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CHINESE GENERATION APPARATUS FOR MACHINE TRANSLATION .

- BACKGROUND OF THE INVENTION

Field of the Invention

This inVention relates to a Chinese generation apparatus for
machine translation, which utilizes statistic data instead of a large numbér of
semantic and syntactic rules.

Description of the Related Art

In the 20th-century, people have to keep learning to prevent
themselves from getting disconnected from the society. Howevér, for most of
the new knowledge are from foreign countries, document translation is
important in the efficiency of foreign.document reading. In order to improve the
quality and efficiency of document translation, a recent trend is to use computer
instead of human for a translation job. Such translation apparatus is commonly
called a machine translation abparatus. In such a machine translation
apparatus, the input language that is to be translated is known as the source
Iangdage, while the output language that has been translated frbm the input
language is known as the object language. For example, the sburce language
of a Japanese-to-Chinese machine translation apparatus is Japanese, while the
object language of the same is Chinese. Furthermore, the translation format
used in the machine translation apparatus méy be the direct form, the
intermediate converting form or the pivot form, depending on the characteristic
of the language to be translated. Generally, the intermediate converting form is
the one which is commonly used. -

Referring to Fig. 8, a conventional machme translation apparatus
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employing the intermediate converting form includes a source language parsing
unit 1, aﬁ intermediate structure converting unit 2, an object language
generating unit 3 and a dictionary unit 4. However, the quality of machine
translation depends on whether the input sentence is correctly parsed in the
source language parsing unit 1, whether the difference between the soufce
language and the object language is eliminated in- the intermediate stmdure
converting unit 2 (e.g. solve the difference in syntax or meaning, or the selection
of the lexicon item translation), and whether an object language is correctly
generated in the object language generating unit 3 in accordance with the
syntactic rule of the object language.

However, a Chinese sehtence will have different meanings as the
locations of the lexicons in the sentence are chaﬁged. For example, in the
sentences, [fi*#E£F.E*Bk] (He is jumping on a table.) and tf&ﬁk*&ﬁ-’r’-i‘]
(He jumps ontb a table.), since the location of "fEEiF " (on a table) in the
former sentence differs from that in the latter sentence, the two sentences have
different meanings. Therefore, the arrangement of some lexicons in a Chinese
senfence has a given sequence, and unless it is so, an incorrect Chinese
sentence may be generated. The following is an example, wherein the time
lexicon must be placed before the location lexicon.

(correct Chinese sentence) fii*FEX**%E B *IZ8R. (Literally: He*yesdaty**at
school*ate) (He ate dinner at school yesterday.)

(incorrect Chinese sentence) i *7E B &t ™ KE X *Bz 8. (Literally: He*at
school**yesdaty*ate)

On the other hand, the sequence of some lexicons in Chinese

sentence is unrestrained. The following is an example, wherein the time lexicon
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may be placed before or after the subject.
(the time lexicon is placed before the subject) MEX #1524, (Yesterday he

went to school.)

(the time lexicon is placed after the subject) #IFEX K24, (He went to school

yesterday.) .

Therefore, if the object language of a machine translation
apparatus is Chinese, the most important problem to be solved is how to
correctly determine the arrangement sequence of the lexicons in a Chinese
sentence. Referring to Fig. 9, R.O.C. Pat. Publication No. 324804 discloses a
Chinese generation apparatus for machine transiation.

A preprocessing unit 200 of the Chinese generation apparatus in
Fig. 9 recovers the subject r_iode for the sub-structure which omits the subject in
the Chinese sentence dependency structure that is input as shown in Fig. 1OA
and that is an intermediate structure with the use of dummy node. Next, a basic
item spreading unit 300 generates a basic sentence structure including basi¢
item as shown in Fig. 10B in accordance with the basic sentence pattern stored
in the basic sentence pattern memory unit 350 with the use of the verb
classification code of the main item (verb or adjective) of each of the sub-
structure as the searching key.

An unrestrained item spreading unit 400 retrieves the surface
case marker of the phrase head, the surface case marker of the phrase tail and
the sentence item slot in accordance with the sentence item information
memory unit 450 with the use of the case marker of each unrestrained item, the
surface case marker of the source language, the semantic dominating code and

the semantic code of itself in the dependency structure as the searching key,
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and generates the sentence structure of each unrestrained item of Fig. 10C in
accordance with the cofresponding‘location of the sentence item slot location in
the sentence structx;are.

A special sentence pattern generation unit 500 generates the
special sentence pattern sentence structure of Fig. 10D in accordance with tﬁe
special sentence pattern atiribute of each verb or adjective. As shown in Fig.
10E, an item location adjusting unit 600 orderly retrieves the item arrangement
sequence limitation in each sentence item slot from the sentence formation item
sequence memory unit 650 and adjusts the item arrangement sequence in each
sentence item slot in the sentence structure. Afterwards, a post processing unit
700 performs the generation of other accessory item and punctuation on the
sentence structure and lines the sentence structure. An output unit 800 outputs
the translation result "E& RS & #K7EEFE" (I put the book in the car.). A
buffer unit 900 is used for temporarily storing the output from the basic item
spreading unit 300, the unrestrained item spréading unit 400 and the item
location adjusting unit 600.

The drawbacks that are associated with the aforementioned
conventional Chinese generation apparatus for machine translation are as
follows:

1. The verb or adjective of Chinese language has a plurality of
Chinese basic sentence patterns that are possibly generated, for example, the
verb "#" may be generated into the basic sentence patterns as follows.
(Wherein S represents subject, V represents verb, O represents direct object or
indirect object, and C represents complement)

SVOO: F#%{thz. (1 gave a book to him.)
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SVOOC: ﬁiﬁﬂﬂ%’%‘{’ﬁﬁﬁ. (I gave him a book as a souvenir.)
SVOC: ﬁiﬁﬂi’.lﬁlﬁ. (I saw him home.)
SVO:. fthgiEds. (He will get killed.)

Therefore, the conventional Chinese generation apparatus for
machine translation cannot solve the problem of the difference in the baéic
sentence patterns by the verb classificafioﬁ code. This problem must be solved
by heuristic method and thus, the translation quality cannot be ensured.

2. The translation quality cannot be improved since the location of
the unrestrained item is assigned in accordance with the content of the
sentence item information memory unit but not in accordance with the
associated item state. For example, if the location of the time lexicon "4$X"
(today) is assigned to 2, the conventional Chinese generation apparatu_é only
cén generate the sentence "E 4 X E % (I graduated today.), but cann.ot
generate the sentence "§XE 83" (Today | graduated.) that emphases "4 X"
(today). .

3. Since the -adjustment of the relative location among the
unrestrained item in the same slot is related with the content of the sentence
item sequence memory unit, a strange or incorrect Chinese sentence may be
generated when the content of the sentence item seduence memory unit is
incomplete. | |
SUMMARY OF THE INVENTION

Therefore, the main object of the present invention is to provide a
Chinese generation apparatus for machine tfanslation which can overcome the
drawbacks that are associated with the aforementioned prior art.

According to the present invention, a Chinese generation
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apparatus for machine translation which utilizes statistic information instead of a
large number of semantic, grammatical and phrase structural rules and which
converts the dependency structure of an input Chinese sentence into a Chinese
sentence, comprises:

a statistic information memory unit for storing the argument item of tﬁe
dependency structure of thé Chinese sentence, the possible sentence pattérn,
the possible case marker arrangement of each slot and the corrésponding
probability value;

an accessory item information memory unit for storing the case marker,
the source language surface case marker, the argument semantic code, the
semantic code of the modifier and the corresponding phése head surface case
marker and phrase tail surface case marker; |

a main item location determining unit for retrieving the sub—structdre from
the’ dependehcy structure of the input Chinese sentence, for retrieving the
corresponding possible sentence pattern and the corresponding possible case
marker arrangement in each slot and the comresponding probability value from
the statistic information memory unit with the main argument of the sub-
structure as the searching key, and for orderly generating the Chinese phrase
structure in aclcordance with the evaluation function; . _

an accessory item generating unit for retrieving the case marker of the
leaf node item, the sburce language surface case marker, the argument
semantic code and the corresponding node item semantic code as searching
key from the Chinese phrase structure, for retrieving the phrase head surface
case marker and the phrase tail surface case marker from the accessory item

information memory unit in accordance with the searching key, and for orderly
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generating the preposition structure for the Chinese phrase structure; and

a post processing unit for retrieving each clause structure from the
Chinese phrase structure, for _generafing the question sentence or the “§&*
("ba’) sentence or the negative sentence or the passive sentence or the
imperative sentence and the corresponding tense marker and punctuation, aﬁdﬂ |

for converting the Chinese phrase structure into the Chinese sentence with the

- use of the lining approach.

According to the Chiriese generation apparatus for machine

translation of the present invention, the main item location determining unit

. retrieves the sub-structure from the input dependency structure, retrieves the

corresponding possible sentence pattem and the corresponding possible case

‘marker arrangement in each slot and the corresponding probability value from

the statistic information memory unit 'with the main argument of the sub-
structure as the searching key, orderly generates the Chinese phrase structure
in accordance with the evaluation function, and stores the Chinese phrase
structure in the buffer unit. Then, the accessory item generating unit retrieves
the Chinese phrase structure from the buffer unit, retrieves each leaf node,
retrieves the case marker of the leaf node, the source language surface case
marker, the argument semantic code and tﬁe corresponding ‘node item
semantic code as searching key from the Chinese phrase structure, retrieves

the phrase head surface case marker and the phrase tail surface case marker

~ from the accessory item information memory unit in accordance with the

searching key, and generates the preposition structure in the cdrresponding
location of the Chinese phrase structure.

Then, the post processing unit retrieves each clause structure
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from the Chinese phrase structure, performs the generation of the question
sentence, the “48” (“ba") sentence, the negative sentence, the passive sentence,
the imperative sentence aﬁd the corresponding tense marker and punctuation in
accordance with the Chinese grammatical rules, and finally retrieves the
generated Chinese sentence with the use of the lining approach and outputs tl.'le" |
generated Chinese sentence to the output unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the preferred
embodiment with reference to the accompanying drawings, of which:

Fig. 1 is_ a system block diagram of a Chinese generation
apparatus for machine translation according to one embodiment of the present
invention; |

Fig. 2 is a process flow chart of the main item lobation determining
unit according to the embodiment of the present invention;

Fig. 3 is a process flow chart of the accessory item generating unit
according to the embodiment of the present invention;

Fig. 4 is a process flow chart of the post processing unit according
to the embodiment of the present invention; '

Fig. 5 is a schematic structural concept diagram of the statistic
information memory unit according to the embodiment of the present invention;

Fig. 6 is a schematic structural concept diagram of the accessory

item information memory unit according to the embodiment of the presenf

" invention;

Figs. 7A to 7D are schematic diagrams for explaining the process
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of the present invention;
Fig. 8 is a schematic system block diagram of a conventional
machine translation apparatus;
Fig. 9 is a schematic system block diagram of a conventional
Chinese generation apparatus for machine translation; and o
.Figs. 10A to 10E are schematic diagrams for explaining the
process of the prior art.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
In order to reduce the total number of semantic, grammatical and
special syntéctic rules that are needed in the generation of Chinese in machine

translation, it is found that statistic information is essential. Due to the advent of

‘tagged Chinese balanced corpus in domestic market, we can simply some

software tools to extract the desired information from the corpus location in
place of the rules used in machine translation, for example the basic sentence
batterns derived from verb or adjective and the probability that various item
appears in basic sentence pattems. In addition, by the use of simple operation
means, such as the operation of conditional probability, probability information
is easy to generate other relative probability information, for example, three
word or four word interconnecting probability information may be derived from
the single word probability information and two word interconnecting probability
information.

| Fig. 1 is a schematic system block diagram of a Chinese
generation apparatus for machine translation according to the present invention.
10 denotes an input unit for inputting Chinese dependency structure. Taking

Japanese-to-Chinese machine transiation as an example, Chinese dependency
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structure is obtained from a Japanese sentence by the Japanese parsing
process and the intermediate structure conversion. For example, as shown in
Fig. 7A, a verb V is referred as an argument, and leaf nodes, such as "B S
X", are the modifiers of the above argument. Reference numeral 25 denotes a
statistic information memory unit for storing the argument item of Chine.se“
sentence dependency structure as searching key, and thé possible case
arrangement and the corresponding probability value of the cofresponding
possible sentence pattern and each slot in each sentence pattern (for example,
slot 1 to slot 6 in the drawing), the schematic structural concept diagram of the
memory unit 25 being shown in Fig. 5. '

Reference numeral 20 denotes a main item location determining
unit for respectively retrieving the relative information from the statistic
information memory unit 25 with the argument of each sub-structure as fhe
searching key, and for determining the best basic sentence pattern and the _
relative generation location of other item and generating Chinese phrase
structure with the best path searching approach, such as branch-and-bound
method, the process flow chart being shown as Fig. 2. Reference numeral 35
denotes an accessory item information memory unit for storing the case marker,
the Japanese marker, the argument semantic code, and the semantic code as
searching key and the corresponding phrase head and phrase tail marker, as
best shown in Fig. 6.

Reference numeral 30 denotes an accessory item generation unit
for generating Chinese preposition structure by retrieving the corresponding
phrase head and phrase tail marker in the cbrresponding location of the

Chinese phrase structure from the accessory item information memory unit 35



10

15

20

25

11

by retrieving each leaf node with its case marker, Japanese marker (and--

Japanese lexical item), argument semantic code and semantic code of itself as
searching key, the process flow chart being shown in Fig. 3. Reference
numeral 40 denotes a post processing unit for generating Chinese sentence

from Chinese phrase structure with lining approach and outputting the Chin'ese“

. sentence after performing the negative, question, imperative, “#2 " (“ba")

sentence, passive, time marker and punctuation processes, the processing flow
chart being shown in Fig. 4.

| Reference numeral 50 denbtes an output unit which is cbmposed
of, for example, a monitor, and reference numeral 60 denotes a buffer unit for
temporally storing the intermediate result.

. Fig. 2 is the processing flow chart of the main item location
determining unit 20. After retrieving the main argument from the Chines.e
dependency structure transmitted from the iﬁput unit 10 in step S201, it is
determined whether the main argument is existed in step S205. If the main
argument is not existed, i.e. no clause exists, the process proceeds into step
$270 to perform the special sentence sequence adjustment, for example, the
complex phrase "#AZ£it" ("No Trespassing” in Japanese) is adjusted to "&% 1k
EA" ("No Trespassing" in Chinese). The process is end after the performance
of step S§270. If it is determined in step S205 that the main argument exists,
step S210 is performed to determined whether the modifier is exist. If no
modifier is exist, step $265 is performed to determine whether unprocessed
clause argument is exist in other modifiers. If no unprocessed clause argumént
is exist in other modifiers, step S§270 is performed and the process is end.

Otherwise, the possible case marker arrangement and the corresponding
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probability value of the coi'responding possible sentence pattern and. the
corresponding slot is retrieved from the statistic information memory unit 25 with
the argument item as searéhing key in step S215. |
Afterwards, the initial value of the variable i (possible sentence

pattern number) is set to 1 in step $220. Then, the initial value of the variablé j“
(slot number) is set to 1 in step $225. After step 8225, the process procéeds
into step S230 to determine whether case marker arrangement that is possibly
generated is exist in SLOTIij. If there has case marker arrangement in SLOTij, -
the evaluation function value of each arrangement is calculated with the use of
the undetermined modifier case marker and the comesponding statistic
information, and the case marker arrangement of the highest evaluation value is
used as the arrangement of SLOTIj in step S235.

| After the step 8240 in which j is increased by one, it is determined
that whether the j value is larger than the largest number of SLOT (the largest

number of SLOT is six in the.present embodiment) in step $250. If the j value is

- not larger than the largest number of SLOT, the process returns to the step

$230, otherwise, it is determined that whether the i value is larger than the

. possible sentence pattern number (one of the results from the step S215) in

step S255. If the i value is not larger than the possible sentence pattern
number, the process returns to the step S225 after the step $245 in which i is
increased by one, otherwise,' the best generation arrangement is retrieved in
accordance with the evaluation function value in step §260. Then, it is
determined that whether unprocessed argument is existed in the unprocessed
modifier in step $265. If there has unprocessed argument in the unprocessed

modifier, the process retums to the step S210, otherwise, the process is ended
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after the step S270 in which spécial sentence sequence is adjusted.

Fig. 3 is the process flow chart of the accessory item generation
unit 30. The Chinese phrase structure is transmitted from the main item
location determining unit 20 in step S301. The unprocessed clause structure is
retrieved from up to down and from left to right in step S305. The process.ié
ended if the retrieving of the unprocessed. clause structure is determined to be
failure in step S310, otherwise, the corfesponding phrase head marker and the
corresponding phrase tail marker are retrieved from the unprocessed clause
structure in accordance with the accessory item information memory unit 35
with the case marker of the modifier, the source language lexical item marker,
and semantic code (of the argument and itself) as searching key in step S315.
Then, the modifier having the phrase head and phrase tail markers is generated"
into the .preposition (PP) structure in the corresponding location of the phrase
structure in step $320. In step S325, the preposition structure generated in
step S320 substitutes for the corresponding clause structure of the Chinese
phrase structure stored in the buffer unit 60. Then, the process returns to step
S§305.

Fig. 4 is the process flow chart of the post processing unit 40. The
Chinese phrase structure is firstly retrieved from the buffer unit 60 in step S401.
Then, the unprocessed clause structure is retrieved respéctively from up to
down and from left to right in step S405. If the retrieving of the unprocessed
clause structure is determined to be failure in step $410, the process is ended
after the step S465 in which the Chinese sentence is retrieved by lining the
phrase structure, otherwise, it is determined that whéther the unprocessed

clause structure is a question in step S415. If the unprocessed clause structure



10

15

20

25

14

is a question, the generation process of the marker of the interrogative "fi§" and
"NR" is per_formed in step 8420 and the process proceeds into step S425,
otherwise, the process directly proceeds into step S425 after the step S415 to

determine that whether it is a “}i* (“ba”) sentence. If it is a “}” (“ba”) sentence,

the step S430 is performed to generate a “48” (“ba") sentence and the process"
proceeds into step S435, otherwise, the process directly proceeds into step
S$435 to determine that whether it is a negative. If it is a negative, the step $440
is performed to generate a negative sentence and the process proceeds into
step S445, otherwise, the process directly proceeds into step S445 to determine
that whether it is a passive sentence or an order sentence. [f it is a passive
sentence or an order sentence, the step S450 is berformed to generate a
passive sentence or an order sentence and the process proceeds _into the step
$455, otherwise, the process directly proceeds into the step S455 to perform
the generation of the tense marker. Then, the generation of the pUnctuation is
performed in step S460. Afterwards, thé generated clause structure substitutes
for the corresponding clause structure in the Chinese phrase structure and the
process returns to step S405.

The operation of the present invention is further explained as
follows by an example. The Chinese dependency structure as shown in Fig. 7A
is inputted by the input unit 10. Then, the main item location determining unit
20 operates.in accordance with the process flow chart of Fig. 2. Since the
argument is "i%", the following information can be retrieved in accordance with
the statistic information memory unit 25 of Fig. 5:

The possible sentence pattern and its probability value:

SVO 0.41, SVOO 0.30, SVOC 0.18, SVOOC 0.11
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(1) The possible case marker arrangement of each slot of the SVO sentence
pattern and its probability value:
SLOT1: time 0.2, purpose 0.39
SLOT2: time 0.39, location 0.09, time_at 0.21, time time_at 0.17,
time time_at location 0.07

SLOT4: location_to 0.25
(2) The possible case marker arrangement of each slot of the SVOO sentence
pattern and its probability value:
SLOT2: time 0.16
(3) The possible case marker arrangement of each slot of the SVOC sentence
pattern and its'probability value:
SLOTZ2: time 0.24
(4) The possible case marker arrangement of eaéh slot of the SVOOC -sentence
pattern and its probability value:
SLOT2: time 0.11
The largest SLOT number: 6
The possible sentence pattern number: 4
The modifier's case markers in the Chinese dependency structure: subject, time,
time_at, object, loc_to | L

The Chinese phrase structure as shown in Fig. 7B may be
obtained by the use of the above information and the branch-and-bound
algorithm, on the other .word, by the calculation result, it is known that the
arrangement of the case marker TIME in SLOT2 is better than in SLOT1. Then,
the accessory item generating unit 30 respectively retrieves the case marker,

Japanese marker, semantic code_ of each leaf node as searching key in
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accordance with the Chinese phrase structure in the buffer unit 60, retrieves the
corresponding phrase head and phrase tail markers in accordance with the
accessory item infoﬁation memory unit 35 of Fig. 6, for example, the phrase
head marker of time_at is "#", and generates Chinese preposition structure, for
example, "JLEE" will be generated into the preposition sentence of "Z-EJ‘L%E"..
The generated Chinese phrase structure aé tf_'nis time is shown in Fig. 7C.

Then, the post processing unit 40 determines that this sentence
pattern is a “#8” (“ba") sentence, so that a “.#E" (“ba”) sentence process is
performed. The Chinese phrase structure génerated at this time is shown in Fig.
7D. Using the lining approach, the Chinese sentence "&4 X7 A BN &% 3|2
" can be generated. Then, the output unit 50 may output this Chinese
sentence to an output device such as a monitor or a printer.

From the foregoihg, the apparatus of the present invention can

overcome the problems that are associated with the prior art, that is, the

'advantages of the present invention are:

(1) The number of rules needed for the Chinese generation for
machine translation can reduce 1/3 due to the use of statistic data information,
thereby 'gre.atly increasing the operation_ efficiency (speed) of the machine
translation. |

(2) The QUality of the Chinese generation can be greatly improved
since the difference in the possibly generated sentence pattern can be
overcome and the arrangement sequence of each item in' the sentence can be
determined simultaneously.

(3) The system maintenance -become easier as the number of the

rules is reduced. Furthermore, since the competition between the rules is
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reduced, the translation quality is more stable.

While the present invention has been described in connection with
what is considered the most practical and breferred embodiment, it is under-
stood that this invention is not limited to the disclosed embodiment but is
intended to cover various arrangements included within the spirit and scope 'of” B
the broadest interpretation so as to enéompass all such modifications and
equivalent arrangements. For example, the source language is not limited to
Japanese language, or the language structure inputted can directly be the

phrase structure instead of the dependency structure.
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WHAT IS CLAIMED IS:

1. A Chinese generation apparatus for machine translation which
converts a dependency structure of a Chinese sentence into a Chinese
sentence, said apparatus comprising: '

a statistic information memory unit for storing the argument item of the
dependency structure of the Chinese sentence, the possible sentence pattern,
the possible case marker arrangement of each slot and the comresponding
probability value; _

an accessory item information memory unit for storing the case marker,
the source language surface case marker, the argument semantic code, the

semantic code of the modifier and the corresponding phrase head surface case

. marker and phrase tail surface case marker;

a main item location determining unit for retrieving the sub-structure from
the dependéncy structure of the input Chinese sentence, fdr retrieving the
60rresbondin‘g possible sentence pattern and the corresponding possible case
marker arrangement in each slot and the corresponding probability value from
the statistic information memory unit with the main argument of the sub-

_ structure as the searching key, and for orderly generating the Chinese phrase

structure in accordance with the evaluation function;

an accessory item generating unit for retrieving the case marker of the

leaf node item, the source language surface case marker, the argument

‘semantic code and the corresponding node item semantic code as searching

key from the Chinese phrase structure, for retrieving the phrase head surface
case marker and the phrase tail surface case marker from the accessory item
information memory unit in accordance with the searching key, and for ordeﬂy
generating the preposition structure for the Chinese phrase structure; and

a post pro_cessihg unit for retrieving each clause structure from the
Chinese phrase structure, for generating the question sentence or the “i”
("ba") sentence or the negative sentence or the passive sentence or the

IO
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imperative sentence and the corresponding tense marker and punctuation, and

for converting the Chinese phrase structure into the Chinese sentence with the

- use of the lining approach.
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