string ABC may be 
segmented into A+BC or AB+C(A, BC, AB and C are all 
word). 

IF the part of speech of A is a pronoun, the part of 
speech of BC is an adjective or orientation word or 
adverb, the string ABC is segmented as A+BC. 

For example: 这里面有许多好看的衣服。(There 
are a lot of beautiful cloth inside.) According to the rule, 
the string “这里面” is segmented into “这 里面”, but not 
“这里  面”. 

The rule includes parts of speech knowledge such as 
r(pronoun), a(adjective), f (orientation word) and d 
(adverb). 
Rule-2:  比(n-v-p) 

IF 比 .LeftNeighbor.yx=的 |之   THEN  n ELSE  
v|p 

This rule expresses: The part of speech of “比” may 
be a noun, a verb or a preposition. If its left adjoining 
word is “的” or “之” , the word is tagged as noun. 
Otherwise, the word is tagged as verb or preposition. In 
the rule, the actual words “的” and “之” are included. 
Rule-3:  np ap !np 

%ap.dingyu=yes, %np.zhxyu1=yes, %ap.zhuti=%np 
IF ap.neibujiegou=word, %np.neibujiegou=word, 
%np.semantickind = goujian | chouxiangshiwu,  
THEN $.dingyu=yes.  
ELSE $.dingyu=no ENDIF 

This rule includes the syntactic knowledge and 
semantic knowledge. Here, the syntactic knowledge 
means “dingyu”, “zhxyu1”, “zhuti” and “neibujiegou”. 
The semantic knowledge refers to “goujian” and 
“chouxiangshiwu”. Please refer to [13] for details on the 
symbol “dingyu”, “zhxyu1”, “zhuti”, “neibujiegou”, 
“goujian” and “chouxiangshiwu”. 

 

4  Statistical knowledge 
In the transfer-based Chinese-English machine 

translation system, one rule can be used for any phase, 
such as the segmentation, tagging, analysis, transfer and 
synthesis and so on. And there may be many analytical 
results in any phase. So, we score the rules and make 
them ranked. The scored rules are used to truncate 
unnecessary results, and thus the speed of machine 
translation is increased. The rule score makes enough use 
of the large scale of corpora and the lexical knowledge, 
syntactic knowledge and semantic knowledge. Thus the 
accuracy of the MT system is improved.  

In our approach, the segmentation rule score, 
tagging rule score, and the morphology rule score are all 
computed according to the same principle. The 
segmentation rule score is the correct rate of the rule 
when a large scale of Chinese texts are segmented with 
the rule, which is counted automatically based on a given 
correctly segmented corpora. The tagging rule score is 
the correct rate of the rule when a large scale of corpora 
are tagged with the rule, which is also counted 
automatically based on a given correctly tagged corpora. 
The morphology rule score is the correct rate of the rule 
when a large scale of English texts are synthesized with 
the morphology rule, which is also counted 
automatically.  

The analysis rule score, transfer rule score and 
synthesis rule score are also computed according to the 
same principle:  



 

When there is a correct tree base, the score of the 
analysis rule H  G1 G2 is the probability of the rule, 
signed as P(H  G1 G2).  

P(H  G1 G2)=f(H  G1 G2)/f(H)             (1) 
Where f(H  G1 G2) is the frequency of the rule 

H  G1 G2 in the correct tree base, and f(H) is the sum of 
frequency of all rules rewriting H. 

When there is not a correct tree base, if we can 
evaluate the score of each tree, we can think of the score 
of the tree as degree of confidence, then for each use of a 
rule, we could augment the corresponding counter by the 
confidence in the tree. This would result in the following 
algorithm: 

(1) Find all parses P1, P2,…, Pk of each sentence, 
and compute their scores S(Pi). 

(2)  For each use of the rule H G1 G2 in parse Pi, 
add S(Pi) to the corresponding counter: 

C(H  G1 G2)=C(H  G1 G2)+S(Pi)     (2) 
(3)  Estimate the rule score: 

P(H  G1 G2)= C(H  G1 G2)/C(H)      (3) 
Where C(H) is the sum of the counters associated 

with all rules rewriting H. S(Pi) is computed using the 
following formula: 

S(Pi)  = P(A | Φ , BC, Φ ) × P(B | Φ ,DE,{ F, 
G}) ×P(C | {D,E},FG, Φ )               (4) 

Referring to the Figure 2, A, B, C, D, E, F, G are 
respectively tagged syntactic and semantic information. 

Letter Φ  represents the null symbol. P(X1|X2, X3X4, X5) 
is the score of X1 rewritten with X3X4 when the left 
context is X2 and the right context is X5. For the 
computational feasibility, only a finite number of the left 

and the right contextual symbols are considered. The 
detailed process may be seen in [9]. 

The algorithm presents the main problem, in 
which S(Pi) depends on P(X1|X2, X3X4, X5). It is 
reasonable to apply this procedure starting from the 

rule probabilities of the correct tree base and 
improving the estimation in a loop. 

The process to proofread errors is also proposed: 
First a threshold value for each kind of rule is set, all 
rules whose scores are under the threshold value are 
treated as wrong. Second, all sentences that related to the 
wrong rule are selected automatically from the corpora. 
We can find the errors according to the selected sentences 
and rectify the errors. 
 

5 Self-learning of rules 
IF rules are constructed only with introspective 

method, rules may be restricted. So large scale of corpora 
are used for learning new unrestricted rules. For 
segmentation rules, tagging rules, and morphology rules, 
rule template[16] is designed for learning. The rule 
templates are related to the 5 words of preceding and 
subsequent to the ambiguity string. And also, the word, 
part of speech ,the syntactic knowledge and the semantic 
knowledge are used in the template. The word, part of 
speech ,the syntactic knowledge and the semantic 
knowledge can be looked up from the lexicon 
automatically. All preceding and subsequent 5 words of 
the ambiguous strings are found with the large scale of 
corpora.  

Because the analytic rules, transfer rules and 
synthesis rules are all complicated, the rules are acquired 
under the computer-aided process. An analysis rule is 
made up of context free grammar and condition. The 
actual example is written as Rule 3 of in Section 3. The 
condition is complex, and can not be learned 
automatically. The computer-aided process is performed 
as the following: e.g. For VP V+N, or NP V+N, both 
of them may be correct in actual text. We may select all 
sentences related to V+N from corpora automatically, 
then we also can formalize the rule deeper, such as 
condition or restriction for the rule according to the 
selected sentences. 

 

6 Experiment Results  
We have summarized 43 segmentation rules and 30 
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Figure 2.  A parsing tree 



 

tagging rules with introspective method. The segmented 
corpora are made up of 3201 Chinese sentences. There 
are errors in 13 segmentation rules according to the 
corpora, and 40 segmentation rules are automatically 
learned from the corpora. The rate of correct of 
segmentation rules which are captured with introspective 
method is 69.77%, but can be improved with corpora. 
The 3201 Chinese sentences are also tagged, There are 
errors in 15 tagging rules according to the corpora, and 
18 tagging rules are automatically learned from the 
corpora. The rate of correct of tagging rules which are 
captured with introspective method is 50%, but can be 
improved with corpora. We believe that the quality of 
rules can be improved when the scale of corpora 
becomes larger. 

 

7 Conclusions 
In this paper we propose a new approach to 

construction of rule base in combination of the linguistics 
knowledge and large-scale corpora. In our approach, the 
segmentation rule, tagging rule, analysis rule, transfer 
rule, synthesis rule and also the morphologic rule are 
made use of the lexical knowledge, syntactic knowledge 
and the semantic knowledge. The corpora are utilized to 
improve the quality of the rules and learn the new rules. 
The preliminary experimental results show that our 
approach may improve the speed to build the rule base 
and the quality of rules. 
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