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Decoding Algorithms for Statistical Machine Translation
Considering Generation Directions

TARO WATANABE,! EIICHIRO SUMITAt and HIROSHI G. OKUNO't

The framework of statistical machine translation formutates the problem of finding the op-
timum translation as a search problem. In the past, a decoder, a search system, was modeled
after the left-to-right decoding which produces an output from the beggining of a sentence.
This paper presents two alternative directional methods, one is a right-to-left decoding that
generates an output from the end of a sentence. The other is a bidirectional decoding that
generates an output from both directions. The experimental results of English and Japanese
translation indcated that the left-to-right decoding algorithm is good for Japanese-to-English
transltion, while the right-to-left decoding algorithm was suitable for English-to-Japanese
translation. Furthermore, it has been confirmed that the bidirectional decoding algorithm

Dec. 2003

resulted in further reduced search erros.
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Fig.1 Framework for statistical machine translation.
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Fig.2 Example of an alignment for Japanese-English
sentence.

000000000000000000000000
010000000000020000000000
000040 “another” 0000000000000
0000000000 0000 NULLOOOOOO
00 1000000000000000000000
00D000000000000

2.1 00000000

00000 P(J,AlE) 000000000000
000 400000000000000700000
I0mO0000 E0DJOODOOODO

l
P(J, A|E) :II (¢i|E:)

( ) m— 2¢op¢0
H (J5|Ea,)

(mJE)
.Rmmwmmmmm@ma
00000000000 BO1<i<IOED i
0000000 ¢ 000000000930
NULLOOO000 (", p5 ™~ **p{° = g(¢o|m)
000000000 m O00O00O00O¢ O
O NULLOOOOOOOOOOOm — ¢o(=
S _,¢) 00000000 pi(=1-po) 000
0 NULLODOOOO0O040
Lexicon 00 0 O t(J;|Ea;)
000000000000 E, 0000000
00 J;, 00000000
e Distortion 00 00 d(A|J, E)

U3 ¢, OOE; O fertility 000 000000000000
Y4 0pooooOo0oO0O0Oon



3204 goooooooo

0000000000000 000 Distortion O
000000000 00O00000000000
oo”o

00O00000000000000000 Fertility

OO0 @MNULLOOOONULLOOOOOMmMmOD

0000000000 Lexicon 000 MOO0O00O

00000000 Distortion 000 OO O00O0O

0ooooooo

22 0000
000000000000000000 JOOO

000000000000 P(J|E) =Y, P(J,AlE)

000000 P(E)000OO0OODOOOO EOO

00000000000 AOO0ODOO0O0JO0O0000

mOEOOOOO [00000(@{+1)™0000

00000000000D000000000000

P(JIE)~ P(J,A|lE)0000°°00000J000

000000E = argmax, P(J,A|[E)P(E) 00O

Eoooooooooon

00000000000000000000000

0000000000000000 NP-Complete O

00000000000Y000000000000

000000000000000000000000

00000000000 D0000000000000

ooo?90000000000000000000

00000000000 0OO0D0000O0000000

000000000000000000000000

00000000000000000

00000000000000000000000

000000000000 000000000

3. 0OOoooooooboooo

00000000000000000D0O0000
Tilman 0% 0 Och0» 000000000000
000000000000000000000000
O Berger 02 0 Och0%0 Germann 0% 0000
ooooDoo
000000000000000000 JoOo
mO0O000D000O00 (EL,A)ODODDODOOOO
O0OFE 00JO00O0000000O00O00000
0!0000000000000A0O0O0O0DOOO
00000000000 0000000000000
00000000000000000 Q(EL, A 0D
00000000000 300

Y 410 NULLOOOOO
0 gppooO0O00000 ADDOOOOOOOO0O0O0O00O0

Dec. 2003
R 1
((NULLg could; \
_
o1 DoFxTN 3% 4WAL s T0RLET 62T 720 5
A= (-1 -1 -1 -1 -1 1 -1 -1
\_ ( : ))
[¥% 7] % “couldy” ~HIETIF 5
¥ R 2
(NULLg could; \
1 DodFN 3k 4BAL s TORET 6 ET 72 8
A= (-1 -1 -1 -1 -1 1 -1
\_ ( . 1 V)
% 4] % *NULLQ" ~HIE5132
y {53 3
((NULLg could; \
ft 1 O oFTFN 3% 4BAL 5 T T T 720 8
A= (-1 -1 -1 o0 -1 1 1 -1
(A= )

T
“youg recommendg” % §FA, [#4L 5] % “recommendg™ ~ET1 5

v it 4

NULLg could; yous recommends

1 ®o FFL3 % 4BAL 5 TVEET 6T 7200 5
A= (-1 -1 -1 0 3 1 1 -1)

03 000oOOoooooooooooo
Fig.3 Example of operators during decoding process.
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Fig.4 Beam search algorithm.
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Fig.5 Search space for the input length of 4.
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Fig.6 Insertion and alignment for left-to-right decoding.
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Fig. 7 Insertion and alignment for right-to-left decoding.
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Fig.9 Language model perplexity for Japanese and
English.
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Table 1 Basic travel expression corpus.
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02 0O00000OO0OOoOOooog
Table 2 Translation results for Japanese-English/English-Japanese.

oo oooooo SER WER PER BLEU NIST SE [%)]
[%] (%] (%] (%] A A+B A+B4+C D
oo LtoR 14.0 69.7 65.3 24.0 4.57 46.0 68.0 82.0 18.0
RtoL 24.0 70.3 65.0 23.2 4.54 44.0 66.7 82.7 17.3
Bi 11.3 70.1 65.4 23.3 4.54 46.3 68.3 80.7 19.3
oo LtoR 13.3 66.3 58.3 25.4 4.39 44.7 57.4 68.0 32.0
RtoL 12.0 66.2 57.6 25.5 4.39 44.0 55.3 65.3 34.7
Bi 9.3 66.6 59.0 25.3 4.34 42.7 54.7 66.0 34.0
LtoR: left-to-right 0000 000
RtoL: right-to-left 0 000 000
Bi: gooooooooo
uon uooooooooooo ooo this is my boss mr. kitano
LtoR: here ’s my wallet was stolen LtoR: O0DO0O0O0O0O00O00 00
RtoL: here ’s my wallet was stolen RtoL: oo oo oo
Bi: i had my wallet stolen Bi: oooooooooooo
oo uoooo D"DD‘DDDD oo oooo ooo i 'm glad that we have a hobby in common
LtoR: fexcuse me i ’d like a seat on the terrace LtoR: ooooooooooooooooon
RtoL: i’d prefer excuse me Rtol: 000000000 0000 00
Bi: i ’d like a seat on the terrace Bi: 0OOoO000O000O0000O00
ooo oo D_ oo oo DA ood excuse me sir what do you want for drink before
LtoR: what time should i be at the end dinner
RtoL: it ’s what time will it be over LtoR: 000000 000000000000 O000a0
Bi: at what time is it end ’ oo
ooo 000006000 000000 Rtol: 0000 0000000000000 00000
LtoR: could you put my baggage here oo
RtoL:  do you have overhead luggage Bi: 0OOD0D 0000000000000 O0000 D
Bi: could you put my baggage 00 o0 ooao
ooo nooboboloO0ooaono ooo sorry but i don’t understand these medical words
LtoR: yes brother and sister there a daughter in english

RtoL: you ’re yes brother and sister daughter
Bi: yes my daughter is there a brother and sister

010 00OODOoOO
Fig.10 Example of Japanese-to-English translation.
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Fig.11 Example of English-to-Japanese translation.
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