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图表示学习
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l图表示学习 == 网络嵌入 == 网络表示学习 == 图嵌入
l将节点用低维、稠密、实值向量来表示。

l配合完成 graph 上的下游任务，节点分类、链路预测、社区发现等。
l嵌入前后的不变性，eg.  节点的相邻关系不会变。
lImage，原生就是低维、稠密、实值向量。
l算法类型
l通用嵌入，eg. deepwalk
lend-to-end，针对下游任务优化的嵌入，eg. dygraph2vec



图表示学习
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图神经网络的发展
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PyG 图神经网络开发框架
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lPyTorch Geometric (PyG) is a geometric deep learning extension library for 
PyTorch.

l其他图神经网络开发框架 or benchmark
l清华刘知远组，https://github.com/thunlp/OpenNE
l南加大，https://github.com/palash1992/GEM
lDeep Graph Library (DGL) https://github.com/dmlc/dgl
lPitfalls of Graph Neural Network Evaluation，https://github.com/shchur/gnn-

benchmark

lPyG 特点
l设计理念和 PyTorch 一脉相承
lPythonic
l可读性好，使用简单
l官方已经实现了大量的模型可以参考。
l动态图，调试方便。



Neighborhood Aggregation & MessagePassing
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PyG 安装
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l推荐基于 pyenv 安装
l先安装 python 3.6.3 及以上版本
l创建虚拟环境
l安装 PyTorch 1.0
l安装 PyG
lMac 端安装命令如下，可以解决 xcode gcc 编译器问题

MACOSX_DEPLOYMENT_TARGET=10.9 CC=clang CXX=clang++ pip install -i 
https://pypi.tuna.tsinghua.edu.cn/simple torch-scatter torch-sparse torch-cluster torch-
spline-conv torch-geometric



代码实现
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pytorch/example/mnist.py pyg/example/cora.pyPyTorch/PyG Code Frame
* model
    * model is a combination of
        * conv (GCNconv/Conv2d.....)
        * Linear
        * relu / elu
        * pooling
        * dropout
    * endwith
        * log_softmax (for classification problems.)
* dataset & dataloader
    * batch_size, work number, path, etc.
    * normalize (mean=0, std=1 or min=-1, max=1)
* train
    * output = model(input)
    * loss.backward()
    * optimizer.step()
* test
    * output = model(input)
    * without loss.backward()
    * show accuracy and metric.
* main
    * define optimizer (lr, weight_decay...)
    * use gpu
    * iterate over each epoch 



代码实现--Model
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代码实现
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PyTorch/PyG Code Frame
* model
    * model is a combination of
        * conv (GCNconv/Conv2d.....)
        * Linear
        * relu / elu
        * pooling
        * dropout
    * endwith
        * log_softmax (for classification problems.)
* dataset & dataloader
    * batch_size, work number, path, etc.
    * normalize (mean=0, std=1 or min=-1, max=1)
* train
    * output = model(input)
    * loss.backward()
    * optimizer.step()
* test
    * output = model(input)
    * without loss.backward()
    * show accuracy and metric.
* main
    * define optimizer (lr, weight_decay...)
    * use gpu
    * iterate over each epoch 

pytorch/example/mnist.py pyg/example/cora.py



Cora 数据
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 Cora

 -https://github.com/tkipf/pygcn/tree/master/data/cora

 - cora.content: <paper_id> <word_attributes>+ 
<class_label>

 - cora.cites: <ID of cited paper> <ID of citing paper>
◦ If a line is represented by "paper1 paper2" then the link is 

"paper2->paper1".
- class_label

* Case_Based
* Genetic_Algorithms
* Neural_Networks
* Probabilistic_Methods
* Reinforcement_Learning
* Rule_Learning
* Theory



Cora 数据
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 - 节点属性：1433 维度的，one-hot 编码的向量（过一
个 linear 层，或者直接上 GCNConv 等。变成，低维，
稠密，实值的表示。）

 - PyG 可以有两个输入，节点状态信息，和网络结构信
息。分别对应cora.content， cora.cites。

 -
https://github.com/kimiyoung/planetoid/tree/master/da
ta



Cora 数据
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代码实现
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PyTorch/PyG Code Frame
* model
    * model is a combination of
        * conv (GCNconv/Conv2d.....)
        * Linear
        * relu / elu
        * pooling
        * dropout
    * endwith
        * log_softmax (for classification problems.)
* dataset & dataloader
    * batch_size, work number, path, etc.
    * normalize (mean=0, std=1 or min=-1, max=1)
* train
    * output = model(input)
    * loss.backward()
    * optimizer.step()
* test
    * output = model(input)
    * without loss.backward()
    * show accuracy and metric.
* main
    * define optimizer (lr, weight_decay...)
    * use gpu
    * iterate over each epoch 

pytorch/example/mnist.py pyg/example/cora.py

注意：

transductive learning，训练的时候，train_data 和 
test_data 都输入到网络中（data 包含了 train_data 和 
test_data），但是只有 train_data 对网络进行训练，所
以，要用到 data.train_mask



代码实现
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PyTorch/PyG Code Frame
* model
    * model is a combination of
        * conv (GCNconv/Conv2d.....)
        * Linear
        * relu / elu
        * pooling
        * dropout
    * endwith
        * log_softmax (for classification problems.)
* dataset & dataloader
    * batch_size, work number, path, etc.
    * normalize (mean=0, std=1 or min=-1, max=1)
* train
    * output = model(input)
    * loss.backward()
    * optimizer.step()
* test
    * output = model(input)
    * without loss.backward()
    * show accuracy and metric.
* main
    * define optimizer (lr, weight_decay...)
    * use gpu
    * iterate over each epoch 

pytorch/example/mnist.py pyg/example/cora.py



图神经网络框架及PyG文档
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卷积神经网络及PyTorch文档
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Neighborhood Aggregation & MessagePassing
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代码实现--GCNConv
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OR

https://rusty1s.github.io/pytorch_geometric/build/html/notes/create_gnn.html



代码实现--GCNConv
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https://rusty1s.github.io/pytorch_geometric/build/html/notes/create_gnn.html



代码实现--GCNConv
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https://rusty1s.github.io/pytorch_geometric/build/html/notes/create_gnn.html



代码实现--GCNConv
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调试技巧，print+exit 大法



实验
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GraphSAGE
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https://github.com/rusty1s/pytorch_geometric/blob/master/torch_geometric/nn/conv/sage_conv.py



GAT
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https://github.com/rusty1s/pytorch_geometric/blob/master/torch_geometric/nn/conv/gat_conv.py



讨论
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 1. 把抽象概念和操作具象化，可视化。例如，画出网络结构，可视化数据的值。

 2. 运用类比和对比。例如， mnist 和 cora ，graph 和 image，CNN 和 GCNConv，颜色坐标和图表示学习类比。

 3. 调试代码，print+exit，保证写下的每一行是正确的，再往后写。

 4. 清楚自己开发的代码是哪个层次的（可以可视化为分形树）。比如这里的 Model 和 GCNConv 的关系。某些
部分当成黑箱使用。

 5. Don't reinvent the wheel. PyG 提供了很多常用的函数在 utils 里面，比如计算 degree，统计 true_positive，
f1_score 这些 metric。



未来方向
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 一套完善的Graph Network科研开发体系

 - sacred（https://github.com/IDSIA/sacred），实验（超参数、复现、大量重复实验）管理

 - tensorboard，可视化，debug

 算法改进方向

 - 更大的图，PyTorch-BigGraph
 - 改进反传？Tian Qi Chen, 2018 NIPS Best paper, Neural Ordinary Differential Equations
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l收集论文涉及到的重要资源
l代码，https://github.com/shawnwang-tech/graph-neural-network-pyg
lPeter Battaglia. 2018. Relational inductive biases, deep learning, and graph networks
lMichael Defferrard. 2017. Convolutional Neural Networks on Graphs with Fast Localized Spectral 

Filtering
lPetar Veličković. 2017. Graph Attention Networks
lWilliam Hamilton. 2017. Inductive Representation Learning on Large Graphs
lOleksandr Shchur. 2018. Pitfalls of Graph Neural Network Evaluation
lMatthias Fey. 2019. Fast Graph Representation Learning with PyTorch Geometric
lPalash Goyal. 2018. dyngraph2vec Capturing Network Dynamics using Dynamic Graph 

Representation Learning
lThomas Kipf. 2017. Semi-supervised Classification with Graph Convolutional Networks
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