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Japanese to English Sentence Pattern Generations
for Semantically Non-Linear Complex Sentences

SATORU IKEHARAT and SaTsuki ABE!T and MasaTo TokuHisAT and JIN’IcHI MURAKAMIT

Abstract : In order to breakthrough the limitation of the conventional method based
on Compositional Semantics, it is expected to realize a new translation method based
on Sentence Patterns in which non-linear structures of linguistic expressions are
represented as semantic units. This paper proposes the way to judge the linearity or
non-linearity of linguistic expressions based on their definitions and how to generate
sentence patterns from huge bilingual corpora. According to this method, three
kinds of sentence patterns such as "word level”, ”phrase level” and ”clause level”
are generated in this order from Japanese to English corpus. In the experiments,
150,000 sentence pairs for complex and compound sentences are extracted from one
million sentence pair corpora, and 128,000 patterns, 105,000 patterns and 13,000
patterns for each of three revels were generated from these sentence pairs. Due
to the clarifications of decision process, the generation processes of the sentence
patterns were mostly automated by using the results of morphological analysis and
these 246,000 sentence patterns have been obtained in a year.
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After sitting on the tatami floor for an hour, my feet were asleep.l]
00000000000 VPIOOOOOOOOOO CL2
-0 After VPl.ing, CL2.past.

(1) 000000
0000000000000000000000000000000000000000
000

Y0000000000000000000000000000000000000000000000000
gobobooooooooooooooobooooooooooboboOooooooooboboOoOoooooooOobon
OO0t 0000000000000 O0O0OOOCOOOO0O0OOOOOO

17



oooooo Vol. 2 No. 3 July 1995

() 00D00000D0O00000000000000000000000000000
000000000000000000000000000

(i) 0000000000000000000000000000000000000
oooo

(iii) 000000000000 0000000000000000000000000
00000000000000

(2) 000000000

0000000000000000000Y00000000000000000000

0000000000000000000000000000000000000000

00000000000000000000000000000000

3.4 UOU0oodobobOoooooboo

0000000000000000000000000000000000000000
(1) 0000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
(2) 000O0O0DO00O0O0O0D000O0
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000
(3) 0000000000
00000000000000000000000000000000000000 (1)
000000000000000000000000
(4) 0000000000000
0000000000000000000000000000000000000000
000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000

0V OopDo0o0000000000000000000000000000000000000000@G) 0000
000000000000 00@() 000000000000 000000OD000000000000O (i)
00o00o000o0o0o0o0oo00o0oo000ooo(vy 0000000000000 00o0ooo0o0oooUooo
o0@ooooooooooo

18



goooooooood

ooooooooobooooooooooobooOoooooo

XRBILT 7 A v ‘ SERBISLT 7 £ v ‘ ’ﬁ%ﬂuxw
(10075 3T4¥) (154,9583C %)
Y Y
AR | | [Esm—xoms
Y Y
SR EXOEIF = v
ZTORERDF = v 2

] @ﬁ [ wremmiRou
ARG = 7 AR
4 p. 11 [
WRERT = 7
e e G D)
| w71 [4—(omms )
’@ﬁﬁﬁL~7ﬁ (s )
foer AE” WEBHEAT = )

B E)ZE8Ut & B

FR & HERHERR

ETyE L
[?éﬁ&ﬁ“ ] [f%%%%%@::j TsER
| amami \
faoane” EFEOHSE
(=292
N2> & NPA DR ﬂém
V1 5VPANDYLR

Fk & KRR

I

iV VP
XEY -V

iV ozt ;g fiLy
X gid;:t:}
iV VB O B

V=) LYt o
ko Rl L

( #T )

Ul gboobbooboobod



oooooo Vol. 2 No. 3 July 1995

4 QODOO0OOOOO0OOOO0O0O

gboboobooboooooooboooooooobooboooboooooboooboaon
gboboooboobooooboobooooboooooooboooooobooooooooo
gboboboboboobooboobooooooooboooooooobooboooobOoboDbo
oo0ooooooooobooDboObo0o0oooooobooD 9970000000000 00DO
gbobobobooboooooooooboooboooooooobooboobOooboobobOobo
gbobobobobooboboboboboboboboobobobobobobOobobo
gboboboboobobooooooboooboooboooooobooboobOobobOobobo
gbobobobobobobooboobobobooobobobOoboboboboOoDbo
gbooooobooooboboooobooooon

4.1 0O0OO0OO0OO0OO0O0OOOO

(1) 00000000000
0000000000000000000030000000000000000000
100000000000000000001550000000000000000000
000000000000000000000000000000000000012.90
0000000000000000000000000000000000000000
000000000000000000
0000000000000000000000000000000000000000
0ooooo
00000 000000000 23.30000 14800

000000000000 1290000006300
0000 0000000 1030000005900

U3 0000o0go0o0oo0doggogn

ood oo gooooooo goooooooo
gooo oooooooooboo 72,018 57,235 (44%)
gooo oooooooooboo 7,292 6,196 (5%)
oooo oooooooDooboDo 54,931 46,907 (36%)
gooo oooooooooo 6,688 5,986 (5%)
oooo oooooooooobooooo 14,029 12,389 (10%)
od oo 154,958 128,713 (100%)

(2) DOOoODUODOOoOOOoOO
obooooooooobooobooboobooobooobooboobooboooooo
gbooooooooobooobooboobooooooboobooobooooOooonoo
obooooooooobooboooooono

20



goooooooood ooooooooobooooooooooobooOoooooo

0 4. 00000god

0 oo oooo
00O oooo
O 0o 417,886 | 56,861
0| ooOOo 223178 | 10,324
O 0000 51,018 271
0| oOOo 31,681 915
S EIEIEE 19,587 2,562
0 oo 39,051 3,191
O OO0 32,585 731
0| ooOOo 3,146 7
O OO0 147 60
10| OooO 1,068 110
11| ooo 1,749 336
12| OoO 165,251 236
13 oo 465,811 349
14 0o 121,555 32
0 0O 1,574,613 | 76,055

s 0000000o00o00dn

oo oooo ooooooOoo
ooooooo oooo ooo

oooogQ 128,071 58,194 0 45.4%) | 165 00.13%0

oooo 104,619 18,643 0 17.8%0 | 1,810 (1.7%)

ooogQ 13,031 4,638 (35.5%) | 2,381 (18.3%)

oooQ 245,721 81,475 4,356 (1.8%)

gbobooobooobobobooboboboobobobooboboboooo
goobooboobooboobooboboobooboobooboboobbomon
gboooboobooboboboobooboobon
00000000000000000000000000000000000 45%018%0
3p%00000000000000000000000000000000O0O0O00O0
gboboobobgoooobobobooobobobooboboboobboooo
0000000000000000 5,000000000000000000 18%0000
gbobooobobooobbooooboboboboobobooboboboooo
gooobooboobobbobooboobooboboo
obooooooooooooooobD 24600000000D0D0ODO0ODO34000
000000000000000000000YM000000000000 1/10000
goooboooobooo

N Oopoo00000000000000000000000000000000000000 3000000000
00300/0000x 1500000 450000 37.50000000000000000000000000O
goboooooooodooooooooooooooooobooOoon

21



oooooo

Vol. 2

No. 3

4.2 0O0O0O00O0O0OOOOOOOOO

July 1995

gboobOoboooobooboooboooooobobooooboooboon

U6 00000000O00O0O0O0DOOOOO

oo goooboobooobooooD gooboooboooooo
O goooog 000/N10/00000 /N2.dal Such N2 be unseemly for N1.
O ooooo ooooooooooooooo Such behavior is unseemly for students.
0 [000000 | #1[N1O]/N20/vs/000/#2[00/000] #10 N10 10 can V5 what N2 V3 #2[to some
0 /V5. extent].
] goooo goooooooooooooooo I can understand what Jiro says to some
extent.
oooooo | 0oog/Vitemiru.ta O /N2 0O /NP3.dald All things V1.past, N2’s NP3.
O gooooo gooooooooooOoOoooooooo All things considered, that’s the best solution.
O opoood
0 000000 | #)I0N1OO/NP20/V3nai 00 /VP4gimu/ | It is AJP(VPA4) that #1[N10 you] should
O opoog V3.not NP2.
goooo goo0ooooooooOoOoooooooo It is really pitiable that you should not know
ooooooo the Prime Minister’s name.
gooood ON1OO/CL200 /V3.nai.kakoO #10 N10O 10 did V3.not CL2.past.
O ood oo0ooooooooooooooooo I didn’t know he could speak English so well.
O oo
O gooooo CL1.teiru.nai.da O /N2 O /V P3.kakoO N2 VP3.past that CL1.not.
O ooooo g00o0o0ooooooooOoooooooo I convinced myself that she did not love me
gooooooogoo any more.
0 7. 000000000000000000
ooo oooo gooooooooOooomoooooooooo
gpoooo opood opood oo
0000 | 57,235 (44%) | 56,883 (3,305) | 45,241 (7,885) 6,343 (822) | 108,467 (12,012)
oooo 6,196 (5%) 6,179 (99) 5,079 (127) 424 (7) 11,682 (233)
0000 | 46,907 (36%) | 46,684 (2,676) | 38,654 (7,722) 3,807 (622) | 89,145 (11,020)
oooo 5,986 (5%) 5,973 (84) 5,307 (223) 874 (63) 12,154 (370)
0000 | 12,389 (10%) 12,352 (178) 10,338 (313) 1,583 (32) 24,273 (523)
00 128,713 (100%) | 128,071 (6,342) | 104,619 (16,270) | 13,031 (1,546) | 245,721 (24,158)

oo0oDoO0o0ooDbOo0ooboooOooD 12871300064200000000000000
gboobooobobooboboobobooi2goriobooobooooboooooobo
6,3420 (5%)0000000000000000O00O0O0OO0O0O0OO0O0O0O0O0 121,72900

goo

0000000000000000000000000000000000000 82%00
0000000104,619000000000000000000016,2700 (16%)00000
O00o0O0o0o000ooOb00o0oo0DbDoO0o0oooooooses349oogon

gboboboobooobooobooboobobobo e3igooooooooooaon
1/1000000000000000000000000000O00000O0O0O0O0O00O0

22




goooooooood gooooooooboooooooooooboooooooo

ggbodabbooboobobooboobboobboobooobooboobobooann
gboboobooaoboobooogan

00000000000000000000 1,460 (11.9%) 0000000000000
0000000000000 0000000000000%0000000000016%00
ggboaobgoboobboogbooboboobooooboobbooboobobooann
gboboobooaood

gboboodboobobuoboboobuobooabobooboboooboboobanbogan
oboooboob24600000000000000000000DO000O0DO0O0O0O0O0O 24,157
0098%)0000000000000000000OO221,56400000

4.3 0O0OO0OO0OO0OO0O0OOOO

(1) 0OoO0OO00o
000000000000000000000000000000

g8 goaogoan

0o oooo (0o)
0o ooooo 0ooo 0ooo
N 303,319 (64.2%) | 138,033 (43.4%) | 10,135 (30.8%)
TIME | 8,527 (1.8%) 5,187 (1.6%) 529 (1.6%)
NUM 6,036 (1.3%) 2,314 (0.7%) 189 (0.6%)
% 101,484 (21.5%) | 48,036 (15.1%) | 4,254 (12.9%)
REN | 21,241 (4.5%) 2,158 (0.7%) 127 (0.4%)
ADV 11,491 (2.4%) 7,631 (2.4%) 603 (1.8%)
AJ 10,950 (2.3%) 6,193 (2.0%) 425 (1.3%)
ATV 9,473 (2.0%) 6,273 (2.0%) 434 (1.3%)
VP — 58,908 (18.5%) | 2,838 (8.6%)
NP — 40,629 (12.8%) | 1,985 ( 6.0%)
AJP = 1,341 (0.4%) 78 (0.2%)
AJVP — 935 (0.3%) 37 (0.1%)
ADVP — 117 (0.0%) 8 (0.0%)
CL — — 11,280 (34.3%)
00 472,521 (100%) | 317,755 (100%) | 32,922 (100%)

gobooboboooboooboooobooboobooooobooooobooooobooooon
oooooooooveOO0O0ODOOOO0ODOOOOODODOOODOOODOOODOOOO
00004700000000000062%00000000000000000000
gboooooogosoubog3roobouobobooooboooobobooboooonog
goog2200000

0000000000000 0000000000000000000005900 (78%)
gbobobobooboooobooooboobooon 28200000000000000
gboboobOoboooboobloobooboooooogon
000000o0o00ooooooooooo 38%022%096% 000000000000

23



oooooo Vol. 2 No. 3 July 1995

(2)

(3)

gbuooodgbobooboboboobobuoboboobuobboaoboboboobooooa
obobooo0o13gbobooooboobooboooooobooboboboooooooon
gbbooboobogboobooboobobbobbooboobooboobaoo
gbooabood
gogobobbooogoobobooooobobbooooboobbbuoooobboaa
oobooobooooooooooboooboooobooorobobOoOoboOo090b0DbD0O0
oob1s5000000000000000DOO00O0O00O0DOOO0DOOODOOODOOO
gbbooboobogboobooboobobbobbooboobooboobaoo
gboobooooobogbobooboabd
goboboboooobobooooboboooobobbooobbbuooaobooboaa
6240 0000000000000O000D00O0O0O0DOO0OOO0DbOOODOObOOODbDOn
goboooboboooboooooseeboobooooooobooboobooboboobooooonoo
oboooboobooob 12900b00000ob0oob0o200b0b0ObOO0ODOODbOODnOO
0099Y% 0 000000000000000000000UO0OO0
obooooobooboobooboobobobobobobo o0oobobon 40100
gooboobissbbogaooooboobogobobboooooboboooooobooboa
gboaboooboobgooaboad

gboobgbooboboobooboobobbooboobobooboboooan

ggbodabboobooooboobboooboobboobooobooboobobooann
gboboboodabouoobgbboboobooboboboboobooaoboobooobaboo
gbobooboooboobgoobobooboaoboan

44 0O00O00O0OOOOOOOOOO

(1)

gooooobooooooo
gbobooobooooobooobooboobooooobooobooboooobooooo
gbobobobobobooooooboooooobi1290b00b00b0bOobOong
0000000000000 00000000000000000 %00 16%0000
good
gobooobooboobooobooooooboooboooboobooboooboOoooo
gobooboooobooooobooboboobooobooobooboooboooobooooo
gboboooobooooobooboobooboobooooboooboobooooboOoooo
gboboobooboobobobobobobobobobOobobobobOoboboo
gbobooboboooboobooooboooobobouoooboooobOoooo
bobooobooobooooobooobooboooobooooobooooboobooooo

24



goooooooood

ooooooooobooooooooooobooOoooooo

g9 ao0aoaooan

ooo o000 (00)
(4000 ooooo oooo oooo
ta 33,155 (38.42%) | 33,138 (37.57%) | 5,614 (36.23%)
teiru 9,737 (11.28%) | 11,090 (12.57%) | 2,126 (13.72%)
reru 8,663 (10.03%) | 8,750 ( 9.92%) | 1,282 ( 8.27%)
da 7,879 (9.13%) | 6,574 (7.36%) | 693 ( 4.47%)
nai 6,489 (7.52%) | 6,426 (7.20%) | 1,318 ( 8.51%)
teinei 1,304 ( 4.99%) | 4,815 ( 5.46%) | 1,029 ( 6.64%)
suites 2,029 (2.35%) | 2,374 (2.60%) | 250 ( 1.61%)
you 1,880 ( 2.18%) | 1,799 ( 2.04%) | 259 ( 1.67%)
meirei 1,570 (1.82%) | 1,331 (1.51%) | 517 ( 3.34%)
tekudasai | 1,126 ( 1.30%) | 994 ( 1.13%) 144 ( 2.87%)
tekura 1,040 (1.21%) | 1,068 ( 1.21%) | 302 ( 1.95%)
joutaihenka | 930 ( 1.08%) | LAL7 (1.61%) | 358 ( 2.31%)
tai 905 ( 1.05%) 895 ( 1.01%) 51 ( 0.33%)
tekurery 719 ( 0.83%) 707 (0.80%) | 128 ( 0.83%)
teshimatta | 639 ( 0.74%) 526 ( 0.60%) 58 ( 0.37%)
gimu 574 (0.67%) 648 ( 0.73%) 89 (0.57%)
dekiru 542 (0.63%) 813 ( 0.92%) 80 ( 0.52%)
sase 521 ( 0.60%) 694 ( 0.79%) 71 ( 0.46%)
darou 505 ( 0.59%) 534 (0.61%) 184 ( 1.19%)
teiku 399 ( 0.46%) 427 ( 0.48%) 57 ( 0.37%)
temiru 391 ( 0.45%) 399 (0.45%) 60 ( 0.39%)
teoku 326 ( 0.38%) 356 ( 0.40%) 59 ( 0.38%)
sugiru 326 (0.38%) 317 ( 0.36%) 14 ( 0.28%)
souda 201 ( 0.34%) 311 ( 0.35%) 63 (0.41%)
utosury 249 ( 0.29%) 232 ( 0.26%) 30 ( 0.19%)
desu 215 ( 0.25%) 311 ( 0.35%) 28 ( 0.18%)
kaishi 193 ( 0.22%) 211 ( 0.24%) 84 (0.54%)
teshimau 189 ( 0.22%) 208 ( 0.34%) 75 ( 0.48%)
tearu 189 ( 0.22%) 205 ( 0.23%) 64 (0.41%)
yotei 65 ( 0.08%) 89 ( 0.10%) 1(0.03%)
rashii 53 ( 0.06%) 72 (0.08%) 23 (0.15%)
nisuru 46 ( 0.05%) 198 ( 0.22%) 16 ( 0.10%)
teyaru 15 (0.05%) 61 (0.07%) 7(0.05%)
teyoi 42 ( 0.05%) 40 ( 0.05%) 2 (0.01%)
noda 38 (0.04%) 38 (0.04%) 23 ( 0.15%)
hougayoi 31 ( 0.04%) 33 ( 0.04%) 2 (0.01%)
katei 3 ( 0.00%) 2 ( 0.00%) 1(0.01%)
kirezu 1( 0.00%) 0 ( 0.00%) 0 ( 0.00%)
og 86,295 88,193 15,495

0000000000000000000000000000000000000020
(2) 0000000000

000000000000000000000000000000000000000

0000000000000000000000000000000000000000

2 0p000000000000000000000000000000000000000000D00000O0
00000000000000000000000000000000000000000000000000
gooooovoOobgOOr8s00000O0O00OOCOOOOOOOOOOOCGOOO

25



oooooo Vol. 2 No. 3 July 1995

000000000000 00000000000000000000000 0.2%00
ooooto

5 Hogg

gugobbobooooooooooooboobobooooboobooooobooooabn
ggbodabbooboobboobooboboobbooboobobooboobobooann
obooooooooboooboobobooooboOo 1ih0b0bobooobooooboooooooon
oboboobobooboobooboobooboobooooboo 128000105 0001300000
246000000 2211000000000
guooboboboboogooboobooooobooooooobooooboooboboabn
ggbodabbooboobbooboooboobbooboobbooboobobooann
gboogogoooooooooogbooboobooboobobobobodoboboobobooan
gboboobooabouooboobbooboobooboboboboboboaoboobooobaoboo
gbooboboobobobooboboboobobooboboobaoboooan
gboboobouogoobogbooboboobooboboobooboboaoboobabo
gboboodgbooboobooboobuoboobobooboboboboooboboboooan
ggboboggboooboobboabbooabbooboooboooboobbaann
00000000oO00ooooooo 1/lo0oo00ooo0oooooo0ooooooooooo
goooabood
gboboodgbobooboboobobooboboobobooooboboooan
ggboaobooboboooboobooboboobboobooboboobooboboann
ggboaboboobooboboobboooboobbooboobboobooboboaann
goooaoo
gboobdbooboobobobobuobooboboobobobobooobobobaoooan
ggbodabboooboobboobooboboobbooboobbooboobobooann
gogboaobooboobbooobooboboobooooboobbooboobobooann
ggboogoboobboooboobboobboobboobbooboobbaoobaann
0000000o00ooo0o0oo()0D0oooo00o0ooo0o0ooooooo()oooooo
gogboabobgoboooboboobbooboobbooboobbooboobobooann
gbobobooobooboobobooboaoboobooog

B O0p00D0000000000000000000000000000000000000000000000
000000000000000000000D0000000000000000000000O00O00000O00O
gooooooooooooo

26



goooooooood gooooooooboooooooooooboooooooo

0d

Oo00000000000O00OO0JSTOO0000O0O000000CRESTOOOODOOOO
gboooooboooobobooobooboboobooboooooboboooobOoboooDoo
OO00O0O0000000000000O0O000000000000 ATROOOOOOOONTTO
oo0bDo0ooDOo00oo0O000O00DbO00DbO00DLOO0DOO NTTOODOODDOODOODO
gooooooooo

ooon

00000000000000000197MO0000000000000000000000
0000000 Vol.28, No.12, pp.1269-1279

0000000000000000000000000000000000000 (1997)@0 O
0000000000000000

000 (200)0000000000000000000000000Vol.16, No.3, pp.522-430

00000000000000000000000000000000 (200200000000
000000000000000000000000000000 TL2002-34, pp.7-12

0000000000000000 000000000000000002003M0000000
0000000000000000000000000000000 TL2002-480 pp.1-6

000020030 00000000000000000TLOO0 03-12000

000020040 000000000000000000000000NLOOO04.100)

0000000000000000000000000000 (2004)00000000000
0000000000000 (NLPOOO)

0000000000000000000000000000000000000 (2003)00
0000000000000000000000000000000002003-NL-1550
pp.31-38(2003.5/26/27 00 0 )

0000000000000000000 (2003)00000000000000000000
000000000000000000002003-NL-153-160 pp.119-124(2003.1)

000 (1996)M 00000000000

000000000000000000000 (1998)000000000000000000
0000000000 (1998)

00000 (197)D0000000000000000000

gd
o0 0d: 1967000000000 D0O00DO0O0O0OO0OeY00DOoooo
gboobobogoboobooboboobobuooboboboboboo
gogbooobobobooetnobobobobooboobobod

27



oooooo Vol. 2 No. 3 July 1995

obobooboboboboooeee2booooooooooesooon
o099 o00o0boogboooboobooobooobobboobooooooo
goz200200000000000000000000DO0O0O0DO0OODOO
ugbogboobobboboobooboobobooboan
ooooog:. 19870boooobooooboobobo200000000000
o0o00oboooboobOoboooboooboobooobooosroooon
obooooooom20b00o0oooocooobobooooboobooboDbo
ugbogbgobooboboboobooboobobooboobaoba
ubogbgobobboaobooboaoobon

o0 ob: 199 0000000000000000000000DO0000
ugbogbgoboboboboobooboobobboboobaodoona
ugbogboobobbobooboooboobobbooboobaoba
ubooboobobboaoboobaoobon

o0 ob0:. 194000000 30000000000198600000000
oboobOoboooooo0o0oboboDbD NTTOODONTTODODOOOO
0000001991 0000000000 (ATR)OOU0OOO0OO0O0OO0O0OOO0OO0O
vboogbogboobobooobobobooooboobaoboboood
ugbogbooobobboobooboobuooboobooa

(19950 50 60 00)
(19950 70 80 OOD)
(19950 90 100 00)

28



