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2

2.1

2.1.1

1

[2]

(2.1)

G =< VX , VC , VT , PD, PP , σ > (2.1)

VX : , VC : , VT : (2.2)

PD : , A → B A ∈ VC , B ∈ VT (2.3)

PP : , A → α A ∈ VX , α ∈ (VC ∪ VX)
+ (2.4)

σ(∈ VX) : (2.5)

VT VC VX

NP VP

CKY 2.1 CKY

4



(2.6)

A → BC A ∈ VX , B, C ∈ (VC ∪ VX) (2.6)

S I saw a girl with a telescope

2.1

/

2.1: CKY

S → NP VP N → I|girl|telescope

NP → DET N NP → I|girl|telescope

NP → NP PP V → saw

VP → VP NP VP → saw

VP → VP PP DET → a

PP → PREP NP PREP → with

2.1:
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2.1.2 ATN

Augmented Transition Network ATN [2, 6]

2.2 2.2

jump 2.2

NP → (DET) ADJ* N S → NP V NP*

(DET) DET ADJ*

ADJ 0 the/DET girl/N pretty/ADJ

little/ADJ children/N 2.2 NP

pop

ATN

ATN 5.3.1

2.2:
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2.3 (c)
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[2]
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2.3:

[7]

SMT statistical machine translation

SMT

2.3 2.3
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1 2.3

KyotoEBMT [8]

[9, 10]

2.2.2

SMT

tree-to-string SMT 2.2.3 2.2.4

2.3:

SMT

SMT

MT

2.2.2

“ ”

ALT-J/E [11]

1.

2.

1 2.3
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9

10

10.1

10.2

10.3

11

12 /

13

3

1 6 7 9

10 13

2.4 [12] 2.4 N1 N2

“ ” “ ” “ ”

2.4:

N1( ) N2( ) N1 spend N2

N1( ) N2( ) N1 live N2

N1( ) N2( ) N1 wake N2

N1( ) N2( ) N1 file N2

11



2.2.3 tree-to-string SMT

SMT tree-to-string SMT TTS-SMT

[13, 14, 15] TTS-SMT

SMT

TTS-SMT

TTS-SMT

TTS-SMT

Travatar 9.2 travatar

2.2.4
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3.4

Mt. Fuji is higher than Mt. Daisen.

[17]

< 1> < 2> < 3> < 1> is < 3

> than < 2>.

“ ” “ ”
2

be “is” “than”

< 1> < 3> “ ” “

” “ ” “ ”

2“ ” “ ”
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[3]

4.3

4.1

4.2
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4.1:

4.2:

1

4.2

4.3 ( ,

)
2

“/”

4.7

4.3 3

2

22



N1

V4 “ ” “ ”

N1

“#1{” “,” “}”

3 “,” “N1 ” “,” “N2 ”

“ ” “ ”

V4 “ˆmeirei” “.meireigo”

“V4ˆmeirei” V4

“V4.meirei” V4 “( 1| 2)”

“ ” “ ”

V4 N3 “after”

“turn” “ˆbase”

“V4ˆbase” V4

4

4.3 “ ”

“ ”

“after”

“Cross” 3

“ ”

“ˆmeirei” “.meireigo” 3

“after” “ ˆbase”

3

3

4 [20]

23



4.3:
ID AC000213-00

Cross the street after the traffic light turns green.

/#1{/N1( , , ) ,/N2( ) }
/ /N3( ) /cf(V4( , , )
ˆmeirei|V4( , , ).meireigo)
V4ˆbase N3 after N1 turn N2 .

/N1( , , ) VP2( , ,
)( | )/(VP3( , ,
)ˆmeirei|VP3( , , )

.meireigo)
VP3ˆbase after N1 VP2 .

/CL1( , , )( | )
/(CL2 , , )ˆmeirei
|CL2( , , ).meireigo)
CL2ˆbase after CL1.

4.3

4.4

4.4

4.4

“ ” “a big smile”

“ ” “ ( )”

4.4 “ ” “a

big smile”

“ ” ADV “ ” V

“big” AJ “smile” N

“ ”

“a big smile” “ ” VP “a

big smile” NP 4.4

24



4.4:

She greeted me with a big smile.

N1 ADV2 V3 N4 V5
N1 V2 N3 with a AJ4 N5.

N1 N2 V3
N1 V3 N2 with a big smile .
N1 VP2 VP3
N1 VP3 with NP2.

4.4

12

2 3

5

4.5

3

121,913 79,477 25,482

4.6

4.5

4.7 4.3

4.8

4.6

4.5

[5, 21]
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4.5:

1 2 1 ( )

He drove his car to Yokohama.
2 3 2 ( )

I am paid in yen, so the rise in the yen
exchange rate has helped me.

3 2 1 ( )

My father loves using his new personal computer.
4 3 2 ( )

This is one of the old folk songs people love to sing.
5 3 1 ( )

The taste of success from his first novel
encouraged him to begin a second.

4.6:
1 2 3 4 5

55509 5664 42492 5638 12610 121913
(45.5%) (4.6%) (34.9%) (4.6%) (10.3%)
12.1 14.8 12.3 16.6 15.3 12.8
11.1 14.0 10.3 13.3 13.2 11.3

4.1

4.9

4.9

4.10 4.11

4 4.10 2
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4.7:

5

4 “/”

4 2 3
4

4.8:

/ / / /
/ /

/ / / /
/ /
( )/ / /

“after”

4.11 1

5

[22]

[22]

5 “ ” “ ”
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9.1

4.1:

4.9:
1 2 3

, , , ,
, , , , ,

, , , ,
, ,

, , , , , ,
, , , , , , , ,
, , , ( ), , ,
, ( , , , ), , ,
, , , , , , , ,
, , , ( ), ,
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4.10:
#
1

2

3

4

4 24

4.7

4.12

8
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4.11:
#
1
2
3
4
5
6
7
8
9
A
B

11 3

4.12:

’eat’ → @eat
V(N1) → V1 N1

V1

Do V1.not → Do
not V1ˆbase
(a|an) AJ1 N2 →
AJ1 N2

be N1 be → N1 @be be @be
have N1 have → N1

@have
have @have

( ) V1 → V1ˆpresent
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5

5.1

3 3

3 5.1

1.

2.

3.

4.

3

6

7 8
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5.1:

5.1.1

32



1

5.1.2 3

3

[23]1

[23]

5.1.3

2.2.1

1
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5.2

5.2

5.2 1 , “

” , “ ” “{ , , }”

[24] . “/”

“+”

5.3

34



1. / ( ,{ , , })

2. + ( )

3. / ( ,{ })

4. + ( )

5. / ( , , ,{ , , })

6. + ( )

7. / ( ,{ })

8. + ( )

9. / ( , , ,{ , , })

10. + ( )

11. + ( )

12. /nil

5.2:

SPM[25] SPM

SPM ATN 2.1.2

SPM

7.2 SPM

35



5.3.1 SPM

SPM ATN 2.1.2

pop

pop

5.3 /N1 VP2( | )/(VP3ˆmeirei |

VP3.meireigo) (P1)

“NN” “J” “Vˆ”

“( |

)” VP2 “ ” “ ”

P1 5 6

pop

“/”

pop

pop

P1 P1 1

5.2 1 “/” 2

P1 2 3 N1 N

“ ” “ ” 5.2

N NN 11 12

pop “ ” P1 N1 P1 3

“ ” P1 3 4

P1 VP2 VP
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“ ( )” VP 13 16 pop

“ ” NN 13 14

“ ” J 14 15

“ ( )” “Vˆ” 15

16 pop P1 VP2

“ ( )” VP2 P1 4 5

P1 10

pop P1

SPM

N1 “ ” VP2 “ ( )”

VP3 “ ( )”

5.3:

5.3.2

37



1.
2

2.

2.2

pop

5.3.3

5.1 5.2 3

5.1 4.2 4.3

5.1 “VP2= ( ){

}” “ ( )” VP2

“{ }”

5.2 3

2
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5.1:

/#1{/N1( , , ) ,/N2( ) }/
/N3( ) /(V4( , , )ˆmeirei|V4( , ,

).meireigo)
V4ˆbase N3 after N1 turn N2.
N1= N2= N3= V4= ( )

/N1( , , ) VP2( , , )(
| )/(VP3( , , )ˆmeirei|VP3( ,

, ).meireigo)
VP3ˆbase after N1 VP2.
N1= VP2= ( ){ } VP3= (
){ }

/CL1( , , )( | )/(CL2( ,
, )ˆmeirei|CL2( , , ).meireigo)

CL2ˆbase after CL1.
CL1= ( ){ } CL2= ( ){

}

5.4

[24]

3,000

12 2,715 4 36

5.2: 3
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1.

2.

3.

3

6.3 7.5

5.5

1.

2.

3.

5.5.1

3

5.3

3
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6.4 6.5

7.2 7.6 8.1

5.3:

(

)

5.5.2

6.4 7.6.2

5.5.3

tri-gram

(5.1)

tri-gram 3 (5.5)

(5.4)

e

41



j n

C(e, j) C(j)

j C(e) e t 3

argmaxeP (e)P (j|e) (5.1)

P (e) = Πn

i=1P (ei+2|eiei+1) (5.2)

P (j|e) � Πn

i=1Score(ji, ei) (5.3)

Score(ji, ei) =
C(ei, ji)

C(ji)
×

C(ei, ji)

C(ei)
(5.4)

Penalty =
1

exp(3)
×

1

t
(5.5)

3

5.6

1 1

(5.1)

5.7

[26, 27] [28]

[28]

SVOC

[29]
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[30]

[31, 32]

[33]

[34]

[35] [34]

[35]
4

4
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6

6.1

6.1

1.

2.

3.

4.
1

5. 2

6.2

SPM[25]

6.2

6.1

1[28]

2[28]

44



6.1:

6.1:
</N1( ) >/N2( , ) /N3( , ) /

/AJ4( ) /V5( , ).hitei.kako

<I|N1> never V5ˆpast N2ˆposs N3 to be so AJ4 .

N2= { , }, N3= { , }, AJ4= {

}, V5= ( ){ }

6.3

1.

2.
3: 5 4

4

3

7.5

45



1. / ( ,{ , })

2. + ( )

3. / ( ,{ , })

4. + ( )

5. / ( )

6. / ( ,{ })

7. + ( )

8. + ( )

9. / ( , ,{ })

10. + ( , )

11. + ( )

12. + ( )

13. /nil

6.2:

3.

4

2 6.1 “N3= ” “{ }”

6.3 “ ” “{ }” 9 4 “{ }”

6.1

“N3” “{ }”

6.4

tri-gram
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6.3:

6.5

(5.1) 5.5.3

1.

2.

3.

47



6.5

15%

10 4

10 6.2

6.2:
( ) ( )

( ) hit( ) 0.01

kick( ) 0.29

stamp out( ) 0.05

turn down( ) 0.06

( ) translation( ) 0.53

translate( ) 0.20

( ) enter( ) 0.01

enter the country( ) 0.33

get through customs( ) 0.17

entrance( ) 0.03

6.6

6.4

6.1

V5ˆpast

predicted expected

N2ˆposs his he’s N3 sister elder

48



6.4:

sister sister a sister an

sister the sister the sisters elder sister AJ4 beautiful

lovely handsome a beautiful,

I never expected his sister to be so

beautiful

6.7

5.1.1

6.7.1

12 10

10
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tri-gram 10

2

5,000

6.7.2

tree-

to-string SMT TTS-SMT TTS-SMT Travatar[13]

Travatar

Travatar KyTea[36]

Ckylark[37] 10

10

1,000

6.7.3

6.3 61%

13% 12% 3

86%

6.7.4

5,000

572 11% 572/5,000

10

6.7.5
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6.3:
(%)

N( ) 33,601 61

ND( ) 682 1

NUM( ) 1,801 3

TIME( ) 1,108 2

REN( ) 534 1

GEN( ) 7 0

V( ) 7,114 13

AJ( ) 6547 12

AJV( ) 1,541 3

ADV( ) 1,816 3

54,751 100

572

193 379 379

BLEU[38] TER[39] METEOR[40] RIBES[41] 4
4 6.4 6.4

6.4:
BLEU TER METEOR RIBES

0.290 0.574 0.568 0.771

0.217 0.641 0.489 0.756

379 100

adequacy 5

4TER Error rate
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3 A

B TOEIC 800 C

6.5 6.6

6.6

2 6.7

6.7 κ = 0.6

6.6

4 5 51.0

3.44

2.54

6.5:
5

what he says contains some truth .
What he says, is true to a certain extent.

4

capitalism and socialism is different idea .
Capitalism is incompatible with socialism.

3

i did some volleyball and sprained finger.
While playing volleyball, I sprained one of my fingers.

2

the teacher ’s to enter the university .
thanks to my teacher, I was able to get into the university.

the hospital is close to the station.
The hospital is not far from the station.

1

everything i am , but it is made .
I would do anything but that.
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6.6:
5 4 3 2 1

A

44 6 17 23 10 3.51

18 3 14 36 29 2.45

B

19 23 20 23 15 3.08

13 4 16 23 44 2.19

C

31 30 23 13 3 3.73

12 21 29 30 8 2.99

31.3 19.7 20.0 19.7 9.3 3.44

14.3 9.3 19.7 29.7 27.0 2.54

6.7:
A-B A-C B-C

0.597 0.599 0.568

0.751 0.675 0.599

6.7.6

6.8

6.12 6.13

6.8 2

6.8 A B

B A

B

5
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6.9 1

“x0: p” 2 2 “x0: p” 3

3 “ ” 2

“x0: p”

6.8:

The salesman inveigled the girl into buying the ring.

the clerk coaxed her to buy the ring .

A:5 B:5 C:5

/$1ˆ{/N1( , ) }/N2( , )

/V3( )( | )$1/GEN4/N5( , ) /

(V6( , ).sase.kako|V6( , )ˆsase.kako)

N1 V3ˆpast N2ˆobj to V6ˆbase DEF4 N5.

N1= N2= V3= ( ) GEN4=

N5= V6= ( )

I convinced him to buy the house.

the clerk and tried her daughter to buy the ring .

(

)

A:2 B:3 C:2

6.7.7

6.10

6.10
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6.9:
( → )

1 root( p(x0: p (“ ”))) → x0 “.”

2 p( p( p( (“ ”) (“ ”)) x0: p) x1:

p) → “the” “clerk” x0 x1

3 p(x0: p p(x1: (“ ”))) → “and” x1 “her” x0

r = −0.04

r = −0.16

100

98 2 2

6.10: ( )

( )

(379 ) 15.64

(100 ) 15.66

(121,913 ) 22.59

6.7.8

5,000

6.11 6.11 “ ”
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6.11: ( )

BLEU TER METEOR RIBES

0.139 0.751 0.688 0.435

0.133 0.757 0.686 0.427

6.8

6.8.1

49.0

1 3

100 3 4

5 1 3 61 61

31 30 61

“ ” “ ” 61 44

17 31 44

30 17

13 44 − 31

17

7 6.12 7
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“ ( )”

“ ” “ ” “

( )”

7

13

6.13

6.13 “ ” “opening”

“giving”

“opening”

be “are” “is”

3 be

“orders” “are”

6.12:

She is a warm and considerate woman.

She has tinier sensibilities .

A:2 B:3 C:3

/N1( , ) /N2( , ) /AJV3(

)ˆrentai!( | | )

N1 @haveˆpresent AJ3 N2 .

N1= N2= AJV3= ( )

He has many-sided interests.
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6.13:

It is outside my province to give orders.

the opening of my orders are not my province .

A:1 B:2 C:3

/N1( ) /V2( , , )ˆrentai!

#1[/N4( , , ) ]/N5( ,

).#da ( | )

N2 of N4ˆposs N1 @be not #1[N4ˆposs] N5 .

N1= V2= N4= N5=

The gratification of my appetite is not my aim.

6.8.2

1,030

837 837 6.14

6.4 6.14

1,030

572

6.15

6.15

458 1,030 572

458 100

6.15 47/100
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6.16

6.16

6.17

A 5

“ ” “ ” “

” “ ” “ ”

6.14:
BLEU TER METEOR RIBES

0.183 0.694 0.469 0.713

6.15:

47 53

6.8.3

6.7.4 11%

59



6.16:

I fell missing legs in the stairs.

I missed a step and fell down the stairs.

A:2

/</N1( ) > #1{N2( , ) , /N3(

, ) }/V4( , )( |

)#5[/TIME6( )]/V7( , , ).kako

<I|N1> V7ˆpast #5[N6] V4ˆing N3 in N2.

N2= N3= V4= ( ) V7= (

)

I spent the entire day looking at the works of art in the mu-

seum.

6.8.4

6.18

18 379

6.4 6.18

6.8.5

379

6.19 6.4
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6.17:

He is not english , but the american .

He is not an Englishman but an American.

A:5

/$1ˆ{/N1( , ) }/N2( , , )

! $1/N3( , ).#da

N1 @be not N2 , but N3 .

N1= N2= { } N3= { }

She is not a teacher, but a nurse.

6.18: ( )

BLEU TER METEOR RIBES

0.290 0.575 0.564 0.769

0.218 0.648 0.487 0.757

6.9

6.19: ( )

BLEU TER METEOR RIBES

0.277 0.588 0.552 0.759
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6.10

11%

100 51.0

tree-to-string

SMT

61 31

30 30

17 13

17 7 7

13
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7

7.1

3.7

7.1

1

2

3

4

4.1

4.2

4.3
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7.1:

7.2

64



7.2.1

7.2 4.3

7.2

“N2

” “N3 (V4” “turn N2”

“V4ˆbase N3”

7.2 2

7.2:

7.2.2

5 4 20

NP V P AJP
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AJV P ADV P 5

4 V P ( )−V P ( )

21 7.2.3 V P ( )−V P ( )

7.1

7.1:

#2[N3] N4 →

#1[N1] N2

1

→

’ ’

(V P -NP )

N1 (V2→ N1

V2

V2 “(” V2

“(”

AJ1 N2ˆpron →

AJ1 N2

N2 “ˆpron”

7.2.3

V P ( )−V P ( ) 7.2

V P

7.3 NP 7.4 AJP

7.5 AJV P 7.6 ADV P 7.7 “ ” “

”
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7.2: VP-VP

using a personal computer

< V P − V P ( )>

N1 ’ ’
@use N1

< V P − V P ( )>

N1 V2
V2 N1

7.3: VP
< V P −NP>

common knowledge
ADV1 V2
AJ1 N2

< V P −AJP>

late for school
N1 V2
AJ2 for N1

< V P −ADV P>

emphatically
V1

ADV1

7.3

7.3

7.4

SPM

SPM

ATN 5.3.1
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7.4: NP
< NP -NP > < NP -V P >

that buiding running a hotel
GEN1 N2 N1 N2
AJ1 N2 V2 N1

< NP -AJP > < NP -ADV P>

novel in design for a long time
AJV1ˆrentai N2 AJ1ˆrentai TIME2
ADV1 in AJ2 for AJ1 N2

7.5: AJP
< AJP -NP > < AJP -V P >

a specific gravity greater lack the will to
than water cooperate
N1 N2 AJ3ˆrentai N1 AJ2
N2 AJ3ˆer than N1 V2 the will to V1ˆbase

< AJP -AJP > < AJP -ADV P>

the most suitable fun sometimes
#[N1]AJ2ˆrentai #[TIME1 ]

AJ2ˆrentai
#[AJ1ˆst] AJ2 N2 #1[ADV1]

7.8

7.8 “ ” “ ” NP

7.8 “ ” “ ”

VP VP

7.10.5
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7.6: AJVP
< AJV P -NP > < AJV P -V P >

easy access looks fancy
N1 AJV2 N1 AJV2
AJ2 N1 V1 AJ2

< AJV P -AJP > < AJV P -ADV P>

very quiet pretty humorously
#1[ADV1]AJV2ˆrentai #[ADV1]AJV2
ADV1 AJ2 #ADV1 ADV2

7.7: ADVP
< ADV P -NP > < ADV P -V P >

last summer most appreciated
#1[TIME1 ]TIME2 #1[ADV1]ADV2
#1[V1] N2 #1[ADV1] V2

< ADV P -AJP > < ADV P -ADV P >

immediate on every other line
ADV1 N1 ( | )

AJ1 on every other N1

7.4.1

7.3 7.9

7.9 VP2 “ ( )” VP3

“ ( )”

7.9 “[ ]” VP2

“ ( )” “ ( )”

VP3 “ ( )”

7.5
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1. / ( ,{ , })

2. + ( )

3. / ( ,{ })

4. + ( )

5. / ( , , ,{ })

6. / ( , , ,{ })

7. / ( ,{ })

8. + ( )

9. / ( , , ,{ , , })

10. + ( )

11. + ( )

12. /nil

7.3:

7.5

7.8:

NP1 NP1=

NP1 NP1=

N1 V2 N1= V2=

VP1 VP1=

NP1 VP2 NP1= , VP2=

VP1 VP1=
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7.9:
/N1 /VP2( , , )ˆrenyou/VP3(

, , ).kako

N1 VP3ˆpast by VP2ˆing.

N1= { , }, VP2= {[ ],

},VP3= {[ ], , ,

}

1.

2.

4

3.

SPM

2 7.9 VP2

“ ” “ ”

“ ( )” VP2

“ ( )” “ ”

“ ” 4 “ ”

7.9 “VP2” “ ”

7.6
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7.7

7.6.1

7.6.2

1

1. SPM

2. 100

100

3.

4.

VP
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7.7

7.4

7.9

7.4:

VP2ˆing

“@use N1” [[“using”], [“computer”,

“the computer”, “a computer” ]] “@take N1”

[[“taking”], [“computer” ]] “@use”

[“use”,“uses”,“using”,“used” ]

VP2 ing ˆing

VP2 ing “using”

He solved the difficult

equation by using a computer.
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7.8

SPM 3 7.6

3

6.4

7.9

7.9.1

10

65,171

10

10

tri-gram 10

10

2 1,000

7.9.2

Travatar

7.9.3

7.10 VP( )-VP( ) V

V 4

NP 2 5 V

VP( )-VP( )

VP( )-VP( ) 57% 32.5%

90% VP NP
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7.10:

VP( )-VP( ):V 41,505
VP( )-VP( ):V 43,359
VP( )-NP( ) 3,153
VP( )-AJP( ) 1,750
VP( )-ADVP( ) 107
VP( )- 3 ( ) 4,990
NP( )-NP( ) 24,160
NP( )-VP( ) 458
NP( )-AJP( ) 99
NP( )-NP( ) 50
NP( ) 24,767
AJP( )-NP( ) 188
AJP( )-VP( ) 379
AJP( )-AJP( ) 1359
AJP( )-ADVP( ) 48
AJP( ) 1974
AJVP( )-NP( ) 131
AJVP( )-VP( ) 256
AJVP( )-AJP( ) 523
AJVP( )-ADVP( ) 15
AJVP( ) 925
ADVP( )-NP( ) 15
ADVP( )-VP( ) 10
ADVP( )-AJP( ) 26
ADVP( )-ADVP( ) 171
ADVP( ) 222

117,742

7.9.4

1,000

521 521

277

1

28% 277/1,000
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11%

7.9.5

277 25

252 252

4 6.7.5

7.11 7.11

7.11:
BLEU TER METEOR RIBES

0.131 0.737 0.419 0.680

0.138 0.700 0.437 0.707

252 100 ad-

equacy 5 6.5

6.7.5 A 1 7.12

7.12

4 5 27

7.12:
5 4 3 2 1

18 9 21 36 16 2.77

10 3 15 47 25 2.26
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7.13 7.14

7.13 7.14 2

7.10 7.17 7.18

7.13: 1

The teacher told the students to study more.

The teacher told the students to study harder .

5

/$1ˆ{/N1( , ) }/N2( , ,

) $1!VP3( , , ).suitei

$1!VP4( , , ).kako

N1 VP4ˆpast N2ˆobj to VP3ˆbase .

N1= ,N2= ,VP3= ,VP4= ( )

He beckoned me to come in.

i told the reacher student to study harder .

(

)

2

7.10

7.10.1

77



7.14: 2

After I finished my work, I took a shower.

On finishing the job , he took the shower .

5

/VP1( , , )( | )</N2( )

>!VP3( , , ).kako

On VP1ˆing, <he|N2> VP3ˆpast.

VP1= ( ),VP3= ( )

On leaving school, he went into business.

i was in the shower after we finish our work .

(

)

3

“ ” “ ” 100

7.15

7.15 44 44

1 3

56 29

7.10.2

19
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7.15:
5 4 3 2 1

18 9 12 14 3 56

0 0 9 22 13 44

44 19 25

25

7.16

7.16:
( )

(1) 2

(2) 11

(3) 7

(4) 4

(5) 5

(6) 2

(7) 7

(4) (5) 7.17

“@beˆpast VP2( )ˆed”

“were given to the crowd”

“into N3( )”

“ ( )”

“were starved into”

79



“VP2” “@beˆpast VP2ˆed”

VP2 “ ( )”

“starve [ ] into [

]” “[ ] [ ] ” “into [

]” “starve” “starve”

7.17: (4) (5)

The riot police were given to the crowd into drainage .

The riot police turned the water cannon on the crowd.

/$1ˆ{/N1( ) }!VP2( , , )( | )

$1/(V3.kako|ND3 )

N1 @beˆpast VP2ˆed into N3 .

N1= ,VP2= ( ),V3= ( )

The rebels were starved into submission.

1

7.10.3
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word-embedding

7.10.4

56 29

7.18

“ ” VP1

“turn the eye” “ ”

7.10.5

20

13

13 1 7.19 7.8
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7.18:

It is busy enough to turn the eye .

I am in a whirl of business.

/VP1( )ˆrentai( | )/AJ2( , )

#1(.genzai|.kako)

It @be#1(ˆpresent|ˆpast)AJ2 enough to VP1ˆbase .

VP1= ,AJ2=

(VP1)

N1 V2 V2 N1

N= ,V2=

It is cold enough to freeze your ears off.

1

7.10.6

1,000

99 10%

66
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7.19:

I saw to .

At the restaurant I saw a man leave without paying his bill.

/</N1( ) >!VP2( , )ˆrentai!

/V3( , ).kako

<I|N1> V3ˆpast to VP2ˆbase .

VP2= ,V8= ( )

I forgot to address the postcard.

1 66 56

56

adequacy

A 7.20 7.20

“ ”

“ ” “

” “ ”

7.20 5

13

1 1,000 34
1 34− 33

9
34 − 25
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7.20:

5 13 32 6

7.11

28%

11%
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8

3

8.1

85



4.3

“Cross the street” “CL2ˆbase”

“ˆbase”

8.2

8.3

8.4

8.5
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8.6

8.7

•

•

•

•

•

•
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9

9.1

[22]

1.

2.
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3.

6 3

A

9.1.1

100 75

25 25

18 18

82

3

4 5 1 3

(a) :50

(b) :25

(c) :7

9.1.2

6

3 90%

9.1 9.1

/

4

9.1 (c) (a)

(a)

60%
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9.1:

(a) 19 21 8 0.62(63/102)

(b) 10 8 6 0.58(28/48)

(c) 0 1 5 0.08(1/12)

9.1.3

9.2 9.2

% ∼ % 9.2 (a) (b)

∼20%

5

9.2:
% ∼20 20∼30 30∼40 40∼50 50∼

(a) 4 4 14 24 2

(b) 1 2 8 9 4

(c) 0 1 2 1 2

9.1.4

9.3 (a)

40%

90



1

“ ”

“ ” “ ” “ ”

“ ” “ ”

85/156

V3 “ ” “ ” “ ” “

” “ ”

“ ” “ /

/ / ”

20% 33/156

4

9.3

9.4 9.4

9.3

9.4 “

”

9.4

1 4 1
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9.3:

As my mother looked over the family finances, she sighed.
Mother looked household account book and breathed a sigh .

/$1ˆ{/N1( , ) }/N2( , ) /V3( , , , ,
, , )( — )$1/N4( , ) /

As N1 V3ˆpast over N2, N1ˆpron V4ˆpast.

, ,
, , ,

/ / / , / /
/

/</N1( ) >/N2( , ) /V3( , )( |
)</N4 >V5( , )#6(.genzai|.kako)

<You|N1> V3 N2 and V5#6(ˆpresent|ˆpast) <them|N4ˆobj>.
N1= ,N2= ,V3= ( ),N4= ,V5= ( )

You boil the vegetables and eat them.

9.1.5
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9.4:

1

1 ( ) ( )

2

2

9.2 tree-to-string SMT

tree-to-string SMT

tree-to-string SMT

tree-to-string

SMT

6 Travatar

3 A 6.7.5
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9.2.1 tree-to-string SMT

tree-to-string SMT Travatar

3

1

2

3

9.1

9.1

9.1:

root 5 1

2 2

3 root

94



3

9.2.2

100 68 68

12 12 56

56 9.5 2 3 7

4.6 3 5

1 2

r = −0.14 5%

0.26

9.5:

3 4 5 6 7

5 2 6 7 1 0 16

4 0 2 0 0 0 2

3 1 3 6 0 0 10

2 1 5 8 2 1 17

1 1 4 6 0 0 11

5 20 27 3 1 56

9.2.3

56

1 3

9.6 “ ”

root [14, 15]

2root :X0 → :X0 . 56
6.6
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9.6:
1 2 3

5 1 1 0 14 16

4 0 2 0 0 2

3 3 6 1 0 10

2 3 11 3 0 17

1 7 4 0 0 11

14 24 4 14 56

1 3
3

9.6

38 1 14 2 24 34 1

2 1 3 18

3 4 14 14 5 14

tree-to-string SMT

56 18

SMT 2

9.6 38

5 2

tree-to-string SMT

9.2.4

9.6 42 1 3 42

48 48

3

:X0 →
:he X0
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27 21

9.7

68 56 9.2.2

9.7:

X0 X1 → X0 X1 1

X0 → X0 2

→ do not know 3

9.1 2

X0 → followed X0

“follow” “had better”

“followed”

9.2.5

1

1 2

9.6 1 2
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38

20

56 1 2

18 53% 20/38

9.2.6

100 75

75 50

9.6 56 18 18 14

9.2.4 (3 )

6.6 3

4

4 5
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9.3

1.

2.

3.

1

9.1

2

3
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10

6

11%

3.44 7

28%

2.77

4

tree-to-string SMT

100



11

11% 3.44

28%

2.77

tree-to-string SMT

3 4

3 3

5 3

6

11%
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adequacy 5

3.44 2.54 61

31 30

61 44

17 31

44

7

52%

28%

2.77 2.26

100 44

56 29

8

9

tree-to-string SMT
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A

A.1 A.2

A.3 A.4

A.1:

3

N

AJ

V

GEN

DEF

AJV

ND

NUM

TIME

REN

GEN

ADV

VP

NP

AJP

AJVP

ADVP

CL

“()”
2

109



A.2:

“. ”
“ˆ ”

.meireigo

.hitei

.kako

.sase

.suitei
ˆmeirei
ˆrentai
ˆbase
ˆer
ˆpast
ˆed
ˆsase “ ” “ ”
ˆpresent
ˆpron
ˆposs
ˆobj

A.3:

“ ” “ ”
“after” “turn”
“ ’ ’ ” “ ’ ’ ”
“@be” “@eat”
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A.4:

/ “/”

#1{ 1, 2} 1 2
!
( 1| 2) 1 2

1 2

<N1 >

<I|N1>
N1

N1 “I”

# [ ]

$1ˆ{ }
$1

{ } $1

# ( 1|
2)

1 2

111



B

B.1

B.1:
VirtualBox ver. 3.0.4 OSE r50677

OS VineLinux 4.2 32bit

4GB

2

Ruby ver. 1.8.5

B.2 5,000

572 B.2

B.3 “time” “real” 1

10 36Mbyte

B.2:
0m49.777s

15m53.673s

(572 ) 29m15.782s

0m1.613s

47m0.845s

B.3 1,000

277 1

10 68Mbyte
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B.3:
0m3.377s

7m57.070s

(277 ) 138m53.415s

0m3.447s

146m57.309s
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