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Advances 

!  From “noisy channel” to log-linear combination (Och and Ney, 

2002) 

 

In this case, “noisy channel” is considered a particular case: 

!  From word-based models to phrase-based models (Zens et al., 

2002; Koehn et al., 2003) 

T̂ = argmax
T

p(T | S) ≈ argmax
T

Pi (S,T )
λi

i

∏

1
p (S,T ) = p(S |T ),

1
p (S,T ) = p(T ),λ1 =λ2 =1

p(S |T ) =
N(S,T )

N(S)
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The problem 

Source-target 
parallel corpus 
Source-target 
parallel corpus 

Target monolingual 
corpus 

Statistical analysis 

Translation model 
P(source|target) 
 

Language model 
     P(target) 
 

Decoding 

Statistical analysis 

Translation 
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Decoding 

!  Advances and the problem 

!  Decoding process 

!  Decoding: limiting reordering 

!  Decoding: errors 
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Decoding: how to find the translation? 

!  Modeling problem: what is a good translation? 

!  Search problem: given a model and a source sentence 
how to find the translation that the model likes best? 

!  Task: to explore the space of possible translations using a 
search algorithm. 
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Decoding process 

Spa: Maria no dio una botefada a la bruja verde 
 
Eng: Maria did not slap the green witch 

of 129 10 

Decoding process 

brujaMaria no verdelaadio una bofetada

Build translation from left to right 
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Decoding process 

Build translation from left to right: 
1.  Select source words to be translated 
2.  Find target phrase translation 
3.  Add target phrase to end of partial translation 

brujaMaria no

Mary

verdelaadio una bofetada
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Decoding process 

Build translation from left to right: 
1.  Select source words to be translated 
2.  Find target phrase translation 
3.  Add target phrase to end of partial translation 
4.  Mark source words as translated 

brujano verdelaadio una bofetada

Mary

Maria
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Decoding process 

- One to many translation 

brujaMaria no

Mary did not

verdelaadio una bofetada
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Decoding process 

- Many to one translation 

brujaMaria no dio una bofetada

Mary did not slap

verdelaa
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Decoding process 

- Many to one translation 

brujaMaria no dio una bofetada

Mary did not slap the

verdea la
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Decoding process 

brujaMaria no dio una bofetada a la

Mary did not slap the green

verde

- Reordering 
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Decoding process 

- Reordering 

brujaMaria

witch

no verde

Mary did not slap the green

dio una bofetada a la

- And translation finished 
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Decoding: hypothesis expansion 

Let’s look up possible phrase translation options: 

- Many different ways to segment words into phrases 
- Many different ways to translate each phrase 
- Many different ways to reorder phrases 

bofetadaunadio a la verdebrujanoMaria

Mary not

did not

give a slap to the witch green

by

to the

to

green witch

the witch

did not give

no

a slap

slap

the

slap
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Decoding: hypothesis expansion 

Start with empty hypothesis:  
-  no source words covered 
-  no target words covered 
-  probability is 1 

bofetadaunadio a la verdebrujanoMaria

Mary not

did not

give a slap to the witch green

by

to the

to

green witch

the witch

did not give

no

a slap

slap

the

slap

S:  

T: --------- 

P: 1  
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Decoding: hypothesis expansion 

Pick translation option 
Create translation hypothesis: 
-  S: add source phrase Mary 
-  T: first target word covered 
-  P: probability 0.534 

S:  

T: --------- 

P: 1  

S: Mary 

T: *-------- 

P: 0.534  

T:

dio a la verdebrujanoMaria

Mary not

did not

give a slap to the witch green

by

to the

to

green witch

the witch

did not give

no

a slap

slap

the

slap

una bofetada
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Decoding: hypothesis expansion 

Add another hypothesis 
S:  

T: --------- 

P: 1  

S: witch 

T: -------*- 

P: 0.182 

T:

P:

S: Mary 

T: *-------- 

P: 0.534  

S:

T:

dio a la verdebrujanoMaria

Mary not

did not

give a slap to the witch green

by

to the

to

green witch

the witch

did not give

no

a slap

slap

the

slap

una bofetada
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Decoding: hypothesis expansion 

Further hypothesis 
expansion S:  

T: --------- 

P: 1  

S: witch 

T: -------*- 

P: 0.182 

T:

P:

S: Mary 

T: *-------- 

P: 0.534  

S:

T:

S: slap 

T: *-***-- 

P: 0.43  

dio una bofetada a la verdebrujanoMaria

Mary not

did not

give a slap to the witch green

by

to the

to

green witch

the witch

did not give

no

a slap

slap

the

slap

T:

P:

of 129 23 

Decoding: hypothesis expansion 

Until all target words covered.. 
-  Find best translation hypothesis 
-  Backtrack to read off translation 

S:  

T: --------- 

P: 1  

S: witch 

T: -------*- 

P: 0.182 

T:

P:

S: Mary 

T: *-------- 

P: 0.534  

S:

T:

S: slap 

T: *-***-- 

P: 0.43  

T:

P:

dio una bofetada bruja verdeMaria

Mary not

did not

give a slap to the witch green

by

to the

to

green witch

the witch

did not give

no

a slap

slap

the

slap

a lano

S: did not 

T: **------- 

P: 0.154  

S: slap 

T: ****----- 

P: 0.015  

S: the 

T: *******-- 

P: 0.004283 

S: green witch 

T: ********* 

P: 0.000271 

T:T: T: T:
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Decoding: hypothesis expansion 

Mary not

did not

give a slap to the witch green

by

to the

to

green witch

the witch

did not give

no

a slap

slap

the

slap

e: Mary
f: *--------
p: .534

e: witch
f: -------*-
p: .182

e: 
f: ---------
p: 1

e: slap
f: *-***----
p: .043

e: did not
f: **-------
p: .154

e: slap
f: *****----
p: .015

e: the
f: *******--
p: .004283

e:green witch
f: *********
p: .000271

no dio a la verdebrujanoMaria una bofetada

Explosion of search space 
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Decoding: complexity 

!  This is a BIG search problem: 

!  - segmentation – O(2n) 

!  - substitutions - O(5n) 

!  - permutations – O(n!) 

!  Possible solutions: 

!  - Dynamic programming 

!  - Approximation (beam search) 

!  - Model restrictions (reordering) 
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Decoding: complexity 

!  Can we do it more efficiently than O(5n22n)?? 

!  No!! Knight (1999) shows that this task is NP-Complete 

!  There is need to reduce search space 

!  -  risk free strategy: hypothesis recombination 

!  -  risky strategy: histogram/threshold pruning 
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Decoding: hypothesis recombination 

p=1
Mary did not give

give

did not

p=0.534

p=0.164

p=0.092

!  Different paths to the same partial hypothesis: 

 - Combine paths: drop weaker paths 

 - Keep pointer from the weaker paths 
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Decoding: hypothesis recombination 

!  Recombined hypotheses do not have to match completely 

!  No matter what is added, weaker paths can be dropped, if 
!  - last two target words match (for LM) 

!  - source word coverage vectors match (affect future path) 

Hypothesis Recombination

p=1
Mary did not give

give

did not

p=0.534

p=0.164

p=0.092

Joe

did not give
p=0.092 p=0.017
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Decoding: hypothesis recombination 

!  Recombined hypotheses do not have to match completely 

!  No matter what is added, weaker paths can be dropped, if 
!  - last two target words match (for LM) 

!  - source word coverage vectors match (affect future path) 

=> Combine paths! 

p=1
Mary did not give

give

did not

p=0.534

p=0.164

p=0.092

Joe
did not give

p=0.092
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Decoding: pruning 

!  But! Hypothesis recombination is not sufficient. Possible 
solution is to further reduce search space with 
approximation (pruning). We can heuristically discard 
weak hypotheses. 

!  Idea: to prune states by accumulated path length 

!  Organize hypotheses in stacks by: 

!  - same source words covered 

!  - same number of source words covered 

!  - same number of target words generated  
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Decoding: pruning 

!  Compare hypotheses in stacks, discard bad ones 

!  Histogram pruning: keep top n hypotheses in each stack (e.g., 
n=1000) 

!  Threshold pruning: keep hypotheses that are at most k times 
the cost of best hypothesis in stack (e.g., k=0.001) 
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Decoding: pruning 

!  “Stack decoding”: a linear-time approximation 

!  Organization hypotheses into stacks: 

!  - based on number of source words translated 

!  - during translation all hypotheses from one stack are 
expanded 

!  - expanded hypotheses are placed into stacks 

1 2 3 4 5 6
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Decoding: pruning 

Idea: prune states by accumulated path length
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Decoding: pruning 

!  Prune states by accumulated path length 

of 129 35 

Decoding: pruning 

!  Reality: longer paths have lower probability 

reality: longer paths have lower probability!
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Decoding: pruning 

!  Solution: group states by number of covered words 

Solution: Group states by number of covered words.
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Decoding: pruning 

!  “Stack decoding”: a linear-time approximation 

Solution: Group states by number of covered words.
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Decoding: pruning 

!  How to compare hypotheses with same number of 
source words covered? 

!  Hypotheses that cover easy part of the sentence are 
preferred 

!  Need to consider a future cost of uncovered parts to 
estimate cost to translate the remaining part of current 
input 

Maria no a ladio una bofetada bruja verde

S: Mary did not 

T: **------- 

P: 0.154  

S:  the 

T: -----**-- 

P: 0.354  

ary di the Covers easier part  
! lower cost 
 

Co
!
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Decoding: pruning 

!  Future cost estimation: 

!  Step 1: estimate future cost for each translation option 

!  Look up TM cost 

!  Estimate LM cost (no prior context) 

!  Ignore reordering cost 

 ->LM*TM=p(to)*p(the|to)*p(to the|a la) 

!  Step 2: find cheapest cost  

among translation options 

a la

to the

a la

to the

to

the

cost = 0.0372

cost = 0.0299

cost = 0.0354
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Decoding: pruning 

!  Step 3: find cheapest future cost for each possible span. 

!  Cheaper cost can be either: 

!  Cost of translation option for that span, or 

!  Sum of costs of covering subspans 

!  Pre-computing future costs, bottom up: a dynamic 
programming solution. 
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Decoding: pruning 

!  Application of future costs when pruning hypotheses 

!  For each uncovered continuous span: 

!  Look up future costs for each maximal contiguous uncovered 
span 

!  Add to actually accumulated cost for translation option for 
pruning 
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Decoding 

!  Advances and the problem 

!  Decoding process 

!  Decoding: limiting reordering 

!  Decoding: errors 
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Decoding: limiting reordering 

!  Reordering may be limited: 

!  Monotone translation: no reordering at all 

!  Only phrase movements of at most n words 

!  Reordering limits speed up search (polynomial instead of 
exponential) 

 

More about reordering – after this session 
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Decoding 

!  Advances and the problem 

!  Decoding process 

!  Hypothesis expansion 

!  Complexity 

!  Hyptothesis recombination 

!  Pruning 

!  Decoding: limiting reordering 

!  Decoding: errors 
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Decoding: errors 

!  Search errors: there was a higher scoring translation, but 
we failed to find it. 

!  Model errors: the models assigns lower probability to 

better translation. 
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Decoding: n-best list 
•

Translation ||| Reordering LM TM WordPenalty ||| Score
this is a small house ||| 0 -27.0908 -1.83258 -5 ||| -28.9234
this is a little house ||| 0 -28.1791 -1.83258 -5 ||| -30.0117
it is a small house ||| 0 -27.108 -3.21888 -5 ||| -30.3268
it is a little house ||| 0 -28.1963 -3.21888 -5 ||| -31.4152
this is an small house ||| 0 -31.7294 -1.83258 -5 ||| -33.562
it is an small house ||| 0 -32.3094 -3.21888 -5 ||| -35.5283
this is an little house ||| 0 -33.7639 -1.83258 -5 ||| -35.5965
this is a house small ||| -3 -31.4851 -1.83258 -5 ||| -36.3176
this is a house little ||| -3 -31.5689 -1.83258 -5 ||| -36.4015
it is an little house ||| 0 -34.3439 -3.21888 -5 ||| -37.5628
it is a house small ||| -3 -31.5022 -3.21888 -5 ||| -37.7211
this is an house small ||| -3 -32.8999 -1.83258 -5 ||| -37.7325
it is a house little ||| -3 -31.586 -3.21888 -5 ||| -37.8049
this is an house little ||| -3 -32.9837 -1.83258 -5 ||| -37.8163
the house is a little ||| -7 -28.5107 -2.52573 -5 ||| -38.0364
the is a small house ||| 0 -35.6899 -2.52573 -5 ||| -38.2156
is it a little house ||| -4 -30.3603 -3.91202 -5 ||| -38.2723
the house is a small ||| -7 -28.7683 -2.52573 -5 ||| -38.294
it ’s a small house ||| 0 -34.8557 -3.91202 -5 ||| -38.7677
this house is a little ||| -7 -28.0443 -3.91202 -5 ||| -38.9563
it ’s a little house ||| 0 -35.1446 -3.91202 -5 ||| -39.0566
this house is a small ||| -7 -28.3018 -3.91202 -5 ||| -39.2139
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Outline 

! Decoding 

! Reordering 

! Evaluation of MT quality 
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Reordering 

!  Motivation and classification 

!  Constrained distance-based reordering 

!  Reordering as pre-processing 

!  Why syntax can be useful? 

!  Other significant works 
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Reordering 
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!  Other significant works 
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Word reordering: motivation 

Machine translation:  

“Los resultados muestran un cierto diagnóstico” 

Wrong order -> wrong translation:  

“Unspecified diagnosis” 

 

Correct translation: 

“true diagnosis” (“diagnóstico cierto”) 
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Word reordering: motivation 

Original sentence: 

“De behandeling kan niet genoeg beklemtoond worden” 

 

Machine translation (without reordering model):  

“The treatment cannot enough empasized be” 

 

Correct translation:  

“The treatment cannot be empasized enough” 

 

Wrong order -> “word salad”  

of 129 52 



Word reordering and SMT process 

"  SMT process: 

1.  Segment source-side input. 

2.  Translate source words into target ones. 

3.  Place translated source words in an order that more closely matches 

that of the target language. Can it be done before translation? 

Word alignment is usually used as a “bridge” between source and target 

languages 
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State-of-the-art reordering methods 

Reordering 
methods 

Based on manually written rules Based on automatically extracted rules 

Reordering models based on manually written rules: 

 

" (Collins et al., 2005) – a German parse tree is used for moving German verbs  

towards the beginning of the clause. 

" (Popovic and Ney, 2006) - POS tag information is used to rewrite the input sentence  

between Spanish-English and German-English language pairs. 

" (Zwarts and Dras, 2007) the natural language tendency to minimize the distance  

between a head and its dependents derived from the dependency trees is exploited to  

automatically reorder source-side constituents. 
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State-of-the-art reordering methods 

Reordering methods based on 
automatically extracted rules 

With the use of syntax Without using syntax 

Syntax-based  
deterministic  

methods 

Syntax-based  
non-deterministic  

methods 

Reordering with the use  
of source language syntax 

Reordering with the use  
of syntax of both languages 

Source-side  
monotonization 

Constrained  
reordering  

search 

Reordering in 
rescoring 
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State-of-the-art reordering methods 

"  Non-deterministic approach: 
 +: decoder has access to multiple reordering options 
 -: the reordering search space can be huge 

 
"  Deterministic approach: 

 +: simplicity and compatibility 
 -: hard decision about word order (reordering mistakes cannot be  
 corrected during decoding) 

 
"  A two-step integrated approach 

 General idea: first, to permute the source words to account for global  

phenomena as local, second, to attack the local reordering problem  

with an established non-deterministic technique 
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Reordering 

!  Motivation and classification 

!  Constrained distance-based reordering 

!  Reordering as pre-processing. Why syntax can be useful? 

!  Other significant works 
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Distance-based reordering 

1

1 2 3 4 5 6 7

d=0

d=-3

d=-2

d=-1

foreign

English

phrase translates movement distance

1 1–3 start at beginning 0

2 6 skip over 4–5 +2

3 4–5 move back over 4–6 -3

4 7 skip over 6 +1

Scoring function: d(x) = α|x| – exponential with distance
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b
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α=

Distance-based reordering 
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Distance-based reordering 

• 01%22,3%24(#,.5,67,#(3(-(28,+"#'.4-%/(,-(.-+(-"&/

–9"1"$,-(.-+(-"&/,$.,1.&.$.&"',.-,%,&%--.:,:"&+.:

–;<,5.-,2%&/4%/(#,:"$=,3(-8,#"1"2%-,:.-+,.-+(-#

–>%+,5.-,2%&/4%/(#,:"$=,+"?(-(&$,:.-+,.-+(-#,

• @=(,+"#$%&'()*%#(+,A(&%2$8,%AA2"(#,4&"5.-128,$.,

%22,:.-+#,%&+,%22,:.-+,$8A(#

–!.(#&B$,C&.:,$=%$,%+D('E3(#,%&+,&.4&#,#=.42+,#:%A,

:=(&,$-%&#2%E&/,5-.1,F-(&'=,$.,G&/2"#=

• H4$#,1.#$,-(#A.&#"*"2"$8,.&,$=(,2%&/4%/(,1.+(2
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Lexicalized reordering (MSD) 

How

much

you

for

your

Facebook

W
ie
v
ie
l

m
a
n

a
u
fr
g
u
n
d

s
e
in
e
s

profile
P
ro
fi
ls

in F
a
c
e
b
o
o
k

charge

v
e
rd
ie
n
e
n

should

s
o
llt
e

of 129 61 

Lexicalized reordering (MSD) 

How

much
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Facebook

W
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c
e
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k
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v
e
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n
e

n
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s
o

llt
e

m

m: monotone (keep order)
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Lexicalized reordering (MSD) 

How

much

you

for
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Facebook

W
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v
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m
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a

c
e

b
o

o
k

charge

v
e
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ie

n
e

n

should

s
o

llt
e

m

s

m: monotone (keep order)
s: swap order
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Lexicalized reordering (MSD) 

How

much

you

for

your

Facebook

W
ie

v
ie

l

m
a

n

a
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profile

P
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fi
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v
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n
e

n

should

s
o

llt
e

m

s

d

m: monotone (keep order)
s: swap order

d: become discontinuous
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Lexicalized reordering (MSD) 

How

much

you

for

your

Facebook

W
ie

v
ie

l

m
a

n

a
u

fr
g

u
n

d

s
e

in
e

s

profile

P
ro

fi
ls

in F
a

c
e

b
o

o
k

charge

v
e
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ie

n
e

n

should

s
o
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e

mm

d

m

d

m

d

s

Reordering features are 
probability estimates of s, 
d, and m

ddddddddddddddddddddddddddddddddddddd

m: monotone (keep order)
s: swap order

d: become discontinuous
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Lexicalized reordering (MSD) 

• 2)".3%&'*45-&6"*4&$-6*789":*&6*$.*05"*45-&6"*

0-&.6'&3,.*0&1'"

• ;,.0&$.6*<&'="6*8,-*!"#$%$&$%'(')*+),!"-./!(')*+),

!"01-2$%3%4$4-(')*+

>?

!"#$%& '$()*+(,") !"#(')*+ !"-(')*+ !"0(')*+

.&0="-'$%5 $*,2$45-' 6789 676: 67;6

.&0="-'$%5 %/&45/<<= 67;9 67>6 67;:

.&0="-'$%5 $*,2$45-',) 6786 6766> 67;??

.&0="-'$%5 ),$*,2$45-', 679@ 67>@ 678A
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Lexicalized reordering (MSD) 

/0

0

15.0

30.0

45.0

60.0

Arabic Japanese Korean Chinese En-Chinese

!"#"

$%#"

&'#$

&(#"
)*#+

!)#'

$&#"$)#(

&)#!

&+#+

Baseline Lexicalized Reordering

Koehn et al, IWSLT 2005
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Constrained reordering search 

Reordering constraints aim to limit the search space with minimal loss of generality during 
decoding: 
 
"    IBM constraint - make the search feasible by introducing restrictions of the search space at the 
word level in the spirit of the IBM constraints 

 
"    ITG (Inverse Transduction Grammar) constraint: the input sentence is interpreted as a sequence 
of word blocks. For each two adjacent blocks, a decision is taken either to 
invert the original order, or to leave it as is. 
 
"     A maximum entropy model, transforming the reordering prediction into a classification 

problem. 

"    The local constraint: a simplification of the IBM constraint allowing for local permutations 
only.  

"    The MaxJumps constraint numerically limits the number of reorderings specified by two 
parameters: 

  – m - a maximum distance measured in words, that a source word can be reordered (a 
distortion limit) 

  – j - a maximum number of “jumps“ within a sentence (a reordering limit) 
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Reordering 

!  Motivation and classification 

!  Constrained distance-based reordering 

!  Reordering as pre-processing. Why syntax can be 
useful? 

!  Other significant works 
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Reordering as pre-processing 

Idea: Why not to reorder before translation? 
S T 

S’ 

a 

a a’ 

#  Source reordering of S is as successful as much as the 

alignment a’  is monotone. 

#  This problem can be seen as the task of learning from a 

word-aligned parallel corpus a model of source permutation 

from S to S’, where the latter has (almost) monotone alignment 

with T. 
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Deterministic method without use of syntax 

Statistical machine reordering (SMR) approach proposed in (Costa-jussà, 2006): 

Src Trg 
World 

alignment 
Unit 

extraction 
Reordering 

units 
N-gram 
model 

Alignment:    1-1 1-2 2-3 3-4 4-1 
 
                             1-2 2-3 3-4 4-1 
 
 
Reordered positions:       2 3 4 1 
 
 
Classes:   C36 C88 C23 C63 
 

 

Better and different structure 

 

 

Estructura mejor y differente 

of 129 71 

Why syntax can be useful? 

Zh:                                                    ! 

Gloss:   I       BA       his       telephone    and    address   give     you 

 

Ref:       I give you his telephone number and address 
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Major challenges of English-to-Dutch translation: 

•  Dutch verb appears in the end of the relative clause 

•  Phrasal verbs are different  

•  Differences in the positioning of adverbial structures 

=> 

Source-side parse tree transformation: 

Transformation 1 

Transformation 2 

Why syntax can be useful? 

of 129 73 

German-English reordering (Collins)  

 The Germans have another kind 
of parenthesis, which they make 
by splitting a verb in two and 
putting half of it at the beginning 
of an exciting chapter and the 
OTHER HALF at the end of it. 
Can any one conceive of 
anything more confusing than 
that? These things are called 
‘separable verbs.’ The wider the 
two portions of one of them are 
spread apart, the better the 
author of the crime is pleased 
with his performance.”

“

Mark Twain
of 129 74 

German-English reordering (Collins)  

Ich  werde  Ihnen   den  Report  aushaendigen .
  I    will      to_you  the   report   pass_on          .

Ich  werde  Ihnen   die entsprechenden Anmerkungen  aushaendigen . 
  I    will      to_you  the   corresponding  comments       pass_on          .

Ich werde Ihnen die entsprechenden Anmerkungen am Dienstag aushaendigen
  I    will   to_you the   corresponding  comments      on  Tuesday   pass_on
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German-English reordering (Collins)  

Ich  werde  Ihnen   den  Report  aushaendigen , 
  I    will      to_you  the   report   pass_on          ,

Main clause

  damit    Sie   den  eventuell  uebernehmen  koennen  .
so_that   you    it     perhaps   adopt               can          .

Subordinate clause
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German-English reordering (Collins)  

Phrase-based models have an overly simplistic 
way of handling different word orders.

We can describe the linguistic differences 
between different languages. 

Collins defines a set of 6 simple, linguistically 
motivated rules, and demonstrates that they 
result in significant translation improvements.
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German-English reordering (Collins)  

Ich  werde  Ihnen   den  Report  aushaendigen ,  
damit    Sie   den  eventuell  uebernehmen  koennen  .

(I will pass_on to_you the report, so_that you can adopt it perhaps .)

Ich  werde  aushaendigen Ihnen   den  Report  ,  
damit    Sie  koennen uebernehmen den  eventuell   .

Step 1: Reorder the source language

Step 2: Apply the phrase-based machine translation pipeline  
             to the reordered input.

of 129 78 

German-English reordering (Collins)  

Mark Twain

Ich werde Ihnen den Report 
aushaendigen, damit Sie den  
eventuell uebernehmen koennen.

I will to_you the report pass_on, 
so_that you it perhaps adopt can.

Ich werde aushaendigen Ihnen   
den Report, damit Sie  koennen 
uebernehmen den eventuell.

I will pass_on to_you the report, 
so_that you can adopt it perhaps .
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German-English reordering (Collins)  

Mark Twain

Ich werde Ihnen den Report 
aushaendigen, damit Sie den  
eventuell uebernehmen koennen.

I will to_you the report pass_on, 
so_that you it perhaps adopt can.

Ich werde aushaendigen Ihnen   
den Report, damit Sie  koennen 
uebernehmen den eventuell.

I will pass_on to_you the report, 
so_that you can adopt it perhaps .

damit Sie den  
ehehehmemememememememememememememen koennen.

aendndndndndndndndndndndndndndndndndndndndndndndndndigigigigigigigigigigigigigigigigigigigigigigigigigigenenenenenenenenenenenenenenenenen    Ihnen   
t Sie  koennen 

Now that seems 
less like the ravings 
of a madman.
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German-English reordering (Collins)  

/0

S-MO

KOUS-CP
damit

so-that

...

VP-OC

VVINF-HD
uebernehmen

adopt

PPER-SB
Sie

you

VINF-HD
koennen

can

One of the rules: in a subordinate clause move the head  
of the clause to follow the complementizer 
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German-English reordering (Collins)  

0

5

10

15

20

25

30

Baseline Reordered System

!"#$
!%#!

Significant improvement at p<0.01 using the sign test
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Non-deterministic POS-based method 

The number of possible permutations of the Chinese words is limited to the  

POS permutations seen in the training corpus. 

Proposed in (Crego, 2008): 

S->S’->nxS’->T 

n×S’ is a word lattice, compactly representing the n-best reorderings of the 
source-side sentences S’. 
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Syntax-based reordering 

        ! 

 I BA his telephone and address give you 

NP@0 VP@1 -> VP@1 NP@0 | NP@0 <<  >> VP@1 <<  

>> 

          

 I BA give you his telephone and address 
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Syntax-based reordering 

Src Trg 

Rule 
extraction 

Rule counting & 
sorting 

Delixalization 

Lexicalized 
rules 

Part. lex. 
rules 

General 
rules 

Final set of 
lex. rules 

Rule counting & 
sorting 

Rule filtering & 
pruning 

 Final set of 
   part. lex. rules 

Rule counting & 
sorting 

Rule filtering & 
pruning 

Final set of 
 general rules 

Rule counting & 
sorting 

Rule filtering & 
pruning 

Original 
corpus 

Selection of 
applicable rules 

Filtering Sorting Application Reordered 
corpus 

Training stage: 

Testing stage: 
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Reordering 

!  Motivation and classification 

!  Constrained distance-based reordering 

!  Reordering as pre-processing 

!  Why syntax can be useful? 

!  Other significant works 
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Other significant works 
#  (Xia and McCord, 2004): a system for French-to-English translation based on the 

principle of automatic rewrite pattern extraction using an isomorphic parse 

tree and phrase alignments 

#  (Elming, 2008): syntactically motivated rewrite patterns are first combined in the 
weighted lattice of alternative translations, and then integrated in phrase-

based SMT 

#  Modification of distortion matrix using chunk information (Bisazza and Federico, 

2012) 

#  (Galley and Manning, 2006): an extension of the MSD model (Tillman, 2004) able 
to handle long-distance reorderings 

#  (Tromble and Eisner, 2009): reordering is seen as a learning problem of word 
permutations. The  space of permutations is structured using a binary SCFG. 

#  (Yahyaei and Monz, 2010): improve the reordering space definition with a 

classifier guessing the most likely jump position 
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Outline 

! Decoding 

! Reordering 

! Evaluation of MT quality 
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Evaluation of MT quality 

!  Human and automatic MT evaluation: major issues 

!  Automatic metrics 

!  BLEU 

!  METEOR, TER and GTM 

!  Human evaluation 

!  Remaining gaps 
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Evaluation of MT quality 

!  Human and automatic MT evaluation: major issues 

!  Automatic metrics 

!  BLEU 

!  METEOR, TER and GTM 

!  Human evaluation 

!  Remaining gaps 
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MT evaluation: major issues 

!  56*07*4'8$9!$&7)(7)$.-$'&)$:7.)#$)"#$-*2#$*-$#6*07*4'8$
"72*'$)3*'-0*4&'$
!  ;#31$+.<#3#')$(3&=0#$*'+$%"*3*%)#3.-4%-$&,$#33&3-$

!  >?#'$9!$.-$)*38#)#+$,&3$+.<#3#')$(73(&-#$&3$7-#$)"*'$"72*'$
)3*'-0*4&'@$$+.<#3#')$2#*-73#-$*3#$3#:7.3#+$

!  9!$56*07*4&'$.-$+.A%70)@$
!  B*'87*8#$6*3.*/.0.)1$C$)"#3#$.-$'&$-.'80#$%&33#%)$)3*'-0*4&'$

!  D72*'$#6*07*4&'$.-$-7/E#%46#$

!  D&F$8&&+$.-$G8&&+$#'&78"HI$$J#(#'+-$&'$)*-K$&3$*((0.%*4&'$

!  L-$-1-)#2$M$/#N#3$)"*'$-1-)#2$OI$J#(#'+-$&'$-(#%.=%$%3.)#3.*P$

!  Q&2#$F#00R#-)*/0.-"#+$2#)"&+-S$/7)$'&$-)*'+*3+$&3$-.'80#$
*((3&*%"$)"*)$.-$7'.6#3-*001$*%%#()#+$$$

!  9!$56*07*4&'$.-$-400$*$3#-#*3%"$)&(.%$.'$.)-#0,T$$$
!  D&F$+&$F#$*--#--$F"#)"#3$*'$#6*07*4&'$2#)"&+$.-$8&&+I$
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Dimensions of MT evaluation 

!  D72*'$#6*07*4&'$6-U$*7)&2*)#+$2#)3.%-$

!  V7*0.)1$*--#--2#')$*)$-#')#'%#$W-#82#')X$0#6#0$6-U$)*-KR

/*-#+$#6*07*4&'$

!  GO0*%KR/&YH$6-U$GZ0*--R/&YH$#6*07*4&'$

!  56*07*4&'$,&3$#Y)#3'*0$6*0.+*4&'$6-U$)*38#)$,7'%4&'$,&3$

*7)&2*4%$-1-)#2$)7'.'8$6-U$&'8&.'8$:7*0.)1$*--#--2#')$

&,$9!$&7)(7)$
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Evaluation of MT quality 

!  Human and automatic MT evaluation: major issues 

!  Automatic metrics 

!  BLEU 

!  METEOR, TER and GTM 

!  Human evaluation 

!  Remaining gaps 
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Automatic metrics of MT evaluation 

Implementation

Test

OK?
NO

YES

Unfruitful

results

Error detection

Error analysis

Refinement

Evaluation

methods
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Automatic metrics of MT evaluation 

What can achieved with automatic evaluation

(as compared to manual evaluation)

Automatic metrics notably accelerate the development
cycle of MT systems:

! Error analysis
! System optimisation
! System comparison

Besides, they are

Costless (vs. costly)

Objective (vs. subjective)

Reusable (vs. non-reusable)
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Automatic metrics of MT evaluation 

Metrics based on lexical similarity

(most of the metrics!)

Edit Distance: WER, PER, TER

Precision: BLEU, NIST, WNM

Recall: ROUGE, CDER

Precision/Recall: GTM, METEOR, BLANC, SIA
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Automatic metrics of MT evaluation 

!  L2(&3)*')$J.-4'%4&'@$

!  >[.'#$56*07*4&'$&,$)"#$9!$-1-)#2$&3$>'0.'#$V7*0.)1$M--#--2#')$&,$9!$

(#3,&32*'%#I$

!  !"#$%#&&'()%%J&$F#$"*6#$*$(3#R%&'-)37%)#+$-*2(0#$-#)$F.)"$)*38#)$

"72*'$3#,#3#'%#$)3*'-0*4&'-$)&$%&2(*3#$*8*.'-)I$

!  \#,#3#'%#R/*-#+$56*07*4&'@$

!  *+",-.()$]&2(*3#$)"#$(#3,&32*'%#$&,$)F&$9!$-1-)#2-$&'$*$-*2(0#$-#)$

&,$%0.#')R-(#%.=%$+&%72#')-$

!  G\#,#3#'%#R0#--H$]&'=+#'%#$Q%&3#-@$

!  *+",-.()$^.0)#3$&7)$6#31$(&&3$9!$)3*'-0*4&'-$-&$)"*)$)"#1$*3#$'&)$

(*--#+$*0&'8$)&$"72*'$(&-)R#+.)&3-$
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Automatic metrics of MT evaluation 

Limits of lexical similarity

The reliability of lexical metrics depends very strongly on the
heterogeneity/representativity of reference translations.

e: This sentence is going to be difficult to evaluate.

Ref1: The evaluation of the translation is complicated.

Ref2: The sentence will be hard to qualify.

Ref3: The translation is going to be hard to evaluate.

Ref4: It will be difficult to punctuate the output.

Lexical similarity is nor a sufficient neither a necessary condition so

that two sentences convey the same meaning.
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Automatic metrics of MT evaluation 
Limits of lexical similarity

The reliability of lexical metrics depends very strongly on the
heterogeneity/representativity of reference translations.

e: This sentence is going to be difficult to evaluate.

Ref1: The evaluation of the translation is complicated.

Ref2: The sentence will be hard to qualify.

Ref3: The translation is going to be hard to evaluate.

Ref4: It will be difficult to punctuate the output.

Lexical similarity is nor a sufficient neither a necessary condition so

that two sentences convey the same meaning.
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Automatic metrics of MT evaluation 

!  /0(")%%&2(*3#$&7)(7)$&,$*'$9!$-1-)#2$)&$*$G3#,#3#'%#H$8&&+$
W7-7*001$"72*'X$)3*'-0*4&'@$$"&F$%0&-#$.-$)"#$9!$&7)(7)$)&$
)"#$3#,#3#'%#$)3*'-0*4&'I$

!  102"$3"4(&)%
!  ^*-)$*'+$%"#*(S$2.'.2*0$"72*'$0*/&3S$'&$'##+$,&3$/.0.'87*0$-(#*K#3-$

!  ]*'$/#$7-#+$&'$*'$&'R8&.'8$/*-.-$+73.'8$-1-)#2$+#6#0&(2#')$)&$)#-)$
%"*'8#-$

!  9.'.272$533&3R3*)#$!3*.'.'8$W95\!X$,&3$-#*3%"R/*-#+$9!$*((3&*%"#-T$

!  5#&"02"$3"4(&)%
!  ]733#')$2#)3.%-$*3#$-400$3#0*46#01$%37+#S$+&$'&)$+.-4'87.-"$F#00$/#)F##'$

-7/)0#$+.<#3#'%#-$.'$-1-)#2-$

!  L'+.6.+7*0$-#')#'%#$-%&3#-$*3#$&?#'$'&)$6#31$3#0.*/0#S$*883#8*)#$-%&3#-$
&'$*$0*38#$)#-)$-#)$*3#$2&3#$-)*/0#$

!  M7)&2*)#+$2#)3.%-$,&3$9!$#6*07*4&'$*3#$-400$*$6#31$*%46#$
*3#*$&,$%733#')$3#-#*3%"$$
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What do we want from MT metrics? 

!  D.8"R0#6#0-$&,$%&33#0*4&'$F.)"$ 7*'4=#+$"72*'$'&4&'-$&,$

)3*'-0*4&'$ 7*0.)1$

!  Q#'-.46#$)&$-2*00$+.<#3#'%#-$.'$9!$ 7*0.)1$/#)F##'$-1-)#2-$

*'+$6#3-.&'-$&,$-1-)#2-$

!  ]&'-.-)#')$C$-*2#$9!$-1-)#2$&'$-.2.0*3$)#Y)-$-"&70+$(3&+7%#$

-.2.0*3$-%&3#-$

!  \#0.*/0#$C$9!$-1-)#2-$)"*)$-%&3#$-.2.0*301$F.00$(#3,&32$

-.2.0*301$

!  Z#'#3*0$C$*((0.%*/0#$)&$*$F.+#$3*'8#$&,$+&2*.'-$*'+$-%#'*3.&-$

!  ^*-)$*'+$0.8")F#.8")$C$#*-1$)&$37'$

$
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Automated metrics for MT 

!  6"7#(38%9:% (37#;%<&(&%"$0%1--.#;"=9$&)%

!  ]&2(*3#$W3*'KX$(#3,&32*'%#$&,$0#>(7($3$&8&3(,&$&'$*$%&22&'$#6*07*4&'$
)#-)$-#)$

!  ]&2(*3#$*'+$*'*01_#$(#3,&32*'%#$&,$+.<#3#')$6#3-.&'-$&,$3?(%&",(%
&8&3(,%

!  !3*%K$-1-)#2$.2(3&6#2#')$&6#3$42#$

!  `".%"$-#')#'%#-$8&)$/#N#3$&3$8&)$F&3-#I$

!  M'*01_#$)"#$(#3,&32*'%#$+.-)3./74&'$&,$*$&#$4.(%&8&3(,%*%3&--$+&%72#')-$
F.)".'$*$+*)*$-#)$

!  !7'#$-1-)#2$(*3*2#)#3-$)&$&(42._#$)3*'-0*4&'$(#3,&32*'%#$&'$*$
+#6#0&(2#')$-#)$

!  L)$F&70+$/#$'.%#$.,$9$(%&#$4.(%,(37#;%%&70+$+&$*00$&,$)"#-#$F#00T$$$O7)$
)".-$.-$'&)$*'$*/-&07)#$'#%#--.)1U$$

!  M$2#)3.%$+#6#0&(#+$F.)"$&'#$(73(&-#$.'$2.'+$.-$0.K#01$)&$/#$7-#+$,&3$
&)"#3$7'.')#'+#+$(73(&-#-$
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History of automated metrics for MT 

!  abbc-@$(3#RQ9!S$0.2.)#+$7-#$&,$2#)3.%-$,3&2$-(##%"$C$`5\S$dLR`5\P$
!  ecce@$LO9f-$OB5g$9#)3.%$%&2#-$&7)$

!  ecce@$hLQ!$-)*3)-$9!$56*0$-#3.#-$7'+#3$JM\dM$!LJ5Q$(3&83*2S$7-.'8$OB5g$
*-$)"#$&A%.*0$2#)3.%$

!  ecci@$>%"$*'+$h#1$(3&(&-#$95\!$,&3$9!$/*-#+$&'$OB5g$

!  eccj@$95!5>\$=3-)$%&2#-$&7)$
!  ecck@$!5\$.-$3#0#*-#+S$JM\dM$ZMB5$(3&83*2$*+&()-$D!5\$*-$.)-$&A%.*0$

2#)3.%$

!  ecck@$hLQ!$9!$56*0$-)*3)-$3#(&34'8$95!5>\S$!5\$*'+$hLQ!$-%&3#-$.'$
*++.4&'$)&$OB5gS$&A%.*0$2#)3.%$.-$-400$OB5g$

!  eccl@$\#-#*3%"$&'$2#)3.%-$)*K#-$&<P$-#6#3*0$'#F$2#)3.%-$%&2#$&7)$
!  eccl@$9!$3#-#*3%"$(*(#3-$.'%3#*-.'801$3#(&3)$95!5>\$*'+$!5\$-%&3#-$.'$

*++.4&'$)&$OB5g$

!  eccm@$hLQ!$*'+$`9!$.')3&+7%#$=3-)$%&2(*3*46#$#6*07*4&'-$&,$*7)&2*4%$
9!$#6*07*4&'$2#)3.%-$

!  PU$
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Components of automated metrics for MT 

!  5Y*2(0#@$

!  \#,#3#'%#@$$G)"#$L3* .$F#*(&'-$*3#$)&$/#$"*'+#+$&6#3$)&$)"#$*321$F.)".'$)F&$
F##K-H$

!  9!$&7)(7)@$G.'$)F&$F##K-$L3* f-$F#*(&'-$F.00$8.6#$*321H$

!  d&--./0#$2#)3.%$%&2(&'#')-@$

!  d3#%.-.&'@$%&33#%)$F&3+-$n$)&)*0$F&3+-$.'$9!$&7)(7)$

!  \#%*00@$%&33#%)$F&3+-$n$)&)*0$F&3+-$.'$3#,#3#'%#$

!  ]&2/.'*4&'$&,$d$*'+$\$W.U#U$^ao$ed\nWdp\XX$

!  B#6#'-")#.'$#+.)$+.-)*'%#@$'72/#3$&,$.'-#34&'-S$+#0#4&'-S$-7/-4)74&'-$
3# 7.3#+$)&$)3*'-,&32$9!$&7)(7)$)&$)"#$3#,#3#'%#$

!  L2(&3)*')$L--7#-@$

!  ^#*)73#-@$2*)%"#+$F&3+-S$'83*2-S$-7/-# 7#'%#-$

!  9#)3.%@$*$-%&3.'8$,3*2#F&3K$)"*)$7-#-$)"#$,#*)73#-$

!  d#3,#%)$F&3+$2*)%"#-$*3#$F#*K$,#*)73#-@$-1'&'12-S$.'q#%4&'-@$GL3* f-H$$6-U$
GL3* .HS$G8.6#H$6-U$G"*'+#+$&6#3H$
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BLEU 

!  d3&(&-#+$/1$LO9$rd*(.'#'.$#)$*0S$ecces$

!  9*.'$.+#*-@$

!  5Y*%)$2*)%"#-$&,$F&3+-$

!  9*)%"$*8*.'-)$*$-#)$&,$3#,#3#'%#$)3*'-0*4&'-$,&3$83#*)#3$6*3.#)1$&,$
#Y(3#--.&'-$

!  M%%&7')$,&3$M+# 7*%1$/1$0&&K.'8$*)$F&3+$(3#%.-.&'$

!  M%%&7')$,&3$^07#'%1$/1$%*0%70*4'8$'R83*2$(3#%.-.&'-$,&3$'oaSeSiSj$

!  h&$3#%*00$W/#%*7-#$+.A%70)$F.)"$2704(0#$3#,-X$

!  !&$%&2(#'-*)#$,&3$3#%*00@$.')3&+7%#$GO3#6.)1$d#'*0)1H$

!  ^.'*0$-%&3#$.-$F#.8")#+$8#&2#)3.%$*6#3*8#$&,$)"#$'R83*2$-%&3#-$

!  ]*0%70*)#$*883#8*)#$-%&3#$&6#3$*$0*38#$)#-)$-#)$$

!  h&)$)7'*/0#$)&$+.<#3#')$)*38#)$"72*'$2#*-73#-$&3$,&3$+.<#3#')$
0*'87*8#-$
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Evaluation of MT quality 

!  Human and automatic MT evaluation: major issues 

!  Automatic metrics 

!  BLEU 

!  METEOR, TER and GTM 

!  Human evaluation 

!  Remaining gaps 
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BLEU 

!  5Y*2(0#@$
!  \#,#3#'%#@$$G)"#$L3* .$F#*(&'-$*3#$)&$/#$"*'+#+$&6#3$)&$)"#$*321$

F.)".'$)F&$F##K-H$

!  9!$&7)(7)@$G.'$)F&$F##K-$L3* f-$F#*(&'-$F.00$8.6#$*321H$

!  OBg5$2#)3.%@$

!  aR83*2$(3#%.-.&'@$jnm$

!  eR83*2$(3#%.-.&'@$anl$

!  iR83*2$(3#%.-.&'@$cnk$

!  jR83*2$(3#%.-.&'@$cnt$

!  OB5g$-%&3#$o$c$$$WF#.8")#+$8#&2#)3.%$*6#3*8#X$
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BLEU 

!  ]0.((.'8$(3#%.-.&'$%&7')-@$

!  \#,#3#'%#a@$$G)"#$L3* .$F#*(&'-$*3#$)&$/#$"*'+#+$&6#3$)&$)"#$*321$

F.)".'$)F&$F##K-H$

!  \#,#3#'%#e@$$G)"#$L3* .$F#*(&'-$F.00$/#$-733#'+#3#+$)&$)"#$*321$.'$)F&$

F##K-H$

!  9!$&7)(7)@$G)"#$)"#$)"#$)"#H$

!  d3#%.-.&'$%&7')$,&3$G)"#H$-"&70+$/#$G%0.((#+H$*)$)F&@$2*Y$

%&7')$&,$)"#$F&3+$.'$*'1$3#,#3#'%#$

!  9&+.=#+$7'.83*2$-%&3#$F.00$/#$enj$W'&)$jnjX$
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BLEU 

!  O3#6.)1$d#'*0)1@$
!  \#,#3#'%#a@$$G)"#$L3* .$F#*(&'-$*3#$)&$/#$"*'+#+$&6#3$)&$)"#$*321$F.)".'$)F&$

F##K-H$

!  \#,#3#'%#e@$$G)"#$L3* .$F#*(&'-$F.00$/#$-733#'+#3#+$)&$)"#$*321$.'$)F&$F##K-H$

!  9!$&7)(7)@$G)"#$L3* .$F#*(&'-$F.00H$

!  d3#%.-.&'$-%&3#@$aR83*2$jnjS$$eR83*2$iniS$iR83*2$eneS$$$jR83*2$ana$$$$!$OB5g$o$
aUc$

!  9!$&7)(7)$.-$27%"$)&&$-"&3)S$)"7-$/&&-4'8$(3#%.-.&'S$*'+$OB5g$+&#-'f)$
"*6#$3#%*00P$

!  M'$#Y(&'#'4*0$O3#6.)1$d#'*0)1$3#+7%#-$-%&3#S$%*0%70*)#+$/*-#+$&'$)"#$
*883#8*)#$0#'8)"$W'&)$.'+.6.+7*0$-#')#'%#-X$
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BLEU 

of 129 110 

Weaknesses in BLEU 

!  OB5g$2*)%"#-$F&3+$'83*2-$&,$9!R)3*'-0*4&'$F.)"$2704(0#$3#,#3#'%#$
)3*'-0*4&'-$-.270)*'#&7-01$!$d3#%.-.&'R/*-#+$2#)3.%$
!  L-$)".-$/#N#3$)"*'$2*)%".'8$F.)"$#*%"$3#,#3#'%#$)3*'-0*4&'$-#(*3*)#01$*'+$

-#0#%4'8$)"#$/#-)$2*)%"I$

!  OB5g$]&2(#'-*)#-$,&3$\#%*00$/1$,*%)&3.'8$.'$*$GO3#6.)1$d#'*0)1H$WOdX$
!  L-$)"#$Od$*+# 7*)#$.'$%&2(#'-*4'8$,&3$0*%K$&,$\#%*00I$

!  OB5gf-$'83*2$2*)%".'8$3# 7.3#-$#Y*%)$F&3+$2*)%"#-$
!  ]*'$-)#22.'8$*'+$-1'&'12-$.2(3&6#$)"#$-.2.0*3.)1$2#*-73#$*'+$.2(3&6#$

%&33#0*4&'$F.)"$"72*'$-%&3#-I$

!  M00$2*)%"#+$F&3+-$F#.8"$# 7*001$.'$OB5g$
!  ]*'$*$-%"#2#$,&3$F#.8".'8$F&3+$%&')3./74&'-$.2(3&6#$%&33#0*4&'$F.)"$

"72*'$-%&3#-I$$

!  OB5gf-$".8"#3$&3+#3$'83*2-$*%%&7')$,&3$q7#'%1$*'+$83*22*4%*0.)1S$
'83*2-$*3#$8#&2#)3.%*001$*6#3*8#+$
!  Z#&2#)3.%$'83*2$*6#3*8.'8$.-$6&0*40#$)&$G_#3&H$-%&3#-U$$]*'$F#$*%%&7')$,&3$

q7#'%1n83*22*4%*0.)1$6.*$&)"#3$2#*'-I$
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BLEU vs. Human evaluation 
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Evaluation of MT quality 

!  Human and automatic MT evaluation: major issues 

!  Automatic metrics 

!  BLEU 

!  METEOR, TER and GTM 

!  Human evaluation 

!  Remaining gaps 
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METEOR 

!  95!5>\$o$9#)3.%$,&3$56*07*4&'$&,$!3*'-0*4&'$F.)"$5Y(0.%.)$
>3+#3.'8$$rB*6.#$*'+$J#'K&F-K.S$eccbs$

!  9*.'$.+#*-@$
!  ]&2/.'#$\#%*00$*'+$d3#%.-.&'$*-$F#.8")#+$-%&3#$%&2(&'#')-$
!  B&&K$&'01$*)$7'.83*2$d3#%.-.&'$*'+$\#%*00$
!  M0.8'$9!$&7)(7)$F.)"$#*%"$3#,#3#'%#$.'+.6.+7*001$*'+$)*K#$-%&3#$&,$/#-)$

(*.3.'8$
!  9*)%".'8$)*K#-$.')&$*%%&7')$)3*'-0*4&'$6*3.*/.0.)1$6.*$F&3+$.'q#%4&'$

6*3.*4&'-S$-1'&'121$*'+$(*3*("3*-.'8$2*)%"#-$
!  M++3#--#-$q7#'%1$6.*$*$+.3#%)$(#'*0)1$,&3$F&3+$&3+#3@$"&F$,3*82#')#+$

.-$)"#$2*)%".'8$&,$)"#$9!$&7)(7)$F.)"$)"#$3#,#3#'%#I$
!  d*3*2#)#3-$&,$2#)3.%$%&2(&'#')-$"7(%3'$"@.(%)&$2*Y.2._#$)"#$-%&3#$

%&33#0*4&'-$F.)"$"72*'$E7+82#')-$

!  95!5>\$"*-$/##'$-"&F'$)&$%&'-.-)#')01$&7)(#3,&32$OB5g$.'$
%&33#0*4&'$F.)"$"72*'$E7+82#')-$$
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METEOR 

!  g'.83*2$d3#%.-.&'@$,3*%4&'$&,$F&3+-$.'$)"#$9!$)"*)$*((#*3$.'$

)"#$3#,#3#'%#$

!  g'.83*2$\#%*00@$,3*%4&'$&,$)"#$F&3+-$.'$)"#$3#,#3#'%#$

)3*'-0*4&'$)"*)$*((#*3$.'$)"#$9!$

!  ^ao$du\ncUtuWdp\X$

!  ^2#*'$o$du\nWvudpWaRvXu\X$

!  Z#'#3*0._#+$g'.83*2$2*)%"#-@$$

!  5Y*%)$F&3+$2*)%"#-S$-)#2-S$-1'&'12-$

!  9*)%"$F.)"$#*%"$3#,#3#'%#$-#(*3*)#01$*'+$-#0#%)$)"#$/#-)$

2*)%"$,&3$#*%"$-#')#'%#$

of 129 115 

METEOR 

!  5Y*2(0#@$

!  \#,#3#'%#@$$G)"#$L3* .$F#*(&'-$*3#$)&$/#$"*'+#+$&6#3$)&$)"#$*321$F.)".'$)F&$
F##K-H$

!  9!$&7)(7)@$G.'$)F&$F##K-$L3* f-$F#*(&'-$F.00$8.6#$*321H$

!  9*)%".'8@$$$$\#,@$$$L3* .$F#*(&'-$*321$)F&$F##K-$

$$$$$$$$$$$$$$$$$$$$$$$9!@$$$)F&$F##K-$L3* f-$F#*(&'-$*321$

!  d$o$tnm$ocUket$$$\$o$tnaj$o$cUitl$$$$

!  ^2#*'$o$acudu\nWbdp\X$o$cUilia$

!  ^3*82#')*4&'@$i$,3*8-$&,$t$F&3+-$o$WiRaXnWtRaX$o$cUtc$

!  J.-%&7'4'8$,*%)&3@$J^$o$cUt$u$W,3*8uuiX$o$cUcket$

!  ^.'*0$-%&3#@$$

$$$$^2#*'$u$WaR$J^X$o$cUilia$u$cUbilt$o$cUijbm$
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TER 

!  !3*'-0*4&'$5+.)$W533&3X$\*)#S$+#6#0&(#+$/1$Q'&6#3$#)U$*0U$$ecck$

!  9*.'$L+#*-@$

!  5+.)R/*-#+$2#*-73#S$-.2.0*3$.'$%&'%#()$)&$B#6#'-")#.'$+.-)*'%#@$%&7')-$

)"#$'72/#3$&,$F&3+$.'-#34&'-S$+#0#4&'-$*'+$-7/-4)74&'-$3# 7.3#+$)&$

)3*'-,&32$)"#$9!$&7)(7)$)&$)"#$3#,#3#'%#$)3*'-0*4&'$

!  M++-$)"#$'&4&'$&,$G/0&%K$2&6#2#')-H$*-$*$-.'80#$#+.)$&(#3*4&'$

!  >'01$#Y*%)$F&3+$2*)%"#-$%&7')S$/7)$0*)#-)$6#3-.&'$W!5\(X$.'%&3(&3*)#-$

-1'&'121$*'+$(*3*("3*-#$2*)%".'8$*'+$)7'*/0#$(*3*2#)#3-$

!  ]*'$/#$7-#+$*-$*$3&78"$(&-)R#+.4'8$2#*-73#$

!  Q#36#-$*-$)"#$/*-.-$,&3$D!5\$C$*$(*34*001$*7)&2*)#+$2#*-73#$)"*)$

%*0%70*)#-$!5\$/#)F##'$(3#$*'+$(&-)R#+.)#+$9!$&7)(7)$

!  Q0&F$)&$37'$*'+$&?#'$"*-$*$/.*-$)&F*3+$-"&3)$9!$)3*'-0*4&'-$
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GTM 

!  Z#'#3*0$!#Y)$9*)%"#3S$+#6#0&(#+$/1$!73.*'$#)U$*0U$$ecci$

!  9*.'$L+#*-@$

!  GTM measures similarity between the raw MT output (the “candidate” 
translation) and the reference sentence using measures of (3#%.-.&', 
3#%*00 and their composite ^R2#*-73# (the harmonic mean). 

!  Precision measures the number of words generated by the MT system 
that match with words in the reference sentence out of the total 
number of words generated by the MT system for that segment.  

!  Recall measures the number of words generated by the MT system that 
match with words in the reference translation out of the total number 
of words in the reference translation.  

!  The GTM metric also rewards matching *+E*%#')$F&3+-. 

!  GTM shows better correlation with human judgments that other 
metrics (O’Brien, 2011). $
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MT confidence score 

9&3#$.',&32*4&'$&'$^3.+*1$
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Evaluation of MT quality 

!  Human and automatic MT evaluation: major issues 

!  Automatic metrics 

!  BLEU 

!  METEOR, TER and GTM 

!  Human evaluation 

!  Remaining gaps 

of 129 120 



Human evaluation 

!  !"3##$2*.'$-)3*)#8.#-@$

!  M+# 7*%1Rq7#'%1@$$

!  Fluency indicates how natural the hypothesis sounds to a native speaker of 
the target language. 

!   Adequacy shows how much of the information from the original translation is 
expressed in the translation by selecting one of the proposed grades. 

!  \*'K.'8@$annotators have to rank up to five sentences from best to 
worst relative to the other choices, with ties usually allowed. 

!  d&-)R#+.4'8@$*''&)*)&3-$"*6#$)& post-edit the references with 
information from the test hypothesis translations so that differences 
between a translation and reference account only for errors.$

!  9&3#$.',&32#+@$#33&3$%0*--.=%*4&'$
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Human evaluation: ranking 
Source: Estos tejidos están analizados, transformados y congelados antes de ser almacenados en Hema-
Québec, que gestiona también el único banco público de sangre del cordón umbilical en Quebec.

Reference: These tissues are analyzed, processed and frozen before being stored at Héma-Québec, which 
manages also the only bank of placental blood in Quebec.

Translation Rank

These weavings are analyzed, transformed and frozen before being 
stored in Hema-Quebec, that negotiates also the public only bank of 
blood of the umbilical cord in Quebec.

1

Best

2 3 4 5

Worst

These tissues analysed, processed and before frozen of stored in Hema-
Québec, which also operates the only public bank umbilical cord blood 
in Quebec.

1

Best

2 3 4 5

Worst

These tissues are analyzed, processed and frozen before being stored in 
Hema-Québec, which also manages the only public bank umbilical cord 
blood in Quebec.

1

Best

2 3 4 5

Worst

These tissues are analyzed, processed and frozen before being stored in 
Hema-Quebec, which also operates the only public bank of umbilical 
cord blood in Quebec.

1

Best

2 3 4 5

Worst

These fabrics are analyzed, are transformed and are frozen before being 
stored in Hema-Québec, who manages also the only public bank of 
blood of the umbilical cord in Quebec.

1

Best

2 3 4 5

Worst

Annotator: ccb Task: WMT09 Spanish-English News Corpus
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Human evaluation: ranking 

5Z9dR-%*0#$&'$-#')#'%#$0#6#0$W\&)73.#3S$eccbX@$a 4-level 
scale to measure output acceptability: 

!  Excellent (E): no post-editing required; 

!  Good (G): only minor post-editing is required; 

!  Medium (M): significant post-editing is required; 

!  Poor (P): it would be better to manually retranslate from 
scratch (post-editing is not worthwhile).  
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Human evaluation: H(metrics). Post-editing 
effort and adequacy/fluency. 

!  H(metrics): HTER, HBLEU, etc. manually construct reference 
translation for output, apply TER, BLEU or whatever have you 
(time consuming) 
!  The National Institute of Standards for Technology (NIST) post-

editing tool was 

!  Post-editing effort: ask the post-editors translate part of the 
sentences from scratch and post-edit the raw MT output for 
another part. Compare which activity is faster and for how 
much.  

 But: time consuming, depend on skills of translator and post-
editor. 

!  Adequacy/fluency evaluation: 
!  Adequacy:  Does the output convey the same meaning as the input 

sentence? Is part of the message lost, added, or distorted? 
!  Fluency: Is the output good fluent target language (English)? This 

involves both grammatical correctness and idiomatic word choices. 
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Error classification 

!  Allows to perform error analysis of MT output (Vilar et 
al., 2006) 

Content Words

Filler Words
Missing Words

Local Range

Long Range
Word Level

Local Range

Long Range
Phrase Level

Word Order

Wrong Lexical Choice

Incorrect Disambiguation
Sense

Incorrect Form

Extra Words

Style

Idioms

Incorrect Words

Unknown Stem

Unseen Forms
Unknown Words

Punctuation

Errors
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Evaluation of MT quality 

!  Human and automatic MT evaluation: major issues 

!  Automatic metrics 

!  BLEU 

!  METEOR, TER and GTM 

!  Human evaluation 

!  Remaining gaps 

of 129 126 

Remaining gaps 

Recent efforts to go over lexical similarity

Extend the reference material:

Using lexical variants such as morphological variations or
synonymy lookup or using paraphrasing support.

Compare other linguistic features than words:

Syntactic similarity: shallow parsing, full parsing (constituents
/dependencies).

Semantic similarity: named entities, semantic roles, discourse
representations.

Combination of the existing metrics.
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Remaining gaps 

!  Q%&3#-$(3&+7%#+$/1$2&-)$2#)3.%-$*3#$'&)$.')7.46#$&3$#*-1$)&$

.')#3(3#)$

!  Q%&3#-$(3&+7%#+$*)$)"#$.'+.6.+7*0$-#82#')R0#6#0$*3#$&?#'$'&)$

-7A%.#')01$3#0.*/0#$

!  h##+$,&3$83#*)#3$,&%7-$&'$2#)3.%-$F.)"$+.3#%)$%&33#0*4&'$F.)"$

(&-)R#+.4'8$2#*-73#-$

!  h##+$,&3$2&3#$#<#%46#$2#)"&+-$,&3$2*((.'8$*7)&2*4%$

-%&3#-$)&$)"#.3$%&33#-(&'+.'8$0#6#0-$&,$"72*'$2#*-73#-$W.U#U$

M+#:7*%1X$

!  h##+$,&3$2&3#$F&3K$&'$3#,#3#'%#R0#--$%&'=+#'%#$-%&3#-$,&3$

=0)#3.'8$(&&3$9!$W,&3$(&-)R#+.)&3-$*'+$"72*'$)3*'-0*)&3-X$
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Next session: 

!  w#1$(3&/0#2-$)"*)$)"#$Q9!$)#%"'&0&81$$

.-$,*%.'8$
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!  5Y.-4'8$*'+$,&3#-##'$-&074&'-$


