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1.1 Neural Machine Translation (NMT)
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NMT Model

토끼는귀가길다.

Rabbit has long ears.

𝑿

𝒀′

𝑷(𝒀′|𝑿)



Embedding

1.1. Neural Machine Translation (NMT)
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토끼(7) 는(12) 귀(21) 가(33) 길다(17)

𝑒7
𝑠 𝑒12

𝑠 𝑒21
𝑠 𝑒33

𝑠 𝑒17
𝑠

NMT

Encoder

ℎ𝑒 ℎ𝑒 ℎ𝑒 ℎ𝑒 ℎ𝑒

Decoder

ℎ𝑑 ℎ𝑑 ℎ𝑑 ℎ𝑑 ℎ𝑑

0.32 0.01 … 0.02 0.01 … 0.02 0.17 … 0.01 0.02 … 0.14 0.24 …

Rabbit (43) has (17) long (9) ears (16) </s> (2)

Sampling

𝑒43
𝑡 𝑒17

𝑡 𝑒9
𝑡 𝑒16

𝑡



1.1. Neural Machine Translation (NMT)
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토끼 는 귀 가 길다

𝑒7
𝑠 𝑒12

𝑠 𝑒21
𝑠 𝑒33

𝑠 𝑒17
𝑠

• Word Embedding

0 1 2 … 7 … 12 … 17 …

<s> </s> <unk> … 토끼 … 는 … 길다 …

1) word 
to index

Index

Word

7 12 21 33 17

2) word 
embedding

Word Index

Embedding

… 7 … 12 … 17 …

… 𝑒7=[0.4 0.3 …] … 𝑒12=[0.2 0.7 …] … 𝑒17=[0.6 0.1 …] …
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• Encoding

토끼(7) 는(12) 귀(21) 가(33) 길다(17)

𝑒7
𝑠 𝑒12

𝑠 𝑒21
𝑠 𝑒33

𝑠 𝑒17
𝑠

Encoder

ℎ𝑒 ℎ𝑒 ℎ𝑒 ℎ𝑒 ℎ𝑒
to decoder



1.1. Neural Machine Translation (NMT)
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• Decoder : Training step

Decoder

ℎ𝑑 ℎ𝑑 ℎ𝑑 ℎ𝑑 ℎ𝑑

𝑜1 𝑜2 𝑜3 𝑜4 𝑜5

𝑒43
𝑡 𝑒17

𝑡 𝑒9
𝑡 𝑒16

𝑡

from encoder

model output
(prob.)

ground-truth

Rabbit (43) has (17) long (9) ears (16) </s> (2)

minimize cross-entropy



1.1. Neural Machine Translation (NMT)
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• Decoder : Inference (test) step
- if “Rabbit has big” has never been the words in training data, the following 
could happen:

Decoder

ℎ𝑑 ℎ𝑑 ℎ𝑑 ℎ𝑑 ℎ𝑑

𝑜1 𝑜2 𝑜3 𝑜4

𝑒43
𝑡 𝑒17

𝑡 𝑒5
𝑡

from encoder

model output
(prob.)

generated 
sentence

Rabbit (43) has (17) big (5) ???

• Exposure bias : Because the number of training data is limited, it happens 
when the model generates words that have never been exposed during the 
training step.



1.2. Generative Adversarial Networks (GANs)

중앙대학교 인공지능 연구실 8

• It is a generative model that generates data that is similar to the existing one 
by learning the data distribution.



2.1. Training NMT model by using GANs
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Discriminator

Generator 
(NMT Model)

토끼는귀가길다.

Rabbits has long ears.

Rabbit has big big.

𝒀′~𝑷𝒅𝒂𝒕𝒂(𝒀)

𝑿~𝑷𝒅𝒂𝒕𝒂(𝑿)

𝑮(𝑿)

𝟎~𝟏

min
𝐺

max
𝐷

𝑉 𝐷, 𝐺 =

𝔼𝑋,𝑌′~𝑃
𝑑𝑎𝑡𝑎(𝑋,𝑌′)

[log𝐷 𝑋, 𝑌′ ] +𝔼𝑋~𝑃𝑑𝑎𝑡𝑎(𝑋)[log(1 − 𝐷 𝑋, 𝐺(𝑋) )]
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2.1. Training NMT model by using GANs

G

토끼 는 귀

0.21       0.01       0.13       …𝑜(𝑡)

𝑎(𝑡) 1             0             0         …

Sampling by stochastic selection

𝜕𝐷(𝐺 𝑋 )

𝜕𝑉
=
𝜕𝐷(𝐺 𝑋 )

𝜕𝐺(𝑋)
෍

𝑡

𝜕𝐺 𝑥

𝜕𝑎(𝑡)
∙
𝜕𝑎(𝑡)

𝜕𝑜(𝑡)
∙
𝜕𝑜(𝑡)

𝜕𝑉

𝐺 𝑋 = [𝑎 1 , … , 𝑎𝑁]

𝑉 𝑉 𝑉

Non-differentiable

min
𝐺

max
𝐷

𝑉 𝐷, 𝐺 =

𝔼𝑋,𝑌′~𝑃
𝑑𝑎𝑡𝑎(𝑋,𝑌′)

[log𝐷 𝑋, 𝑌′ ] +𝔼𝑋~𝑃𝑑𝑎𝑡𝑎(𝑋)[log(1 − 𝐷 𝑋, 𝐺(𝑋) )]
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2.1. Training NMT model by using GANs

• Generator Training by Reinforcement learning

Decoder

ℎ𝑑 ℎ𝑑 ℎ𝑑 ℎ𝑑 ℎ𝑑

𝑜1 𝑜2 𝑜3 𝑜4

𝑒43
𝑡 𝑒17

𝑡 𝑒5
𝑡

from encoder

model output
(prob.)

generated 
sentence Rabbit (43) has (17) big (5) ???

𝒀𝟏:𝒕−𝟏 : state
𝒚𝒕 : action

• 𝑦𝑡 is generated by NMT model (policy)

(Yu et al., 2017)
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2.1. Training NMT model by using GANs

• Generator Training by Reinforcement learning

When 𝒕 = 𝑻

Discriminator

Generator 
(NMT Model)

토끼는귀가길다.

Rabbit has big big.
Rabbit has big ears.

𝟎. 𝟎𝟖
𝟎. 𝟗𝟔

Parameter update

𝑷𝑮("𝒆𝒂𝒓𝒔"|"𝑹𝒂𝒃𝒃𝒊𝒕 𝒉𝒂𝒔 𝒃𝒊𝒈")↑

Reward

ground-truth : “Rabbits has long ears.”
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2.1. Training NMT model by using GANs

• Generator Training by Reinforcement learning

When 𝒕 < 𝑻

Generator 
(NMT Model)

토끼는귀가길다.

Rabbits are animals and long ears.
Rabbits are animals with long ears.

𝒀𝟏:𝒕−𝟏 : state
𝒚𝒕 : action
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2.1. Training NMT model by using GANs

• Generator Training by Reinforcement learning

When 𝒕 < 𝑻

Rabbits are animals with

𝑴-time Monte Carlo search

long ears.
ears.
big big.
has long ears.

⋮

Reward

𝟎. 𝟗𝟖
𝟎. 𝟒𝟓
𝟎. 𝟎𝟑
𝟎. 𝟎𝟐
⋮

Average 
Reward

𝟎. 𝟕𝟖

Rabbits are animals and

ears.
and and.
big ears.
has long ears.

⋮

𝟎. 𝟎𝟑
𝟎. 𝟎𝟏
𝟎. 𝟏𝟔
𝟎. 𝟖𝟕
⋮

𝟎. 𝟒𝟓

𝑷𝑮("𝒘𝒊𝒕𝒉"|"𝑹𝒂𝒃𝒃𝒊𝒕 𝒂𝒓𝒆 𝒂𝒏𝒊𝒎𝒂𝒍𝒔")↑
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2.2. The issue of 𝑀-time Monte Carlo search

• It takes too much time to compute rewards for generated sentence.

When “Rabbits are animal with long ears.” is generated by NMT model.

𝑶(𝑻 ∗𝑴)

MC search
Rabbits are animal with long ears.

Rabbits are animal with long ears.

Rabbits are animal with long ears.

Rabbits are animal with long ears.

Rabbits are animal with long ears.

MC search

MC search

MC search

MC search
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3. Proposed method

• It computes the reward only for the words that correspond to the exposure bias.

MC search
Rabbits are animal with long ears.

ground-truth : “Rabbits has long ears.”



중앙대학교 인공지능 연구실 17

4. Experiment

• Data  

- IWSLT'15 English-Vietnamese data
- Train (133K sentence pairs)
- Vocab. (Eng. 17K and Viet. 7.7K). The words whose frequencies are less than 5 by 

<unk>

• Generator

- Embedding dim. : 512
- Max length : 50
- Recurrent unit : gated recurrent unit (GRU)
- The number of units : 512
- Attention mechanism : (Luong et al., 2015)
- Gradient clipping : -5, 5
- The number of layers : 1
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4. Experiment

• Discriminator

- Embedding dim. : 512
- Same as (Yu et al., 2017)

• GANs Training

- Mini-batch size : 128
- MC search : 10
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4. Experiment

1. Pre-training NMT model (Complete)

- epoch 30  (8 hours)

2. Pre-training Discriminator (Complete)

- Termination condition : Accuracy > 0.82

3. Training GAN (Ongoing)

1) Training NMT model by MC search  : 1 epoch

2) Training discriminator until Accuracy > 0.82

1), 2) repetition


