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Meaning Analysis and Correspondence of Time Expressions
for Japanese to English Machine Translations

SATORU IKEHARA,* JIN'ICHI MURAKAMI' and KAZUYUKI MATOBA? -

Japanese to English machine translation method for time expressions is proposed for the
sentences which have the popular ending forms such as “ru”, “ta”, “teiru”, “teita” and “ru +
daroiu” And similar method is proposed for Japanese complex sentences which have quoted
clauses. First, in order to represent the time relations, “Event time (E)”, “Reference time
(R)” and “Speech time (S)” are introduced and intermediate expressions for time expressions
are defined by using these symbols. Next, Japanese time expressions are analyzed using the
information about sentence types, verb types and adverbial phrases to obtain the interme-
diate time expressions. English time expressions are generated from the intermediate time
expressions under the constrains of syntactic categories of Tense and Aspect in English by
using Valency Pattern dictionary. The result of experimental evaluations showed that 87%
of Japanese time expression in simple sentences was correctly translated and the translation
accuracy for complex sentences was 79.5%. In the other experiment comparing to a current
system, our method showed 16% superior to it.
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Fig.1 The relations among Event time, Reference time
and Speech time.
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Fig.2 Translation procedure for time expressions.
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Table 1 Classification of verbs.
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Table 2 Rules of time relations for Event time and

Reference time.
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Table 3 Rules of time relations for Speech time and

Reference time.
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Table 4 Time related adverb classification.
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Table 5 Examples of time related adverbs.
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Table 6 Decision rules by time related adverbs.
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Table 7 English time expressions.
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Fig.3 Example of valency patterns for Japanese verb
“tsukareru”.
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Fig.4 Valency patterns for example #22.
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Fig.5 Example of time relation for complex sentences
(example #26).
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Fig.6 Example of time relation for complex sentences
(example #27).
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Fig.7 Example of time relation for complex sentences
(example #26).
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Fig.8 Example of time relation for complex sentences

(example #27).
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Fig.9 Example of time relation for complex sentences
(example #28).
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Table 8 Translation results (1).
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Table 9 Translation results (2).
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0.5% (1)
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Table 10 Comparison to current system.

ooooo oooo ooooo
o X [e] X
0o (40) 80% 20% | 72.5% | 27.5%
(32) (®) (29) (11
oo (51) 80.4% | 19.6% | 52.9% | 47.1%
(41) (10) (27) (24)
0oooooo (58) | 48.3% | 51.7% | 34.5% | 65.5%
(28) (30) (20) (38)
oooooo (2) 100% 0% 100% 0%
(2 (0) (&) 0
00 (151) 68.2% | 31.8% | 51.6% | 48.3%
(103) | (48) (78) (73)

6.3 00OOOODODDO
00000000000 0000000000000
000000 150000000003 00000
00D0D0000DO0000000 15100000
00000000D000000D0000000oeeg
00000000 mMO0O0O0000000n0onog
00 2000000000000 600000000
000000000000000000000000
000000000000000600030000
0o0oo
010000000000000000000000
0000000000000 00000000000
16.6%0000000000000000

7. O O

6.1000 63000000000CDO0OOOOOO
goooog

U0 DpoOooOo000O00000000000000000000
0000000000000000000000000 25)0
01000 2000000000000000000000
00000000000000000



462 goooooooo

7.1 OO0OOOOOOO
7.1.1 00000000
000000000 0ooooooO 92.5%0000
0o0ooooooooo 1s0000o0o0oooo 7
0000000000000 oooooooooon
Ooooo20000
000 200000000000000
It is quite cool these days mornings and evenings.
oooo ooooo
ooooooooooo
O00ooooooDmbedODOOOOOODODOOO
odoooopooooUooocmooooooooo
O000o00ooOooooooooooooooood
000000000000 0o0o0ooooomoooan
0000o0ooo0ooooooooooooooon
0000000000O0O00D0O0O0OO0O0O4.20000
00000000000 o0oOo0ooooooooog
goooooooO0ooooogooooooooo
oooOooooooooOooodoooooooo
ooooooopooooooo 3gooooooo
goooo
000 300oopoouooooooooooooog
JNR had many deficit-ridden lines.
oooo ooooo
ooooooooooo
0000o0oo0o0oooooooooooooooao
00000000000 0000000ooooogg
7.1.200000000
oooooooooOo2000000000000
Jo0dooooooo0oooooooooo 8oooo
000 geUUODDUOoDoOooooooooooog
0ooooooove0O0O0O0OOOUOOOOOO
0ooo200000000089.5%0000
00o0oo0ooooo4poooooooooo 11
O00o00o0ooooooooooo
000 3100000000000000
Our term exams begin tomorrow.
oooo ooooo
ooooooooooo
0000oooooooooooooooooooo
doodooooouoooooouooooooooo
o0oo000ooooOooooooooooooood
O0o0o0o0oOoOooOoooOoooOooooooon
00000o00o00oooooooooooooooo
0000oooOooooooooooooo
00000o0oooooooooooooooog

Feb. 2003

gooooooooDooocOobooOoo sggobooo
7.1.3 0000000000000
000000000000 00O00oo00o0o0 65.0%
00000000o0oooooooooooooood
00000o00o0ooooooooooooooog
ooooooooooooo
00Mo0ooooooooooooo w0000
oooooOoooO0ooooUooooooooooo
Moodooooooooooooogleoonood
00oooooooooopoooooooooooo
0 56.0%0000
714 000000000000
O0000000o0ooooooooooooooo
0008e%I 00000oo0oool1o0oooog
000000000 40000000000000
Jo0o00ooooooo0ooooogoooooog
000000000000o00oU 2000000000
000 3200000000000000D0O0O0000O
She is sure to make a comeback on stage.
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Table 11 Analysis of translation results.
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