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Abgtract : The paper gives a survey on three gpproachesof statistical machine trandation and the evauation methods
usedin SMT. The badc idea of parald grammar based goproach isto build parald grammarsfor ource and target
languages, which conform the same probabilistic distribution. In the source-channd gpproach , the trandation probar

bility is expressed as a language modd and a trandation modd. In the maximum entropy gpproach, the optima
trandation is searched according to alinear combination of a seriesof real-valued feature functions. The source-chan-

nel approach can be regard as a gpecid case of maximum entropy gpproach.
Key words:artificid intdligence; machine trandation; overview; satisticad machine trandation; surce channd

modd ; maximum entropy method

(datardriven)
1949 ,Weaver

Chomsky :
90 ,IBM Brown

:2003- 02 - 10
(973) (G1998030507 - 4 ; G1998030510)

(1966 5 , , , )



Alshawi Head Transducer ITG ,

, IBM Peter Brovin 90 (451 ,
Och
19] ’
2.1 IBM
2.1.1
1 T1
S, , S T
1 S T!
P (D ——)@——) P(SID —-)@
Bayes :
T = argmax P(T)P(S| T)
Brown (4] (Fundamenta Equar
tion of Statistica Machine Trandation) JP(T) T
) P(S| T T S ,
, P(TIS), P(T) P(S| T
? , P(T| S T,
T (ill-formed) , P(T)
1. Pr(t) ;



2. Pr(s| t)

3. : ;
80 90 ,IBM
[2,4,5]
Pr(t) , n n
2.1.2 IBM
Pr(f| e ,IBM 5 5l IBM
Modd 1 5 1 t(fjl e) 2
Pr(alj,m,I), m | Ny
a 3
¢(n| &), e n 4
: ( ,
50 ) 5 4 : 4 (deficiency) ,
i 2 )
345 , : :
(Connection)
1 , , )
: 1 ,
2 5 , IBM ,
3 : « ) ¢ )
1. e, b, n(4He;
m-prime;
3 0 , 1
\ 2 , ;
4. m-prime , NULL ,
pl  poO;
5. & NULL
6. m cmrprime+ $;
7. t(f] e, e f;
8. NULL , d(jl i, 1, m,
i Ji
, m
0. ( ) ,
10. NULL (



) , 1 %
11. , )
2.1.3
IBM Modd 3 , ,
,IBM ,
Search) , (Rzam Search) A~
, iBN :
1. ;
2 :
IBM , 5%
2.1.4 Candide
, IBM
( )
IBM ;
: Candi de!?!
Huency 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
Manua . 833 . 840
ARPA , Systran .
dide , Candide ,
:Fuency ( ) Adequacy ( ) (Transman IBM
Time Ratio Candide  Transman
)
,Candide Systran ,
Systran
,Candide ,Candide “
“ (Stone Soup) ", ,

(Stack



IBM

2.1.5 IBM
IBM IBM
,IBM )
IBM )
2.2 (Yeyi Wang) CM U — )
(13] IBivi
IBM , IBM
, IBM
(Rough Alignment) (Detailed Alignment)
IBM Modd 2, IBM Modd 4
1 (
11 %) ’ ’
2.3 (JHUY)
IBM , IBM
, , IBM ,
, 1999 ,
(JHU) : , IBM
' —EGYPT ,
1999 )
EGYPT, )
[1]
1.
2. — ;
3. ( ) (
) 1



2121

EGYPT :

1. GIZA : ( )
2. Decoder : '
3. Caro:

4. Whittle:
EGYPT

2.4 Yamada  Knight
(IS/USC)  Kevin Knight

, JHU
(6]

Yamada, Knight IBM
[14]

1. IBM

b) | (N
c) |
d)
€) :
10 IBM Model 5

2.5 Och
RWTH Aachen —Universty of Technology

Verbmobil ,Och
(7] IBM



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

,Och

[9]

(3]

IBM

[10,11]

dgz

gREPE

400 ;

, (Back-off) ;
(Alignment Template) ,
2 - - NEPIH

1@ - - -
-
(2]

s2
s3
sS4

Ty}
w0

morning, evening, afternoon, ...

, IBM

,hi(e,f), ..., hu(e,f)
M ( ).

zwei, drei, vier, finf, ...

Uhr

vormittags, nachmittags, abends, ...
two, three, four, five, ...

o’clock

in

the

e f



Pr(e] )= R_...a, (el f)

= exp[mMZ)\ mhm (e, f) 1/ Zexp[iA mhm (€ ,1) ]
( )

f, e
e= argmax{ Pr(e| f)}
M
= argmax{ ”ZA mhm (e, )}
; log p(e) log p(f|e, Ai=Ap=1,
, 1S
s [9] (Discriminative Train-
ing) ,
N S
AN = argmax{ ZIOQR?(%I fo)}
)\1 s

Och (o1

1. ) )

2. Al A, :

3.

1. :

2 ;

9] ACL 2002
[8] 1 1
, MT Summit
2001 Workshop



4.1

),
(edit distance)

4.2
90 [15]

4.3 IBM BLEU
IBM

n
n
" u(
BL EU
BLEU ,n
BL EU
1pn
yWn=1/ N,N

[12]

BLEU  BiLingua Evauation Understudy

1 4
,BLUE ,

N
BLEU = BP- exp( anlogpn)

n n

n ( 4) BP



Normalized score

IBM BL EU

S1 S2 S3 H1 H2

[ —o—Monolingual —x —Bilingual —e—Bleu

),

IBM ; )
IBM

( ARPA Systran )

,IBM
10

H2

IBM

Sl & S3

BL EU

IBM

80

,H1



, IBM ,

, 90 , , Malamed
Knight Och IBM
JHU 1]
, 90
IBM DARPA , (10
) : .
IBM 10 ,
25
, IBM
2002 ACL ,Och [9]
2002 NIST ,Och RWTH Aachen —Univerdty of
Technology ,
1. , ;
2. , (
)
3. , , ;
4. ;
5. ) ;
6. , )

[1] Yaser Al-Onaizan, Jan Curin, Michad Jahr, Kevin Knight , John Laferty , Dan Meamed, FranzJosef
Och, David Purdy , Noah A. Smith and David Yarowsky. Satisticd Machine Trandation: Fina Report
[R] , Johns Hopkins Universty 1999 Summer Workshop on Language Engineering, Center for Seech
and L anguage Processng, Batimore, MD.

[2] Berger, A., P. Brown, S. Ddla Retra, V. Ddla Petra, J. QGllett, J. Laferty, R. Mercer, H.
Printz, L Ures, The Candide System for Machine Trandation [A] , Proceedings of the DARPA Work-
shop on Human L anguage Technology (HL T) , 1994.

[3] A. L. Berger, S. A. Ddla Retra, and V. J. Ddla Pietra. A maximum entropy goproach to naturd

11



[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

12

language processing [J]. Computationd Linguigtics, 22(1) :39-72 ,March 1996.
Peter F. Brown, John Cocke, Sephen A. Ddla Retra, Vincent J. Ddla Fetra, Fredrick Jdinek , John
D. Ldferty, Robert L. Mercer, Paul S. Roossin, A Satistical Approach to Machine Trandation [J] ,
Computationd Linguistics,1990.
Peter. F. Brown, Sephen A. Ddla Retra, Vincent J. Dela Fetra, Robert L. Mercer, The Mathe
matics of Satigicad Machine Trandation: Parameter Estimation [J], Computationd Linguigtics, 19,
(2) ,1993.
Kevin Knight , A Statisgicd Machine Trandation Tutorial Workbook [ Z]. unpublished, prepared in con-
nection with the JHU summer workshop , August 1999. (available at http:/ / www. d . jhu. edu/ ws99/
projects’ mt/ wkbk. rtf) .
F. J. Och, C. Tillmann, and H. Ney. Improved dignment modds for satisticd machine trandation
[A]. In Proc. of theJoint SIGDAT Conf. On Empiricd Methodsin Natura Language Procesing and
Very Large Corpora, pages 20-28 , Univerdty of Maryland, College Park , MD , June 1999.
Franz Josff Och, Hermann Ney. What Can Machine Trandation Learn from Seech Recognition ?[A]
In: proceedingsof M T 2001 Workshop : Towardsa Road Map for M T, 26-31, Santiago de Compostda,
Spain, September 2001.
Franz Jos&f Och, Hermann Ney, Disriminative Training and Maximum Entropy Modds for Satistica
Machine Trandation [A] , ACL2002.
K. A. Pepineni, S. Roukos, and R. T. Ward. Feature-based language understanding [A]. In Euro-
pean Conf. on S$peech Communication and Technology , 14351438, Rhodes, Greece, Sgptember,
1997.
K. A. Paineni, S. Roukos, and R. T. Ward. Maximum likelihood and discriminative training of di-
rect trandation modds [A]. In Proc. Int. Conf. on Aoougtics, $eech, and Sgna Procesing, pages
189-192, Seattle, WA , May, 1998.
Kishore Papineni , Sdim Roukos, Todd Ward, We-Jing Zhu, Bleu: a Method for Automatic Evdua
tion of Machine Trandation [R], IBM Research, RC22176 (W0109-022) Sgptember 17 , 2001.
Ye Yi Wang, Grammar Inference and Satisicd Machine Trandation [D], Ph. D Thess, Carnegie
Mélon Universty, 1998.
K. Yamada and K. Knight, A Syntax-Based Statigtical Trandation Modd [A], in Proc. of the Conr
ference of the Asodation for Computationa Linguistics (ACL) , 2001.
[A]. 1991 , 314 -
319.



