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1.Graph Embedding   
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1.1 Graph Embedding

1.1.WHAT & WHY   

embedding embedding
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Embedding

WHY?

“dog”

one-hot one-hot
one-hot “ ”

embedding

1.2.Word2vec   

woed2vec[2013]: DistributedRepresentations of Words and Phrases and their Compositionality

word2vec GE
paper

word2vec embedding word2vec cbow
skip-gram cbow skip-gram

skip-gram

http://xueshu.baidu.com/s?wd=paperuri:(785910f0818a68484b073cf4a2662719)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://arxiv.org/pdf/1310.4546&ie=utf-8&sc_us=5298703194063391108
https://blog.csdn.net/itplus/article/details/37969519
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1.3.   

word2vec [2013] graph embedding

1.Locally Linear Embedding

https://blog.csdn.net/c9yv2cf9i06k2a9e/article/details/80731084


1.3 LINE

2.Laplacian Eigenmaps
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3.Graph Factorization

embedding

1.4.Deepwalk   

Deepwalk[2014] : DeepWalk: online learning of social representations

(word) embedding graph
(node) node graph node

embdding node word2vec
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” embedding deepwalk graph “ ”
word2vec graph node embedding

deepwalk network embedding word2vec graph
( word2vec ) random walk

random walk

1.5.LINE   

LINE[2015] : Large scale information network embedding

:

1.  order proximity
sigmoid

2.  order proximity

http://doi.acm.org/10.1145/2623330.2623732
http://doi.acm.org/10.1145/2623330.2623732
http://doi.acm.org/10.1145/2623330.2623732
https://arxiv.org/abs/1503.03578
https://arxiv.org/abs/1503.03578
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) context embedding
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LINE BFS

1.6.GraRep   

GraRep[2015] : Learning GraphRepresentations with Global Structural

LINE 2-order 3-order 4-order... 1.4
A1 A2 GraRep LINE

k-order

 

k-order ( )

https://www.researchgate.net/publication/301417811_GraRep
https://www.researchgate.net/publication/301417811_GraRep


1.5 BFS DFS
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1.7.Node2vec   

Node2vec[2016] : Scalable Feature Learning for Networks

Deepwalk DFS LINE GraRep DFS BFS
( ) DFS

BFS DFS Node2vec
BFS DFS

1.6
:

https://arxiv.org/abs/1607.00653
https://arxiv.org/abs/1607.00653


1.7 graph
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node2vec Facebook

1.8.Struc2vec   

Struc2vec[2017] : struc2vec:LearningNode Representations fromStructural Identity

Struc2vec node embedding
deepwalk node2vec

1.7

1.7 GE

(degree)
:

Dynamic Time Warping( )
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)

http://geek.csdn.net/news/detail/200138
http://www.sohu.com/a/124091440_355140
http://persagen.com/files/ml_files/Ribeiro%20LF%20(2017)%20struc2vec.pdf
http://doi.acm.org/10.1145/3097983.3098061
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1.9.GraphSAGE   

GraphSAGE[2017] :Inductiverepresentation learning on large graph

graph graph
unseen node embedding

graph GraphSAGE

embedding GraphSAGE 1.8

https://www.sohu.com/a/162168329_99940985
https://www-cs-faculty.stanford.edu/people/jure/pubs/graphsage-nips17.pdf


1.8 GraphSAGE

1.9 

1. (K )

2. k BFS
k

Aggregator function random node

1. Mean aggregator:  
2. LSTM aggregator: LSTM node shuffle
3. Pooling aggregator: 
4. GCN aggregator: 

1.10.CANE   

CANE[2017] : Context-AwareNetwork Embedding for Relation Modeling

http://www.thunlp.org/~lzy/publications/acl2017_cane.pdf
http://www.thunlp.org/~lzy/publications/acl2017_cane.pdf


1.10 CANE
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graph embedding
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CANE CANE attention

1.9 CANE ( word2vec)
Attention

row-pooling column-pooling +
softmax

text

LINE



1.11 SDNE

text-text text-structure structure-text

 

softmax

1.11.SDNE   

SDNE[2016] : Structural Deep Network Embedding

SDNE 1.11

SDNE graph node node
node “ node
”

http://www.kdd.org/kdd2016/papers/files/rfp0191-wangAemb.pdf
http://www.kdd.org/kdd2016/papers/files/rfp0191-wangAemb.pdf
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1.12.GraphGAN   

GraphGAN[2018] : GraphGAN: Graph Representation Learning with Generative Adversarial Nets

GAN GAN VAE
paper: Variational Inference: A Unified

Framework of Generative Models and Some Revelations GAN VAE
!

GraphGAN
ANE(Adversarial Network Embedding) GraphGAN.

GraphGAN
embedding

GraphGAN

1.   

2. 
 

 

GAN loss ( )

http://cn.arxiv.org/abs/1711.08267
https://www.paperweekly.site/papers/2117


2.1 Graph CNN

sigmoid softmax
softmax Graph

Softmax

1.13.   

GE extra info
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2.Graph CNN   
GE (Graph Convolutional Neural Network

GCN) GE GE
nlp word2vec GCN

gcn gcn

GCN ( “
”) Graph 2.1 GCN



2.1. Spectral Convolution   
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2.1.1. Graph   
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2.1.2. Graph   

2.1.3. Graph   
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Graph CNN
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2.1.4.  Spectral Convolution   

 Spectral Convolution: Spectral Networks and Locally Connected Networks on Graphs

Graph

 Spectral Convolution

(
)

spatial localization( ) CNN
GCN

CNN 3*3 9

2.1.5.  Spectral Convolution   

 Spectral Convolution[2016] : Convolutional neuralnetworks on graphs with fast localized spectral
filtering

 Spectral Convolution  Spectral Convolution

 Spectral Convolution

 Spectral Convolution

http://yann.lecun.com/exdb/publis/orig/bruna-iclr-14.pdf
http://pdfs.semanticscholar.org/c29d/6dc86a4e28165601b2b37492ec551dd68fe0.pdf
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 Spectral Convolution

2.1.6.  Spectral Convolution   

 Spectral Convolution[2017] : Semi-supervisedclassification with graph convolutional networks

https://classes.cs.uoregon.edu/17S/cis607bddl/papers/ICLR2017.pdf


GCN

1. K=1 CNN 3*3 kernel
2. ( > ).

.

.

 Spectral Convolution

2.2. Spatial Convolution   

Spatial Convolution( )

graph

2.2.1. DCNNs   

DCNNs[2016] : Diffusion-convolutional neural networks

http://www.orie.cornell.edu/orie/research/groups/multheavytail/upload/6212-diffusion-convolutional-neural-networks.pdf


2.2 DCNNs Node Graph

DCNNs Graph

Graph 

Graph

2.2

DCNNs

2.2.2. CNN4G   

CNN4G[2016] : Learningconvolutional neural networks for graphs

http://xueshu.baidu.com/s?wd=paperuri:(fb404a3656f8899f54b804ccb25600c7)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://arxiv.org/pdf/1605.05273&ie=utf-8&sc_us=17922396210966843156
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2.5 

2.6 multi-head

2.2.3. GATs   

GATs[2018] :Graph Attention Networks

state-of-the-art

attention
attention Attention is all you need

GATs  
.

https://arxiv.org/abs/1710.10903
https://arxiv.org/abs/1706.03762


concat :

2.6 concat avg

GAT layer

2.3.   

GCN ( “
”) Graph

trick.

3. Graph   

Graph
eta

ConvLSTM RNN GCN

ConLSTM (
)
LSTM

LSTM
ConvLSTM ConvLSTM LSTM

Convolutional LSTM Network: A Machine Learning Approach for Precipitation
Nowcasting

http://cn.arxiv.org/pdf/1506.04214


3.1 DCRNNs

3.1. DCRNNs   

DCRNNs[2018] : Diffusion Convolutional Recurrent NeuralNetwork: Data-Driven Traffic Forecasting

Graph

Graph seq2seq

ConvLSTM GCN RNN Graph
RNN DCRNNs DCNNs GRU
DCNNs

( )

GRU DCGRU

seq2seq encoder-decoder 3.1

3.2. GAT-LSTM   

http://pdfs.semanticscholar.org/5618/bb2aff7ecdb0a2ae7c57838d156f731008ff.pdf


3.2 GAT-LSTM

GAT-LSTM[2019] : Graph Attention LSTM( )

DCRNNs DCNNs GATs

DCRNNs

GAT-LSTM

3.2 GAT-LSTM 3.3 encoder-forecaster
encoder-forecaster

- -
 

- -



3.3 encoder-forecaster

3.3.   

Graph GCN RNN Graph

Graph
Graph 80% Graph
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