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[57] ABSTRACT 

A translation system for translating a sentence of an original 
language into a sentence of a target language utilizes a 
computer which pre-treats insertion marks. These insertion 
marks can be quotation marks, colons, semicolons or paren» 
theses found in the original language sentence. The com» 
puter also post-treats the insertion marks to provide an 
appropriate translation of the insertion marks into the target 
language sentence. These translations of the insertion marks 
are carried out without carrying the insertion marks through 
out the whole translation process. 
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APPARATUS AND METHOD FOR 
TRANSLATING SENTENCES CONTAINING 

PUNCTUATION MARKS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
07/961,575 ?led on Oct. 15, 1992, now abandoned, which is 
a Reissue of US. Pal. No. 4,964,030 issued Oct. 16, 1990. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a language translation 
system which performs translation from one language (origi 
nal language) to another language (target language) using a 
computer. More particularly, the present invention relates to 
a language translation system which can automatically trans— 
late a sentence even when it contains one or more colons, 
semicolons, quotation marks, or parentheses, etc. which are 
herein generally called insert marks. 

2. Description of the Prior Art 
A general idea how the computer translation is carried out 

from one language to another language will be explained. As 
shown in FIG. 1, a sentence of the original or source 
language is processed so that a word-to-word dictionary 
look-up is obtained, and then the source language is ana 
lyzed in the various steps, which are: morphological analy 
sis; syntactic analysis; semantic analysis; and context analy 
sis, to obtain an intermediate language which does not 
belong to any existing language, but can be understood only 
by the computer. The steps carried out in each analysis will 
be further understood from Table 1 shown below. 

TABLE 1 

Analysis Steps Analysis 

Dictionary look- Find a word in a dictionary and pro 
up and morpho- vidc its translation as well as other 
logical analysis word information, such as verb, noun, 

adverb, adjective, plural, singular, 
tense, person, etc, according to the 
stored grammar text. 

Syntactic Find a relationship between the words, 
analysis clauses and/or phrases to determine 

one or more possible sentence con 

structions, each analyzed in a form 
of a tree structure. 

Select one sentence construction which 
is most appropriate from the viewpoint 
of the meaning. 
Understanding the theme of the sen 
tence and to clarify the vague 
expressions. 

Semantic analysis 

Context analysis 

After the intermediate language is obtained, the computer 
forms and generates a sentence in the target language 
through the steps of: context generation; semantic genera 
tion; syntactic generation; and morphological generation, 
which are similar to the above described analysis. 

The above described method of the computer translation 
is called a pivot method in which the procedure follows the 
steps formulated by solid line arrows shown in FIG. 1 to 
obtain the intermediate language and then to ?nally obtain 
ing the target language. 
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2 
Another method is called a transfer method in which the 

procedure takes a short cut step formulated by one of chain 
line arrows to complete the translation without obtaining the 
intermediate language. 

There have been proposed a number of translation appa 
ratuses which can translate, through either the pivot method 
or transfer method, an original language, sentence by son 
tence, to a target language, and the translated result will be 
displayed on a screen. 

A problem in the prior art translation apparatuses is that 
when the sentence of the original language contains one or 
more inserted marks such as colons, semicolons, quotation 
marks, or parentheses, the translation procedure becomes 
very di?icult and complicated. 

For example, when the original language sentence con 
tains a colon or semicolon, the translation machine auto 
matically and uniformly translates each inserted colon or 
semicolon to a most plausible translation in the target 
language. In some cases, the sentences with the colon or 
semicolon are translated correctly, but in other cases, the 
translated sentences are meaningless. In such a case, the 
operator manually provides proper translations or marks in 
the target language, thereby reducing the reliability of the 
translation system. 

Another example is when the original language sentence 
contains parentheses. ln this case, the operator usually 
deletes the parentheses together with the contents therein, so 
that the machine can translate the sentence without the 
parentheses and the contents therein. Then, the operator 
manually translates the contents within the parentheses and 
inserts the translated result in the machine translated sen 
tence together with the parentheses. Therefore, it is very 
di?icult to obtain a properly translated sentence having 
parentheses and the contents thereof inserted in the right 
place. 
A further example is when the original language sentence 

contains quotation marks. In this case, each quotation mark 
is rendered as a word in the translation procedure. However, 
since the word order can change between the original and the 
target languages, the grammar for inserting the quotation 
marks can be very ditiicult. 

SUMMARY OF THE INVENTION 

The present invention has been developed to substantially 
solve the above described disadvantages and has for its 
essential objective to provide an improved translation sys 
tem which can automatically translate the original language 
sentence into the target language sentence even when the 
original language sentence contains one or more inserted 
marks. 

In accomplishing these and other, objectives, a translation 
system for translating a sentence of an original language into 
a sentence of a target language includes a computer which 
has subroutines for pro-treating an insertion mark which is 
one of quotation mark, colon, semicolon or parenthesis used 
in the original language sentence, and subroutines for post 
treating the insertion mark to provide an appropriate trans 
lation of the insertion mark into the target language sen 
tence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objectives and features of the present 
invention will become apparent from the following descrip 
tion taken in conjunction with a preferred embodiment 
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thereof with reference to the accompanying drawings, 
throughout which like parts are designated by like reference 
numerals, and in which: 

FIG. 1 is a diagrammatic view showing the processes for 
translating from one language to another language; 

FIG. 2 is a block diagram of a translation apparatus 
according to a preferred embodiment of the present inven 
tion; 

FIG. 3 is a block diagram showing a detail of the 
translation module shown in FIG. 2; 

FIG. 4 is a block diagram showing the translation pro 
cesses employed in the embodiment of the present inven 
tion; 

FIGS. 5a to 5e, are diagrammatic views showing the data 
to be stored in the buffers shown in FIG. 3; 

FIG. 6 is a main ?ow chart showing the operation of the 
language translation according to the present invention; 

FIG. 7 is a flow chart showing the colon/semicolon 
pre-treatment subroutine and the colon/semicolon post-treat 
ment subroutine shown in FIG. 6; 

FIGS. 8a, 8b and 8c are diagrams showing the data to be 
stored in the buffer; 

FIGS. 9a, 9b and 9c are diagrams showing the tree 
structure data stored in the buffer; 

FIG. 10 is a schematic view showing the display of the 
translation results of the sentences containing a semicolon; 

FIG. 11 is a ?ow chart showing the quotation mark 
pre-treatment subroutine shown in FIG. 6; 

FIG. 12 is a flow chart showing the generation subroutine 
shown in FIG. 6; 

FIG. 13 is a ?ow chart showing the phrase generation 
subroutine shown in FIG. 12; 

FIG. 14 is a diagrammatic view showing an example of an 
inputted sentence with quotation maxks; 

FIG. 15 is a diagram showing a tree structure data stored 
in the buffer; 

FIGS. 16, 17 and 18 are schematic views showing the 
display of the translation results of the sentences containing 
quotation, marks; 

FIG. 19 is a ?ow chart showing the dictionary lookup 
subroutine shown in FIG. 6; and 

FIG. 20 is a diagram showing the data to be stored in the 
buffer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 2, a block diagram of a language 
translation apparatus according to a preferred embodiment 
of the present invention is shown, which performs transla 
tion from one language-(original language), such as English, 
to another language (target language), such as Japanese, 
using a computer. The translation apparatus comprises a 
central processing unit (CPU) 1 for carrying out the trans 
lation, a main memory 2 for storing programs to be used in 
CPU 1, a display 3 having a cathode-ray tube (CRT) for 
displaying the necessary information required for the trans 
lation, a keyboard 4 for inputting necessary information 
required for the translation process, a translation module 5 
for storing such information or the like, and a table 6 for 
storing dictionary, grammar and conversion rules to be used 
during the conversion between tree structures. It is to be 
noted that an optical character reader (OCR) may be used as 
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4 
an input means for inputting the original sentences to be 
translated. 

According to the embodiment disclosed herein, the trans 
lation is carried out using the transfer method, as explained 
above in connection with FIG. 1, with the analysis done as 
far as the syntactic analysis. However, it is possible to use 
the pivot method or the transfer method with the analysis 
done up to dilferent levels. 

Referring to FIG. 3, a hardware structure of the translation 
module 5 is shown, which comprises ?ve buffers B1, B2, 
B3, B4 and B5, a CPU and a program memory. The ?ve 
buffers are provided for storing the analysis results of the 
ditTerent levels. 

Referring to FIG. 4, a ?owchart of the translation module 
5 is shown which comprises: a dictionary lookup process 51 
for obtaining information for each word using a dictionary 
stored in the memory upon receipt of the original language 
(English) sentence; a syntactic analysis process 52 for 
analyzing the sentence in a tree structure; a semantic analy 
sis process 53 for analyzing the meaning of the sentence; and 
a sentence generation process 54 for generating a sentence 
into the target language (Japanese). 

It is now assumed that an English sentence “This is a pen” 
is inputted to the apparatus. Buffers B1 and B2 are used for 
the dictionary look-up process 51. In buffer B1, the sentence 
is separated into words and the words are sequentially stored 
in diEferent areas, as shown in FIG. 5a. Then, in buffer B2, 
each original word is provided with various word informa 
tion utilizing a dictionary and grammar text stored in the 
apparatus. An example of the data stored in buffer B2 is 
shown in FIG. 5b. 

Although the word “this” can be either an adjective, a 
pronoun, or an adverb, it is determined as a pronoun in the 
syntactic analysis process 52. Thus, buffer B3, which is used 
for process 52, stores the sentence in association with a tree 
construction analysis. To obtain the tree structure of FIG. 5c, 
an analysis shown in Table 2 below is carried out with the 
necessary information derived from table 6 (FIG. 3), which 
carries words and the translation and grammatical informa 
tron. 

TABLE 2 

UNIT ELEMENTS DEFINING THE UNIT 

Sentence Subject and Predicate 
Subject Noun phrase 
Predicate Verb and Noun phrase 
Noun phrase Pronoun 
Noun phrase Article and Noun 

By the above table, each unit can be analyzed elements. 
For example, a sentence can be analyzed according to a 
subject and a predicate. 

Then, in semantic analysis process 53, analysis is carried 
out in accordance with a conversion from the tree structure 
based on the English language to the tree structure based on 
the Japanese language to obtain a new tree structure, as 
shown in FIG. 5d, which is stored in buffer B4. 

Thereafter, in the sentence generation process 54, post 
positiona] words each functioning as an auxiliary to a main 
word, according to the Japanese grammar, are added to 
complete the translation into Japanese. The translation as 
completed is stored in buffer B5 as shown in FIG. 5e, and is 
outputted from translation module 5. 

Referring to FIG. 6, the language translation system of the 
present invention is programmed to follow: a quotation mark 
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pro-treatment subroutine I; a colon/semicolon pre-treatmcnt 
subroutine II; a dictionary look-up subroutine III; a colon/ 
semicolon post-treatment subroutine IV; a syntactic analysis 
subroutine; a transfer subroutine; and a generation subrou 
tine V, which are carried out in translation module 5. 

The colons and semicolons are pro-treated and post 
treated in subroutines II and IV, respectively, which will be 
described in detail in connection with FIGS. 7—10. The 
quotation marks are pre-treated and post-treated in subrou 
tines I and V. respectively, which will be described in detail 
in connection with FIGS. 11—18. The parentheses are pre 
treated and post-treated in subroutines III and V, respec 
tively, which will be described in detail in connection with 
FIGS. 19, 13 and 20. 

Colons and Semicolons 

Referring to FIG. 7, a ?ow chart of subroutines II and IV 
for the colon and semicolon pre-treatment and post-treat 
ment is shown. The colon and semicolon prc-treatment 
subroutine II includes a step 11-1 at which it is detected 
whether or not the input sentence ends with a colon or 
semicolon. If the answer is YES, the program goes to step 
[1-2 at which a period is added at the end of the sentence. If 
the answer is NO, the program goes to the dictionary 
look-up subroutine. 

Three different examples are given below. 
(A) This chapter explains; 
(B) This chapter explains these; 
(C) This chapter explains, these; the next chapter explains 

those. 

In the case where the sentence (A) or (B) is inputted, a 
period is added at the end of the sentence, such as shown 
below. 

(A) This chapter explains;. 
Then, in the dictionary look-up subroutine III, the words 

in the sentence (A) are analyzed and the result is stored in 
the bulfer, such as shown in FIG. 8a. Similarly, the sentences 
(B) and (C) are analyzed and the results are stored in the 
buffer, such as shown in FIGS. 8b and 8c, respectively. As 
apparent from FIGS. 8a, 8b and 8c, the semicolon is 
identi?ed as one word and is analyzed either as a punctua 
tion mark, pronoun or conjunction. The same can be said of 
the colon. 
The colon and semicolon post-treatment subroutine IV 

includes a step IV-l at which it is detected whether or not the 
input sentence contains a colon or semicolon either within 
the body of the sentence or at the end of the sentence. In the 
cases of the above three examples, the result will be YES, so 
that the program goes to step IV-2, at which it is detected 
whether or not the colon or semicolon is located immedi 
ately before the period. If YES, such as in the case of 
examples (A) and (B), the program goes to step IV-3 at 
which the “conjunction” is deleted from the row de?ning the 
semicolon, as shown by parentheses in FIGS. 8a and 8b. 
Thus, the colon or semicolon inserted immediately before 
the period is defined as a punctuation mark or pronoun. On 
the contrary, if the answer is NO. meaning that the colon or 
semicolon is located intermediately within the body of the 
sentence, such as in the case of example (C), the program 
goes to step IV-4 at which the “punctuation” and “pronoun" 
are deleted from the row de?ning the semicolon, as shown 
by parentheses in FIG. 8c. Thus, the colon or semicolon 
provided within the body of the sentence is de?ned as a 
conjunction. 
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6 
Then, in the subroutine for the syntactic analysis, a tree 

structure is obtained, such as shown in FIGS. 9a. 9b and 9c 
for the above given three examples, respectively. Under this 
embodiment, instead of Table 2, the analysis for obtaining 
the tree structure is carried out using a Table 2‘ as shown 
below. 

TABLE 2 

UNIT ELEMENTS DEFINING THE UNIT 

Sentence Declarative Sentence + Punctuation Mark 
Declarative Noun phrase + Verb phrase 
Sentence 
Noun phrase Pronoun 
Noun phrase Demonstrative Adjective + Noun 
Noun phrase Demonstrative Adjective + Adjective + 

Noun 
Verb phrase Verb + Noun phrase 
Declarative Declarative Sentence + conjunction + 
Sentence Declarative Sentence 

By the above table, each unit can be analyzed in elements. 
For example, a sentence can be analyzed according to a 
declarative sentence and a punctuation mark, as shown in 
FIGS. 9a, 9b and 9c. 

In the case of example sentence (A), the semicolon is 
provided after a transitive verb “explain“ which takes an 
object, as identi?ed in the dictionary look-up subroutine. 
and, therefore, the semicolon is considered to be the object 
of the transitive verb "explain” and is ?nally analyzed as a 
pronoun, as shown in FIG. 9a. If it is so de?ned in the 
dictionary that the semicolon is used as a pronoun means, in 

Japanese, “BL T~" (read as “ika”, meaning “follow”), the 
example sentence (A) will be translated into Japanese as 
shown in FIG. 10, row 1, reading a Japanese equivalent of 
“This chapter explains as follows.” 

In the case of example sentence (B), since the word 
“these” serves as the object of the transitive verb “explain‘”, 
the semicolon is ?nally analyzed as a punctuation mark, i.e., 
a period. The period added at the end of this sentence at step 
Il-2 will not appear in the tree structure, because it is not 
necessary to provide more than one period at the end of a 
sentence. Therefore, the added period will not be used in the 
translation. The example sentence (B) will be translated into 
Japanese as shown in FIG. 10, row 2, reading a Japanese 
equivalent of “This chapter explains these.” 

In the case of example sentence (C), the semicolon is 
?nally analyzed as a conjunction. Thus, the example sen 
tence (C) is analyzed as a compound sentence separated at 
the semicolon, and it will be translated into Japanese as 
shown in FIG. 10, row 3, in which the Japanese translation 
says ‘This chapter explains these; the next chapter explains 
those.’ 

Quotation Marks 

Referring to FIG. 11, a ?ow chart of the quotation mark 
pre-treatment subroutine I is shown. The quotation mark 
pre-treatment subroutine includes a step 1-1 at which a 
pointer for pointing a word to be processed is reset to zero, 
so as to move the pointer to the ?rst word. Then, at step 1-2, 
a begin quotation mark (“) is searched for and, at step 1-3, 
it is detected whether or not the begin quotation mark is 
found. If YES, the program goes to step 1-4 to store a word 
position of a word accompanying the detected begin quo 
tation mark (“) and a begin quotation mark itself. It is to be 
noted that the words of the input sentence are provided with 
word position numbers in series starting from zero, such as 
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shown in FIG. 14. Then, at step l-S, an end quotation mark 
(”) is searched for. When the end quotation mark is found, 
the program goes to step [-6 and further to step 1-7 to store 
the word position of a word accompanying the detected end 
quotation mark C’) and an end quotation mark itself. There 
after, steps [-2 through 1-7 are repeated to ?nd all the 
quotation marks contained in the input sentence. 
When a begin quotation mark is no longer found, the 

program goes from step 1-3 to step 19 Also, when an end 
quotation mark is no longer found, the program goes from 
step 1-6 to step H! at which the stored word position of the 
word with begin quotation mark is cleared, and the program 
further goes to step [-9. Therefore, the word positions of the 
words provided with begin and end quotation marks are 
stored in pairs. At step 1-9, the quotation marks at the stored 
word positions are deleted. 

By the above program, a mark similar to or the same as 
the quotation mark, such as a mark representing the inches, 
will not be detected and thus, will not be deleted. 

It is now assumed that the input sentence is: I bought a car 
“with 1000 dollars.“ In this case, each word is given a serial 
number starting from zero, as shown in FIG. 14 (step 1-1). 
Then, at step [-4, the word position number “4” is stored 
together with the begin quotation mark. Thereafter, at step 
I-7, the word position number “6" is stored together with the 
quotation mark. Here, the reason for storing the word 
position number “6" instead of “7" is such that, in the case 
where the sentence ends with a period, the position ofa word 
before the period is stored for expediency sake. Then, when 
the program goes to step l-3 for the second time, it jumps to 
step l-9 at which the quotation marks provided at the words 
corresponding to the stored word positions are deleted. 
Therefore, after the quotation mark pre-treatment subroutine 
1, such as in the dictionary look-up subroutine 111 and in the 
syntactic analysis subroutine, the sentence with no quotation 
mark is treated. Thus, no special grammar rule is needed to 
analyze the sentence. 

Referring to FIG. 12, a ?ow chart of the quotation mark 
post-treatment subroutine V is shown. In the quotation mark 
post-treatment subroutine, the program operates with one 
unit of a phrase at a time and is applied in the order 
determined by the grammar rule. Thus, the phrases shown in 
the second analyzed level in FIG. 15 are applied and treated 
in the ?ow chart of FIG. 12 sequentially in the following 
order: ?rst, the noun phrase “I” which has the ?rst word 
position of “0”” and the last word position of “0” is applied; 
second, the prepositional phrase “with 1000 dollars” which 
has the ?rst word position of “4” and the last word position 
of “6” is applied; third, the noun phrase “a car" which has 
the ?rst word position of “2" and the last word position of 
“3" is applied; fourth, the verb phrase “bought” which has 
the ?rst word position of “l” and the last word position of 
“l” is applied; and ?fth, the sentence end, which is the 
period, is applied. 

At step V-l, the ?rst and the last word positions of the 
applied phrase are compared with the stored word posi 
tions“4” and “6” as obtained in previous steps 1-4 and 1-7, 
respectively, and when they match each other, the program 
goes to step V-2 at which a flag is set. Then, at step V-3, a 
begin quotation mark in the target language (for example, in 
Japanese, the begin quotation mark is expressed by “|_”) is 
generated. Thereafter, at step V-4, the phrase detected at step 
V-1, in this case the prepositional phrase, is generated into 
Japanese. Then, at step V-S, since the flag is new set, the 
program goes to step V-6 at which an end quotation mark in 
the target language (for example, in Japanese, the end 
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quotation mark is expressed by “_|") is generated. Then, it is 
detected at step V-7 whether or not all the phrases are 
generated. If not, the program goes to step V-S at which the 
flag is reset and repeats steps V-l through V-7 to generate 
another phrase. When all the phrases are generated, the 
program completes the translation of the input sentence. The 
translated result will be displayed, such as in a manner 
shown in FIG. 16. FIGS. 17 and 18 show other examples of 
the translated results. 

Parentheses 

Refen'ing to FIG. 19, a ?ow chart of the dictionary 
look-up subroutine 111, which includes the parentheses pre 
treatment, is shown. The dictionary look-up subroutine 111 
includes a step 111-1 at which a pointer for pointing out a 
word to be processed is reset to zero, so as to move the 
pointer to the ?rst word. Then, at step 111-2, it is detected 
whether or not the word is a begin parenthesis [(]. 1f it is not 
the begin parenthesis, the program goes to step 111-3 at 
which the word is looked up in the dictionary to find its 
translation and other information such as its grammatical 
de?nition. The obtained information is stored in a buffer. 
Then, at step 111-5, the pointer is moved to the next word 
and, at step 111-6, it is detected whether or not all the words 
are translated. It" not, the program returns to step 111-2. 

At step 111-2, if it is detected that the word is the begin 
parenthesis, the program goes to step 111-7 at which the 
number of words within and including the begin and end 
parentheses is counted. For example, if the input sentence is: 
l have a pen (I bought it yesterday)., the number of words 

within and including the begin and end parentheses is as indicated in FIG. 20. The counted result is added to the 

number of words for the word just before the begin paren 
thesis. Therefore, the contents in the parentheses together 
with the parentheses are de?ned as belongings of a word 
immediately before the begin parenthesis. Thus, according 
to the above example, the counted result “6” is added to the 
word number “1” of the word “pen” just before the begin 
parenthesis and the sum "7" is stored for the word number 
of the word “pen", as shown in FIG. 20. Thus, in the later 
subroutines, such as in the syntactic analysis subroutine, the 
word “pen” is treated as a single noun consisting of seven 
words. Then, at step 111-8, the number of words within and 
including the begin and end parentheses is counted and is 
stored. Thus, in the example, the word number “6” is stored 
for the word number of the word Thereafter, at step 
111-9, the contents of one buffer are temporarily removed and 
cleared for use in translating the words within the parenthe 
ses, as carried out in step 111-10. The translated result is 
stored in another buffer (step 111-11), and the temporarily 
removed data is returned back to the original bu?'er. There 
after, at step 01-5, the pointer is moved to the word next to 
the end parenthesis. 

In this manner, the words within the parentheses are 
previously translated. If it is not necessary to translate the 
words in the parentheses, steps 111-9 through 111-12 may be 
skipped. 

Referring to FIG. 13, a detail ?ow chart of the phrase 
generation step V-4 contained in FIG. 12 is shown. In this 
phrase generation subroutine V-4, the steps of the parenthe 
ses post-treatment are included. 

At step V-4a, the translation of each word in the phrase is 
stored in a buffer. Then, at step V-4b, it is detected whether 
or not the next word is the begin parenthesis [(]. If YES, the 
program goes to step V-4c at which the words within and 










