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Manual Translation 
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(http://www.google.com/language_tools?hl=en) 
IBM 
(http://www-306.ibm.com/software/pervasive/tech/demos/translation.shtml)
SYSTRAN 
(http://www.systransoft.com/index.html) 
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(http://text.mojolingo.com.tw/) 

     

2.

Brown [2]
Watanabe[20] Brown

(Chunk) Marcu Wong[13]
(Joint Probability Model)

Chiang [3]
[8][23]  Och 

[16] Yamada [22]

Parser Parsing Tree
Yamada and Knight [21][22]

Reordering Probability Table
Insertion Probability Table Translation Probability Table

Ding Palmer[6]
Synchronous Dependency Insertion Grammars

Grammar Induction Algorithm

Koehn[12]
Och [16] Venugopal [19]

Brown
P(T|S) P(S|T)P(T) P(T)

Foster [7] P(T|S) Och Ney [15]
P(T|S) P(S|T)P(T)

P(T|S)
(Word Sense Disambiguation)
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Brown

3.

3.1

Stanford Parser [18]
Parser Tree

1

S

NP VP

ADJP composition

dietary fat
Noun Phrase 

VPmay

influence

remission

PPNP

NPin

crohn's disease

Verb Phrase 

Noun Phrase

Prepositional Phrase 

Dietary fat composition may influence remission in crohn's disease. 

Ding and Palmer[6]

3.2

3.2.1 

Ambiguity
"bank" " " " "

Word Sense Disambiguation
(Language Model)

"intrastromal orneal ring" "intrastromal" "orneal"

1 Verb Phrase) verb, adverb + verb, verb +adverb, auxiliary + verb
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"composition" " " "
" " " (Lexicon 

Selection)
" " " "

"composition" " "

intrastromal orneal ring 

intrastromal orneal ring 

intrastromal orneal ring 

Phrase Translation 

Reordering in Phrase

dietary fat composition 

dietary fat composition 

P( )P( | )P( | ) > P( )P( | )P( | )

Translate

Phrase Translation 

lexicon selection

3.2.2 

Brown P(T|S)
P(S|T)P(T) P(T|S)

)|(maxarg* ECPC
c

(1)

S
S

Sc
ESCPESPC ),|()|(maxarg*

(2)

(2) Stanford Parser
S

R
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c

ESRCPESRPESP

ESCPESPC

),,|(),|()|(maxarg

),|()|(maxarg*

(3)

(3) R
P(S|E) P(R|S,E) P(C| R,S,E)

P(S|E) P(R|E,S) P(C| R,S,E)

(3) R

( | , , ) ( | , )P C R S E P C S E (4) 

R ( | , )P C S E C E S
E C

(5)

Ese
Csc

sescP
sesesescscscP

ECPESCP
mm

)|(
),,,|,,,(

)|(),|(
2121    (5)

sc C se E

P(sc|se)
P(sc|se)

)(
)()|()|(

seP
scPscsePscseP                          (6) 

P(sc) (Bigram)

)(
)()|(

seP
scPscseP

sc se (6) P(se)

P(se) sc
( | , ) ( | ) ( )

sc C
se E

P C S E P se sc P sc                          (7) 

P(se|sc) sc se
sc sc( |

ia iP se sc )

i

i

sc i seai
sci a

l m
P(se|sc)

( | , )P a l m a

1( | ) ( ... | ) ( | )
il a

i
P se sc P a a l P se sc                        (8) 
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l

1( | , ) { ( ... | ) ( | ) ( )}
il a i

sc C i
se E

P C S E P a a l P se sc P sc                      (9) 

< intrastromal corneal ring> < >

)|()|()(
)|ring()|alintrastrom()|corneal()3|213(

)()|ring corneal alintrastrom(
)()|(

PPP
PPPP

PP
scPscseP

corneal < >
P(corneal | ) P(intrastromal | ) P(ring | ) < > <

> < >
(Bigram)

3.3

3.3.1 

3.2

"cardiovascular outcomes data"

"dietary fat composition"

cardiovascular outcomes data 

Fluency 
Corpus 

dietary fat composition 

Search 
Result
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3.3.2 

a w
(ci, ci-1)

w
iiiiii ccwPwccaPccaP ),|(),,|(),|( 1-1-1-                   (10) 

P(a|ci, ci-1,w) ci ci-1 w P(w|ci, ci-1) ci ci-1

w cardiovascular outcomes
< >

c

),|( ularcardiovascoutcomesP

i ei P(ei|ci)= 1

                 cardiovascular outcomes 

w
iiiiii eewPwccaPccaP ),|(),,|(),|( 1-1-1-                  (11) 

P(a|ci, ci-1) P(w|ei, ei-1) P(a|ci, ci-1,w)
P(w|ei, ei-1) ci,ci-1 P(a|ci,

ci-1,w) ci,ci-1 w P(a|ci, ci-1,w)
Google

),,(
),,,(

),,(

),,,(

),,(
),,,(),,|(

1-

1-

1-

1-

1-

1-
1-

wcccount
wccacount

N
wcccount

N
wccacount

wccP
wccaPwccaP

ii

ii

ii

ii

ii

ii
ii

            (12) 

N Google count(a,ci,ci-1,w) w ci ci-1

"ciwci-1"( tri-gram) count(ci,ci-1,w) ci ci-1 w
ci ci-1 w tri-gram

"cardiovascular outcomes data" " "
(11) " " " "

)""," ","("
)"("),|(                                

),,|(),|(),|(

count
countularcardiovascoutcomesP

aPularcardiovascoutcomesPaP

" " " " " "
" " " " " " "

"

)|(aP

"dietary 
fat composition" " " " " " "

" " " " " "
" "
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C1,C2

Google Chien[4] PAT-Tree-based 

Google

dietary fat composition 

Search Result

Phrase Translation

Fluency

" "( c1) " "( c2) "
" Google PAT-Tree based

" " " " " "( c1)
c1 " " " "… (x1) " " " " "

"( c2) c2 " " " "… (x2)
" " " " x1, x2 c1 c2 (13)

" " " " " " (x1) " " (x2) "
"

),(
),,,(

),(
),,,(),,,(

21

2211

21

2211
2121

cccount
cxxccount

ccP
cxxcPccxxP

(13) 

x1 x2 c1 c2 x1 x2

x1 x2 x1 x2 overlap x1 x1 x2

1 x2 concatenate (12)
Google

x1 x2

Google Search Engine

PAT-Tree-based 
Term Extraction

Google Search Engine

Q= (c1, c2)

Search Result

Co-occurrence 
Probabilities

Candidates with 
the suffix c2

Candidates with 
the prefix c1

Fluent Phrase
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4.

IBM Model 4 IBM4

4.1 

[1] 18752

GIZA++[9]
(Inside-test)

(Outside-test)
100

ISI(Information Sciences Institute) [10]
IBM4 BLEU[17] N-Gram

Number
Noun Phrase 20820 
Verb Phrase 10603 

Prepositional Phrase 20421

Number
Noun Phrase 1000 
Verb Phrase 1000 

Prepositional Phrase 1000 

Number
Noun Phrase 170 
Verb Phrase 97

Prepositional Phrase 123 

4.2

4.2.1 

N-Gram Precision
PMT FPMT

1-Gram 
Precision

4-Gram Precision

FPMT IBM4
IBM4

FPMT "pediatric" " " " "
FPMT " "
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"prospective randomized studies" FPMT " "
IBM4

1-Gram-Precision FPMT IBM4
N-Gram-Precision

(Stopword)
IBM4

1 4 FPMT
3.1

4-Gram IBM4

N-Gram

Pr
ec

isi
o PMT

FPMT
IBM4

N-Gram

Pr
ec

isi
o PMT

FPMT
IBM4

( )

N-Gram

Pr
ec

isi
o PMT

FPMT
IBM4

( )

(1) 

       English Phrase
Translation Method pediatric mental health problems

Reference Translation 
FPMT
IBM4 

(2) 

English Phrase
Translation Method Prospective randomized studies

Reference Translation 
FPMT
IBM4 
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English Phrase
Translation Method In the polyp prevention trial 

Reference Translation 
FPMT
IBM4 

4.2.2 

100

PMT IBM4 FPMT IBM4
N-Gram BLEU N-gram

BLEU 4.3

4-Gram 4-Gram

4-Gram
IBM4

of
in IBM4

IBM4 IBM4
FPMT IBM4

N-gram

Pr
ec

isi
o

PMT
FPMT
IBM4

N-gram

Pr
ec

isi
o PMT

FPMT
IBM4

N-gram

Pr
ec

isi
o PMT

FPMT
IBM4
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4.3

4.2
BLEU

[12] BLEU
<after 16 weeks> 16

16 BLEU

FPMT IBM4
1-Gram Precision 2-Gram Precision IBM4

3-Gram Precision 4-Gram Precision
3-Gram 4-Gram

"diabetes risk"

"no significant differences"

BLEU
IBM4

(1) 

1-Gram-Precision 2-Gram-Precision 3-Gram-Precision 4-Gram-Precision 
FPMT 0.6824 0.4831 0.3530 0.2605 
IBM4 0.6803 0.4821 0.3595 0.2734 

diabetes risk no significant differences 
FPMT  

Reference Translation 

1-Gram-Precision 2-Gram-Precision 3-Gram-Precision 4-Gram-Precision 
FPMT 0.6870 0.4916 0.3656 0.2757 
IBM4 0.6803 0.4821 0.3595 0.2734 

BLEU

BLEU
FPMT 0.3638
IBM4 0.3407 

BLEU
100

FPMT IBM4
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(Correct) (Acceptable)

IBM4
IBM4

Correct Acceptable 

FPMT 59% 80% Noun Phrase
IBM4 50% 70% 
FPMT 41% 70% Verb Phrase
IBM4 24% 52% 
FPMT 38% 65% Prepositional Phrase
IBM4 37% 60% 

BLEU
IBM4 28

Degree of Fluency 
FPMT 62%28 Test Phrases  
IBM4 38% 

A

1
1

GIZA++

5.

BLEU
N-gram
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