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I. Curriculum Learning — Improve sample efficiency

   (co-advised by Marine Carpuat, University of Maryland) 

• In-Domain Training

• Domain adaptation

II. Intelligent Hyperparameter Search — Speed up model selection


• Auto-Tuning

• Representative Subcorpus

Can we train better NMT models faster?

Neural Machine Translation (NMT) models are data-hungry monsters

and expensive to train.                                        
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Curriculum Learning

Can Seq2Seq NMT models also benefit from it?

In Machine Learning:  
• Introduce gradually more difficult examples to the learner.

• Perceptron, SGD and CNN can converge faster. 

Lesson A Lesson B Lesson C

1 + 1 = 2 2x = 4
Z 1

0
2xdx = 1
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Lesson A Lesson B Lesson C

Curriculum Learning

Can Seq2Seq NMT models also benefit from it?

In Machine Learning:  
• Introduce gradually more difficult examples to the learner.

• Perceptron, SGD and CNN can converge faster. 

Hello How are you

你好 你好吗 愿力量与你同在

May the 4th 

be with you
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Curriculum Learning for 
Neural Machine Translation

What is an easy-to-learn example in NMT?

I. Linguistic features 
• Sentence Length

• Word Frequency Rank (max, average)


II. Transfer knowledge from a teacher model 
• One-best Score

5



Curriculum Learning for 
Neural Machine Translation

• Sentence ranking

• Data sharding


What is the curriculum training strategy?

shards

easy difficult

• Probabilistic curriculum training strategy (our appraoch)
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Curriculum Learning for 
Neural Machine Translation

What is the curriculum training strategy?
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• Sentence ranking

• Data sharding


x

NMT 
model 
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Curriculum Learning for 
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Curriculum Learning for 
Neural Machine Translation

What is the curriculum training strategy?

shards

easy difficult

• Probabilistic curriculum training strategy (our appraoch)

• Sentence ranking

• Data sharding


converged!
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Curriculum Learning for 
Neural Machine Translation

• Probabilistic curriculum training strategy (our appraoch)

• Sentence ranking

• Data sharding


• Training on a subset of shards in a phase

• Including more difficult shards gradually

What is the curriculum training strategy?

shards

easy difficult

… until converged

time
curriculum phase

(1000 minibatches)

• Presenting order is not deterministic: 

    (1) shard shuffling within a phase

    (2) bucketing, mini-batching within a shard

16



Curriculum Learning for 
Neural Machine Translation

• Performance of curriculum learning strategies with different  
    difficulty criteria

baseline max wd 
freq(de)

max wd 
freq(en)

max wd 
freq 

(deen)

ave wd 
freq(de)

ave wd 
freq(en)

ave wd 
freq 

(deen)

sent 
len(de)

sent 
len(en)

sent len 
(deen)

one-best 
score

Training 
Time 
(1000  

batches)

73 57 63 56 72 84 62 78 151 113 56

BLEU 28.1 25.2 27.6 28.1 28.2 27.8 27.3 26.6 27.6 27.0 27.0

word frequency rank  
(max)

word frequency rank  
(average)

sentence length one-best  
score
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Curriculum Learning for 
Domain Adaptation

In-Domain 
Data

Non-Domain-Specific 

Data

Domain 
Specific  
Model

• Score and rank training examples by their similarity to in-domain data

• Same curriculum training strategy can be applied 

• Similarity: data selection methods 

                     (Moore-Lewis score, cynical data selection)
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Curriculum Learning for 
Domain Adaptation

• Data Selection for Domain Adaptation 

1. Score non-domain-specific sentences based on their similarity to in-

domain data

2. Sort the sentences 

3. Select training data from the non-domain-specific data using a cut-off 

threshold on the resulting scores

4. Build domain-specific NMT system

Non-Domain-Specific 

Data Score Sort Select

In-Domain 
Data

Domain 
Specific  
Model
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Curriculum Learning for 
Domain Adaptation

• Domain similarity scoring 

Moore-Lewis Score (cross-entropy difference score)

HI (s)− HN (s)
: cross-entropy

: In-domain 

: Non-domain-specific

: a non-domain-specific sentence 

H
I
N
s

A lower ML score indicates    is more like the in-domain data and 

less like the non-domain-specific data

s
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• Domain similarity scoring

Curriculum Learning for 
Domain Adaptation

Cynical Data Selection (Incremental greedy selection)

�H
n!n+1

= log
Wn + wn+1

Wn| {z }
Penalty

+
X

w2VI

CI(v)

WI
log

Cn(v)

Cn(v) + cn+1(v)
| {z }

Gain
<latexit sha1_base64="IHp5Ty4bEqNzM9n2qIRNwfcCUMI="></latexit><latexit sha1_base64="VUjnhGU29C2oS2IlewVL44DBPXM="></latexit><latexit sha1_base64="VUjnhGU29C2oS2IlewVL44DBPXM="></latexit><latexit sha1_base64="c7pyedBttru3YMA/cOuBajP84tI="></latexit>

Hn+1 = Hn + �H
n!n+1

<latexit sha1_base64="4VPaYsrCuA/Ar4K+YvHO9A2hR9s=">AAACIHicbZBNS8NAEIY3ftb6VfXoZbEIgiCJCHoRRD30WMF+QFPKZjttFzebsDtRSshP8eJf8eJBEb3pr3HT9qCtLyw8vDPD7LxBLIVB1/1y5uYXFpeWCyvF1bX1jc3S1nbdRInmUOORjHQzYAakUFBDgRKasQYWBhIawd1VXm/cgzYiUrc4jKEdsr4SPcEZWqtTOq10UnXoZfSc5pTRQ+onqmsnAFPla9EfINM6eqB5V+pfg0RGK1mnVHaP3JHoLHgTKJOJqp3Sp9+NeBKCQi6ZMS3PjbGdMo2CS8iKfmIgZvyO9aFlUbEQTDsdHZjRfet0aS/S9imkI/f3RMpCY4ZhYDtDhgMzXcvN/2qtBHtn7VSoOEFQfLyol0iKEc3Tol2hgaMcWmBcC/tXygdMM442oaINwZs+eRbqx0ee5ZuT8sXlJI4C2SV75IB45JRckAqpkhrh5JE8k1fy5jw5L8678zFunXMmMzvkj5zvH3UyopA=</latexit><latexit sha1_base64="4VPaYsrCuA/Ar4K+YvHO9A2hR9s=">AAACIHicbZBNS8NAEIY3ftb6VfXoZbEIgiCJCHoRRD30WMF+QFPKZjttFzebsDtRSshP8eJf8eJBEb3pr3HT9qCtLyw8vDPD7LxBLIVB1/1y5uYXFpeWCyvF1bX1jc3S1nbdRInmUOORjHQzYAakUFBDgRKasQYWBhIawd1VXm/cgzYiUrc4jKEdsr4SPcEZWqtTOq10UnXoZfSc5pTRQ+onqmsnAFPla9EfINM6eqB5V+pfg0RGK1mnVHaP3JHoLHgTKJOJqp3Sp9+NeBKCQi6ZMS3PjbGdMo2CS8iKfmIgZvyO9aFlUbEQTDsdHZjRfet0aS/S9imkI/f3RMpCY4ZhYDtDhgMzXcvN/2qtBHtn7VSoOEFQfLyol0iKEc3Tol2hgaMcWmBcC/tXygdMM442oaINwZs+eRbqx0ee5ZuT8sXlJI4C2SV75IB45JRckAqpkhrh5JE8k1fy5jw5L8678zFunXMmMzvkj5zvH3UyopA=</latexit><latexit sha1_base64="4VPaYsrCuA/Ar4K+YvHO9A2hR9s=">AAACIHicbZBNS8NAEIY3ftb6VfXoZbEIgiCJCHoRRD30WMF+QFPKZjttFzebsDtRSshP8eJf8eJBEb3pr3HT9qCtLyw8vDPD7LxBLIVB1/1y5uYXFpeWCyvF1bX1jc3S1nbdRInmUOORjHQzYAakUFBDgRKasQYWBhIawd1VXm/cgzYiUrc4jKEdsr4SPcEZWqtTOq10UnXoZfSc5pTRQ+onqmsnAFPla9EfINM6eqB5V+pfg0RGK1mnVHaP3JHoLHgTKJOJqp3Sp9+NeBKCQi6ZMS3PjbGdMo2CS8iKfmIgZvyO9aFlUbEQTDsdHZjRfet0aS/S9imkI/f3RMpCY4ZhYDtDhgMzXcvN/2qtBHtn7VSoOEFQfLyol0iKEc3Tol2hgaMcWmBcC/tXygdMM442oaINwZs+eRbqx0ee5ZuT8sXlJI4C2SV75IB45JRckAqpkhrh5JE8k1fy5jw5L8678zFunXMmMzvkj5zvH3UyopA=</latexit><latexit sha1_base64="4VPaYsrCuA/Ar4K+YvHO9A2hR9s=">AAACIHicbZBNS8NAEIY3ftb6VfXoZbEIgiCJCHoRRD30WMF+QFPKZjttFzebsDtRSshP8eJf8eJBEb3pr3HT9qCtLyw8vDPD7LxBLIVB1/1y5uYXFpeWCyvF1bX1jc3S1nbdRInmUOORjHQzYAakUFBDgRKasQYWBhIawd1VXm/cgzYiUrc4jKEdsr4SPcEZWqtTOq10UnXoZfSc5pTRQ+onqmsnAFPla9EfINM6eqB5V+pfg0RGK1mnVHaP3JHoLHgTKJOJqp3Sp9+NeBKCQi6ZMS3PjbGdMo2CS8iKfmIgZvyO9aFlUbEQTDsdHZjRfet0aS/S9imkI/f3RMpCY4ZhYDtDhgMzXcvN/2qtBHtn7VSoOEFQfLyol0iKEc3Tol2hgaMcWmBcC/tXygdMM442oaINwZs+eRbqx0ee5ZuT8sXlJI4C2SV75IB45JRckAqpkhrh5JE8k1fy5jw5L8678zFunXMmMzvkj5zvH3UyopA=</latexit>

Hn = �
X

v2VI

CI(v)

WI
log

Cn(v)

Wn| {z }
P (n) logQ(n)
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*        is the total number of word tokens in the previous selected linesWn
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*            is the count of word v in the previous selected linesCn(v)
<latexit sha1_base64="rIR7bBGCGwtxQvF5j23q4Z8odc4=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEVGXhW5cVrAXaIeSSTNtbCYZkkyhDH0HNy4Ucev7uPNtzLSz0NYfAh//OYec8wcxZ9q47rdT2Njc2t4p7pb29g8Oj8rHJ20tE0Voi0guVTfAmnImaMsww2k3VhRHAaedYNLI6p0pVZpJ8WhmMfUjPBIsZAQba7UbA1GdXg7KFbfmLoTWwcuhArmag/JXfyhJElFhCMda9zw3Nn6KlWGE03mpn2gaYzLBI9qzKHBEtZ8utp2jC+sMUSiVfcKghft7IsWR1rMosJ0RNmO9WsvM/2q9xIR3fspEnBgqyPKjMOHISJSdjoZMUWL4zAImitldERljhYmxAZVsCN7qyevQvqp5lh+uK/WbPI4inME5VMGDW6jDPTShBQSe4Ble4c2Rzovz7nwsWwtOPnMKf+R8/gC0K46B</latexit><latexit sha1_base64="rIR7bBGCGwtxQvF5j23q4Z8odc4=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEVGXhW5cVrAXaIeSSTNtbCYZkkyhDH0HNy4Ucev7uPNtzLSz0NYfAh//OYec8wcxZ9q47rdT2Njc2t4p7pb29g8Oj8rHJ20tE0Voi0guVTfAmnImaMsww2k3VhRHAaedYNLI6p0pVZpJ8WhmMfUjPBIsZAQba7UbA1GdXg7KFbfmLoTWwcuhArmag/JXfyhJElFhCMda9zw3Nn6KlWGE03mpn2gaYzLBI9qzKHBEtZ8utp2jC+sMUSiVfcKghft7IsWR1rMosJ0RNmO9WsvM/2q9xIR3fspEnBgqyPKjMOHISJSdjoZMUWL4zAImitldERljhYmxAZVsCN7qyevQvqp5lh+uK/WbPI4inME5VMGDW6jDPTShBQSe4Ble4c2Rzovz7nwsWwtOPnMKf+R8/gC0K46B</latexit><latexit sha1_base64="rIR7bBGCGwtxQvF5j23q4Z8odc4=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEVGXhW5cVrAXaIeSSTNtbCYZkkyhDH0HNy4Ucev7uPNtzLSz0NYfAh//OYec8wcxZ9q47rdT2Njc2t4p7pb29g8Oj8rHJ20tE0Voi0guVTfAmnImaMsww2k3VhRHAaedYNLI6p0pVZpJ8WhmMfUjPBIsZAQba7UbA1GdXg7KFbfmLoTWwcuhArmag/JXfyhJElFhCMda9zw3Nn6KlWGE03mpn2gaYzLBI9qzKHBEtZ8utp2jC+sMUSiVfcKghft7IsWR1rMosJ0RNmO9WsvM/2q9xIR3fspEnBgqyPKjMOHISJSdjoZMUWL4zAImitldERljhYmxAZVsCN7qyevQvqp5lh+uK/WbPI4inME5VMGDW6jDPTShBQSe4Ble4c2Rzovz7nwsWwtOPnMKf+R8/gC0K46B</latexit><latexit sha1_base64="rIR7bBGCGwtxQvF5j23q4Z8odc4=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEVGXhW5cVrAXaIeSSTNtbCYZkkyhDH0HNy4Ucev7uPNtzLSz0NYfAh//OYec8wcxZ9q47rdT2Njc2t4p7pb29g8Oj8rHJ20tE0Voi0guVTfAmnImaMsww2k3VhRHAaedYNLI6p0pVZpJ8WhmMfUjPBIsZAQba7UbA1GdXg7KFbfmLoTWwcuhArmag/JXfyhJElFhCMda9zw3Nn6KlWGE03mpn2gaYzLBI9qzKHBEtZ8utp2jC+sMUSiVfcKghft7IsWR1rMosJ0RNmO9WsvM/2q9xIR3fspEnBgqyPKjMOHISJSdjoZMUWL4zAImitldERljhYmxAZVsCN7qyevQvqp5lh+uK/WbPI4inME5VMGDW6jDPTShBQSe4Ble4c2Rzovz7nwsWwtOPnMKf+R8/gC0K46B</latexit> 21



Curriculum Learning for 
Domain Adaptation

• Evaluation on Continued Training Setup

General  
Domain 

Data

Generic 
Model Initialization

In-Domain 
Data

Non-Domain-Specific 

Data

Domain 
Specific  
Model

Continued 
Training

Similarity Scoring

Curriculum Learning

Standard training  
(baseline)
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Curriculum Learning for 
Domain Adaptation

• Evaluation on Continued Training Setup

Improves BLEU by 5%~10.4% (up to 3.22 BLEU points). 

35
36
37
38
39

TED(de)

std_ML
CL_ML

std_CDS
CL_CDS

24
24.75
25.5

26.25
27

TED(ru)

50
51.5

53
54.5

56

patent(de)
30

31.75
33.5

35.25
37

patent(ru)

+ 2.76 + 3.05
+ 1.72 + 1.89

+ 2.51

+ 2.93

+ 3.22

+ 2.05
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Curriculum Learning for 
Domain Adaptation

Where does the gain come from?
S4 Error Analysis (word level translation error)

fi
<latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit>

: Source word ej
<latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit>

: Reference translation of fi
<latexit sha1_base64="dm647GX2/coyN1xG38DR1F1pZeg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeyx4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuE1z0NYXFh7emWFn3iARXBvX/XZKG5tb2zvl3cre/sHhUfX4pKPjVDFss1jEqhdQjYJLbBtuBPYShTQKBHaD6e2i3n1CpXksH80sQT+iY8lDzqix1kM45MNqza27ucg6eAXUoFBrWP0ajGKWRigNE1Trvucmxs+oMpwJnFcGqcaEsikdY9+ipBFqP8tXnZML64xIGCv7pCG5+3sio5HWsyiwnRE1E71aW5j/1fqpCRt+xmWSGpRs+VGYCmJisribjLhCZsTMAmWK210Jm1BFmbHpVGwI3urJ69C5qnuW769rzUYRRxnO4BwuwYMbaMIdtKANDMbwDK/w5gjnxXl3PpatJaeYOYU/cj5/AEIkjbw=</latexit><latexit sha1_base64="dm647GX2/coyN1xG38DR1F1pZeg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeyx4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuE1z0NYXFh7emWFn3iARXBvX/XZKG5tb2zvl3cre/sHhUfX4pKPjVDFss1jEqhdQjYJLbBtuBPYShTQKBHaD6e2i3n1CpXksH80sQT+iY8lDzqix1kM45MNqza27ucg6eAXUoFBrWP0ajGKWRigNE1Trvucmxs+oMpwJnFcGqcaEsikdY9+ipBFqP8tXnZML64xIGCv7pCG5+3sio5HWsyiwnRE1E71aW5j/1fqpCRt+xmWSGpRs+VGYCmJisribjLhCZsTMAmWK210Jm1BFmbHpVGwI3urJ69C5qnuW769rzUYRRxnO4BwuwYMbaMIdtKANDMbwDK/w5gjnxXl3PpatJaeYOYU/cj5/AEIkjbw=</latexit><latexit sha1_base64="dm647GX2/coyN1xG38DR1F1pZeg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeyx4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuE1z0NYXFh7emWFn3iARXBvX/XZKG5tb2zvl3cre/sHhUfX4pKPjVDFss1jEqhdQjYJLbBtuBPYShTQKBHaD6e2i3n1CpXksH80sQT+iY8lDzqix1kM45MNqza27ucg6eAXUoFBrWP0ajGKWRigNE1Trvucmxs+oMpwJnFcGqcaEsikdY9+ipBFqP8tXnZML64xIGCv7pCG5+3sio5HWsyiwnRE1E71aW5j/1fqpCRt+xmWSGpRs+VGYCmJisribjLhCZsTMAmWK210Jm1BFmbHpVGwI3urJ69C5qnuW769rzUYRRxnO4BwuwYMbaMIdtKANDMbwDK/w5gjnxXl3PpatJaeYOYU/cj5/AEIkjbw=</latexit><latexit sha1_base64="dm647GX2/coyN1xG38DR1F1pZeg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeyx4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuE1z0NYXFh7emWFn3iARXBvX/XZKG5tb2zvl3cre/sHhUfX4pKPjVDFss1jEqhdQjYJLbBtuBPYShTQKBHaD6e2i3n1CpXksH80sQT+iY8lDzqix1kM45MNqza27ucg6eAXUoFBrWP0ajGKWRigNE1Trvucmxs+oMpwJnFcGqcaEsikdY9+ipBFqP8tXnZML64xIGCv7pCG5+3sio5HWsyiwnRE1E71aW5j/1fqpCRt+xmWSGpRs+VGYCmJisribjLhCZsTMAmWK210Jm1BFmbHpVGwI3urJ69C5qnuW769rzUYRRxnO4BwuwYMbaMIdtKANDMbwDK/w5gjnxXl3PpatJaeYOYU/cj5/AEIkjbw=</latexit> Hi

<latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit>

: Output translation of fi
<latexit sha1_base64="dm647GX2/coyN1xG38DR1F1pZeg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeyx4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuE1z0NYXFh7emWFn3iARXBvX/XZKG5tb2zvl3cre/sHhUfX4pKPjVDFss1jEqhdQjYJLbBtuBPYShTQKBHaD6e2i3n1CpXksH80sQT+iY8lDzqix1kM45MNqza27ucg6eAXUoFBrWP0ajGKWRigNE1Trvucmxs+oMpwJnFcGqcaEsikdY9+ipBFqP8tXnZML64xIGCv7pCG5+3sio5HWsyiwnRE1E71aW5j/1fqpCRt+xmWSGpRs+VGYCmJisribjLhCZsTMAmWK210Jm1BFmbHpVGwI3urJ69C5qnuW769rzUYRRxnO4BwuwYMbaMIdtKANDMbwDK/w5gjnxXl3PpatJaeYOYU/cj5/AEIkjbw=</latexit><latexit sha1_base64="dm647GX2/coyN1xG38DR1F1pZeg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeyx4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuE1z0NYXFh7emWFn3iARXBvX/XZKG5tb2zvl3cre/sHhUfX4pKPjVDFss1jEqhdQjYJLbBtuBPYShTQKBHaD6e2i3n1CpXksH80sQT+iY8lDzqix1kM45MNqza27ucg6eAXUoFBrWP0ajGKWRigNE1Trvucmxs+oMpwJnFcGqcaEsikdY9+ipBFqP8tXnZML64xIGCv7pCG5+3sio5HWsyiwnRE1E71aW5j/1fqpCRt+xmWSGpRs+VGYCmJisribjLhCZsTMAmWK210Jm1BFmbHpVGwI3urJ69C5qnuW769rzUYRRxnO4BwuwYMbaMIdtKANDMbwDK/w5gjnxXl3PpatJaeYOYU/cj5/AEIkjbw=</latexit><latexit sha1_base64="dm647GX2/coyN1xG38DR1F1pZeg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeyx4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuE1z0NYXFh7emWFn3iARXBvX/XZKG5tb2zvl3cre/sHhUfX4pKPjVDFss1jEqhdQjYJLbBtuBPYShTQKBHaD6e2i3n1CpXksH80sQT+iY8lDzqix1kM45MNqza27ucg6eAXUoFBrWP0ajGKWRigNE1Trvucmxs+oMpwJnFcGqcaEsikdY9+ipBFqP8tXnZML64xIGCv7pCG5+3sio5HWsyiwnRE1E71aW5j/1fqpCRt+xmWSGpRs+VGYCmJisribjLhCZsTMAmWK210Jm1BFmbHpVGwI3urJ69C5qnuW769rzUYRRxnO4BwuwYMbaMIdtKANDMbwDK/w5gjnxXl3PpatJaeYOYU/cj5/AEIkjbw=</latexit><latexit sha1_base64="dm647GX2/coyN1xG38DR1F1pZeg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeyx4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuE1z0NYXFh7emWFn3iARXBvX/XZKG5tb2zvl3cre/sHhUfX4pKPjVDFss1jEqhdQjYJLbBtuBPYShTQKBHaD6e2i3n1CpXksH80sQT+iY8lDzqix1kM45MNqza27ucg6eAXUoFBrWP0ajGKWRigNE1Trvucmxs+oMpwJnFcGqcaEsikdY9+ipBFqP8tXnZML64xIGCv7pCG5+3sio5HWsyiwnRE1E71aW5j/1fqpCRt+xmWSGpRs+VGYCmJisribjLhCZsTMAmWK210Jm1BFmbHpVGwI3urJ69C5qnuW769rzUYRRxnO4BwuwYMbaMIdtKANDMbwDK/w5gjnxXl3PpatJaeYOYU/cj5/AEIkjbw=</latexit>

CORRECT ej
<latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit>

Hi
<latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit>

2
<latexit sha1_base64="vzjlpQtQq90fljo15UQ928loNos=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYeeUH236tW8ucgq+AVUoVCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOedeiojE3QT5fdUrOrDMgUaLtU0jm7u+JnMbGTOLQdsYUR2a5NjP/q3UzjK6DXKg0Q67Y4qMokwQTMrubDITmDOXEAmVa2F0JG1FNGdp0KjYEf/nkVWhd1HzL95fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cj5/AEywjcs=</latexit><latexit sha1_base64="vzjlpQtQq90fljo15UQ928loNos=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYeeUH236tW8ucgq+AVUoVCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOedeiojE3QT5fdUrOrDMgUaLtU0jm7u+JnMbGTOLQdsYUR2a5NjP/q3UzjK6DXKg0Q67Y4qMokwQTMrubDITmDOXEAmVa2F0JG1FNGdp0KjYEf/nkVWhd1HzL95fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cj5/AEywjcs=</latexit><latexit sha1_base64="vzjlpQtQq90fljo15UQ928loNos=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYeeUH236tW8ucgq+AVUoVCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOedeiojE3QT5fdUrOrDMgUaLtU0jm7u+JnMbGTOLQdsYUR2a5NjP/q3UzjK6DXKg0Q67Y4qMokwQTMrubDITmDOXEAmVa2F0JG1FNGdp0KjYEf/nkVWhd1HzL95fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cj5/AEywjcs=</latexit><latexit sha1_base64="vzjlpQtQq90fljo15UQ928loNos=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYeeUH236tW8ucgq+AVUoVCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOedeiojE3QT5fdUrOrDMgUaLtU0jm7u+JnMbGTOLQdsYUR2a5NjP/q3UzjK6DXKg0Q67Y4qMokwQTMrubDITmDOXEAmVa2F0JG1FNGdp0KjYEf/nkVWhd1HzL95fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cj5/AEywjcs=</latexit>

1. SEEN

training corpusfi
<latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit>

/2
<latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit>

training corpusfi
<latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit>

/2
<latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit>

2. SENSE

2
<latexit sha1_base64="Xz9f3B4GEx/UOkdepYAwPMKYfFM=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49u8/vjEjRWJfsBJykNFh1rEglHMrZ7QlX615tf9ucgqBAXUoFCzX/3qDRKWKa6RSWptN/BTDKfUoGCSzyq9zPKUsjEd8q5DTRW34XS+64ycOWdA4sS4p5HM3d8TU6qsnajIdSqKI7tcy83/at0M4+twKnSaIdds8VGcSYIJyQ8nA2E4QzlxQJkRblfCRtRQhi6ePIRg+eRVaF/UA8f3l7XGTRFHGU7gFM4hgCtowB00oQUMRvAMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8AgfON3w==</latexit><latexit sha1_base64="Xz9f3B4GEx/UOkdepYAwPMKYfFM=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49u8/vjEjRWJfsBJykNFh1rEglHMrZ7QlX615tf9ucgqBAXUoFCzX/3qDRKWKa6RSWptN/BTDKfUoGCSzyq9zPKUsjEd8q5DTRW34XS+64ycOWdA4sS4p5HM3d8TU6qsnajIdSqKI7tcy83/at0M4+twKnSaIdds8VGcSYIJyQ8nA2E4QzlxQJkRblfCRtRQhi6ePIRg+eRVaF/UA8f3l7XGTRFHGU7gFM4hgCtowB00oQUMRvAMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8AgfON3w==</latexit><latexit sha1_base64="Xz9f3B4GEx/UOkdepYAwPMKYfFM=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49u8/vjEjRWJfsBJykNFh1rEglHMrZ7QlX615tf9ucgqBAXUoFCzX/3qDRKWKa6RSWptN/BTDKfUoGCSzyq9zPKUsjEd8q5DTRW34XS+64ycOWdA4sS4p5HM3d8TU6qsnajIdSqKI7tcy83/at0M4+twKnSaIdds8VGcSYIJyQ8nA2E4QzlxQJkRblfCRtRQhi6ePIRg+eRVaF/UA8f3l7XGTRFHGU7gFM4hgCtowB00oQUMRvAMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8AgfON3w==</latexit><latexit sha1_base64="Xz9f3B4GEx/UOkdepYAwPMKYfFM=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49u8/vjEjRWJfsBJykNFh1rEglHMrZ7QlX615tf9ucgqBAXUoFCzX/3qDRKWKa6RSWptN/BTDKfUoGCSzyq9zPKUsjEd8q5DTRW34XS+64ycOWdA4sS4p5HM3d8TU6qsnajIdSqKI7tcy83/at0M4+twKnSaIdds8VGcSYIJyQ8nA2E4QzlxQJkRblfCRtRQhi6ePIRg+eRVaF/UA8f3l7XGTRFHGU7gFM4hgCtowB00oQUMRvAMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8AgfON3w==</latexit>

training corpus, ej
<latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit>

3. SCORE

fi
<latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit><latexit sha1_base64="kRMpvRphof1/7bwYWDiJM0dS124=">AAAB6nicdZDNSgMxFIXv1L9a/6ou3QSL4KokRWy7K7pxWdHaQjuUTJppQzOZIckIpfQR3LhQxK1P5M63MdNWUNEDgY9z7iX33iCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M8vY910bE6tZOEu5HdKhEKBi1zroJ+6JfLOEyxpgQgjIg1XPsoF6vVUgNkSxyKsFSzX7xvTeIWRpxZZmkxnQJTqw/pdoKJvms0EsNTygb0yHvOlQ04safzkedoRPnDFAYa/eURXP3e8eURsZMosBVRtSOzO8sM//KuqkNa/5UqCS1XLHFR2EqkY1RtjcaCM2ZlRMHlGnhZkVsRDVl1l2n4I7wtSn6H+4qZeL4+qzUuFieIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I05y17DuGHvLdPkhyN/A==</latexit>

ej
<latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit>

(     ,     ) 2
<latexit sha1_base64="Xz9f3B4GEx/UOkdepYAwPMKYfFM=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49u8/vjEjRWJfsBJykNFh1rEglHMrZ7QlX615tf9ucgqBAXUoFCzX/3qDRKWKa6RSWptN/BTDKfUoGCSzyq9zPKUsjEd8q5DTRW34XS+64ycOWdA4sS4p5HM3d8TU6qsnajIdSqKI7tcy83/at0M4+twKnSaIdds8VGcSYIJyQ8nA2E4QzlxQJkRblfCRtRQhi6ePIRg+eRVaF/UA8f3l7XGTRFHGU7gFM4hgCtowB00oQUMRvAMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8AgfON3w==</latexit><latexit sha1_base64="Xz9f3B4GEx/UOkdepYAwPMKYfFM=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49u8/vjEjRWJfsBJykNFh1rEglHMrZ7QlX615tf9ucgqBAXUoFCzX/3qDRKWKa6RSWptN/BTDKfUoGCSzyq9zPKUsjEd8q5DTRW34XS+64ycOWdA4sS4p5HM3d8TU6qsnajIdSqKI7tcy83/at0M4+twKnSaIdds8VGcSYIJyQ8nA2E4QzlxQJkRblfCRtRQhi6ePIRg+eRVaF/UA8f3l7XGTRFHGU7gFM4hgCtowB00oQUMRvAMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8AgfON3w==</latexit><latexit sha1_base64="Xz9f3B4GEx/UOkdepYAwPMKYfFM=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49u8/vjEjRWJfsBJykNFh1rEglHMrZ7QlX615tf9ucgqBAXUoFCzX/3qDRKWKa6RSWptN/BTDKfUoGCSzyq9zPKUsjEd8q5DTRW34XS+64ycOWdA4sS4p5HM3d8TU6qsnajIdSqKI7tcy83/at0M4+twKnSaIdds8VGcSYIJyQ8nA2E4QzlxQJkRblfCRtRQhi6ePIRg+eRVaF/UA8f3l7XGTRFHGU7gFM4hgCtowB00oQUMRvAMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8AgfON3w==</latexit><latexit sha1_base64="Xz9f3B4GEx/UOkdepYAwPMKYfFM=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYopX/BiwdFvPqHvPlvzLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49u8/vjEjRWJfsBJykNFh1rEglHMrZ7QlX615tf9ucgqBAXUoFCzX/3qDRKWKa6RSWptN/BTDKfUoGCSzyq9zPKUsjEd8q5DTRW34XS+64ycOWdA4sS4p5HM3d8TU6qsnajIdSqKI7tcy83/at0M4+twKnSaIdds8VGcSYIJyQ8nA2E4QzlxQJkRblfCRtRQhi6ePIRg+eRVaF/UA8f3l7XGTRFHGU7gFM4hgCtowB00oQUMRvAMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8AgfON3w==</latexit>

training corpus

ERROR ej
<latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit><latexit sha1_base64="zS3oYgljivpybl+/WAvju7D94ug=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0liaOut6MVjRfsBbSib7aZdu9mE3Y1QSn+CFw+KePUXefPfuGkrqOiDgcd7M8zMCxLOlLbtDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OpJQv0IDwULGcHaSDe0f9cvluzyea3iehVkl2276rhORtyqd+YhxygZSrBEo1987w1ikkZUaMKxUl3HTrQ/xVIzwums0EsVTTAZ4yHtGipwRJU/nZ86QydGGaAwlqaERnP1+8QUR0pNosB0RliP1G8vE//yuqkOa/6UiSTVVJDFojDlSMco+xsNmKRE84khmEhmbkVkhCUm2qRTMCF8fYr+Jy237Bh+7ZXqF8s48nAEx3AKDlShDlfQgCYQGMIDPMGzxa1H68V6XbTmrOXMIfyA9fYJpTOOCA==</latexit>

Hi
<latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit><latexit sha1_base64="mmBkF+rEAIK5ZPNj4WhHV0E2UZc=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9NJjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG+yevuBayNidY+ThPsRHSoRCkbRort6X/TLFbd64WYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOVPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N62zqmf97Xmldp3HUYQjOIZT8OASalCHBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXJgSNsg==</latexit>

/2
<latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit><latexit sha1_base64="Iihw3SslKpL8AQ6Z3wvfhW6yllc=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmrah2WRJZoWy9Ed48aCIV3+PN/+N2XYP2vpC4OGdGTLzRokUFn3/21tb39jc2i7tlHf39g8OK0fHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3OX19hM3Vmj1iNOEhzEdKTEUjKKz2j2lUahyv1L1a/5cZBWCAqpQqNGvfPUGmqUxV8gktbYb+AmGGTUomOSzci+1PKFsQke861DRmNswm687I+fOGZChNu4pJHP390RGY2unceQ6Y4pju1zLzf9q3RSHN2EmVJIiV2zx0TCVBDXJbycDYThDOXVAmRFuV8LG1FCGLqE8hGD55FVoXdYCxw9X1fptEUcJTuEMLiCAa6jDPTSgCQwm8Ayv8OYl3ov37n0sWte8YuYE/sj7/AH1649O</latexit>

4. SEARCH a translation error due to pruning (a small beam size)
24



Curriculum Learning for 
Domain Adaptation

Where does the gain come from? 28%
1% 71% CORRECT

SEEN+SENSE
SCORES4 Error Analysis (word level translation error)

25

Pe
rc

en
ta

ge
 %

0.39

0.408

0.425

0.443

0.46

SEEN

std_ML CL_ML std_CDS CL_CDS

+0.026

-0.02

0.71

0.728

0.745

0.763

0.78

SENSE

-0.05

-0.026
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27.75

28.5

29.25

30

SCORE

-1.62 -1.75



Curriculum Learning for 
Domain Adaptation

Support our hypothesis that it is beneficial to train on examples that are closest 
to in-domain first and to use a probabilistic curriculum.

Why this curriculum strategy?

36

36.75

37.5

38.25
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std
CL
CL_reverse
CL_scrambled
CL_noshuffle

-2.04 -1.88

-1.11
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I. Curriculum Learning —Improve sample efficiency


• In-Domain Training

    - Can improve sample efficiency at early stage of training 

    - No clear pattern found

• Domain Adaptation

    - Consistently outperfrom the standard continued training model

    - Improve SCORE and SENSE errors

II. Intelligent Hyperparameter Search — Speed up model selection


• Auto-Tuning

• Representative Subcorpus

Can we train better NMT models faster?

27



Auto-tuning
• Exhaustive hyperparameter search is time-consuming


• Automatic system tuning process using CMA-ES

28



Representative Subcorpus
Can we find a small representative subset of the 

large training corpus, so that the hyperparameter 

tuned on the representative subset can generalize 

to the original large dataset?

• Let’s first try uniform sampling from the large corpus.

100%

corpus

10%

corpus
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Representative Subcorpus
Can we find a small representative subset of the 

large training corpus, so that the hyperparameter 

tuned on the representative subset can generalize 

to the original large dataset?

• Let’s first try uniform sampling from the large corpus.


    - The hyperparameters tuned on uniform sampled subcorpus 


       can generalize to the large corpus


    - Average time saved: 60 clock hours 

      (1/2 of the training time spent by models trained on large corpus: >120 hours)

30



Representative Subcorpus
Can this be further improved by 

selecting the subcorpus in a more clever way?

• Sampling by n-gram distribution


    - Representative subcorpus:


       sentences containing only the most frequent words (top 1/256);


       1/2 of the original corpus size 


    - Performance ranking holds on both large and small corpus 


    - Average time saved: around 100 clock hours 

      (3/4 of the training time spent by models trained on large corpus: >120 hours)


     - Faster than uniform sampling 

31



I. Curriculum Learning —Improve sample efficiency


• In-domain training

    - Can improve sample efficiency at early stage of training 

    - No clear pattern found

• Domain adaptation

    - Consistently outperfrom the standard continued training model

    - Improve SCORE and SENSE error 

II. Intelligent Hyperparameter Search — Speed up model selection


• Auto-tuning

• Representative subcorpus

Can we train better NMT models faster?

32



• Curriculum learning and auto-tuning implementations are 
public available at:


    https://github.com/kevinduh/sockeye-recipes

Q & A
33

https://github.com/kevinduh/sockeye-recipes

