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第四讲 Transformers



Encoder-Decoder原理
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❑先理解，再表达



Encoder-Decoder缺点
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❑区区一个固定长度的C，能容下多少信息？
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在读一本侦探小说，在最后

一页侦探说：“我将揭示罪犯

的身份，他的名字是 ”



1 带注意力的Encoder-Decoder
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输入序列不同部分对于输出序列重要性不同
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the late Emperor was taken from us before he could finish his life's work, the
restoration of the Han. Today, the empire is still divided in three, and our very
survival is threatened. Yet still, the officials at court and the soldiers throughout
the realm remain loyal to you, your majesty. Because they remember the late
emperor, all of them, and they wish to repay his kindness in service to you. This is
the moment to extend your divine influence, to honor the memory of the late
Emperor and strengthen the morale of your officers. It is not the time to listen to
bad advice or close your ears to the suggestions of loyal men. The emperors of the
Western Han chose their courtiers wisely, and their dynasty flourished.

先帝创业未半而中道崩殂，今天下三分，益州疲弊，此诚危急存亡之秋也。然侍卫之臣
不懈于内，忠志之士忘身于外者，盖追先帝之殊遇，欲报之于陛下也。诚宜开张圣听，
以光先帝遗德，恢弘志士之气，不宜妄自菲薄，引喻失义，以塞忠谏之路也。



注意：不能走极端，是“开张圣听下有主有次”
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survival is threatened. Yet still, the officials at court and the soldiers throughout
the realm remain loyal to you, your majesty. Because they remember the late
emperor, all of them, and they wish to repay his kindness in service to you. This is
the moment to extend your divine influence, to honor the memory of the late
Emperor and strengthen the morale of your officers. It is not the time to listen to
bad advice or close your ears to the suggestions of loyal men. The emperors of the
Western Han chose their courtiers wisely, and their dynasty flourished.

先帝创业未半而中道崩殂，今天下三分，益州疲弊，此诚危急存亡之秋也。然侍卫之臣
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<start>  late   Emperor … flourished <end>

注意力机制：解码不同词时，用不同C
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先帝       创业        未半  而   …      也
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p解码器在i时刻不输入固定C，而是不同的Ci

pCi自动选取与!𝑦i最相关的上下文
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<start>  先帝       创业        未半  而   …



Ci如何计算
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Ci特征

1. 来源于所有的隐变量

2. 不同隐变量有不同权重

<start>  late   Emperor … flourished <end>
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ØCi是编码器中隐状态的加权和

Øaij是输入xj对输出!𝑦i的重要程度
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加权求和



11

aij如何计算？

Ci和aij的关系示例
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aij特点分析
1. 具有归一化特征（所有输入对!𝑦i的权重之和为1，∑!"#$ 𝑎%& = 1）
2. 与编码器隐藏层hj有关 + 与解码器隐藏层h’i-1有关
3. 属于模型参数，在训练中产生

aij如何计算

𝑎!" =
𝑒𝑥𝑝 𝑒!"

∑&#$% 𝑒𝑥𝑝 𝑒!&
Softmax归一化

𝑒!" = 𝜑 ℎ!'() , ℎ" 对齐模型，可训练
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对于一次<xi, !𝑦i>匹配过程，其涉及到的注意力相关要素包括：
1. 输出词 !𝑦i 称之为查询（Query），如“先帝”
2. 对于hi，其匹配度 aij为寻找xi的键（Key）
3. xi的语义表示为为寻找xi的指（value）

基于注意力匹配的相关要素及记法

<Q,K,V>三元组
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Global Attention v.s. Local Attention

Global Attention Local Attention

Luong, Minh-Thang, Hieu Pham,etc. "Effective approaches to attention-based neural machine translation." EMNLP 2015.
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基于注意力的机器翻译应用

Cho, Kyunghyun, et al. "Learning phrase representations using RNN encoder–decoder for statistical machine translation." EMNLP. 2014.
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基于注意力的机器翻译应用
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基于注意力的机器翻译应用
展示注意力机制的双语对齐（英语-法语）效果，像素灰度对齐权重
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基于注意力的RNN不足之处
RNN只能串行处理，逐字理解/生成，处理效率低
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能不能一次性得到所有的Ci ?



1 带注意力的Encoder-Decoder
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题外：
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