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她说：“他这个人怪有意思（funny）。”于是人们
以为他们有了意思（wish），并让他向她意思意
思（express）。他火了：“我根本没有那个意思
（thought）！”她也生气了：“你们这么说是什么
意思（intention）？”事后有人说：“真有意思
（funny）。”也有人说：“真没意思（nonsense）”

“意思”的意思?

吴尉天，1999］——《统计自然语言处理》









文本举例：One-hot表示

John likes to watch movies. Mary likes too. 
John also likes to watch football games.

对其每个单词进行编号：

{"John": 1, "likes": 2, "to": 3, "watch": 4, "movies": 5, 
"also":6, "football": 7, "games": 8, "Mary": 9, "too": 10}

使用one-hot进行编码：

"John": [1, 0, 0, 0, 0, 0, 0, 0, 0, 0] 
"likes": [0, 1, 0, 0, 0, 0, 0, 0, 0, 0] 
"too": [0, 0, 1, 0, 0, 0, 0, 0, 0, 0]



文本举例：Bag-of-word表示

John likes to watch movies. Mary likes too. 
John also likes to watch football games.

对其每个单词进行编号：

{"John": 1, "likes": 2, "to": 3, "watch": 4, "movies": 5, 
"also":6, "football": 7, "games": 8, "Mary": 9, "too": 10}

使用BOW进行编码：

John likes to watch movies. Mary likes too. -> [1, 2, 1, 1, 1, 0, 0, 0, 1, 1] 
John also likes to watch football games. -> [1, 1, 1, 1, 0, 1, 1, 1, 0, 0]





Word Embedding

• Machine learns the meaning of words from reading 
a lot of documents without supervision 
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apple = [ 1   0   0   0   0]

bag    = [ 0   1   0   0   0]

cat    = [ 0   0   1   0   0]

dog   = [ 0   0   0   1   0]

elephant   = [ 0   0   0   0   1]

1-of-N Encoding Word Embedding
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Word Class
如何达到？



Word Embedding

• Machine learns the meaning of words from reading 
a lot of documents without supervision

• A word can be understood by its context 

蔡英文 520宣誓就职

马英九520宣誓就职

蔡英文、马英九 are 
something very similar

You shall know a word 
by the company it keeps



How to exploit the context?

• Count based
• If two words wi and wj frequently co-occur, V(wi) and 

V(wj) would be close to each other
• E.g. Glove Vector: 

http://nlp.stanford.edu/projects/glove/

• Prediction based

V(wi) . V(wj) Ni,j

Inner product Number of times wi and wj
in the same document

http://nlp.stanford.edu/projects/glove/


Prediction-based
– Language Modeling

Neural 
Network

P(b|a): the probability of NN predicting the next word.

P(“wreck a nice beach”)
=P(wreck|START)P(a|wreck)P(nice|a)P(beach|nice)

1-of-N encoding 
of “START”

P(next word is 
“wreck”)

Neural 
Network

1-of-N encoding 
of “wreck”

P(next word is 
“a”)

Neural 
Network

1-of-N encoding 
of “a”

P(next word is 
“nice”)

Neural 
Network

1-of-N encoding 
of “nice”

P(next word is 
“beach”)



Bengio, Y., Ducharme, R., Vincent, P., & Jauvin, C. (2003). A neural probabilistic 
language model. Journal of machine learning research, 3(Feb), 1137-1155.



Prediction-based
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Prediction-based

Training text:
……蔡英文 宣誓就职……

……马英九 宣誓就职……
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probability
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You shall know a word 
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Prediction-based
– Sharing Parameters
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0
The weight matrix W1 and W2 are both 
|Z|X|V| matrices.

xi-2

xi-1

The length of xi-1 and xi-2 are both |V|.

z

W1

W2 The length of z is |Z|.
z = W1 xi-2 + W2 xi-1

W1 = W2 z = W ( xi-2 + xi-1 ) = W
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Prediction-based
– Sharing Parameters
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The weights with the same 
color should be the same.

Or, one word would have 
two word vectors.
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…… ____   wi ____ ……

Prediction-based
– Various Architectures
• Continuous bag of word (CBOW) model

• Skip-gram 

…… wi-1 ____ wi+1 …… Neural 
Network wi

wi-1

wi+1

Neural 
Network

wi-1
wi

wi+1

predicting the word given its context

predicting the context given a word



Word Embedding

Source: http://www.slideshare.net/hustwj/cikm-keynotenov2014
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Word Embedding

Fu, Ruiji, et al. "Learning semantic hierarchies via word embeddings."Proceedings of 
the 52th Annual Meeting of the Association for Computational Linguistics: Long 
Papers. Vol. 1. 2014. 22



Word Embedding

• Characteristics

• Solving analogies

𝑉𝑉 ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑉𝑉 ℎ𝑜𝑜𝑜𝑜 ≈ 𝑉𝑉 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝑉𝑉 𝑏𝑏𝑏𝑏𝑏𝑏
𝑉𝑉 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 − 𝑉𝑉 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≈ 𝑉𝑉 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 − 𝑉𝑉 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺
𝑉𝑉 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 − 𝑉𝑉 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 ≈ 𝑉𝑉 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 − 𝑉𝑉 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

Rome : Italy = Berlin : ?

𝑉𝑉 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺
≈ 𝑉𝑉 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 − 𝑉𝑉 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝑉𝑉 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

Compute 𝑉𝑉 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 − 𝑉𝑉 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝑉𝑉 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
Find the word w with the closest V(w)
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Multi-lingual Embedding 

Bilingual Word Embeddings for Phrase-Based Machine Translation, Will Zou, 
Richard Socher, Daniel Cer and Christopher Manning, EMNLP, 2013



Beyond Bag of Word

• word sequences with different lengths → the 
vector with the same length

• The vector representing the  meaning of the word 
sequence

• A word sequence can be a document or a paragraph

…

(a document or paragraph)
word sequence
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Beyond Bag of Word

• To understand the meaning of a word sequence, 
the order of the words can not be ignored.

white blood cells destroying an infection

an infection destroying white blood cells

exactly the same bag-of-word

positive

negative

different
meaning
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demo

https://remykarem.github.io/word2vec-demo/

https://turbomaze.github.io/word2vecjson/
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