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MT Evaluation

Illustrative translation results
• la p o li t i q u e d e  la h ai n e .  ( F o r e i g n  O r i g i n al)
• p o l i t i c s  o f  h a t e  .  ( R e f e r e n c e  T r a n s l a t i o n )
• t h e  p o l i c y  o f  t h e  h a t r e d  .  ( I B M 4 + N -g r a m s + S t a c k )

• n o u s av o n s s i g n é le  p r o t o c o le .  ( F o r e i g n  O r i g i n al)
• w e  d i d  s i g n  t h e  m e m o r a n d u m  o f  a g r e e m e n t  .  ( R e f e r e n c e  T r a n s l a t i o n )
• w e  h a v e  s i g n e d  t h e  p r o t o c o l  .  ( I B M 4 + N -g r a m s + S t a c k )

• o ù é t ai t le  p lan  s o li d e ?  ( F o r e i g n  O r i g i n al)
• b u t  w h e r e  w a s  t h e  s o l i d  p l a n  ?  ( R e f e r e n c e  T r a n s l a t i o n )
• w h e r e  w a s  t h e  e c o n o m i c  b a s e  ?  ( I B M 4 + N -g r a m s + S t a c k )
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MT Evaluation
• M a n u a l  ( t h e  b e s t ! ? ) :  
– S S E R  ( s u b j e c t i v e  s e n t e n c e  e r r o r  r a t e )
– C o r r e c t / I n c o r r e c t
– E r r o r  c a t e g o r i z a t i o n

• T e s t i n g  i n  a n  a p p l i c a t i o n  t h a t  u s e s  M T  a s  o n e  s u b -c o m p o n e n t
– Q u e s t i o n  a n s w e r i n g  f r o m  f o r e i g n  l a n g u a g e  d o c u m e n t s

• A u t o m a t i c  m e t r i c :  
– W E R  ( w o r d  e r r o r  r a t e )  – w h y  p r o b l e m a t i c ?
– BLEU (Bilingual Evaluation Understudy)

Reference (human) translation:
The U.S. island of Guam is 
maint aining  a hig h st at e of aler t
aft er  t he Guam air p or t  and it s
offic es b ot h r ec eiv ed an e-mail 
fr om someone c alling  himself t he 
Saudi A r ab ian O sama b in L aden 
and t hr eat ening  a 
b iolog ic al/ c hemic al at t ac k  ag ainst  
p ub lic  p lac es suc h as t he air p or t .

M achine translation:
The A mer ic an [ ? ]  int er nat ional 
air p or t  and it s t he offic e all 
r ec eiv es one c alls self t he sand 
A r ab  r ic h b usiness [ ? ]  and so on 
elec t r onic  mail ,  w hic h sends out  ;   
The t hr eat  w ill b e ab le aft er  p ub lic  
p lac e and so on t he air p or t t o st ar t  
t he b ioc hemist r y  at t ac k  ,  [ ? ]  hig hly  
aler t s aft er  t he maint enanc e.

BLEU Evaluation Metric
(P a p i n e n i e t  a l ,  A C L -2 0 0 2 )

• N-g r a m  p r e c i s i o n  ( s c o r e  i s  b e t w e e n  0  &  1 )
– W h a t  p e r c e n t a g e  o f  m a c h i n e  n -g r a m s  c a n  b e  f o u n d  i n  t h e  r e f e r e n c e  t r a n s l a t i o n ?  

– A n  n -g r a m  i s  a n  s e q u e n c e  o f  n  w o r d s
– N o t  a l l o w e d  t o  u s e  s a m e  p o r t i o n  o f  r e f e r e n c e  t r a n s l a t i o n  t w i c e  ( c a n ’ t  c h e a t  b y  t y p i n g  o u t  “ t h e  t h e  t h e  t h e  t h e ” )

• B r e v i t y  p e n a l t y
– C a n ’ t  j u s t  t y p e  o u t  s i n g l e  w o r d  “ t h e ”  ( p r e c i s i o n  1 . 0 ! )

* * *  Q u i t e  h a r d  t o  “ g a m e ”  t h e  s y s t e m  ( i . e . ,  f i n d  a  w a y  t o  c h a n g e  m a c h i n e  o u t p u t  s o  t h a t  B L E U  g o e s  u p ,  b u t  q u a l i t y  d o e s n ’ t )

Reference (human) translation:
The U.S. island of Guam is 
maint aining  a hig h st at e of aler t
aft er  t he Guam air p or t  and it s
offic es b ot h r ec eiv ed an e-mail 
fr om someone c alling  himself t he 
Saudi A r ab ian O sama b in L aden 
and t hr eat ening  a 
b iolog ic al/ c hemic al at t ac k  ag ainst  
p ub lic  p lac es suc h as t he air p or t .

Machine translation:
The A mer ic an [ ? ]  int er nat ional 
air p or t  and it s t he offic e all 
r ec eiv es one c alls self t he sand 
A r ab  r ic h b usiness [ ? ]  and so on 
elec t r onic  mail ,  w hic h sends out  ;   
The t hr eat  w ill b e ab le aft er  p ub lic  
p lac e and so on t he air p or t t o st ar t  
t he b ioc hemist r y  at t ac k  ,  [ ? ]  hig hly  
aler t s aft er  t he maint enanc e.

BLEU Evaluation Metric
(P a p i n e n i e t  a l ,  A C L -2 0 0 2 )

• BLEU4 formula 
( c oun t s  n -g rams  up  t o le n g t h  4)

exp (1.0 * log p1 +
0.5  * log p2  +
0.2 5  * log p3  +
0.12 5  * log p4  –
m a x(w or d s -i n -r ef er en c e /  w or d s -i n -m a c h i n e – 1,

0)
p1 =  1-gr a m  pr ec i s i on
P 2  =  2 -gr a m  pr ec i s i on
P 3  =  3 -gr a m  pr ec i s i on
P 4  =  4 -gr a m  pr ec i s i on  

BLEU in Action
枪手被警方击毙枪手被警方击毙枪手被警方击毙枪手被警方击毙���� ( F o r e i g n  O r i g i n a l )
t h e  g u n m a n  w a s  s h o t  t o  d e a t h  b y  t h e  p o l i c e  . ( R e f e r e n c e  T r a n s l a t i o n )
t h e g u n m a n w a s p o l i c e k i l l . # 1
w o u n d e d p o l i c e j a y a o f # 2
t h e g u n m a n w a s s h o t d e a d b y t h e p o l i c e . # 3
t h e g u n m a n a r r e s t e d b y p o l i c e k i l l . # 4
t h e g u n m e n w e r e k i l l e d . # 5
t h e g u n m a n w a s s h o t t o d e a t h b y t h e p o l i c e . # 6
g u n m e n w e r e k i l l e d b y p o l i c e ? S U B > 0 ? S U B > 0 # 7
a l b y t h e p o l i c e . # 8
t h e r i n g e r i s k i l l e d b y t h e p o l i c e . # 9
p o l i c e k i l l e d t h e g u n m a n . # 1 0

g r e e n = 4-g r a m  m a t c h  ( g o o d ! )
r e d = w o r d  n o t  m a t c h e d  ( b a d ! )
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Reference translation 1:
The U.S. island of Guam is maintaining 
a high state of aler t after  the Guam 
air p or t and its offic es b oth r ec eiv ed an 
e-mail fr om someone c alling himself 
the Saudi A r ab ian O sama b in L aden 
and thr eatening a b iologic al/ c hemic al 
attac k  against p ub lic  p lac es suc h as 
the air p or t .

Reference translation 3 :
The US I nter national A ir p or t of Guam 
and its offic e has r ec eiv ed an email 
fr om a self-c laimed A r ab ian millionair e 
named L aden , w hic h thr eatens to 
launc h a b ioc hemic al attac k  on suc h 
p ub lic  p lac es as air p or t . Guam 
author ity  has b een on aler t . 

Reference translation 4 :
US Guam I nter national A ir p or t and its 
offic e r ec eiv ed an email fr om M r . B in 
L aden and other  r ic h b usinessman 
fr om Saudi A r ab ia . They  said ther e 
w ould b e b ioc hemistr y  air  r aid to Guam 
A ir p or t and other  p ub lic  p lac es . Guam 
needs to b e in high p r ec aution ab out 
this matter  . 

Reference translation 2 :
Guam I nter national A ir p or t and its 
offic es ar e maintaining a high state of 
aler t after  r ec eiv ing an e-mail that w as 
fr om a p er son c laiming to b e the 
w ealthy  Saudi A r ab ian b usinessman 
B in L aden and that thr eatened to 
launc h a b iologic al and c hemic al attac k  
on the air p or t and other  p ub lic  p lac es .

M ach ine translation:
The A mer ic an [ ? ]  inter national air p or t 
and its the offic e all r ec eiv es one c alls 
self the sand A r ab  r ic h b usiness [ ? ]  
and so on elec tr onic  mail , w hic h 
sends out ;   The thr eat w ill b e ab le 
after  p ub lic  p lac e and so on the 
air p or t to star t the b ioc hemistr y  attac k  
, [ ? ]  highly  aler ts after  the 
maintenanc e.

Multiple Reference Translations
Reference translation 1:

The U.S. island of Guam is maintaining 
a high state of aler t after  the Guam 
air p or t and its offic es b oth r ec eiv ed an 
e-mail fr om someone c alling himself 
the Saudi A r ab ian O sama b in L aden 
and thr eatening a b iologic al/ c hemic al 
attac k against p ub lic p lac es suc h as 
the air p or t .

Reference translation 3 :
The US I nter national A ir p or t of Guam 
and its offic e has r ec eiv ed an email 
fr om a self-c laimed A r ab ian millionair e 
named L aden , w hic h thr eatens to 
launc h a b ioc hemic al attac k  on suc h 
p ub lic  p lac es as air p or t . Guam 
author ity  has b een on aler t . 

Reference translation 4 :
US Guam I nter national A ir p or t and its 
offic e r ec eiv ed an email fr om M r . B in 
L aden and other  r ic h b usinessman 
fr om Saudi A r ab ia . They  said ther e 
w ould b e b ioc hemistr y air  r aid to Guam 
A ir p or t and other  p ub lic  p lac es . Guam 
needs to b e in high p r ec aution ab out 
this matter  . 

Reference translation 2 :
Guam I nter national A ir p or t and its
offic es ar e maintaining a high state of 
aler t after r ec eiv ing an e-mail that w as 
fr om a p er son c laiming to b e the 
w ealthy  Saudi A r ab ian b usinessman 
B in L aden and that thr eatened to 
launc h a b iologic al and c hemic al attac k  
on the air p or t and other  p ub lic  p lac es .

M ach ine translation:
The A mer ic an [ ? ]  inter national air p or t 
and its the offic e all r ec eiv es one c alls 
self the sand A r ab  r ic h b usiness [ ? ]  
and so on elec tr onic  mail , w hic h
sends out ;   The thr eat w ill b e ab le 
after p ub lic p lac e and so on the
air p or t to star t the b ioc hemistr y attac k
, [ ? ]  highly  aler ts after  the
maintenanc e.

BLEU Tends to Predict Human Judgments

R2  =  8 8 . 0 %

R2  =  9 0 . 2 %
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A complete translation system

D ecod ing  f or I B M  M od els 
• O f  a l l  c o n c e i v a b l e  E n g l i s h  w o r d  s t r i n g s ,  f i n d  t h e  

one maximizing P(e) x P(f  |  e)

• D ec od ing is  an N P-c omp l et e c h al l enge 
– ( K n i g h t ,  1 9 9 9 )

• S ev er al  s ear c h  s t r at egies  ar e av ail ab l e

• E ac h  p ot ent ial  E ngl is h  ou t p u t  is  c al l ed  a 
hypothesis .  

Dynamic Programming Beam Search
1st t a r g e t
w o r d

2 n d t a r g e t
w o r d

3 r d t a r g e t
w o r d

4th t a r g e t
w o r d

s t a r t e n d

E a c h  p a r t i a l  t r a n s l a t i o n  h y p o t h e s i s  c o n t a i n s :  
- L a s t  E n g l i s h  w o r d  c h o s e n  +  s o u r c e  w o r d s  c o v e r e d  b y  i t
- N e x t -t o -l a s t  E n g l i s h  w o r d  c h o s e n
- E n t i r e  c o v e r a g e  v e c t o r  ( s o  f a r )  o f  s o u r c e  s e n t e n c e
- L a n g u a g e  m o d e l  a n d  t r a n s l a t i o n  m o d e l  s c o r e s  ( s o  f a r )

a l l  s o u r c e
w o r d s
c o v e r e d

[Jelinek,  1 9 6 9 ;  
B r o w n et  a l,  1 9 9 6  U S  P a t ent ;

(O c h ,  U ef f ing ,  a nd  N ey ,  2 0 0 1 ]

Dynamic Programming Beam Search
1st t a r g e t
w o r d

2 n d t a r g e t
w o r d

3 r d t a r g e t
w o r d

4th t a r g e t
w o r d

s t a r t e n d

E a c h  p a r t i a l  t r a n s l a t i o n  h y p o t h e s i s  c o n t a i n s :  
- L a s t  E n g l i s h  w o r d  c h o s e n  +  s o u r c e  w o r d s  c o v e r e d  b y  i t
- N e x t -t o -l a s t  E n g l i s h  w o r d  c h o s e n
- E n t i r e  c o v e r a g e  v e c t o r  ( s o  f a r )  o f  s o u r c e  s e n t e n c e
- L a n g u a g e  m o d e l  a n d  t r a n s l a t i o n  m o d e l  s c o r e s  ( s o  f a r )

a l l  s o u r c e
w o r d s
c o v e r e d

[Jelinek,  1 9 6 9 ;  
B r o w n et  a l,  1 9 9 6  U S  P a t ent ;

(O c h ,  U ef f ing ,  a nd  N ey ,  2 0 0 1 ]

best predecessor
l i n k
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The “Fundamental Equation of Machine 
Tr ans lation”  ( B r ow n et al.  1 9 9 3 )

ê = a r g m a x P ( e |  f )
e

= a r g m a x P ( e) x P ( f |  e) /  P ( f )
e

= a r g m a x P ( e) x P ( f |  e)
e

W h a t  S t a t M T p e o p l e  d o  i n  t h e  
p r i v a c y  o f  t h e i r  o w n  h o m e s

a r g m a x P ( e |  f )  = 
e

a r g m a x P ( e) x P ( f |  e) /  P ( f )   =
e

a r g m a x P ( e)2.4 x P ( f |  e)      …  w o r k s  b et t er !
e

Which model are you now paying more attention to?

W h a t  S t a t M T p e o p l e  d o  i n  t h e  
p r i v a c y  o f  t h e i r  o w n  h o m e s

a r g m a x P ( e |  f )  = 
e

a r g m a x P ( e) x P ( f |  e) /  P ( f ) 
e

a r g m a x P ( e)2.4 x P ( f |  e) x l en g t h ( e) 1 . 1
e

R ewards  longer hypothes es ,  s ince 
thes e are ‘ unf airly’  punis hed b y P ( e)

W h a t  S t a t M T p e o p l e  d o  i n  t h e  
p r i v a c y  o f  t h e i r  o w n  h o m e s

a r g m a x P ( e)2.4 x P ( f |  e) x l en g t h ( e) 1 . 1 x K S  3 . 7 …  
e

Lots of knowledge sources vote on any given hypothesis.
“ K nowledge source”  =  “ feature function”  =  “ score com ponent” .
F eature function sim ply scores a hypothesis with a real value.

( M ay b e b inary,  as in “ e has a verb ” ) .
Problem:  How to set the exponent weights?

Flaws of Word-B ase d M T
• M u l t i p l e  E n g l i s h  w o r d s  f o r  o n e  F r e n c h  w o r d

– I B M  m o d e l s  c a n  d o  o n e - t o -m a n y  ( f e r t i l i t y )  b u t  n o t  
m a n y -t o - o n e

• P h r a s a l  T r a n s l a t i o n
– “ r e a l  e s t a t e ” ,  “ n o t e  t h a t ” ,  “ i n t e r e s t e d  i n ”

• S y n t a c t i c  T r a n s f o r m a t i o n s
– V e r b  a t  t h e  b e g i n n i n g  i n  A r a b i c
– T r a n s l a t i o n  m o d e l  p e n a l i z e s  a n y  p r o p o s e d  r e -
o r d e r i n g

– L a n g u a g e  m o d e l  n o t  s t r o n g  e n o u g h  t o  f o r c e  t h e  v e r b  
t o  m o v e  t o  t h e  r i g h t  p l a c e

Phrase-B ased  S t at i st i c al  M T
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Phrase-B ased  S t at i st i c al  M T

• F o r e i g n  i n p u t  s e g m e n t e d  i n  t o  p h r a s e s
– “ p h r a s e ”  i s  a n y  s e q u e n c e  o f  w o r d s

• E a c h  p h r a s e  i s  p r o b a b i l i s t i c a l l y  t r a n s l a t e d  i n t o  E n g l i s h
– P ( t o  t h e  c o n f e r e n c e  |  z u r K o n f e r e n z )
– P ( i n t o  t h e  m e e t i n g  |  z u r K o n f e r e n z )

• P h r a s e s  a r e  p r o b a b i l i s t i c a l l y  r e - o r d e r e d
S e e  [ K o e h n  e t  a l ,  2 0 0 3 ]  f o r  a n  i n t r o .
This is state-o f -the-ar t!

Morgen f l i ege i c h na c h K a na d a z u r K onf erenz

T om orrow I w i l l  f l y t o t h e c onf erenc e In C a na d a

A d v an t ag es o f  Phrase-B ased
• M a n y -t o -many mappings can handle non-
composit ional phr ases

• L ocal cont ex t  is v er y u sef u l f or  
disamb igu at ing
– “i n t e r e s t  r a t e ” �…
– “i n t e r e s t  i n ”�…

• T he mor e dat a,  t he longer  t he lear ned 
phr ases
– S o m e t i m e s  w h o l e  s e n t e n c e s

How to Learn the Phrase 
T ransl ati on T ab l e?

• O n e  m e t h o d :  “ a l i g n m e n t  t e m p l a t e s ” (O c h e t  a l ,  1 9 9 9 )
• S t a r t  w i t h  w o r d  a l i g n m e n t ,  b u i l d  p h r a s e s  f r o m  t h a t .

Mary
d i d
n o t
s l ap
t h e
g re e n
w i t c h

Maria    no      d ió u na b of e t ad a a         l a    b ru j a v e rd e
This word-t o-word
a l ig n m e n t  is a  
b y -p rodu c t  of  
t ra in in g  a  
t ra n sl a t ion  m ode l
l ik e  I B M -M ode l -3 .
This is t he  b e st
( or “ V it e rb i” )  
a l ig n m e n t .

How to Learn the Phrase 
T ransl ati on T ab l e?

• O n e  m e t h o d :  “ a l i g n m e n t  t e m p l a t e s ”  (O c h e t  a l ,  1 9 9 9 )
• S t a r t  w i t h  w o r d  a l i g n m e n t ,  b u i l d  p h r a s e s  f r o m  t h a t .

Mary
d i d
n o t
s l ap
t h e
g re e n
w i t c h

Maria    no      d ió u na b of e t ad a a         l a    b ru j a v e rd e
This word-t o-word
a l ig n m e n t  is a  
b y -p rodu c t  of  
t ra in in g  a  
t ra n sl a t ion  m ode l
l ik e  I B M -M ode l -3 .
This is t he  b e st
( or “ V it e rb i” )  
a l ig n m e n t .

I B M  M od el s are 1 -to-M any
• Run IBM-s t y l e  a l i g ne r  b o t h  d i r e c t i o ns ,  t h e n 
m e r g e :

E�F b e s t
a l i g n m e n t

Union or Intersection

MERGE

F�E b e s t
a l i g n m e n t

How to Learn the Phrase 
T ransl ati on T ab l e?

• C o l l e c t  a l l  p h r a s e  p a i r s  that are consistent with 
the word  al ig nm ent

Mary
did
n o t
s l a p
t h e
g re e n
w i t c h

Maria    no     d i ó u na b of e t a d a a        l a    b ru j a v e rd e

one
ex a m p l e
p h r a s e
p a i r
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Consistent with Word Alignment

x

x

Mary
d i d
n o t
s l ap

Mari a    n o    d i ó

Mary
d i d
n o t
s l ap

Mari a    n o    d i ó

Mary
d i d
n o t
s l ap

Mari a    n o    d i ó

consistent inconsistent inconsistent

• P h r a s e  a l i g n m e n t  m u s t  c o n t a i n  a l l  a l i g n m e n t  p o i n t s  f o r  
a l l  t h e  w o r d s  i n  b o t h  p h r a s e s !

• T h e s e  p h r a s e  a l i g n m e n t s  a r e  s o m e t i m e s  c a l l e d  beads

S y nta x  a nd S ema ntic s
in S ta tistic a l M T

M T  P y ra mid

SOURCE T A RG ET
w o r d s w o r d s

s y n t a x s y n t a x

s e m a n t i c s s e m a n t i c s

i n t e r l i n g u a

p h r a s e s p h r a s e s

Why  S y nta x ?
• N e e d  m u c h  m o r e  g r a m m a t i c a l  o u t p u t

• N e e d  a c c u r a t e  c o n t r o l  o v e r  r e -o r d e r i n g

• N e e d  a c c u r a t e  i n s e r t i o n  o f  f u n c t i o n  w o r d s

• W o r d  t r a n s l a t i o n s  n e e d  t o  d e p e n d  o n  
g r a m m a t i c a l l y -r e l a t e d  w o r d s

Yamada and Knight (2001):
T he  ne e d f o r  p hr as al  s y ntax

• H e  a d o r e s  l i s t e n i n g  t o  m u s i c .

Kare h a  o n g ak u w o k i k u n o    g a d ai s u k i d es u

Syntax-b as e d  M o d e l
• E�J  T r a n s l a t i o n  ( C h a n n e l )  M o d e l

• P r e p r o c e s s  En g l i s h  b y  a  p a r s e r
• P r o b a b i l i s t i c  O p e r a t i o n s  o n  a  p a r s e -t r e e

1. Reorder child nodes
2 . I nsert  ex t ra  nodes
3 . T ra nsla t e lea f  w ords

Parse Tree
( E n g l i sh ) Tran sl at i o n

m o d el
S en t en c e
( J ap an ese)⇒ ⇒
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P a r s e  T r e e ( E )  → S e n t e n c e  ( J )

.

Reorder

VB

P R P VB2 VB1

T O VB

M N T O

he a d o r es
l i s t en i n g

m u s i c t o

I n s ert

desu

V B

P R P V B 2 V B 1

T O V B
M N T O

he   h a

m u s i c t o

g a
a d o r es

l i s t en i n g n o

T ra n s l a t e

Kare h a o n g ak u w o k i k u n o  g a d ai s u k i d es u

T a k e L ea v es

d es u

V B

P R P V B 2 V B 1

T O V B
M N T O

k a r e ha

o n g a k u w o

g a
da i suk i

k i k u n o

VB

P R P VB1

he a d o r es

l i s t en i n g

VB2

VB T O

M NT O

m u s i ct o

Parse Tree(E)

S en t en c e(J )

VB
P R P        VB1            VB2

VB               T O

T O         M N

P R P        VB2            VB1

T O                VB

VB

N N        T O

he          adores

l i st en i n g

t o           m u si c

he adores

l i st en i n g

m u si c           t o

P ( P R P  VB1  VB2       P R P  VB2  VB1  )  =  0 . 7 2 3
P ( VB T O        T O  VB )  =  0 . 7 4 9
P ( T O  N N        N N  T O  )  =  0 . 8 9 3

C o n d i t i o n i n g  F eat u re =  C h i l d  l ab el  S eq u en c e

1. R e o r d e r

P a r a m e t e r  T a b l e :  R e o r d e r

Original Order R eo rdering P ( reo rder| o riginal)   

PRP VB1 VB2 PRP VB1 VB2 
PRP VB2 VB1 
VB1 PRP VB2 
VB1 VB2 PRP 
VB2 PRP VB1 
VB2 VB1 PRP 

 0 . 0 7 4  
 0 . 7 23  
 0 . 0 6 1 
 0 . 0 3 7  
 0 . 0 8 3  
 0 . 0 21 

VB T O  VB T O  
T O  VB 

 0 . 10 7  
 0 . 8 9 3  

T O  N N  T O  N N  
N N  T O  

 0 . 25 1 
 0 . 7 4 9  

   
 

 

 

2. I n s e r t
VB

P R P                           VB2                       VB1       

TO                        VB

N N                 TO

m u s i c              t o

h e        ha g a

n o
l i s t e n i n g

a d o r e s          d e s u
P(none|TOP-V B )  =  0 . 7 3 5

P(r i g h t |V B -PR P) *  P(h a )  =  0 . 6 5 2  *  0 . 2 1 9
P(r i g h t |V B -V B )  *  P (g a )  =  0 . 2 5 2  *  0 . 0 6 2

P(none|TO-TO)  =  0 . 9 0 0
Conditioning Feature = Parent Label & Node Label (position)

none (w ord selec tion)

P a r a m e t e r  T a b l e :  I n s e r t

Parent label 
no d e lev el 

T O P 
V B  

V B  
V B  

V B  
T O  

T O  
T O  

T O  
N N  

 T O  
 N N  

P ( no ne)  
P ( lef t)  
P ( ri g h t)  

0.735 
0 . 0 0 4  
0 . 2 6 0  

0 . 6 8 7  
0 . 0 6 1  
0.2 52  

0 . 3 4 4  
0 . 0 0 4  
0.6 52  

0.700 
0 . 0 3 0  
0 . 2 6 1  

0.9 00 
0 . 0 0 3  
0 . 0 9 7  

0.8 00 
0 . 0 9 6  
0 . 1 0 4  

 

 W  P  ( i n s e r t -w )  
 ha 
 t a  
 w o  
 n o  
 n i  
 t e  
 g a 
 
 
 d e s u  
 

 0 . 2 1 9  
 0 . 1 3 1  
 0 . 0 9 9  
 0 . 0 9 4  
 0 . 0 8 0  
 0 . 0 7 8  
 0 . 0 6 2  
 
 
0 . 0 0 0 7  

 

3. T r a n s l a t e
VB

P R P                              VB2                              VB1

he h a T O             VB               g a a d o r es d e s u

k a r e
N N        T O

m u s i c t o

l i s t en i n g n o

k i k u
d a i s u k i P (he        k a r e)  =  0 . 9 5 2

P (m u s i c       o n g a k u )  = 0 . 9 0 0
P (t o       w o )  =  0 . 0 3 8
P (l i s t en i n g      k i k u )  =  0 . 3 3 3
P (a d o r e     d a i s u k i )  =  1 . 0 0 0

Conditioning Feature= word (E) identity

ongaku w o
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Parameter Table: Translate

E  adores h e l i st eni ng   mu si c   t o 

J dai s u ki  1 . 0 0 0  kar e  0 . 9 5 2  N U L L  0 . 0 1 6  
nani  0 . 0 0 5  
da   0 . 0 0 3  
sh i   0 . 0 0 3  

ki ku  0 . 3 3 3  
ki i   0 . 3 3 3  
mi    0 . 3 3 3  

on g aku  0 . 9 0 0  
naru    0 . 1 0 0  

ni     0 . 2 1 6  
N U L L  0 . 2 0 4  
to    0 . 1 3 3  
no    0 . 0 4 6  
wo    0 . 0 3 8  

 

Note: Translation to NULL = deletion

E x p eri ment
• Training Corpus: J-E  2 K  se nt e nc e  pairs
• J: Tok e niz e d  b y  Chasen [Matsumoto, et al., 1999]
• E :  P ar sed  b y  Co l l i ns P ar ser  [C olli n s, 1999]

--- T r ai n ed :  4 0 K  T r eeb an k , A c c ur ac y :  ~ 90 %
• E :  F l at t en p ar se t r ee 

--- T o C ap tur e w or d -or d er  d i f f er en c e (S V O -> S O V )
• E M  T r ai ni ng :  2 0  I t er at i o ns

--- 5 0  mi n / i ter (S p ar c 2 0 0 Mh z  1-C P U )  or
--- 3 0  sec / i ter (P en ti um3  7 0 0 Mh z  3 0 -C P U )  

Result: Alignments

Y/K Model

I B M Model 5

A v e.  S c or e #  p er f s en t

0. 5 8 2 1 0

0. 4 3 1 0

- A v e.  b y  3  h u m a n s  f or  5 0 s en t s
- ok a y ( 1 . 0) ,  n ot  s u r e( 0. 5 ) ,  w r on g ( 0. 0)
- p r ec i s i on  on ly

Result: Alignment 1
Syntax-b as e d  M o d e l

He adores listening to music

I B M  M o d e l  3
He adores listening to music

Kare h a             o n g ak u w o k i k u n o           g a d ai s u k i d es u

Result: Alignment 2
Syntax-b as e d  m o d e l

He aimed a revolver at me

I B M  M o d e l  3
He aimed a revolver at me

Kare h a            k en j u w o w at as h i n i m u k e t a

Result: Alignment 3
Syntax-b as e d  M o d e l

He h as unusual ab ility  in E nglish

I B M  M o d e l  3
He h as unusual ab ility  in E nglish

Kare h a            ei g o n i z u b an u k e t a s ai n o u w o m o t t u t e i ru
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D e c o d i n g
• Reverse direction of translation channel

- E n g l i s h  P a r s e  T r e e  � f o r e i g n  s e n t e n c e

• U se T rig ram  for L M

• D ecoding  as p arsing
- e x p a n d  E n g l i s h  g r a m m a r  w i t h  m o d e l  

o p e r a t i o n s  (reorder,insert,translate)
- a d d i t i o n a l  i n f o  (c ost, reorder)

Decoding Grammar

B a s e  E n g l i s h  g r a m m a r
VB � PRP VB1 VB2
VB � VB T O
VB � T O  N N
PRP � “ H e ”
VB � “ a d o r e s ”
VB � “ l i s t e n i n g ”
…

Expand by Model
V B  � P R P  V B 2  V B 1
V B  � V B 1  V B 2  P R P
…
V B  � X  V B
V B  � V B  X
X  � “w o ”
…
“H e ” � “k a r e ”
“a d o r e s ” � “d a i s u k i ”
…

t-ta b l e

n-ta b l e

r-ta b l e

Decoded Tree
Original English order

( r-t ab le)
VB

VB

VB

VB

X

X

VB

VB

P R P
T O

T ON NP R P X

he

kare

m u s i c t o l i s t en i n g

h a o n g aku w o ki ku n o g a

V B X

a d o r es

d ai s u ki d a

1 3 2

1

12

2

( n -t ab l e)

( t -t ab l e)

Decoding Grammar for C/E 3M corpus
Base English grammar

VB � P R P  VB1  VB2
VB � VB T O
VB � T O  N N
…
P R P  � “ H e ”
VB � “ a d o r e s ”
VB � “ l i s t e n i n g ”
…

Expand by Model
V B  � P R P  V B 2  V B 1
V B  � V B 1  V B 2  P R P
…
V B  � X  V B
V B  � V B  X
X  � “w o ”
…
“H e ” � “k a r e ”
“a d o r e s ” � “d a i s u k i ”
…

t-ta b l e

r-ta b l e

1 8 K  r u les 1 4 1 K  r u les

4 M r u les6 5 K  Ew or ds
1 4 K  C w or ds

Reducing Decoder search space
• Beam search

- D y n a m i c -p r o g r a m m i n g  p a r s e r  
- Bo t t o m -u p  w i t h i n  b e a m - w i d t h

(similar to [Collins 1999])

• Prune decoding grammar
- prune by rule likelihood
- U s e ex t r a  s t a t is t ic s  out s ide of  m odel

Machine Translation
• U s a ble T ec hnolog ies

– “ T ranslation me morie s” to aid  translator
– L ow  q u ality  sc re e ning / w e b  translators

• T ec hnolog ies
– T rad itional:  S y stran (A ltav ista B ab e lf ish ,  G oog le ) is now  

se e n as a limite d  su c c e ss
– S tatistic al M T  ov e r h u g e  training  se ts is q u ite  su c c e ssf u l 

(L ang u ag e W e av e r,  M ic rosof t,  G oog le ’s f u tu re )
• K ey idea s  f or t he f ut ure 

– S tatistic al p h rase s
– S y ntax  b ase d  mod e ls
– B e tte r lang u ag e  mod e ls in oth e r re sp e c ts (e . g . ,  g rammar)
– U sab ly  e f f ic ie nt d e c od ing  mod e ls (b y  re stric ting  mod e l? )


