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Researches into Some Key Aspects of
Chinese-English Machine Translation

Abstract

Current machine trandation quality is far from user’s expectation. However, recent
advances on statistical machine trandation make many researchers believe that there is a fairly big
space to improve the quality of machine trandation by improving the approaches we used. The
author suggest that adequate utilization of human-made knowledge bases, language and translation
knowledge acquisition from large scale corpus and construction of statistical translation model which
can capture the correspondence between the deep structures of the source and target languages, are the
proper way to achieve a high quality machine translation. This paper presents some researches that
have been done by the author following this direction.

All the researches present in this paper are on some key technologies of Chinese-English
machine trandation. Specificaly, these researches include:

1 An agorithm for Chinese morphological analysis based on Cascaded Hidden Markov
Model (Cascaded HMM) is proposed. In this model, multiple layers of HMMs are used
to resolve various morphological problems separately. The N-shortest paths approach is
used in rough segmentation. Two layers of role-based HMMs are used to recognize
simple unknown words and complex unknown words, and a role-based word generation
model is used to estimate the probabilities of unknown words. A lexicalized HMM is
used in fine segmentation. A POS HMM is used in part-of-speech tagging. These
models in different layers are coupled tightly. Low level HMMs not only provide
candidates to high level HMMs, but also provide the probabilities of these candidates.
All the models are integrated in a whole framework to achieve a best result, while the
time cost of the agorithm is still linear.

2 An dgorithm for semantic similarity computing between Chinese words based on
Hownet is proposed. This algorithm utilizes the rich human knowledge in Hownet to
compute the semantic similarity between two Chinese words directly, without any data
traning from large corpus. This approach is efficient and simple, and can be used in
word sense disambiguation, example-based machine trandation, and some other areas.

3 A efficient search algorithm for phrase alignment in parallel corpus by tree-tree mapping
is proposed. This agorithm can avoid the spreading of word alignment errors in to
phrase alignment. So the precision and recall of phrase aignment are much better than
those of word alignment. A beam search strategy is used in the agorithm, and the time
cost islinear in terms of the length of sentence.

4 A Phrase Structure Transduction Template (PSTT) is defined, which can capture the
correspondence of the syntax structures of source and target languages, and a extraction
algorithm of PSTTs from phrase aligned paralée corpus is given. A primary analysis of
the experiment results show that the PSTTs extracted from a phrase aigned corpus
containing 8009 sentence pairs can cover most of the frequently used transform patterns
between Chinese and English syntax structure



5 A micro-engine pipeline machine trandation architecture is proposed. In such an
architecture several components with different agorithms are used in each phases of the
system. New approach can be test under the architecture by adding a new micro-engine
or adjusting the pipe structure, without changing the overal algorithm of the system.
This architecture is propitious to the test of new machine trandation approach and to
improve the efficiency of development of machine trandation system.  An
implementation of this architecture in a news-oriented Chinese-English machine
trandation system and the experiment results are given.

Keywords: Chinese-English Machine Translation, Chinese Morphological Analysis, Lexica
Semantic Similarity Computing, Phrase Alignment of Parallel Corpus, Trandation
Template Extraction, Multi-Engine Machine Trandation
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2.2.1 Alshawi
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Weighted Head Transducer
Alshawi AT&T

22

Head Transducer

IBM

222

Inversion Transduction Grammar ITG)
Wu [Wu 1997]

ITG
A? [BC]
A? <BC>

AT&T

Dekai



A? xly

B C x vy

‘]inglish sentence

!

English morph restoration

A B C Xy
BC BC x
BC CB vy
The game will start on Wednesday.
ITG
S
S
/
BNF
\ VP
Thele PP
game/ BVF
will/e start/ onfe  Wednesday/
2.3 ITG
VP
[Lii 2001, 2002] ITG
2000
ITG
Sentence aligned
bilingual corpus
Chinese segment English morph  restoration
and POS tagging and POS tagging

'S R

|\-\'nr-_| alignment || English parsing |
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2.2.3 Takeda

[Takeda 1996]

Sibe ? NP:1 be year:NP:2 old

NP1
CFG

2.3

231

Pattern-based CFG for MT

[Nagao 1984]

[Sato & Naogo 1990] [

[Hutchins 1994]
o

durable

2001] [Turcato 1999]



(Example-Based Machine

Trandation, EBMT, [Sumita & lida 1991]), (Memory-Based Trandation, MBT,
[Sato & Nagao 1990)), (Transfer-Driven Machine Trandation, TDMT,
[Furuse & lida 1992]), (Case-Based Machine Trandation, CBMT, [Kitano
1993]) EBMT
MBT

2.3.2 Sato Nagao

[Sato & Nagao 1990]

» He eats vegetables. <
Kare hayasai wo taberu.
Prolog
ewd_e([el,[eat,v],
[e2,[he,[pron]],
[e3,[vegetable,n]]]).
jwd_e([j1,[taberu,v],
[i2,[hap],
[j3,[kare,pron]]],
[i4,[wo.p],
[i5.[yasai,n]]]]).
clinks([[e1,j1],[€2,j3].[€3,j5]]).
[Sato & Nagao 1990]

» He buys abook on international politics <
Kare ha kokusaisgiji nitsuite kakareta hon wo kau

» He buys a notebook <
Kare ha nouto wo kau
> | read abook on international politics <
Watashi ha kokusaiseiji nitsuite kakareta hon wo yomu

9



[Turcato et

al. 1999] “ He eats mashed potatoes.”
[el[r e [€]]
r “ el e e3’
o
°
2.3.3 Kaji
[Kaji 1992]

Bilingual
Corpus
ource Language
LEARNING ext

Translatl
d) TRANSLATION
arget Language
23

25 Kgi EBMT

ADVP(X[NP] 2 22 7?)
/ ADVP ( if X[NP] is omitted ),

?2? 07 ?22?222?22?272?2727?2 ?2727

/ If the path name is omitted, the current path is assumed.

234 CMU

Pangloss CMU

10



Generalized EBMT  [Brown 1996,2000]

CMU  Pangloss

Generdization

<PERSON> was in <CITY> on <DATE>.
<PERSON> war am <DATE> in <CITY>.

235

2.4

Weaver 1947
IBM Brown [Brown 1990,1993]

11



24.1 I1BM

24.1.1
T
S S T
S T
P T —)@—) P ST —»@
Bayes
T =argmax P(T)P(S|T)
T
Brown [5] Fundamental
Equation of Statistical Machine Trandlation P(T) T
P(ST) T S
P(TIS P(MP(ST)
P(T|S) T T
ill-formed P(T)
1. Pr(t)
2. Pr(s|t)
3.
1980 1990 IBM
[5,6,3]
Pr(t) n n
24.1.2 IBM
Pr(tls) IBM 5 IBM Model
1~5 1 t(fle) 2
Prialiml) m | j 8
3

® (nle) € n 4
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1 2
34,5
1
1
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3
1. e
2. m-prime
3.
1 2
4 m-prime
pl  po
5 @ NULL
6. m mprime+@ o
7. t(fle) e
8. NULL
j
9.
10. NULL
11.
24.1.3
IBM Model 3
IBM
Stack Search
IBM
1
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Connection
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0
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IBM

2.4.1.4 Candide

5%

IBM
IBM
Candide
21 Candide Systran ARPA

Fluency Adequacy Time Ratio
1992 1993 1992 1993 1992 1993

Systran 466 540 .686 743

Candide 511 .580 575 .670
Transman .819 .838 .837 .850 .688 .625

Manual .833 .840

ARPA Systran
Candide Candide
Fluency Adequacy Transman
Time Ratio Candide  Transman
Candide Systran
Systran
Candide Candide
Stone Soup "
IBM
24.1.5 IBM
IBM IBM
IBM

IBM

14

IBM



24.2

11%

IBM

Yeyi Wang

[Wang 1998a,1998h]

IBM

Rough Alignment

Non-deficient
version of

Model 4.

Model 5

CMU

IBM

IBM

IBM

Detailed Alignment

The placement of a target word aligned
to a source word depends on the placement

Structure-Based Model

of the target
words aligned to
the source word

Model 4

Detailed Alignment

that precedes

the current source word, rather than the
position of the currently aligned source word.

Fertility parameters model the fact that
different source words may give rise

to different

Similar to Model 4. But the placement
of a target word depends on the position
of its aligned source word in a source
phrase.

number of target
words. The

Model 3

Rough Alignment

placement of a

target word is determined with source to

target distortion pa

The placement of a target word depends

on the position

rameters.

of the source
word aligned to

Similar to Model 2. The alignment
parameters does not dependent on
sentence length (need to be
normalized).

Model 2

the target, with
a target to source a

lignment distribution.

The placement
of a target word

is determined by

Model 1

a uniform alignment distribution.

2.6

15

In the structure-based model, phrases in the source
and tartget languages are aligned together with a rough
alignment. Then words within the roughly aligned
phrases are aligned together with a detailed alignment.



243 - JHU

IBM IBM
IBM
1999
JHU
IBM -

Egypt
1999

Egypt
[Al-Onaizan 1999]

EGYPT
1. GIZA
2. Decoder “ K “

3. Caro

4. Whittle
Egypt

24.4 Yamada  Knight —_

(ISI/USC)  Kevin Knight
JHU
[Knight 1999]

16



ISI/USC 1994 1999 GAZELLE

TIDES ReWrite
Yamada, Knight IBM
[Yamada 2001,2002]
1. IBM
2.
a
b)
N!
c)
d)
e
2121 10 IBM Model 5
2.4.5 Och

RWTH Aachen — University of Technology

Verbmohil Och
[Och 1999] IBM

1
[Och 1998]
2. Back-of f
3. Alignment Template
4. IBM

S= max P(S)P(S|T)

17



2.5

T1:
T2:
T3:

S51:
S52:
S3:
S54:
Sb:

nachmittags, abends, ...

T3 [ N
™ - B - -
1l - -
— N M
n n nn u
zwel, drei, vier, finf, ...
Uhr
vormittags,
two, three, four, five, ...
o’clock
in
the

morning, evening, afternoon, ...

2.7 Och

Och

Pr(e[f)» p, ., (e[ )

y
=exp[q |
m=1
f

e

IBM

[Papineni, 1997][Papineni, 1998]

oo D) /8 el

e=argmax{Pr(e| )}

= arg max{

A1 .h(e 1)

m=1

[Och 2002]

[Berger 1996]

m=1

log p(e)

18

hu(ef), ... hu(ef)

A1 .h(e. 1)

log p(fle)

A

2%

e

f



GIS s

Och
s [Och 2002]

Discriminative Training

T+ A S .
AT = argmax {L log pym {e_ﬁ.|i_‘,._)}
A 5=1 '

[Och 2002]
1

ACL2002

2.6

[Frederking 1994]

= Rule-based MT Engine L

= l=omple-bosed MMT Engina 3 Bihhlical
BAodel

Lexical
AmalyeEcr

L

= Loxical-transfor Engine

2. Chart

19



4, Chart Walk
[Hogan 1998]
2.6.1 Pangloss
PANGLOSS —
[Brown 1995]
Transfer MT
KBMT EBMT
Source Text
Transfer MT @“D EBMT
| Chart |
ELM
CAMT Post-Edit
HA Target Text FA Target Text
29 Pangloss
CAMT Post-Edit  Computed-Aided Post-Edit HA Target
Text Human-Aided Target Text FA Target Text
Fully-Automated Target Text ELM English Language Model
EBMT
72
— LDC UN Multilingual Corpus,

Linguistic Data Consortium

20

WordNet



EBMT

70.2%
chunk
Generalization
PANGLOSS EBMT
ELM Chart
Frederking Chart
Walking
2.6.2 Verbmobil
V erbmohil BMBF 8 1993-2000
[Wahlster 2000]
31 369 919
Verbmobil
1. GSM
V erbmobil
GSM
2.
3.
4 PC
2.2 VebMobhil
PC
2500/6000 7000/10000 15000/30000
69

LR HPSG Dialog Act

21



Parser
HPSG

80%

2.7

2.7.1

substring

Semantic Construction &g
Deap Analysis —
D'“‘Tﬁg'm"ﬂ;:ﬂd Dialog & Conlext Evaluation

Stafistical Tranelatlon

Entagiratad
Prodaesdng

Casa-Based Translation

210 VerbMohil

198
VIT Verbmobil Interface Terms

Verbmobil

90%

22

69

Verbmobil

Chunk
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IBM 15
Och IBM
Yamada  Knight IBM

2.7.2

2.8

[ 2002]

IBM
IBM
ARPA Systran IBM
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IBM IBM 1980 1990

IBM
1990
Malamed Knight Och IBM
JHU [Al-Onaizan 1999]
1990 1BM DARPA
10
1BM 10
25
1BM
2002 ACL Och [Och 2002]
2002 NIST Och RWTH Aachen
— University of Technology
2003  NIST Och
USC/IS|

[Yamada 2001,2002]
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Cascaded HM M

3.1
3.1.1

a)

UNICODE
b)
well-defined
C)
d)

[ 1985]

26

3000
20000

[

GB2312

1998]



312

b)
d)
€
f)
9)
5. Part-of -Speech
[ 2000] [Ng & Lua2002]

[ 1998]

[ 20014]

[Hockenmaier 1998]

[Wu 1998]
[ 1999] n [ 1997][ 2001b][ 2001]
[Xue 2002 [Teahan 2000]
[Peng 2001]
[ 2000][ 1995 1992][ 1993][ 1993 [
1995] [ 1993] [ 2001]

[Wu 2000] [Chen 2002][Y e 2002][Sun2002]

27



[ 1993][Wu 2000]
[Ye 2002][Sun 2002]

HMM [Marshall 1983] [Steven 1988] TBL [Brill 1995]

[Sproat 1994]
[Sun 1997] Agent

[ 2002]

Cascaded HMM

2002 973 2003 5  SIGHAN

3.2

321

28



1986,1989]
W=w..w, T=t..1,
1 p(t [t ...t) = p( [t.,)
2 Pt 1t.,) = p(t; [t;,) i
A
3 P(We.. W, [ tr..t,) = O p(w 1)
i=1
T~ Ve N
/ \ / N / \
t t | — tn
\\_‘1,// \\|2,/ \_‘,/l
Wy Wo W
3.1
| =(W,,W,,A,B,P)
WT :{qus}
W, ={V,..Vg}

A={a}.a;,=pt,=9lt =q,)
B={b,},b, =pw =v |t =q,)

P ={p}.py=p(t,=q,)
To
P = Pt =0 |ty = 0) =a,,
P A

pWII)

29



w | pW ')

pW) =& pW T) p(T) =8 O p(w It) p(t It.)

T i=1

O(S°N) S N

T = argmax p(T |W) = argmax p(W[T) p(T) = argmax 6 p(w; |t) p(t; |t.,)

i=1

—Viterbi
O(SZN)
EM _
Baum-Welch
3.2.2
n
1
n
Cascaded Hidden Markov Model, Cascaded HMM
Cascaded HMM
1
2
D Viterbi N-Best
(2
3
1 N
(2

©
(4)
©®)

30



€N

3.2

3.2.3 -

3.3

Word Graph
Word
Lattice Chart
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324

1998
3.3 N
N
1
2 N N
3
200 N N=8
3.1N (N=8)
1 1 85.46%
1 1 91.80%
1 1 93.50%
>3,424,507 >391.79 100.00%
8- 8 5.82 99.92%

32



3.4

34.1

I N M T IO © I~ ©

—

34.2

B EI O

32
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3.3

34.3

ty

tits...

T T

W, Wy ... W,
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T = argmax p(T Nv)=arggnax PWIT ) (T)

:mngé p(V\{ Iti)p(ti Iti-l)

Viterbi

A A K /B /C /D M /B IC N oA A JA
A A TA

KB V DL C EL C

A IA K ®B /€ /D ™M B [/C D L /A A
A IA A IA

344
Pattern Set
{BBCD, BBE,
BBZ, BCD, BEE, BE, BG BXD, BZ, CD, EE, FB, Y, XD}
3.4
BBCD BZ
BBE CD
BCD FB
BE Y
BG XD
BCD

3.4.5

35



/n In Inr Inr Inr N In /n

1A K /B /B [C /D /L 1A /A
u Vv
MLE
c(t,t.)
t.|t) =il
p( |+l| |) C(ti)
_o(w.t)
p(w [t) o)
c(t) ti C(titi+1) L i
o(wi, t;) W ti
3.5
351
Wi
ti p(wit;)
Wi
3.5.2
T:{ t]_, .. .,tn}

PatternSet(Type)={ PTy,....PT}

36



WEWIW,. . W W PTi=titko. . 1y i PTy i

p(W [ Type) = p(PT, [Type)p(W [ PT,)

pP(PTY PTy p(PTy)

a p(PT, | Type) =1

k=1

A
pPW | Type) = p(PT, | Type) O p(w | t,)

i=1

p(PTType)  p(wi|ti) p(wWi|ti)
P(PTType)
p( | ) = p(BBE| yp( [B)p( [B)p( 1E)

3.6

3.6.1

Lexicalized HMM

35

PER

LOC
ORG
NUM

37



TIME
OTHER
START
END

S S VV:(er Wﬂ)1 w
C=(c1, G (WC)’

(W, C)* =argmax P(W, C)

(W, C)" =argmax P(W| C) P(C)

HMM
. n
(W,C) =argmax O D(V\flci)p(cilci_l)
W.C i=1
3.6.2
1893
s E
hp( | ) p(NUM|_) p(_ INUM (1) p( 1)
/ ( /\ 1893/NUM
S W G
BNUMIPER).--~~ \p(TIME| )

' _-~"p(TIME[PER)

' /PER|== 1893 /TIME
34
1893
L © 0 wle), p Wi | c);
p(c|cia); S E
3. IPER” HMM
3.6.3
p(clci-1)
p(wilc)
p(ci|ci-1)
p(wilc) G W
G=W pwilc) =1 Wi

38



3.7

3.7.1

W=w; W, ... W, T T=tt... t,
-
T = argmax p(T W)=arg§nax pWIT ) (T)

ZWQTaXCO) p(w [t)p( [t.,)

i=1

Viterbi
3.7.2
3.7.2.1
1 PKUPOS [ 1999
2000]
2 THUPOS | 1998]
3 YYSPOS | 2002
4 PennPOS  [Xia 2000]
[ 1985]
PKUPOS j i

YYSPOS j |

39



THUPOS  PennPOS

[ 1985]
[ 2003] PennPOS
PennPOS
£ PKUPOS THUPOS
PKUPOS
36
a 83.33% || h 86.21%
b 94.14% || k 97.25%
z 88.45% | i 98.50%
S 95.21% | j 89.77%
t 98.01% | | 85.10%
f 95.84% || v 86.49%
r 97.94% || vd 89.44%
d 91.62% || vn 81.55%
m 96.3% | p 93.53%
q 93.92% || u 99.12%
n 95.14% || c 91.15%
nr 93.04% | o 68.25%
ns 98.56% || e 71.43%
nt 91.40% || vy 95.21%
nz T4.57% | x 94 _55%
Ng 0.47% || w 99.77%

S



3.7.2.2

77

PKUPOS

16

LI

PKUPOS
99

10

15

41

ICTPOS

22



PKUPOS
PKUPOS
3.7.2.3
ICTPOS
PKUPOS ICTPOS
ICTPOS
ICTPOS
“ PKUPOS =2>ICTPOS’ ICTPOS
“ PKUPOS =2ICTPOS’
e ” [ 1998 2000] b ”
ICTPOS PKUPOS
3.8

ICTCLAS
ICTCLAS ICTCLAS

42



381

1998 1,108,049
1 BASE:
2 +PER: BASE HMM
3 +LOC: +PER HMM
4 +0ORG: +LOC HMM
SEG TAG1
TAG2 F1 FP F1 FL F-1 FO
BASE
FP FL FO
)0
J0H
YO
IO
Y0H
Odl
SEG TAG1 TAG2 FP FL FO
|E|BASE MW +PER O+LOC 0O +0RG
35
1)
SEG 96.55% 97.96%
SEG TAG1
TAG2 98.38%, 95.76%,93.52%
2
F-1 27.86%
95.40% 1.41%
F-1 35.59% 8.49% F1
95.58%
3.8.2 973
2002 7 6 ICTCLAS

973



SEG TAG1 RTAG
33,348 97.01% 86.77% 89.31%
59,683 97.51% 88.55% 90.78%
20,524 96.40% 87.47% 90.59%
14,668 98.44% 85.26% 86.59%
55,225 98.12% 87.29% 88.91%
24,765 97.80% 86.25% 88.16%
208,213 97.58% 87.32% 89.42%
37 973
1) 973 2002
2)
RTAG=TAGL/SEG*100%
3) 973
3.8.3

(Association for
Computational Linguistics, ACL ) (the ACL Specia Interest
Group on Chinese Language Processing, SSIGHAN) 2003 4 22 25
(First International Chinese Word Segmentation Bakeoff) [Sproat 2003]

6 19
12
(Track) (Close Track) (Open Track)
ICTCLAS
0.881
0.951 0.953
(0.938)
ICTCLAS

Site || word count R Cr P Cp F || OOV | Rgov Ryy
SO1 17,194 )| 0.962 [ 40.0029 | 0.940 | £0.0036 | 0.951 || 0.069 [ 0.724 | 0.979
S10 17,194 [ 0.955 | £0.0032 | 0.938 | £0.0037 | 0.947 || 0.069 | 0.680 | 0.976
S09 17,194 [ 0.955 | £0.0032 | 0.938 | £0.0037 | 0.946 || 0.069 | 0.647 | 0.977
S07 17,194 )| 0.936 [ +0.0037 | 0.945 | £0.0035 | 0.940 || 0.069 [ 0.763 | 0.949
S04 17,194 || 0.936 [ +0.0037 [ 0.942 | £0.0036 | 0.939 || 0.069 [ 0.675 | 0.955
S0O8 17,194 )| 0.939 [ 40.0037 [ 0.934 | 4+0.0038 | 0.936 || 0.069 | 0.642 | 0.961
S06 17.194 [ 0.933 | £0.0038 | 0.916 | £0.0042 | 0.924 || 0.069 | 0.357 | 0.975
S05 17,194 [ 0.923 | £0.0041 | 0.867 | £0.0052 | 0.894 || 0.069 | 0.159 | 0.980




ICTCLAS

Site || word count R Cr P Cr F || OOV | Rgov Ry
S10 17,194 || 0.963 [ £0.0029 | 0.956 | 40.0031 | 0.959 [ 0.069 | 0.799 | 0.975
S01 17,194 | 0.963 [ £0.0029 [ 0.943 | 40.0035 | 0.953 [ 0.069 | 0.743 | 0.980
S08 17,194 || 0.939 [ £0.0037 | 0.938 | £0.0037 | 0.938 || 0.069 | 0.675 | 0.959
S04 17,194 || 0.933 [ 40.0038 | 0.942 | £0.0036 | 0.937 || 0.069 | 0.712 | 0.949
S03 17,194 || 0.940 [ £0.0036 | 0.911 | £0.0043 | 0.925 || 0.069 | 0.647 | 0.962
S11 17,194 || 0.905 [ £0.0045 | 0.869 | £0.0051 | 0.886 || 0.069 | 0.503 | 0.934
S01 ICTCLAS R P
OOV  out-of-vocabulary
Roov Ry in-vocabulary
C G 95%
973 SigHan
973 SigHan 973
SigHan
[Sproat 2003] G G
3.9
1
2
N-Best
3
4
1
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4.1

4.2

4.2.1

“ ”

1 the novel written by Li Si
2 the nove written last year

1 ” “ ”

the novel written by Zhang San

* the novel written Zhang San

[Gauch 1995] [Li 1995] [
1999]

[0.1]
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4.2.2

1)
2)
3)

4.2.3

4.2.4

Taxonomy

[0,00)
0
0 1
0
Wl Wz Sm(Wl,Wz)
SmW,,W,) = a
V2 Dis(W,,W) +a
a

(0.1]

(4.1)

Dis(Wi, W)

Ontology



Taxonomy

Ontology
Thesaurus

4.1
4.1

[ 1999]
[Agirre 1995] Wordnet

1

2)
Wordnet

[ 2001]

[ 1999]
[Dagan 1995,1999]

Hownet
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4.3

4.3.1

D
2)
3)
4)
5)
6)
)
8)
9

Hownet

— [

Wordnet

1500
Event|
entity]|
attribute]
avValue|
quantity]
qvalue]
SecondaryFeature]
syntax|
EventRole|

10) EventFeatures|
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10

Part of Speech

% 1] ”
$ 1] ‘ V1 i Vu
* 1]

“ Vn

N |

olo v [] R : <
)
0O (China] )
[
406" + 8 @71
000
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4.2
Wordnet
- entity|
| thing|
| physicall
| animatel
F AnimaHuman|
I human|
| L humanized|
L animd|
| beast
4.2
Wordnet
4.3.2
NO.=017144
W_C=
G C=v
E C=~ ~ ~ ~ ~
W_E=play
G E=V
EE=
DEF=exercise| ,Sport|
NO. WC GC EC WE GE
EE DEF

DEF DEF
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4.2

017144 | exercise| ,Sport|

059349 | human| family| ,male]

029542 | avaue ,Circumstances| ,happy| ,desired|

072280 | time]  ,day] ,@ComeToWorld]  ,$congratulate|

089834 | write] ,ContentProduct=letter|

003815 | place| ,capital| ,ProperName| ,(Ching| )

000363 | human| ,*FondOf| HWhileAway|

004932 | {modality] }

015204 | NounUnit| & (grape| ),& (key| )

016251 | cease| ,content=(prostitution| )

017317 | subtract| ,patient=price] ,commercia| ,(range] =50%)
art ,%0i nstitution ,Jpolitics| ,#youn Hfund ,(institution
ooaea | PP % | politics| #young K |
=UN| )
3 { }" 13 { }ll
a) 113 ” 113 ( )”
b) 113 : ” 1] =( )11
“ ( = )!!
C) 1 ” 1 ( )u
¢ : y
g b1 c ]/41/4 H
é 5 1
e S ;
: e o b
é 8/41/4 H G
é . NT|
é g 1 u | us v | v Yaa Hu
g é 2 s | s1 t |  Vaa []H
8 8/41/4 Ha
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4.4

[Li 2002]
4.4.1
W W, W, n S
m S S Sm W W,
IMWW,) = max Sm(S,;, S,))
4.4.2
(4.1)
a
Im(p,, = 4.3
(P, P2) o (4.3)
pr P2 primitve d p1 P2
a

Sz

(4.2)

Sin

W,



()

4.4.3

444

Bl B

4441
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1 ” 1 ” Feature

4442

2. n m m<n

ok~ w0

4443

1)

56



Smy(S,S)

2)
Smy(S,9)
3)
Im(S,S)
4)
IMy(S,S)
o
IM(S, S)=a b;iGm(S,S,) (4.4)
i=1
Bi Ikic4 BB P s+B4=1 B1=2P=2Ps=P
4 Smy  Smy
0.5
Smy, Smg Sm,
(4.4)
44
Im(s, s) =a b0 Sm(S.,S) (45)
i =
1
1) (4.3)
2)
3)
4)

4.5
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1

2 [Li 2002]
3
a=16
B1=05 B,=02 B3=017 B 4=013
y =0.2
0 =02
4.3
1 2 2 1 2 3
' 1.000 0.668 0.833
v 1.000 1.000 1.000
v 1.000 0.668 0.833
' , 1.000 0.668 0.833
i v 1.000 0.351 0.657
) v 0.016 0.024 0.013
W 0.186 0.008 0.164
0.347 0.009 0.208
0.285 0.004 0.166
$ 0.186 0.035 0.164
0.016 0.005 0.010
3 1 2 1
1 2 1
“ " 2
2
44
1 2 1 2
0.722 1
0.576 1
0.722 0.861
0.722 0.059
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4.6

0.576 0.059
0.722 1

0.722 0.624
0.576 1

0.6 0.074
0.722 0.074
0.936 0.444
0.136 0.127
0.114 0.444
0.733 0.151

LI

1500
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Alignment
5.1
5.1.1
[Gale 1993]
[ 1999
IBM
IBM Model 1 5 [Brown 1990,1993] [Och
1999] [Wang 19984 Brown Chunk
[Vogd 1996]
HMM [Ker 1997]
Class-based
[Kaji
1992][Imamura 2001] [Matsumot 1993][Grishman 1994][Meyers 1996][Watanabe

2000] [Och 1999][Wang 19984][ 2002]

60



5.1.2

Chomsky PSG
1 11 1.0 01
2 global constraint
3 crossing constraint A B A
B A A B B

We can draw up our plan in the light of the experience of other factories.

ZSAY

Kl

ecan draw up our plan |n the Ilght of theexperlcence of ot er fact ries

51

61



“in the light of”

“ in the XX and the light of”

“ in the light
of”
v( ) a ) nC )
r(we) v(can) a(other) n(factories)
nC ) uC ) n( )
v(draw up) n(plan) p(of) n(experience)
np( )
vp(draw up our pI an) np(other factories)
ap(
pp(of other factorles)
)
np(the experiences of other factories)
)
pp(ln the light of the experiences of other factories)
)
vp(dra/v up our plan in the light of the experience of other factories)
)
vp(can draw up our plan in the light of the experience of other factories)
)
s(We can draw up our plan in the light of the experience of other factories.)
{ p(in the light of) }
* inthelight of”
51.3
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100%

v( ) a ) n(C )
r(we) v(can) a(other) n(factories)
uC )
v(draw up) p(of)

—
=
-

n(plan)

n(experlence) }

np( )
vp(draw up our plan) np(other factories)

)
vp(can draw up our plan in the light of the experience of other factories)

)
{ s(We can draw up our plan in the light of the experience of other factories.)

)
vp(draw up our plan in the light of the experience of other factories)

ap( )
np( )
pp( )

np(the light)

np(the experiences)

pp(of other factories)

np(the experiences of other factories)

pp(of the experiences of other factories)

np(the light of the experiences of other factories)
pp(in the light of the experiences of other factories)
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ap( )
pp(of other factories)

np( )
np(the experiences of other factories)

vp( )
pp(in the light of the experiences of other factories)

5.14
1
N-Best
The boy saw the girl with atelescope.
PP-Attachment “ with atelescope”
“ saw the girl” “ thegirl’ “ with
a telescope’ ! " * saw the girl with telescope” “
” “ the girl with a telescope”
“ with atelescope” “ the girl”
2
D



If the path name is ommited, the current path is assumed.

“ ” 13 pahll
A “ & “ path” “ T “ path”
B “ RS “ path” “ R “ path”
(2
“ South Kored’
“ Kored'
3
“ " path name’ “ "
“ current path” B
5.15
[Kaji 1992]
[Imamura 2001]
5.1.5.1 Kaji
[Kaji 1992] EBMT
1
2
CYK
3
4
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X Y
i ’N.NP P - 5
/ il &
: I Ly
7 [ 2
NP hought Vi
Sl " e w
2 ¥ 4
1 5
Vi Vi
4
s ;5| f
-] 7
@ Yol
. |5 v i
7 L 2
1118 141 1] [0 121 131 - : IO of plirase pair
1 2 4 3 i T f T meant that ks phrase hus 0o Couberpu,
5.2 Kji CYK
J J
Y J Y

Kaii

Kaji —

5.15.2 Imamura

[Imamura 2001]
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Sentence1 Sentence?2
(English) (Japanese)

Tagger Tagger

| Word Alignment

Parser I l [ Parser
Phrase Alighment

| Calculation of Phrase Scores |

!

|Search for Equivalent Phrase Sequences |

Phrase Alignment Results
(Equivalent Phrases and Their Hierarchy)

5.3 Imamura
1 Chart
2 13 ”
3
D W i 1<i=W
2 3(1)
3 3 4
4
5
1. deficiency
2.
300
44% 52%
87% 5.6
Imamura Kai
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Imamura

Imamura 3(1) “ W
i 1<i=W
o2")
o(W?)
C&c D®d Ee Fef
A&a Beb Céoc Def E®e
F&d C&e Eee
B&b
B&b

5.4 Imamura

Imamura
Imamura
5.6
02"

Imamura 5

Imamura 300
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5.2

521

Search

5.2.2

Beam Search

Local Alignment

Beam Search

Beam

SrcNode
TgtNode

TgtRange

Score
Children
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A /\

n JIR NNS

2&\ \\ \ M ore than ZOJestl c Wnew
—x

SrcNode  m(200) SrcNode m( ) SrcNode g( )
TgtNode CD(200) TgtNode  JIR(more) TgtNode Null
TgtRange 200 TgtRange more TgtRange Null
Score 1.0 Score 1.0 Score 1.0
Children Empty Children Empty Children Empty
SrcNode  b( ) SrcNode  b( ) SrcNode  n( )
TgtNode JJ(domestic) TgtNode JJ(foreign) TgtNode NNS(reporter)
TgtRange domestic TgtRange foreign TgtRange reporter
Score 0.0005 Score 0.03 Score 0.8
Children Empty Children Empty Children Empty
SrcNode mcep(200 ) SrcNode  mp(200 )
TgtNode QP(more than 200) TgtNode Null
TgtRange morethan 200 TgtRange morethan 200
Score ... Score
Children Children
SrcNode  np( ) SrcNode  np( )
TgtNode Null TgtNode Null
TgtRange domestic and ... reporters TgtRange foreign reporters
Score ... Score
Children Children
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SrcNode  np(200 )
TgtNode NP(more than ... reporters)
TgtRange more than ... reporters

SrcNode  np(200 )
TgtNode NP(more than ... reporters)
TgtRange more than ... reporters

Score Score
Children Children
55
SrcNode TgtNode
TgtNode Null
TgtRange
TgtRange Children
Score
“b( )” “ ADJP(domestic and
foreign)”
523 (Beam Search)
Beam Search
1
2
3 N
Null Score 0
4
5
6
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5.2.4

N
1 Children
8 2

2

1
3 TgtRange
4 TgtRange

TotNode TgtNodel

5 TotNodel TgtNode2 TotNode3
6 TgtNode Null

TotNodel TgtNode2  TgtNode3
7
8

1
9 N
10
5.2.5
1 Score0
2 TgtNode=Null
Score=Score0
3 TgtNode SrcNode
wl TgtRange w2 w2/ wl > ? wl/w2>7?
>1 Score 0

4 TgtNode! =Null

a Score=Score0x a  1<a <2
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a
526
4
L o(L)
m N
N™ m
N
ON?) O(NL)
5.3
531
1
ICTCLAS 95
http://www.nlp.org.cn
2 [ 1999]
77%
3 IBM Unicode
ICU4C http://oss.software.ibm.com/icu/index.html
Eric Brill [Brill 1995]
http://www.cs.jhu.edu/~brill/
4 Charniak [Charniak
2000] 89
http://www.cs.brown.edu/peopl e/ec/
5
Kai  Imamura
[Ker 1997]
Wordnet !
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Dice

A W DN P

80.2% 66.4% F1 72.7%

| 200

AN L

More than 200 domestic and foreign reporters attended the news conference today

5.6
“ " “ domestic”
“ foreign”

53.2

8009

Chinese PennTreeBank 4000
5.3.3
8009

Bolivia Holds Presidential and Parliament Elections
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51

<bead id="1">

<srctext no="1"> </srctext>

<srcword no="1"> Insf WY /n fcc n vn
</srcword>

<srctree>dj_ZW:10(nsf:1| vp_PO:9(v:2| np_DZ:8(np_LH:7(n:3|

cc4l nb ) vn:6| ))</srctree>

<tgttext no="1">Bolivia Holds Presidential and Parliament Elections </tgttext>

<tgtword no="1">Bolivia/NNP HoldsNNP Presidential/JJ and/CC Parliament/NNP
Elections/NNS</tgtword>

<tgttree>S:10(NNP:1|Bolivia VP:9(NNP:2|Holds NP:8(UCP:7(JJ:3|Presidential
CC:4Jand NNP:5|Parliament) NNS:6|Elections)))</tgttree>

<wordalignment>2:2/0.005786 3:3/0.03744 4.:4/1 5:5/1
6:6/0.04684</wordalignment>

<phrasealignment>2:2/0.005786 3:3/0.03744 4:4/1 5:5/1 7:7/1.556 6:6/0.04684
8:8/2.404 9:9/3.615 10:10/3.977</phrasedignment>

</bead>
xml <bead> <srctext> <tgttext>
no
<srcword> <tgtword>
<srctree> <tgttree>
<srctree> <tgttree> no <wordalignment> <phrasealignment>
“ ablscore’ a b
score
<& Boalivia

<& Presidential and Parliament
< Presidentia and Parliament Elections
< Holds Presidential and Parliament Elections
< BoliviaHolds Presidential and Parliament Elections

US State General Administration of Sea and Atmosphere found that the
low-frequency sonar that was used for the long-distance monitoring of
submarines would have little influence on sea mammals if used with some
restrictions.

75



52

<bead id="4">
<srctext no="1">

</srctext>
<srcword no="1">[ Ins /n n fcc n /n]nt
v fwd N i /d Ivg N /n N
/udel /b n fwd Ic Ip /m vn ff
N Iwd /d N Ip n n v
M vn /wj  </srcword>

<srctree>zj X X:61(fj_BL:60(fj_BL:59(dj_ZW:42(nO:36(ns:1| n:2| n:3|
ccdl nb n:6| ) vi7| ywd:8|" " vp_PO:58(v:9|

np_DZ:56(vp_PO:53(vi:10] vp_LW:50(vp_ZZ:47(d:11]
vp_PO:43(vg:12] vp_PO:37(v:13] n:14| ))) v:15| )) udel:16|
np_DZ:38(b:17| n:18| M) wd:19]" " fj_BL:57(vp_XX:54(c:20|
vp_ZZ:51(pp_JB:48(p:21] sp _FW:44(np_DZ:39(m:22| vn:23| )
f:24] )) v:25| D) wd:26]" " vp_ZZ:55(d:27] vp_ZZ:52(v:28|
vp_ZZ:49(pp_JB:45(p:29]  np_DZ:40(n:30| n:31| )
vp_PO:46(v:32| vp_PO:41(vl:33| vn:34| M)
wj:35]"  ")</srctree>

<tgttext no="1">US State General Administration of Sea and Atmosphere found
that the low-frequency sonar that was used for the long-distance monitoring of
submarines would have little influence on sea mammalsif used with some
restrictions. </tgttext>

<tgtword no="1">US/NNP State/NNP General/NNP Administration/NNP of/IN
Sea/NNP and/CC Atmosphere/NNP found/VBD that/IN the/DT
low-frequency/JJ sonar/NN that/WDT was/VBD used/VBN for/IN the/DT
long-distance/JJ monitoring/NN of/IN submarines/NNS would/MD have/VB
little/dd influence/NN on/IN sea/NN mammalNNS if/IN used/VBN with/IN
some/DT restrictions/NNS ./.</tgtword>

<tgttree>S:62(NP:47(NP:36(NNP:1|US NNP:2|State NNP:3|Genera
NNP:4|Administration) PP:43(IN:5|of NP:37(NNP:6|Sea CC:7|and
NNP:8|Atmosphere))) VP:61(VBD:9jfound SBAR:60(IN:10jthat
S:59(NP:58(NP:38(DT:11|the JJ:12|"low-frequency” NN:13|sonar)
SBAR:57(WDT:14jthat VP:54(VBD:15|was VP:52(\VVBN:16Jused
PP:51(IN:17[for NP:48(NP:39(DT:18|the JJ:19|"long-distance’
NN:20jmonitoring) PP:44(IN:21|of NNS:22|submarines)))))))
VP:56(MD:23|would VP:55(VB:24|have NP:49(NP:40(JJ:.25|little
NN:26jinfluence) PP:45(IN:27|on NP:41(NN:28|sea NNS:29|mammals)))
SBAR:53(IN:30Jif VP:50(VBN:31|used PP:46(IN:32Jwith NP:42(DT:33|some
NNS:34restrictions))))))))) “.”:35|".”)</tgttree>

<wordalignment>1:1/0.3864 2:2/0.06551 3:6/0.06551 5:8/0.04875 6:4/0.02294
7:9/1 11:19/1 12:20/0.03631 13:20/0.005562 14:22/1 15:16/0.07233

76




17:12/2.624e-007 18:13/0.009986 20:30/1 21:15/0.01119 23:34/1
24:3/0.0005462 25:32/0.0004867 27:23/5.422e-008 28:23/7.938e-005
29:27/0.0867 30:28/0.2147 31:29/1 32:31/0.02271 33:24/0.00396
33:25/2.779e-005 34:26/1</wordalignment>
<phrasealignment>1:1/0.3864 2:2/0.06551 3:6/0.06551 5:8/0.04875 6:4/0.02294
36:47/0.8837 7:9/1 11:19/1 12:20/0.03631 14:22/1 37:44/1.1 47:51/3.204
15:16/0.07233 50:52/4.915 53:54/5.407 17:12/2.624e-007 18:13/0.009986
38:38/0.01498 56:58/8.133 20:30/1 23:34/1 39:42/1.1 44:46/1.21 51:50/1.331
54:53/3.497 28:23/7.938e-005 29:27/0.0867 30:28/0.2147 31:29/1 40:41/1.822
45:45/2.863 33:25/2.779e-005 34:26/1 41:40/1.5 49:49/6.545 57:56/15.06
61:62/37.62</phrasealignment>

</bead>
53
vp X
vp np
vp np
vp X
vp X
vp np
f] X
54
&US & State & Sea < Atomsphere
< Administration <~found <>monitoring <>monitoring
<low-frequency <>submarings & used <>long-distance
<> sonar if &wasx &restrictions
< Generalx Swithx <wouldx <>would
&>on &>sea <> mammals & usedx
<& havex &little &influence
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5.5

US State General Administration of Sea and Atmosphere

the low-frequency sonar that was used for the
long-distance monitoring of submarines

was used for the long-distance monitoring of submarines

used for the long-distance monitoring of submarines

for the long-distance monitoring of submarines

X | x|<| < [

of submarines

the low-freguency sonar

would have little influence on sea mammals if used with
some restrictions

if used with some restrictions

used with some restrictions

with some restrictions

some restrictions

< <[] < <X

little influence on sea mammalsif used with some
restrictions

X

on sea mammals

sea mammals

little influence

IS8 & (S|SB |8| & [C[B|B|T|C] & |2

US State .. restrictions.

| <[]

1 @

& of submarines” “ & used for the

long-distance monitoring of submarines”

monitoring of submarines”

“ ” “

u“ <& for the long-distance
“ ” “ the

long-distance monitoring of submarines” “ for”

56

<>monitoring &wasx & Generalx & withx

&>wouldx & usedx & havex

&monitoring,  <>monitoring
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534

120

F1

120

2%

57

8009

F1

73.4%

74.7%

F1

73.8%

83.3%

70.9%

F1

76.8%

80.2%

84.5%

F1

82.3%

81.5%

76.3%

F1

78.7%
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F1

F1

[Immamura 2001] [Immamura 2001]
85% Immamura
300
20

[Immamura 2001]

Immamura

5.8

370
48
8718
502
107

n O(n)
o(n®)

O(n)

535

X [ 1999]
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(1)

)

©)

7%

5.4

81



Beam Search
O(N’L) N

N-Best

IBM Model 1 5
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Template
6.1
1 CMU
2 Bilkent
3 Takeda
4  Kgi
5 Och
1
2
3
4
1
b)
c)

[Brown 1996,2000]

[Glvenir 1998]

[Takeda 1996]

[Kaji 1992]

[Och 1998,1999]

[Brown 1996,2000][Och 1998,1999]

83

IBM

[Glvenir 1998]



d)

np vp [Kaji 1992][ Takeda 1996]
2
e
[Brown 1996,2000] [ GUvenir 1998]
f)
[Och
1998,1999]
0) [Kaji 1992][Takeda 1996]
3
6.2
Phrase

StructureTransduction Template  PSTT ”

o bk w NP

NI
8

6.3

vp(v( )n( ) v(i ) nC )
vp(v(v(draw up)) np(t(our) n(plan))) v(draw up) n(plan)

vp(v:1l n:2) < vp(v:1 np(t(one's) n:2))



6.1

vp n n

6.4

We can draw up our plan in the light of the experience of other factories.

r( ) ? r(we)

v( ) ? aux(can)
b( ) ? t(other)

n( ) ? n(factories)

u( ) ? p(of)

v( ) ? v(draw up)

n( ) ? n(plan)

np( ) ? np(other factories)

np( ) ? pp(of other factories)

np( ) ? np(the experience of other factories)

vp( ) ? pp(in the light of the experience of other factories)
vp( ) ? vp(draw our plan)

vp( ) ? vp(draw our planin ... of other factories)

vp( ) ? vp(can draw our planin ... of other factories)
di( ) ? s(wecandrav our planin ... of other factories)

di(r:1vp:2) & s(r:1vp:2)
vp(v:1 vp:2) & vp(aux:1lvp:2)
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vp(vp:1 vp:2) < vp(vp:2 pp:l)

vp(v( ) np:1) < pp( p(in) np(np(t(the) n(light)) pp(p(of) np:1)))
np(ap:1 n( )) < np(np(t(the) n(experiences)) pp:1)
ap(np:1 u:2) & pp(p:2 np:l)

np(b:1 n:2) < np(t:1 n:2)

vp(v:1l n:2) <& vp(v:1 np(t(one's) n:2))

r( ) < r(we)

v( ) & aux(can)

b( ) < t(other)

n( ) < n(factories)

u( ) < p(of)

v( ) < v(draw up)

n( ) < n(plan)
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Number 0

Template
SrcRoot
SrcRoot
SrcNode
Template SrcNode
SrcNode
Number 1 Number++
Template ()  Number
(SrcNode,Number)
NodeNumberTable
Template
Template
Template
Template
Template SrcNode
Template
Template &
SrcRoot TgtRoot
TgtNode
Template TgtNode
TgtNode
NodeNumberTable TgtNode

SrcNode Number
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6.5

Template ()  Number

Template
Template
Template

Template
Template TgtNode
Template
Template
Template 1
Template 1

@ vp(v( ) np:1) < pp( p(in) np(np(t(the) n(light)) pp(p(of) np:1)))
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in  the light of

(b) np(ap:1 n( )) < np(np(t(the) n(experiences)) pp:1)

P
|
n I
T n . i
in the light of the experiences : i
p (c) ap(np:1 u:2) < pp(p:2 np:1)
IOK
n
/rK
J‘[ n p T n
in the light of the experiences
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(d) u( ) < p(of)

b (&) np(b:1 n:2) < np(t:1 n:2)

ﬁ\

in  the light of the experiences

n

//Ix

(R —— 4

(fyb( ) < t(other)
(@ n( ) < n(factories)

np
/N
p t n p t n p t n
N
in the light of the experiences of other factories
6.3
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6.6

6.6.1
5.3
8009
5.3.2
6.6.2
52,551
27813
24738
6.6.2.1
6.1
1 20,156 23,342 43,498
2 3,320 752 4,052
3 1,308 224 1,532
4 779 106 885
>=5 2,250 314 2,564
27,813 24,738 52,551
94.4%
10
6.2
| VBD|said 880
Pl INJin 669
nsj NNP|China 625
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nt| NNP|*“ Xinhua News Agency” | 419
dl MDJwill 372
ns| NNPJUS 333
al NNS|dollars 217
n| JJ]economic 209
nt| NNP | AFP 208
n| NN]government 198

6.3

vp_BH(wkz|™ " vi]  wky]™ ™[ SC'CITC VP(NNJEnd )" |"-rrb™)) | 280"
pp_JB(p:1 np_DZ:2) PP(IN:1 NP:2) 162
vp_PO(v:1 np_DZ:2) VP(VB:1 NP:2) 158
np_DZ(n:1 n:2) NP(JJ:1 NNS:2) 112
dj_ZW(np_DZ:1 vp_Z7Z:2) S(NP:1 VP:2) 86
np_DZ(a:1 n:2) NP(JJ:1 NNS:2) 83
sp_FW(np_Dz:1 f:2) PP(IN:2 NP:1) 80
mp_DZ(m:1 q:2) NP(CD:1 NNS:2) 76
ap_ZzZ(d:1 a:2) ADJP(RB:1 JJ:2) 71
dj_ZW(np_DZ:1 vp_P0:2) S(NP:1 VP:2) 71

SrcTree TotTree SrcTree  TgtTree
SrcTree  TgtTree 2n 1
2x  2n 1 20
5.5
6 7 2
6 7
6.4
10 8,332
n 15 6,006
16 20 2,764
21 25 1,462
26 30 979
31 5,195

End "
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99.7%

6.6.2.2

b)

c)

20 31%

65
1 2 2
21 7,636 7,616 | 13(0.17%) | 7(0.09%)
1 20 8,770 8,590 | 133(1.52%) | 47(0.54%)
10 8,332 7136 | 605(7.26%) | 591(7.09%)
21
1 1 20 98%

10
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1a) 2 2
1b) 10

1b
26
di_ZW(np_DZ(rzv] np_DZ(mp_DZ:1 n:2)) <
vp_PO(v:3 dj_ZW(n:4 vp_JY:5))) S(NP(NP:1 PP(INjof NP(JJ:2 NN:3 NN S:4))) VP(MDJwill VP:5))

/npiz N /\ /Vp\
r]v /;}%{ii v d_zw ////)i\\\\ ;v
mp DZ n N vp np DZ ywﬂ
TR A ,w s
6.4
2
di_ZZ(pp_JB(p| sp FW:1) wd" " dji_ZW(np_DZ(np_DZ(nsf| n:2) nrfl"
"Yvp_ZZ:3)) <&
S(PP:1" """ NP(NP(NNP|Tajikistan POS|"'s") NN:2 NNP|Andrew NNP|Abudwaliev) VP:3)

np_DZ(ap_ZZ(pp_JIB(p:1n| Yap ZZ(d] & ))udel] n:2)e
VP(TO:1 VP(VB|price PP(INJin NN:2)))
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6.6 n
np_DZ(a:1 udel] n:2) NP(JJ:1 NNS:2) 20
np_DZ(a:1 udel] n:2) NP(DT]a JJ:1 NN:2) 19
np_DZ(a:1 udel] n:2) NP(JJ:1 NN:2) 6
np_DZ(a:1 udel] n:2) NP(DT]an JJ:1 NN:2) 4
np_DZ(a:1 udel] n:2) NP(DT|the JJ:1 NN:2) 2
np_DZ(a:1 udel] n:2) VP(VB:1 NN:2) 1
np_DZ(a:1 udel] n:2) NP(DT]JAn JJ:1 NN:2) 1
np_DZ(a:1 udel] n:2) NP(DT|this JJ:1 NN:2) 1
np_DZ(a:1 udel] n:2) NP(DT|these JJ:1 NNS:2) 1
np_DZ(a:1 udel] n:2) NP(DT|The VBG:1 NN:2) 1
np_DZ(a:1 udel] n:2) NP(JJ:1 NN:2 NNS|aftereffects) 1
np_DZ(a:1 udel] n:2) NP(JJ:1 NN]township NNS:2) 1
np_DZ(a:1 udel] n:2) NP("PRP$"|i1ts JJ:1 NN:2) 1
np_DZ(a:1 udel] n:2) NP("'PRP$" |your JJ:1 NN:2) 1
np_DZ(a:1 udel] n:2) ADJP(JJ:1 PP(IN]Jof NN:2)) 1
np_DZ(a:1 udel] n:2) NP(ADJP(RBJutterly JJ:1) NN:2) 1
np_DZ(a:1 udel] n:2) NP(DT]a JJ:1 JJ|joint NN:2) 1
np_DZ(a:1 udel] n:2) NP(NN:2 PP(INJof NN:1)) 1
np_DZ(a:1 udel] n:2) [NP(DT|the JJ:1 NNP|United NNPS|Nations NN:2)| 1
np_DZ(a:1 udel] n:2) [NP(DT]a ADJP(JJ|practical CCland JJ:1) NN:2)| 1
np_DZ(a:1 udel] n:2) NP(NP(JJ:1 NNS|types) PP(INJof NNS:2)) 1
np_DZ(a:1 udel] n:2) | NP(NP(DT|the VBG|operating NNS:2) PP(IN]Jin | 1
NP(JJ:1 NN]condition)))
np_DZ(a:1 udel] n:2) [NP(NP(DT]the NN|ceremony) PP(INJof NP(DT|the| 1
JJ:1 NNJending)) PP(INJof NP(DT|the NN:2)))

23
10 19

1997]
4000
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6.7 “ np”

%% np->ap 'np :: $. = 5. =%ap,$. =%np, %oap. =

=> NP('NP/np AP/ap) * */
=> NP(!NP/np C<who> CS/ap) %NP.NCASE=COMM
=> NP(!NP/np C<whom> CSap) %NP.NCASE=COMM /* */
=> NP(INP/np C<whose> CS/ap) %NP.NCASE=COMM
=> NP(!NP/np C<whose> CS/ap) %NP.NCASE=COMM /* */
=> NP(INP/np CS/ap) /* */
=> NP(!NP/np D/ap) %D.DNEND=Y es /* *f

=> NP(INP/np P<of> NP/ap) %%NP.NCASE=COMM,... /* */

=> NP(!NP/np P<of> NP/ap) %%NP.NCASE=COMM,.../* */
=> NP(!NP/np P<of> NP/ap) %%NP.RSUBC=RPOSS,... /* *
=> NP(INP/np P<of> VVP/ap ) %NP.NCASE=COMM, ... /* *
=> NP(INP/np PP/ap) %NP.NCASE=COMM  /* *
=> NP('NP/np VP/ap) %VP.FORM=VN /* */

=> NP(AP/ap !NP/np)
=> NP(NP/ap !NP/np) %NP.NCA SE=POSS,%NP.RSUBC=~RPOSS~RPERS
=> NP(T/ap 'NP/np) %T.TNSUB=%NP.NSUBC... /*~ < >*/
=> NP(T/ap 'NP/np) %T.TSUBC=TPOSS /* */
=> NP(VP/ap !NPInp) %VPFORM=VN /* */
=> NP(VP/ap !NP/np) %VP.FORM=VG /* */
=> NP(VP/ap INP/np) %VP.FORM=VG /* */
=> NP(VP/ap 'NP/np) %VP.FORM=VG /* */
=> NP(VP/ap INP/np) %VP.FORM=VN /* */

“ a_'_ +nu

[ 2000]
“ NP(!NP/np C<who> CS/ap)” np NP ap (O]
NP+who+CS NP “ %NP.NCASE=COMM” NP
T D “ %VP.FORM=VG” VP

“ %%NP.RSUBC=RPOSS’ NP
2 « "

np Y
" a
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7.1

SrcSection
SrcSectionTable SrcSection
SrcNode
SrcNode SrcSection
SrePack SrcNode
r
eracrage SrcPackage
SrcPackage
getPackage(int first,int last)
SrcPackageTable
X SrcPackage
first last SrcSection
SrcChart SrcSectionTable SrcPackageTable
SrcNode

v
ae
S
av
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Initidize

Chart SrcChart
Recognize
Chart SrcChart
SrcNode Transferror
Chart
Selector
Initidize
Chart SrcChart
Select
Chart SrcChart
list<SrcNodes>
Chart
Transferror
Initidize
SrcNode
SrcNode
SrcNode
Transfer
SrcNode
TogtNode
Generator
Initidize
TgtNode
TogtNode
Generate
TotNode
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TgtNode

7.5

BEGIN
REPEAT

WHILE
IF
THEN

REPEAT
IF
THEN
ELSE
ENDIF
ENDREPEAT
ELSE

ENDIF
ENDREPEAT

END

BEGIN

END
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7.6

7.6.1

BEGIN

REFEAT
WHILE

ENDREPEAT

END

NOCEMT ”

1000
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3000
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6.
7.
8.
0.
1.
2
7.7
NIST [Papineni 2001][NIST 2002] NIST
n
NIST
NIST 800
72
NIST
o) o) o) 3293172 | 5.8697
o) o) o) 103609 | 5.4669
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0] o) 962594 5.7706

0] o) 97250 5.2793

0] 0] 3386672 5.8351

0] 0] 43110 5.4073

0] 666516 5.6695

@) 27515 5.1449

o) O 3397828 5.4332

o) ) 96797 5.0443

o) 906187 5.3243

o) 97937 4.8343

O 3224968 5.3866

) 52516 4.9869

658859 5.2121

36172 4.6993

Vv
NIST
4.6993 5.2121
5.4669 5.8697
7.8

1.
2.
3.
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