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Improving Multilingual Machine Translation

using Pivot Language Models*
Akiva Miura

Abstract

In statistical machine translation, the pivot translation approach allows for
translation of language pairs with little or no parallel data by introducing a
third language for which data exists. In particular, the triangulation method,
which translates by combining source-pivot and pivot-target translation models
into a source-target model is known for its high translation accuracy. How-
ever, after the conventional triangulation method, information of pivot phrases
is forgotten, and not used in the translation process. In this research, we pro-
pose a novel approach to remember the pivot phrases in the triangulation stage,
and use a pivot language model as an additional information source at trans-
lation phase. Experimental results on the Europarl corpus showed significant

improvements in all tested combinations of languages.
Keywords:

statistical machine translation, multilinguality, pivot translation, synchronous

context-free grammars, language models, parallel corpora
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00000000000000000000000

é = arg max Pr(e|f) (2.1)
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= arg max Pr(f|e)P(e) (2.3)
ecé(f)
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é = arg max Pr(e|f) (2.4)
ec&(f)

exp ('wTh(f, e)

/2 arg max 2.5
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ec&(f)

0D000AOOOOOOOOODOOOO0OOOOOOODODOOO0O0OO0O0OOOO0
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é = arg max Pr(f|e)Pr(e)
ec&(f)

= arg max Z Pr(f,d|e)Pr(e) (2.7)
e€€(f) aep(f,e)

0000D(f,e) 00 f000 e000000000000000000

00000000000000000000000 f0 e000000000
0000000 IBMOOO [2)00000000IBMO0OOOO0Pr(fle) 00
e00 f000000000000DOOOODOO00000O0 «00000000
00000000000000000

Pr(fle) =) _Pr(f,ale) (2.8)

ggoobbobotooooooboboooooobobboooooooboooboa
goobobooooboboooobbbooooboo

a = arg max Pr(f,ale) (2.9)
a

000000000 e00000 (f,e) 000D0O0O0DOO (fj,e;) DOODOO
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CL:{,(_],Z),} (2'10)
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=1

0000/0 ed000000e=el =¢;---¢;,0000000e¢y=(s) 000
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0000000000000

Ctrain (66)

Pur(eileh ™) = —
o Ctrain(e(zj 1)

(2.12)
000 ¢prain 0000000000000000000O000OO

000000000000000000000000000000 000000
D000000000000000000000000000000000000
D000000000000000000000e 0000000000000
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gboobobooboobooboboobo
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BLEU Score [%
Source | Target || MT Method Direct Triangulatior[l ] Cascade
o PBMT 29.44 25.58 24.23
Hiero 27.10 25.31 25.05
De Fr PBMT 27.25 23.43 22.38
Hiero 25.65 24.12 23.86
It PBMT 22.47 20.84 19.16
Hiero 23.04 21.27 20.76
De PBMT 24.40 22.08 20.06
Hiero 20.11 18.77 18.52
PBMT 36.36 31.26 26.81
Es Fr ]
Hiero 33.48 29.54 27.00
It PBMT 30.07 26.26 24.40
Hiero 27.82 25.11 22.57
De PBMT 19.78 18.52 17.98
Hiero 19.69 18.73 18.01
Fr B PBMT 38.04 36.41 33.11
Hiero 34.36 30.31 27.26
It PBMT 28.21 26.30 22.70
Hiero 28.48 25.31 22.73
De PBMT 20.06 17.52 14.81
Hiero 19.09 17.35 14.03
It o PBMT 36.51 30.75 27.33
Hiero 31.99 28.85 25.64
Fr PBMT 33.34 30.17 28.89
Hiero 31.39 28.48 25.87

031 00000O000O0ODO0O0ODOOO0OD (DODOOOO 100k0O)
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000000000000000000000000000000 BLEU [14] O
0000 SMTOOOOOOOO MERT [1I3]00000000000000O0OO
O BLEUOOOOOODODODOOODOODODODOOODOOoDooOOo
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) BLEU Score [%

Source | Target | Pivot || MT Method Diroct TriangulatiorE ] Cascade
Bl PBMT 33.39 32.02 29.52

En Ja Hiero 38.27 34.53 30.08
He PBMT 33.39 23.89 17.12

Hiero 38.27 20.99 18.04

En PBMT 32.70 30.97 30.59

o Ja Hiero 35.72 32.16 31.89
He PBMT 32.70 21.16 17.49

Hiero 35.72 21.25 17.32

En PBMT 23.45 23.41 22.45

He Ja Hiero 24.36 24.12 23.81
El PBMT 23.35 20.60 19.38

Hiero 24.36 18.10 18.68

Bl PBMT 34.25 30.63 27.39

En Hiero 44.24 35.78 33.73

He PBMT 34.25 21.67 15.24

Hiero 44.24 24.77 18.96

o PBMT 28.23 27.52 26.82

Ja Bl Hiero 34.01 36.46 35.82
He PBMT 28.23 27.52 12.48

Hiero 34.01 22.17 16.37

En PBMT 25.23 15.40 13.55

He Hiero 25.71 16.11 15.96

o PBMT 25.23 10.40 9.68

Hiero 25.71 16.11 11.81
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BLEU Score [%)]
Src | Trg Direct | Cascade Tri. SCFG Tri. MSCFG  Tri. MSCFG Tri. MSCFG
(baseline) -PivotLM +PivotLM 100k  +PivotLM 2M
Es 27.10 25.05 25.31 25.38 25.52 1 25.75
De Fr 25.65 23.86 24.12 24.16 24.25 T 24.58
It 23.04 20.76 21.27 21.42 T 21.65 I 22.29
De 20.11 18.52 18.77 18.97 19.08 1 19.40
Es | Fr || 3348 | 27.00 29.54 +29.87 +29.91 + 29.95
It 27.82 22.57 25.11 25.01 25.18 1 25.64
De 19.69 18.01 18.73 18.77 18.87 119.19
Fr | Es 34.36 27.26 30.31 30.53 1 30.73 I 31.00
It 28.48 22.73 25.31 25.50 T 25.72 I 26.22
De 19.09 14.03 17.35 T 17.99 1 18.17 1 18.52
It Es 31.99 25.64 28.85 28.83 29.01 T 29.31
Fr 31.39 25.87 28.48 28.40 28.63 T 29.02
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000000000 (40)m-PivotLMOOOODOOODOODOOODOODOO
000 +PivotLM 100k/2MO00000 100002000000000

goobooooooooan
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Ich bedaure , dafl es keine gemeinsame Annaherung gegeben hat .
000 (0oooo):
Sono spiacente del mancato approccio comune .
gooooo:
I regret that there was no common approach .
Tri. SCFG:
Mi rammarico per il fatto che non si ravvicinamento comune .
(BLEU+1: 13.84)
Tri. MSCFG+PivotLM 2M:
Mi dispiace che non esiste un approccio comune . (BLEU+1: 25.10)
I regret that there is no common approach . (0000000 0O0O)
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000 (0O00o00):

Vous avez tout a fait raison et je vous remercie d’avoir attiré ’attention

sur ce point.
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Tiene usted toda la razén y le agradezco que nos llame la atencién sobre
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You are quite right and I thank you for drawing our attention to this
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You have quite right and I thank you for having courageously brought
the attention on this point . (0000000 0O0O)
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0o S F-Measure [%)]
Direct ri. MSCFG Tri.SCFG
+PivotLM 2M
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vV (OD) 3,324 | 6952 | 63.86 (+1.06)  62.80
ADV (00) 2,238 | 81.98 | 77.81 (+0.34) 7747
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0o S F-Measure [%]
Direct ri. MSCFG Tri.SCFG
+PivotLM 2M
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