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Transformer模型

• 回顾机器翻译任务的发展历史


• 统计机器翻译(SMT)、Encoder-Decoder结构、注意力(Attention)机制、BPE算法


• Transformer模型


• 编程实践


• RNN Encoder-Decoder with Attention、The Annotated Transformer、基于OpenNMT和
Transformer训练翻译模型


• 非代码：斯坦福CS224N 作业4 Attention和Position Embeddings分析
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http://www.apple.com/cn
https://web.stanford.edu/class/cs224n/assignments/a4_spr24_student_handout.pdf


翻译
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 玄奘图片链接

https://upload.wikimedia.org/wikipedia/commons/2/23/Rosetta_Stone.JPG
https://upload.wikimedia.org/wikipedia/commons/9/9a/Xuanzang_w.jpg
https://i0.wp.com/cms.babbel.news/wp-content/uploads/2016/04/World_04.jpg?strip=none&ssl=1


机器翻译

• 机器翻译(Machine Translation, MT): 研究如何利用计算机把源语言(source 
language) 翻译成目标语言(target language)
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来自DeepL

https://yangfengyf.github.io/talk/201905-YSSNLP-%E6%9C%BA%E5%99%A8%E7%BF%BB%E8%AF%91%E8%BF%9B%E5%B1%95%E7%BB%BC%E8%BF%B0.pdf
https://www.deepl.com/en/translator


机器翻译

• 机器翻译(Machine Translation, MT): 研究如何利用计算机把源语言(source 
language) 翻译成目标语言(target language)


• 机器翻译的特点：


• 输入序列和输出序列的长度无关， 单词之间不是按顺序一一对应   ===>  两个变长序列


• 包含语言模型，连接NLU和NLG
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来自DeepL

sequence to sequence / seq2seq 区分 sequence labeling

Encoder-Decoder、Attention、Transformer、subword

https://www.deepl.com/en/translator


机器翻译

• 机器翻译(Machine Translation, MT): 研究如何利用计算机把一种语言(源语言，
source language) 翻译成另一种语言(目标语言，target language)
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机器翻译进展综述

LLM for MT

规则机器翻译

(RBMT, 1949-1993)
统计机器翻译

(SMT, 1993-2014)
神经机器翻译

(NMT, 2013-?)
LLM for MT

数据驱动

sequence to sequence / seq2seq

https://yangfengyf.github.io/talk/201905-YSSNLP-%E6%9C%BA%E5%99%A8%E7%BF%BB%E8%AF%91%E8%BF%9B%E5%B1%95%E7%BB%BC%E8%BF%B0.pdf


统计机器翻译(SMT)
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平行语料

单词对齐

短语抽取

数据处理

短语表

目标语言数据

数据处理

语言模型调序模型其他特征

解码 + 排序

• 基于短语(phrase)的统计翻译系统


• 词对齐(word alignment)


• 短语表(phrase table)


• p(black tea|冰红茶)=0.7


• 语言模型: N-gram LM


• Log-linear

log p(y |x) = ∑
i

λihi(x, y)
参考 Moses

https://www2.statmt.org/moses/?n=Moses.Baseline


SMT —> NMT
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FFNN LM

RNN LM

LIMSI @ WMT11

Joint Language and Translation Modeling with Recurrent Neural Networks

https://www2.statmt.org/moses/?n=Moses.Baseline
https://aclanthology.org/W11-2135.pdf
https://aclanthology.org/D13-1106.pdf


SMT —> NMT
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sequence to sequence/seq2seq task

Recurrent Continuous Translation Models, 2013

Encoder-Decoder Model

Encoder: CNN

Decoder: RNN

https://www2.statmt.org/moses/?n=Moses.Baseline
https://aclanthology.org/W11-2135.pdf
https://aclanthology.org/D13-1106.pdf
https://aclanthology.org/D13-1176.pdf


SMT —> NMT

LLM 101: 一起入门大语言模型 / Winter 2024

平行语料

单词对齐

短语抽取

数据处理
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目标语言数据
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sequence to sequence/seq2seq task

Learning Phrase Representations using RNN 
Encoder-Decoder for Statistical Machine Translation, 2014

Encoder-Decoder Model

Encoder: GRU

Decoder: GRU
短语表

https://www2.statmt.org/moses/?n=Moses.Baseline
https://aclanthology.org/W11-2135.pdf
https://aclanthology.org/D13-1106.pdf
https://arxiv.org/pdf/1406.1078
https://arxiv.org/pdf/1406.1078


RNN GRU LSTM
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RNN

GRU

LSTM

图片链接
参数量 1: 3: 4 参数共享

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://pytorch.org/docs/stable/generated/torch.nn.RNN.html
https://pytorch.org/docs/stable/generated/torch.nn.GRU.html
https://pytorch.org/docs/stable/generated/torch.nn.LSTM.html
http://dprogrammer.org/rnn-lstm-gru


神经机器翻译(NMT)
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Sequence to Sequence Learning with Neural Networks, 2014

< SMT SOTA

LSTM Encoder-Decoder

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1409.3215


神经机器翻译(NMT)
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Sequence to Sequence Learning with Neural Networks, 2014

< SMT SOTA

LSTM Encoder-Decoder

On the Properties of Neural Machine Translation Encoder–Decoder Approaches, 2014

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1409.3215
https://arxiv.org/pdf/1409.1259


RNN Encoder-Decoder with Attention
• Encoder: BiGRU, Decoder: GRU


• 输入序列 , 的向量表示  


• 如何得到第 个输出元素 ？

x = (x1, . . . , xT) xj hj = [ h j; h j]

i yi
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 Neural Machine Translation by Jointly Learning to Align and Translate

eij = attention(si−1, hj)

αij =
exp(eij)

∑T
k=1 exp(eik)

ci =
T

∑
j=1

αijhj

si = f(si−1, yi−1, ci)

p(yi |y1, . . . , yi−1, x) = ?

zi = σ(Wze(yi−1) + Uzsi−1 + Czci)

ri = σ(Wre(yi−1) + Ursi−1 + Crci)

s̃i = tanh(We(yi−1) + U[ri ∘ si−1] + Cci)

si = f(si−1, yi−1, ci) = (1 − zi) ∘ si−1 + zi ∘ s̃i

= vT
a tanh(Wasi−1 + Uahj)

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1409.0473
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https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1409.0473


SMT vs NMT
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Is Neural Machine Translation Ready for Deployment?, 2016

Six Challenges for Neural Machine Translation

NMT Win!

https://github.com/NiuTrans/MTBook
https://x.com/marian_nmt/status/1158067516406685696
https://arxiv.org/pdf/1610.01108
https://arxiv.org/pdf/1706.03872


SMT vs NMT
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Is Neural Machine Translation Ready for Deployment?, 2016

 

NMT Win!

On the Properties of Neural Machine Translation Encoder–Decoder Approaches, 2014

OOV(Out of Vocabulary)
未登录词

[UNK]

https://github.com/NiuTrans/MTBook
https://x.com/marian_nmt/status/1158067516406685696
https://arxiv.org/pdf/1610.01108
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1409.1259


BPE: Byte Pair Encoding
• 分词，统计单词词频


• 将单词看作字符序列


• 单词内的最高频字符组合 进行合并(merge)操作
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Neural Machine Translation of Rare Words with Subword Units， 2015

OpenAI Tokenizer

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1508.07909
https://platform.openai.com/tokenizer


SMT vs NMT
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Is Neural Machine Translation Ready for Deployment?, 2016

Six Challenges for Neural Machine Translation

NMT Win!

https://github.com/NiuTrans/MTBook
https://x.com/marian_nmt/status/1158067516406685696
https://arxiv.org/pdf/1610.01108
https://arxiv.org/pdf/1706.03872


ConvS2S
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既生瑜何生亮

Convolutional Sequence to Sequence Learning, 1705

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/abs/1705.03122


Transformer
• 自注意力(self-attention)


• Encoder-Decoder 结构
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Attention Is All You Need

图片来源

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1706.03762
https://classic.d2l.ai/chapter_attention-mechanisms/self-attention-and-positional-encoding.html


Transformer
• Encoder Layer: MHSA + FFN


• Decoder Layer: MHSA + Encoder-Decoder Attention + FFN
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Attention Is All You Need

 

x2 = LayerNorm(x1 + Dropout(MHSA(x1)))

x3 = LayerNorm(x2 + Dropout(FFN(x2)))

x2 = LayerNorm(x1 + Dropout(MHSA(x1)))
x3 = LayerNorm(x2 + Dropout(MHSA(x2, xencoder)))

x4 = LayerNorm(x3 + Dropout(FFN(x3)))

mask

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1706.03762
https://classic.d2l.ai/chapter_attention-mechanisms/self-attention-and-positional-encoding.html
https://mp.weixin.qq.com/s/zS8W0IIbPGpsIn_9WOzNrA?token=1459250550&lang=zh_CN


MHSA
• 【定义】注意力：输入是一个query和一堆<key, value>对，输出是value的线性加权，权重
值由query和key计算得到。其中query、key和value都是向量


• Scaled dot-product attention
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Attention Is All You Need

 
 

q, k ∈ Rdk; q ∼ N(0,1), k ∼ N(0,1)

scaled :
q ⋅ k

dk

q ⋅ k =
dk

∑
i=1

∼ N(0,dk)

code

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1706.03762
https://classic.d2l.ai/chapter_attention-mechanisms/self-attention-and-positional-encoding.html
https://mp.weixin.qq.com/s/zS8W0IIbPGpsIn_9WOzNrA?token=1459250550&lang=zh_CN
https://mp.weixin.qq.com/s/zS8W0IIbPGpsIn_9WOzNrA?token=1459250550&lang=zh_CN


MHSA
• 【定义】注意力：输入是一个query和一堆<key, value>对，输出是value的线性加权，权重
值由query和key计算得到。其中query、key和value都是向量


• Scaled dot-product attention


• MHSA
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Attention Is All You Need

 
 

 

Attention(Q, K, V) = softmax(
QKt

dk
)V

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1706.03762
https://classic.d2l.ai/chapter_attention-mechanisms/self-attention-and-positional-encoding.html
https://mp.weixin.qq.com/s/zS8W0IIbPGpsIn_9WOzNrA?token=1459250550&lang=zh_CN
https://mp.weixin.qq.com/s/zS8W0IIbPGpsIn_9WOzNrA?token=1459250550&lang=zh_CN


FFN: Position-wise Feed-Forward Networks

• FFN


• MHSA和FFN互补
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FFN(x) = max(0,xW1 + b1)W2 + b2

https://github.com/NiuTrans/MTBook
https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1706.03762
https://classic.d2l.ai/chapter_attention-mechanisms/self-attention-and-positional-encoding.html
https://mp.weixin.qq.com/s/zS8W0IIbPGpsIn_9WOzNrA?token=1459250550&lang=zh_CN
https://mp.weixin.qq.com/s/zS8W0IIbPGpsIn_9WOzNrA?token=1459250550&lang=zh_CN


位置编码 Positional Encoding

• 绝对位置编码：token embedding + positional embedding
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https://arxiv.org/pdf/1706.03872
https://arxiv.org/pdf/1706.03762
https://classic.d2l.ai/chapter_attention-mechanisms/self-attention-and-positional-encoding.html
https://mp.weixin.qq.com/s/zS8W0IIbPGpsIn_9WOzNrA?token=1459250550&lang=zh_CN
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