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昨晚的作业
AIStudio红白黑： https://aistudio.baidu.com/aistudio/projectdetail/1265981?shared=1

多看看课程讨论区



课程大纲

第一课：图学习初印象

•图学习概述、入门路线

•实践：环境搭建

第二课：游走类算法

•DeepWalk, node2vec,
metapath2vec

•实践：DeepWalk

第三课：图神经网络算
法(一)

•GCN, GAT

•实践：GCN, GAT

第四课：图神经网络算
法(二)

•图采样、邻居聚合

•实践：GraphSage

第五课：GNN 进阶

•ERNIESage, UniMP

•实践：有趣的应用

参考材料：

• 斯坦福CS224W课程： http://cs224w.stanford.edu

• 图学习库 PGL：https://github.com/PaddlePaddle/PGL

后续：新冠项目实战，带你助力疫情防控

http://cs224w.stanford.edu/
https://github.com/PaddlePaddle/PGL


图神经网络的兴起：业界论文发表

ICLR 2020 提交论文情况
ICLR 2021 提交Top50关键词

图神经网络发表论文数（2014-2018）



图神经网络的兴起：各领域的渗透

GNN

图网络结构雏形
• 涌现不同的图网络如GCN、GAT

• 提供了建模复杂结构的工具
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复杂的结构化数据

图网络领域初探
• 在不同的领域引入复杂结构化信

息，而信息增益带来收益

• 可迁移性，图网络可以统一不同

领域的模型。

图网络应用爆炸
• 全新的解决方案：解决交叉学科的问题，

生物计算、药物发现、粒子运动模拟

• 大量落地推荐系统、搜索广告、金融风控
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图神经网络的兴起：权威榜单出现
• 图神经网络领域目前最权威的评测榜单：

① 规模大：最大为10亿级

② 领域多：Nature/Society/Information

③ 任务多：Node/Link/Graph• Jure Leskovec、Yoshua Bengio、
Will Hamilton、Max Welling等学者
提出

https://ogb.stanford.edu/

https://github.com/graphdeeplearning/benchmarking-gnns http://keg.cs.tsinghua.edu.cn/cogdl/leaderboard.html



第三课图神经网络算法(一)
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简单回顾
社交关系 化学分子

知识图谱 推荐系统



图网络的目的

图网络模型
节点特征 Graph

Pooling

图特征

图任务
图匹配、图分类

节点任务
关系预测、节点分类



训练方式

图游走类模型

下游任务，如分类

具体任务，如分类

端到端训练



回顾DNN在文本以及图像的发展

图像上的卷积网络
2D-Convolution
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回顾DNN在文本以及图像的发展

文本上的卷积网络 1D-Convolution

TextCNN: Convolutional Neural Networks for Sentence Classification



规则性数据

排列整齐的数据
Grid-Like Data

不规则数据

文本

图像

树

图
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图卷积网络
Graph Convolutional Network

如何从图像卷积，类比到图结构卷积

参考文献: SEMI-SUPERVISED CLASSIFICATION WITH GRAPH CONVOLUTIONAL NETWORKS (ICLR 2017)

怎么用多层图网络完成节点分类任务

怎么用消息传递方式实现图卷积网络



图卷积网络
Graph Convolutional Network

如何从图像卷积，类比到图结构卷积



图卷积网络
Graph Convolutional Network

图像卷积
将一个像素点周围的像素按照不同的权重叠加起来。

图像上的卷积操作
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图卷积网络
Graph Convolutional Network

图像上的卷积操作

图结构卷积

将一个节点周围的邻居按照不同的权重叠加起来。

图结构上的卷积

图像卷积
将一个像素点周围的像素按照不同的权重叠加起来。

w1w0 w2
w3 w5

w6 w7
w8



图卷积网络
Graph Convolutional Network

图卷积网络的计算公式

红框 是图卷积网络的核心公式
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与度矩阵相关
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每一层的节点表示
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邻接矩阵



图卷积网络
Graph Convolutional Network

图卷积网络的计算公式

红框 是图卷积网络的核心公式
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与度矩阵相关

邻接矩阵Â
<latexit sha1_base64="nnu4EB9FoEOipV6cOAJtU5eKMn0=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4jmAckS5idTJIhM7PLTK8QloC/4FXv3sSrv+LVL3GS7EGjBQ1FVTfVVJRIYdH3P73C2vrG5lZxu7Szu7d/UD48atk4NYw3WSxj04mo5VJo3kSBkncSw6mKJG9Hk5u5337gxopY3+M04aGiIy2GglF0Urs3pphdz/rlil/zFyB/SZCTCuRo9MtfvUHMUsU1Mkmt7QZ+gmFGDQom+azUSy1PKJvQEe86qqniNswW787ImVMGZBgbNxrJQv15kVFl7VRFblNRHNtVby7+60VqJRmHV2EmdJIi12wZPEwlwZjMuyADYThDOXWEMiPc74SNqaEMXWMlV0qwWsFf0jqvBX4tuLuo1Kt5PUU4gVOoQgCXUIdbaEATGEzgCZ7hxXv0Xr037325WvDym2P4Be/jG7L/lh4=</latexit><latexit sha1_base64="nnu4EB9FoEOipV6cOAJtU5eKMn0=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4jmAckS5idTJIhM7PLTK8QloC/4FXv3sSrv+LVL3GS7EGjBQ1FVTfVVJRIYdH3P73C2vrG5lZxu7Szu7d/UD48atk4NYw3WSxj04mo5VJo3kSBkncSw6mKJG9Hk5u5337gxopY3+M04aGiIy2GglF0Urs3pphdz/rlil/zFyB/SZCTCuRo9MtfvUHMUsU1Mkmt7QZ+gmFGDQom+azUSy1PKJvQEe86qqniNswW787ImVMGZBgbNxrJQv15kVFl7VRFblNRHNtVby7+60VqJRmHV2EmdJIi12wZPEwlwZjMuyADYThDOXWEMiPc74SNqaEMXWMlV0qwWsFf0jqvBX4tuLuo1Kt5PUU4gVOoQgCXUIdbaEATGEzgCZ7hxXv0Xr037325WvDym2P4Be/jG7L/lh4=</latexit><latexit sha1_base64="nnu4EB9FoEOipV6cOAJtU5eKMn0=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4jmAckS5idTJIhM7PLTK8QloC/4FXv3sSrv+LVL3GS7EGjBQ1FVTfVVJRIYdH3P73C2vrG5lZxu7Szu7d/UD48atk4NYw3WSxj04mo5VJo3kSBkncSw6mKJG9Hk5u5337gxopY3+M04aGiIy2GglF0Urs3pphdz/rlil/zFyB/SZCTCuRo9MtfvUHMUsU1Mkmt7QZ+gmFGDQom+azUSy1PKJvQEe86qqniNswW787ImVMGZBgbNxrJQv15kVFl7VRFblNRHNtVby7+60VqJRmHV2EmdJIi12wZPEwlwZjMuyADYThDOXWEMiPc74SNqaEMXWMlV0qwWsFf0jqvBX4tuLuo1Kt5PUU4gVOoQgCXUIdbaEATGEzgCZ7hxXv0Xr037325WvDym2P4Be/jG7L/lh4=</latexit><latexit sha1_base64="nnu4EB9FoEOipV6cOAJtU5eKMn0=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4jmAckS5idTJIhM7PLTK8QloC/4FXv3sSrv+LVL3GS7EGjBQ1FVTfVVJRIYdH3P73C2vrG5lZxu7Szu7d/UD48atk4NYw3WSxj04mo5VJo3kSBkncSw6mKJG9Hk5u5337gxopY3+M04aGiIy2GglF0Urs3pphdz/rlil/zFyB/SZCTCuRo9MtfvUHMUsU1Mkmt7QZ+gmFGDQom+azUSy1PKJvQEe86qqniNswW787ImVMGZBgbNxrJQv15kVFl7VRFblNRHNtVby7+60VqJRmHV2EmdJIi12wZPEwlwZjMuyADYThDOXWEMiPc74SNqaEMXWMlV0qwWsFf0jqvBX4tuLuo1Kt5PUU4gVOoQgCXUIdbaEATGEzgCZ7hxXv0Xr037325WvDym2P4Be/jG7L/lh4=</latexit>

H
(l)

<latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit>

每一层的节点表示

0
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2

3
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1 1 1 0 0 0 0
1 1 1 0 0 0 0
1 1 1 1 0 0 0
0 0 1 1 1 1 1
0 0 0 1 1 1 1
0 0 0 1 1 1 0
0 0 0 1 1 0 1

邻接矩阵

与第1、2号节点相连

无向图对称 自环

第0个节点
的链接



图卷积网络
Graph Convolutional Network

图卷积网络的计算公式
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2

<latexit sha1_base64="G2qTXOVZSwz57Qp7KXwimbctLKs=">AAACD3icbZDLSgMxFIYz9VbrbVRw4yZYhG4sM0XQZUEXLivYC3TGkkkzbWiSGZKMUOI8hK/gVvfuxK2P4NYnMb0stPWHAz//OYdz+KKUUaU978sprKyurW8UN0tb2zu7e+7+QUslmcSkiROWyE6EFGFUkKammpFOKgniESPtaHQ16bcfiFQ0EXd6nJKQo4GgMcVI26jnHgVDpM11fm/OglgibPzc1PK855a9qjcVXDb+3JTBXI2e+x30E5xxIjRmSKmu76U6NEhqihnJS0GmSIrwCA1I11qBOFGhmf6fw1Ob9GGcSFtCw2n6e8MgrtSYR3aSIz1Ui71J+G8v4guXdXwZGirSTBOBZ4fjjEGdwAkc2KeSYM3G1iAsqf0d4iGyWLRFWLJQ/EUEy6ZVq/pe1b89L9crczxFcAxOQAX44ALUwQ1ogCbA4BE8gxfw6jw5b8678zEbLTjznUPwR87nD9mgnLY=</latexit><latexit sha1_base64="G2qTXOVZSwz57Qp7KXwimbctLKs=">AAACD3icbZDLSgMxFIYz9VbrbVRw4yZYhG4sM0XQZUEXLivYC3TGkkkzbWiSGZKMUOI8hK/gVvfuxK2P4NYnMb0stPWHAz//OYdz+KKUUaU978sprKyurW8UN0tb2zu7e+7+QUslmcSkiROWyE6EFGFUkKammpFOKgniESPtaHQ16bcfiFQ0EXd6nJKQo4GgMcVI26jnHgVDpM11fm/OglgibPzc1PK855a9qjcVXDb+3JTBXI2e+x30E5xxIjRmSKmu76U6NEhqihnJS0GmSIrwCA1I11qBOFGhmf6fw1Ob9GGcSFtCw2n6e8MgrtSYR3aSIz1Ui71J+G8v4guXdXwZGirSTBOBZ4fjjEGdwAkc2KeSYM3G1iAsqf0d4iGyWLRFWLJQ/EUEy6ZVq/pe1b89L9crczxFcAxOQAX44ALUwQ1ogCbA4BE8gxfw6jw5b8678zEbLTjznUPwR87nD9mgnLY=</latexit><latexit sha1_base64="G2qTXOVZSwz57Qp7KXwimbctLKs=">AAACD3icbZDLSgMxFIYz9VbrbVRw4yZYhG4sM0XQZUEXLivYC3TGkkkzbWiSGZKMUOI8hK/gVvfuxK2P4NYnMb0stPWHAz//OYdz+KKUUaU978sprKyurW8UN0tb2zu7e+7+QUslmcSkiROWyE6EFGFUkKammpFOKgniESPtaHQ16bcfiFQ0EXd6nJKQo4GgMcVI26jnHgVDpM11fm/OglgibPzc1PK855a9qjcVXDb+3JTBXI2e+x30E5xxIjRmSKmu76U6NEhqihnJS0GmSIrwCA1I11qBOFGhmf6fw1Ob9GGcSFtCw2n6e8MgrtSYR3aSIz1Ui71J+G8v4guXdXwZGirSTBOBZ4fjjEGdwAkc2KeSYM3G1iAsqf0d4iGyWLRFWLJQ/EUEy6ZVq/pe1b89L9crczxFcAxOQAX44ALUwQ1ogCbA4BE8gxfw6jw5b8678zEbLTjznUPwR87nD9mgnLY=</latexit><latexit sha1_base64="G2qTXOVZSwz57Qp7KXwimbctLKs=">AAACD3icbZDLSgMxFIYz9VbrbVRw4yZYhG4sM0XQZUEXLivYC3TGkkkzbWiSGZKMUOI8hK/gVvfuxK2P4NYnMb0stPWHAz//OYdz+KKUUaU978sprKyurW8UN0tb2zu7e+7+QUslmcSkiROWyE6EFGFUkKammpFOKgniESPtaHQ16bcfiFQ0EXd6nJKQo4GgMcVI26jnHgVDpM11fm/OglgibPzc1PK855a9qjcVXDb+3JTBXI2e+x30E5xxIjRmSKmu76U6NEhqihnJS0GmSIrwCA1I11qBOFGhmf6fw1Ob9GGcSFtCw2n6e8MgrtSYR3aSIz1Ui71J+G8v4guXdXwZGirSTBOBZ4fjjEGdwAkc2KeSYM3G1iAsqf0d4iGyWLRFWLJQ/EUEy6ZVq/pe1b89L9crczxFcAxOQAX44ALUwQ1ogCbA4BE8gxfw6jw5b8678zEbLTjznUPwR87nD9mgnLY=</latexit>

是邻接矩阵Â
<latexit sha1_base64="nnu4EB9FoEOipV6cOAJtU5eKMn0=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4jmAckS5idTJIhM7PLTK8QloC/4FXv3sSrv+LVL3GS7EGjBQ1FVTfVVJRIYdH3P73C2vrG5lZxu7Szu7d/UD48atk4NYw3WSxj04mo5VJo3kSBkncSw6mKJG9Hk5u5337gxopY3+M04aGiIy2GglF0Urs3pphdz/rlil/zFyB/SZCTCuRo9MtfvUHMUsU1Mkmt7QZ+gmFGDQom+azUSy1PKJvQEe86qqniNswW787ImVMGZBgbNxrJQv15kVFl7VRFblNRHNtVby7+60VqJRmHV2EmdJIi12wZPEwlwZjMuyADYThDOXWEMiPc74SNqaEMXWMlV0qwWsFf0jqvBX4tuLuo1Kt5PUU4gVOoQgCXUIdbaEATGEzgCZ7hxXv0Xr037325WvDym2P4Be/jG7L/lh4=</latexit><latexit sha1_base64="nnu4EB9FoEOipV6cOAJtU5eKMn0=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4jmAckS5idTJIhM7PLTK8QloC/4FXv3sSrv+LVL3GS7EGjBQ1FVTfVVJRIYdH3P73C2vrG5lZxu7Szu7d/UD48atk4NYw3WSxj04mo5VJo3kSBkncSw6mKJG9Hk5u5337gxopY3+M04aGiIy2GglF0Urs3pphdz/rlil/zFyB/SZCTCuRo9MtfvUHMUsU1Mkmt7QZ+gmFGDQom+azUSy1PKJvQEe86qqniNswW787ImVMGZBgbNxrJQv15kVFl7VRFblNRHNtVby7+60VqJRmHV2EmdJIi12wZPEwlwZjMuyADYThDOXWEMiPc74SNqaEMXWMlV0qwWsFf0jqvBX4tuLuo1Kt5PUU4gVOoQgCXUIdbaEATGEzgCZ7hxXv0Xr037325WvDym2P4Be/jG7L/lh4=</latexit><latexit sha1_base64="nnu4EB9FoEOipV6cOAJtU5eKMn0=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4jmAckS5idTJIhM7PLTK8QloC/4FXv3sSrv+LVL3GS7EGjBQ1FVTfVVJRIYdH3P73C2vrG5lZxu7Szu7d/UD48atk4NYw3WSxj04mo5VJo3kSBkncSw6mKJG9Hk5u5337gxopY3+M04aGiIy2GglF0Urs3pphdz/rlil/zFyB/SZCTCuRo9MtfvUHMUsU1Mkmt7QZ+gmFGDQom+azUSy1PKJvQEe86qqniNswW787ImVMGZBgbNxrJQv15kVFl7VRFblNRHNtVby7+60VqJRmHV2EmdJIi12wZPEwlwZjMuyADYThDOXWEMiPc74SNqaEMXWMlV0qwWsFf0jqvBX4tuLuo1Kt5PUU4gVOoQgCXUIdbaEATGEzgCZ7hxXv0Xr037325WvDym2P4Be/jG7L/lh4=</latexit><latexit sha1_base64="nnu4EB9FoEOipV6cOAJtU5eKMn0=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4jmAckS5idTJIhM7PLTK8QloC/4FXv3sSrv+LVL3GS7EGjBQ1FVTfVVJRIYdH3P73C2vrG5lZxu7Szu7d/UD48atk4NYw3WSxj04mo5VJo3kSBkncSw6mKJG9Hk5u5337gxopY3+M04aGiIy2GglF0Urs3pphdz/rlil/zFyB/SZCTCuRo9MtfvUHMUsU1Mkmt7QZ+gmFGDQom+azUSy1PKJvQEe86qqniNswW787ImVMGZBgbNxrJQv15kVFl7VRFblNRHNtVby7+60VqJRmHV2EmdJIi12wZPEwlwZjMuyADYThDOXWEMiPc74SNqaEMXWMlV0qwWsFf0jqvBX4tuLuo1Kt5PUU4gVOoQgCXUIdbaEATGEzgCZ7hxXv0Xr037325WvDym2P4Be/jG7L/lh4=</latexit>

!1 3 0 0 0 0 0 0

0 !1 3 0 0 0 0 0

0 0 !1 4 0 0 0 0

0 0 0 !1 5 0 0 0

0 0 0 0 !1 4 0 0

0 0 0 0 0 !1 3 0

0 0 0 0 0 0 !1 3

1 1 1 0 0 0 0
1 1 1 0 0 0 0
1 1 1 1 0 0 0
0 0 1 1 1 1 1
0 0 0 1 1 1 1
0 0 0 1 1 1 0
0 0 0 1 1 0 1

求和

3 0 0 0 0 0 0

0 3 0 0 0 0 0

0 0 4 0 0 0 0

0 0 0 5 0 0 0

0 0 0 0 4 0 0

0 0 0 0 0 3 0

0 0 0 0 0 0 3
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<latexit sha1_base64="G2qTXOVZSwz57Qp7KXwimbctLKs=">AAACD3icbZDLSgMxFIYz9VbrbVRw4yZYhG4sM0XQZUEXLivYC3TGkkkzbWiSGZKMUOI8hK/gVvfuxK2P4NYnMb0stPWHAz//OYdz+KKUUaU978sprKyurW8UN0tb2zu7e+7+QUslmcSkiROWyE6EFGFUkKammpFOKgniESPtaHQ16bcfiFQ0EXd6nJKQo4GgMcVI26jnHgVDpM11fm/OglgibPzc1PK855a9qjcVXDb+3JTBXI2e+x30E5xxIjRmSKmu76U6NEhqihnJS0GmSIrwCA1I11qBOFGhmf6fw1Ob9GGcSFtCw2n6e8MgrtSYR3aSIz1Ui71J+G8v4guXdXwZGirSTBOBZ4fjjEGdwAkc2KeSYM3G1iAsqf0d4iGyWLRFWLJQ/EUEy6ZVq/pe1b89L9crczxFcAxOQAX44ALUwQ1ogCbA4BE8gxfw6jw5b8678zEbLTjznUPwR87nD9mgnLY=</latexit><latexit sha1_base64="G2qTXOVZSwz57Qp7KXwimbctLKs=">AAACD3icbZDLSgMxFIYz9VbrbVRw4yZYhG4sM0XQZUEXLivYC3TGkkkzbWiSGZKMUOI8hK/gVvfuxK2P4NYnMb0stPWHAz//OYdz+KKUUaU978sprKyurW8UN0tb2zu7e+7+QUslmcSkiROWyE6EFGFUkKammpFOKgniESPtaHQ16bcfiFQ0EXd6nJKQo4GgMcVI26jnHgVDpM11fm/OglgibPzc1PK855a9qjcVXDb+3JTBXI2e+x30E5xxIjRmSKmu76U6NEhqihnJS0GmSIrwCA1I11qBOFGhmf6fw1Ob9GGcSFtCw2n6e8MgrtSYR3aSIz1Ui71J+G8v4guXdXwZGirSTBOBZ4fjjEGdwAkc2KeSYM3G1iAsqf0d4iGyWLRFWLJQ/EUEy6ZVq/pe1b89L9crczxFcAxOQAX44ALUwQ1ogCbA4BE8gxfw6jw5b8678zEbLTjznUPwR87nD9mgnLY=</latexit><latexit sha1_base64="G2qTXOVZSwz57Qp7KXwimbctLKs=">AAACD3icbZDLSgMxFIYz9VbrbVRw4yZYhG4sM0XQZUEXLivYC3TGkkkzbWiSGZKMUOI8hK/gVvfuxK2P4NYnMb0stPWHAz//OYdz+KKUUaU978sprKyurW8UN0tb2zu7e+7+QUslmcSkiROWyE6EFGFUkKammpFOKgniESPtaHQ16bcfiFQ0EXd6nJKQo4GgMcVI26jnHgVDpM11fm/OglgibPzc1PK855a9qjcVXDb+3JTBXI2e+x30E5xxIjRmSKmu76U6NEhqihnJS0GmSIrwCA1I11qBOFGhmf6fw1Ob9GGcSFtCw2n6e8MgrtSYR3aSIz1Ui71J+G8v4guXdXwZGirSTBOBZ4fjjEGdwAkc2KeSYM3G1iAsqf0d4iGyWLRFWLJQ/EUEy6ZVq/pe1b89L9crczxFcAxOQAX44ALUwQ1ogCbA4BE8gxfw6jw5b8678zEbLTjznUPwR87nD9mgnLY=</latexit><latexit sha1_base64="G2qTXOVZSwz57Qp7KXwimbctLKs=">AAACD3icbZDLSgMxFIYz9VbrbVRw4yZYhG4sM0XQZUEXLivYC3TGkkkzbWiSGZKMUOI8hK/gVvfuxK2P4NYnMb0stPWHAz//OYdz+KKUUaU978sprKyurW8UN0tb2zu7e+7+QUslmcSkiROWyE6EFGFUkKammpFOKgniESPtaHQ16bcfiFQ0EXd6nJKQo4GgMcVI26jnHgVDpM11fm/OglgibPzc1PK855a9qjcVXDb+3JTBXI2e+x30E5xxIjRmSKmu76U6NEhqihnJS0GmSIrwCA1I11qBOFGhmf6fw1Ob9GGcSFtCw2n6e8MgrtSYR3aSIz1Ui71J+G8v4guXdXwZGirSTBOBZ4fjjEGdwAkc2KeSYM3G1iAsqf0d4iGyWLRFWLJQ/EUEy6ZVq/pe1b89L9crczxFcAxOQAX44ALUwQ1ogCbA4BE8gxfw6jw5b8678zEbLTjznUPwR87nD9mgnLY=</latexit>
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图卷积网络
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公式的物理含义是什么AH
(l)

<latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit>

H
(l+1)

<latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit>

第0节点表示 1 1 1 0 0 0 0
1 1 1 0 0 0 0
1 1 1 1 0 0 0
0 0 1 1 1 1 1
0 0 0 1 1 1 1
0 0 0 1 1 1 0
0 0 0 1 1 0 1

A
<latexit sha1_base64="NM3HL+m1mDDDBQTBfGyvO+BAAJ8=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4TMA9IljA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHjSxoKGo6qaaChLBtXHdL6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKHiELcONwG6ikMpAYCeY3M39ziMqzePowUwT9CUdRTzkjBorNW8H5Ypbcxcg68TLSQVyNAbl7/4wZqnEyDBBte55bmL8jCrDmcBZqZ9qTCib0BH2LI2oRO1ni0dn5MIqQxLGyk5kyEL9fZFRqfVUBnZTUjPWq95c/NcL5EqyCW/8jEdJajBiy+AwFcTEZN4CGXKFzIipJZQpbn8nbEwVZcZ2VbKleKsVrJP2Zc1za17zqlKv5vUU4QzOoQoeXEMd7qEBLWCA8Awv8Oo8OW/Ou/OxXC04+c0p/IHz+QO/w5NR</latexit><latexit sha1_base64="NM3HL+m1mDDDBQTBfGyvO+BAAJ8=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4TMA9IljA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHjSxoKGo6qaaChLBtXHdL6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKHiELcONwG6ikMpAYCeY3M39ziMqzePowUwT9CUdRTzkjBorNW8H5Ypbcxcg68TLSQVyNAbl7/4wZqnEyDBBte55bmL8jCrDmcBZqZ9qTCib0BH2LI2oRO1ni0dn5MIqQxLGyk5kyEL9fZFRqfVUBnZTUjPWq95c/NcL5EqyCW/8jEdJajBiy+AwFcTEZN4CGXKFzIipJZQpbn8nbEwVZcZ2VbKleKsVrJP2Zc1za17zqlKv5vUU4QzOoQoeXEMd7qEBLWCA8Awv8Oo8OW/Ou/OxXC04+c0p/IHz+QO/w5NR</latexit><latexit sha1_base64="NM3HL+m1mDDDBQTBfGyvO+BAAJ8=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4TMA9IljA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHjSxoKGo6qaaChLBtXHdL6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKHiELcONwG6ikMpAYCeY3M39ziMqzePowUwT9CUdRTzkjBorNW8H5Ypbcxcg68TLSQVyNAbl7/4wZqnEyDBBte55bmL8jCrDmcBZqZ9qTCib0BH2LI2oRO1ni0dn5MIqQxLGyk5kyEL9fZFRqfVUBnZTUjPWq95c/NcL5EqyCW/8jEdJajBiy+AwFcTEZN4CGXKFzIipJZQpbn8nbEwVZcZ2VbKleKsVrJP2Zc1za17zqlKv5vUU4QzOoQoeXEMd7qEBLWCA8Awv8Oo8OW/Ou/OxXC04+c0p/IHz+QO/w5NR</latexit><latexit sha1_base64="NM3HL+m1mDDDBQTBfGyvO+BAAJ8=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4TMA9IljA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHjSxoKGo6qaaChLBtXHdL6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKHiELcONwG6ikMpAYCeY3M39ziMqzePowUwT9CUdRTzkjBorNW8H5Ypbcxcg68TLSQVyNAbl7/4wZqnEyDBBte55bmL8jCrDmcBZqZ9qTCib0BH2LI2oRO1ni0dn5MIqQxLGyk5kyEL9fZFRqfVUBnZTUjPWq95c/NcL5EqyCW/8jEdJajBiy+AwFcTEZN4CGXKFzIipJZQpbn8nbEwVZcZ2VbKleKsVrJP2Zc1za17zqlKv5vUU4QzOoQoeXEMd7qEBLWCA8Awv8Oo8OW/Ou/OxXC04+c0p/IHz+QO/w5NR</latexit>

H
(l)

<latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit>

H
(l+1) = �(ÂH

l
W

l)
<latexit sha1_base64="LdAZFe8mOoxLifnecOidGm/TAeI=">AAACHHicbVDNSgMxGMzWv1r/qh69BIuwRSi7IuhFqHjpsYL9ge5asmnahibZJckKZdkH8CV8Ba969yZeBa8+idl2D9o6kDDMzMeXTBAxqrTjfFmFldW19Y3iZmlre2d3r7x/0FZhLDFp4ZCFshsgRRgVpKWpZqQbSYJ4wEgnmNxkfueBSEVDcaenEfE5Ggk6pBhpI/XLlcZ9YrNTt5peeYqOOLK9MdLJdWp0lnayq2pSTs2ZAS4TNycVkKPZL397gxDHnAiNGVKq5zqR9hMkNcWMpCUvViRCeIJGpGeoQJwoP5l9JoUnRhnAYSjNERrO1N8TCeJKTXlgkhzpsVr0MvFfL+ALm/Xw0k+oiGJNBJ4vHsYM6hBmTcEBlQRrNjUEYUnN2yEeI4mwNn2WTCnuYgXLpH1Wc52ae3teqdt5PUVwBI6BDVxwAeqgAZqgBTB4BM/gBbxaT9ab9W59zKMFK585BH9gff4AhuqhPA==</latexit><latexit sha1_base64="LdAZFe8mOoxLifnecOidGm/TAeI=">AAACHHicbVDNSgMxGMzWv1r/qh69BIuwRSi7IuhFqHjpsYL9ge5asmnahibZJckKZdkH8CV8Ba969yZeBa8+idl2D9o6kDDMzMeXTBAxqrTjfFmFldW19Y3iZmlre2d3r7x/0FZhLDFp4ZCFshsgRRgVpKWpZqQbSYJ4wEgnmNxkfueBSEVDcaenEfE5Ggk6pBhpI/XLlcZ9YrNTt5peeYqOOLK9MdLJdWp0lnayq2pSTs2ZAS4TNycVkKPZL397gxDHnAiNGVKq5zqR9hMkNcWMpCUvViRCeIJGpGeoQJwoP5l9JoUnRhnAYSjNERrO1N8TCeJKTXlgkhzpsVr0MvFfL+ALm/Xw0k+oiGJNBJ4vHsYM6hBmTcEBlQRrNjUEYUnN2yEeI4mwNn2WTCnuYgXLpH1Wc52ae3teqdt5PUVwBI6BDVxwAeqgAZqgBTB4BM/gBbxaT9ab9W59zKMFK585BH9gff4AhuqhPA==</latexit><latexit sha1_base64="LdAZFe8mOoxLifnecOidGm/TAeI=">AAACHHicbVDNSgMxGMzWv1r/qh69BIuwRSi7IuhFqHjpsYL9ge5asmnahibZJckKZdkH8CV8Ba969yZeBa8+idl2D9o6kDDMzMeXTBAxqrTjfFmFldW19Y3iZmlre2d3r7x/0FZhLDFp4ZCFshsgRRgVpKWpZqQbSYJ4wEgnmNxkfueBSEVDcaenEfE5Ggk6pBhpI/XLlcZ9YrNTt5peeYqOOLK9MdLJdWp0lnayq2pSTs2ZAS4TNycVkKPZL397gxDHnAiNGVKq5zqR9hMkNcWMpCUvViRCeIJGpGeoQJwoP5l9JoUnRhnAYSjNERrO1N8TCeJKTXlgkhzpsVr0MvFfL+ALm/Xw0k+oiGJNBJ4vHsYM6hBmTcEBlQRrNjUEYUnN2yEeI4mwNn2WTCnuYgXLpH1Wc52ae3teqdt5PUVwBI6BDVxwAeqgAZqgBTB4BM/gBbxaT9ab9W59zKMFK585BH9gff4AhuqhPA==</latexit><latexit sha1_base64="LdAZFe8mOoxLifnecOidGm/TAeI=">AAACHHicbVDNSgMxGMzWv1r/qh69BIuwRSi7IuhFqHjpsYL9ge5asmnahibZJckKZdkH8CV8Ba969yZeBa8+idl2D9o6kDDMzMeXTBAxqrTjfFmFldW19Y3iZmlre2d3r7x/0FZhLDFp4ZCFshsgRRgVpKWpZqQbSYJ4wEgnmNxkfueBSEVDcaenEfE5Ggk6pBhpI/XLlcZ9YrNTt5peeYqOOLK9MdLJdWp0lnayq2pSTs2ZAS4TNycVkKPZL397gxDHnAiNGVKq5zqR9hMkNcWMpCUvViRCeIJGpGeoQJwoP5l9JoUnRhnAYSjNERrO1N8TCeJKTXlgkhzpsVr0MvFfL+ALm/Xw0k+oiGJNBJ4vHsYM6hBmTcEBlQRrNjUEYUnN2yEeI4mwNn2WTCnuYgXLpH1Wc52ae3teqdt5PUVwBI6BDVxwAeqgAZqgBTB4BM/gBbxaT9ab9W59zKMFK585BH9gff4AhuqhPA==</latexit>

简化



图卷积网络
Graph Convolutional Network
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公式的物理含义是什么AH
(l)

<latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit>

H
(l+1)

<latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit>

第0节点表示 1 1 1 0 0 0 0

H
(l)

<latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit><latexit sha1_base64="wiKa+TwY34FHfvL8TkXgwW6PYUs=">AAAB/nicbVBNSwMxFHypX7V+VT16CRahXsquCHoseOmxgm2Fdi3ZNNuGJtklyQplKfgXvOrdm3j1r3j1l5i2e9DWgQfDzHvMY8JEcGM97wsV1tY3NreK26Wd3b39g/LhUdvEqaasRWMR6/uQGCa4Yi3LrWD3iWZEhoJ1wvHNzO88Mm14rO7sJGGBJEPFI06JdVKn8ZBVxfm0X654NW8OvEr8nFQgR7Nf/u4NYppKpiwVxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo4qIpkJsvm7U3zmlAGOYu1GWTxXf19kRBozkaHblMSOzLI3E//1QrmUbKPrIOMqSS1TdBEcpQLbGM+6wAOuGbVi4gihmrvfMR0RTah1jZVcKf5yBaukfVHzvZp/e1mpV/N6inACp1AFH66gDg1oQgsojOEZXuAVPaE39I4+FqsFlN8cwx+gzx/1yJWn</latexit>A
<latexit sha1_base64="NM3HL+m1mDDDBQTBfGyvO+BAAJ8=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4TMA9IljA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHjSxoKGo6qaaChLBtXHdL6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKHiELcONwG6ikMpAYCeY3M39ziMqzePowUwT9CUdRTzkjBorNW8H5Ypbcxcg68TLSQVyNAbl7/4wZqnEyDBBte55bmL8jCrDmcBZqZ9qTCib0BH2LI2oRO1ni0dn5MIqQxLGyk5kyEL9fZFRqfVUBnZTUjPWq95c/NcL5EqyCW/8jEdJajBiy+AwFcTEZN4CGXKFzIipJZQpbn8nbEwVZcZ2VbKleKsVrJP2Zc1za17zqlKv5vUU4QzOoQoeXEMd7qEBLWCA8Awv8Oo8OW/Ou/OxXC04+c0p/IHz+QO/w5NR</latexit><latexit sha1_base64="NM3HL+m1mDDDBQTBfGyvO+BAAJ8=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4TMA9IljA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHjSxoKGo6qaaChLBtXHdL6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKHiELcONwG6ikMpAYCeY3M39ziMqzePowUwT9CUdRTzkjBorNW8H5Ypbcxcg68TLSQVyNAbl7/4wZqnEyDBBte55bmL8jCrDmcBZqZ9qTCib0BH2LI2oRO1ni0dn5MIqQxLGyk5kyEL9fZFRqfVUBnZTUjPWq95c/NcL5EqyCW/8jEdJajBiy+AwFcTEZN4CGXKFzIipJZQpbn8nbEwVZcZ2VbKleKsVrJP2Zc1za17zqlKv5vUU4QzOoQoeXEMd7qEBLWCA8Awv8Oo8OW/Ou/OxXC04+c0p/IHz+QO/w5NR</latexit><latexit sha1_base64="NM3HL+m1mDDDBQTBfGyvO+BAAJ8=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4TMA9IljA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHjSxoKGo6qaaChLBtXHdL6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKHiELcONwG6ikMpAYCeY3M39ziMqzePowUwT9CUdRTzkjBorNW8H5Ypbcxcg68TLSQVyNAbl7/4wZqnEyDBBte55bmL8jCrDmcBZqZ9qTCib0BH2LI2oRO1ni0dn5MIqQxLGyk5kyEL9fZFRqfVUBnZTUjPWq95c/NcL5EqyCW/8jEdJajBiy+AwFcTEZN4CGXKFzIipJZQpbn8nbEwVZcZ2VbKleKsVrJP2Zc1za17zqlKv5vUU4QzOoQoeXEMd7qEBLWCA8Awv8Oo8OW/Ou/OxXC04+c0p/IHz+QO/w5NR</latexit><latexit sha1_base64="NM3HL+m1mDDDBQTBfGyvO+BAAJ8=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVQY8RLx4TMA9IljA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHjSxoKGo6qaaChLBtXHdL6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKHiELcONwG6ikMpAYCeY3M39ziMqzePowUwT9CUdRTzkjBorNW8H5Ypbcxcg68TLSQVyNAbl7/4wZqnEyDBBte55bmL8jCrDmcBZqZ9qTCib0BH2LI2oRO1ni0dn5MIqQxLGyk5kyEL9fZFRqfVUBnZTUjPWq95c/NcL5EqyCW/8jEdJajBiy+AwFcTEZN4CGXKFzIipJZQpbn8nbEwVZcZ2VbKleKsVrJP2Zc1za17zqlKv5vUU4QzOoQoeXEMd7qEBLWCA8Awv8Oo8OW/Ou/OxXC04+c0p/IHz+QO/w5NR</latexit>
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公式的物理含义是什么AH
(l)

<latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit>

H
(l+1)

<latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit><latexit sha1_base64="TZ/Buri1RB/QFUuqbGEE4iuVX4g=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GICGE3CFoGbFJGMA9J1jA7mU2GzMwuM7NCWNL4C7ba24mtf2LrlzhJttDEAxcO59zLuZwg5kwb1/1ycmvrG5tb+e3Czu7e/kHx8Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+mfntR6o0i+SdmcTUF3goWcgINla6rz+kZX7hnU/7xZJbcedAq8TLSAkyNPrF794gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nT88RWdWGaAwUnakQXP190WKhdYTEdhNgc1IL3sz8V8vEEvJJrz2UybjxFBJFsFhwpGJ0KwNNGCKEsMnlmCimP0dkRFWmBjbWcGW4i1XsEpa1YrnVrzby1KtnNWThxM4hTJ4cAU1qEMDmkBAwDO8wKvz5Lw5787HYjXnZDfH8AfO5w/VVpYX</latexit>

第0节点表示 + +



图卷积网络
Graph Convolutional Network

公式的物理含义是什么AH
(l)

<latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit>
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图卷积网络
Graph Convolutional Network

如何从图像卷积，类比到图结构卷积

参考文献: SEMI-SUPERVISED CLASSIFICATION WITH GRAPH CONVOLUTIONAL NETWORKS (ICLR 2017)

怎么用多层图网络完成节点分类任务

怎么用消息传递方式实现图卷积网络



图卷积网络
Graph Convolutional Network

怎么用消息传递方式实现图卷积网络
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1. 边上的源节点，往目标节点发送特征

发送Send
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2. 目标节点对收到的特征进行聚合

接收Recv



图卷积网络
Graph Convolutional Network

公式的物理含义是什么AH
(l)

<latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit>
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发送SEND 源节点发送特征给目标节点

接收RECV 目标节点接收特征并统计



图卷积网络

AH
(l)

<latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit>

将邻居的特征接收、聚合

You

是否所有的人对自己的评价都是有用的？



将邻居的特征接收、聚合

图卷积网络

AH
(l)

<latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit><latexit sha1_base64="/LF1dJt4bxDDEwVwTuatNMv1OwA=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GITdgVQcuITcoI5gHJGmYns8mQmdllZlYISwp/wVZ7O7H1U2z9EmeTLTTxwIXDOfdyLieIOdPGdb+cwtr6xuZWcbu0s7u3f1A+PGrrKFGEtkjEI9UNsKacSdoyzHDajRXFIuC0E0xuM7/zSJVmkbw305j6Ao8kCxnBxkrdm8ZDWuXns0G54tbcOdAq8XJSgRzNQfm7P4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/n/87QmVWGKIyUHWnQXP19kWKh9VQEdlNgM9bLXib+6wViKdmE137KZJwYKskiOEw4MhHKykBDpigxfGoJJorZ3xEZY4WJsZWVbCnecgWrpH1R89yad3dZqVfzeopwAqdQBQ+uoA4NaEILCHB4hhd4dZ6cN+fd+VisFpz85hj+wPn8AYMylfI=</latexit>

You

是否所有的人对自己的评价都是有用的？

如何衡量邻居的重要性 度
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在PGL中Message Passing实现



图卷积网络
Graph Convolutional Network

如何从图像卷积，类比到图结构卷积

怎么用多层图网络完成节点分类任务

怎么用消息传递方式实现图卷积网络
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怎么用多层图网络完成节点分类任务
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GCN算法全流程

第一步： 节点间进行特征传递
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GCN算法全流程

第二步： 对每一个节点过一层DNN
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GCN算法全流程

重复L次，步骤1和步骤2，实现多层图卷积网络
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GCN算法全流程

获取的最终表示 作为最终节点表示H
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GCN中边的权重：

• 与节点的度相关

• 不可学习



图注意力网络
Graph Attention Network

D
� 1

2AD
� 1

2H
(l)

<latexit sha1_base64="Hgb8xCOFAqv7K7Ig2YYw3uE68pg=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyxCXVhmiqDLii66rGAv0E5LJs20oUlmSDJCGeYVfAlfwa3u3Yk7ceeTmLaz0Kk/BH7+cw7n5PMjRpV2nE9rZXVtfWOzsFXc3tnd27cPDlsqjCUmTRyyUHZ8pAijgjQ11Yx0IkkQ9xlp+5ObWb39QKSiobjX04h4HI0EDShG2kQDu3zbT857gUQ4cdOkmqbX+aDeT8rsLB3YJafizAWXjZuZEsjUGNjfvWGIY06Exgwp1XWdSHsJkppiRtJiL1YkQniCRqRrrECcKC+Z/yiFpyYZwiCU5gkN5+nviQRxpabcN50c6bHK12bhvzWf5zbr4MpLqIhiTQReLA5iBnUIZ7jgkEqCNZsag7Ck5naIx8jQ0QZq0UBx8wiWTatacZ2Ke3dRqpUzPAVwDE5AGbjgEtRAHTRAE2DwCJ7BC3i1nqw36936WLSuWNnMEfgj6+sH5RGjhw==</latexit><latexit sha1_base64="Hgb8xCOFAqv7K7Ig2YYw3uE68pg=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyxCXVhmiqDLii66rGAv0E5LJs20oUlmSDJCGeYVfAlfwa3u3Yk7ceeTmLaz0Kk/BH7+cw7n5PMjRpV2nE9rZXVtfWOzsFXc3tnd27cPDlsqjCUmTRyyUHZ8pAijgjQ11Yx0IkkQ9xlp+5ObWb39QKSiobjX04h4HI0EDShG2kQDu3zbT857gUQ4cdOkmqbX+aDeT8rsLB3YJafizAWXjZuZEsjUGNjfvWGIY06Exgwp1XWdSHsJkppiRtJiL1YkQniCRqRrrECcKC+Z/yiFpyYZwiCU5gkN5+nviQRxpabcN50c6bHK12bhvzWf5zbr4MpLqIhiTQReLA5iBnUIZ7jgkEqCNZsag7Ck5naIx8jQ0QZq0UBx8wiWTatacZ2Ke3dRqpUzPAVwDE5AGbjgEtRAHTRAE2DwCJ7BC3i1nqw36936WLSuWNnMEfgj6+sH5RGjhw==</latexit><latexit sha1_base64="Hgb8xCOFAqv7K7Ig2YYw3uE68pg=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyxCXVhmiqDLii66rGAv0E5LJs20oUlmSDJCGeYVfAlfwa3u3Yk7ceeTmLaz0Kk/BH7+cw7n5PMjRpV2nE9rZXVtfWOzsFXc3tnd27cPDlsqjCUmTRyyUHZ8pAijgjQ11Yx0IkkQ9xlp+5ObWb39QKSiobjX04h4HI0EDShG2kQDu3zbT857gUQ4cdOkmqbX+aDeT8rsLB3YJafizAWXjZuZEsjUGNjfvWGIY06Exgwp1XWdSHsJkppiRtJiL1YkQniCRqRrrECcKC+Z/yiFpyYZwiCU5gkN5+nviQRxpabcN50c6bHK12bhvzWf5zbr4MpLqIhiTQReLA5iBnUIZ7jgkEqCNZsag7Ck5naIx8jQ0QZq0UBx8wiWTatacZ2Ke3dRqpUzPAVwDE5AGbjgEtRAHTRAE2DwCJ7BC3i1nqw36936WLSuWNnMEfgj6+sH5RGjhw==</latexit><latexit sha1_base64="Hgb8xCOFAqv7K7Ig2YYw3uE68pg=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyxCXVhmiqDLii66rGAv0E5LJs20oUlmSDJCGeYVfAlfwa3u3Yk7ceeTmLaz0Kk/BH7+cw7n5PMjRpV2nE9rZXVtfWOzsFXc3tnd27cPDlsqjCUmTRyyUHZ8pAijgjQ11Yx0IkkQ9xlp+5ObWb39QKSiobjX04h4HI0EDShG2kQDu3zbT857gUQ4cdOkmqbX+aDeT8rsLB3YJafizAWXjZuZEsjUGNjfvWGIY06Exgwp1XWdSHsJkppiRtJiL1YkQniCRqRrrECcKC+Z/yiFpyYZwiCU5gkN5+nviQRxpabcN50c6bHK12bhvzWf5zbr4MpLqIhiTQReLA5iBnUIZ7jgkEqCNZsag7Ck5naIx8jQ0QZq0UBx8wiWTatacZ2Ke3dRqpUzPAVwDE5AGbjgEtRAHTRAE2DwCJ7BC3i1nqw36936WLSuWNnMEfgj6+sH5RGjhw==</latexit>
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3 3

1
3 3
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GCN中边的权重：

• 与节点的度相关

• 不可学习

A
↵
H

(l)
<latexit sha1_base64="BJnxyOOIPsGDGW0cAjNPCq+SeQw=">AAACC3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXFTZcV7APatEymk3boTBJmJmIJ+QR/wa3u3YlbP8KtX+K0zUJbD1w4nHMv53L8mDOlHefLWlvf2NzaLuwUd/f2Dw7to1JLRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/7kdua3H6hULArv9TSmnsCjkAWMYG2kgV266ac9zOMxzlC9n1b4eTawy07VmQOtEjcnZcjRGNjfvWFEEkFDTThWqus6sfZSLDUjnGbFXqJojMkEj2jX0BALqrx0/nuGzowyREEkzYQazdXfFykWSk2FbzYF1mO17M3Efz1fLCXr4NpLWRgnmoZkERwkHOkIzYpBQyYp0XxqCCaSmd8RGWOJiTb1FU0p7nIFq6R1UXWdqnt3Wa5V8noKcAKnUAEXrqAGdWhAEwg8wjO8wKv1ZL1Z79bHYnXNym+O4Q+szx+wr5pf</latexit><latexit sha1_base64="BJnxyOOIPsGDGW0cAjNPCq+SeQw=">AAACC3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXFTZcV7APatEymk3boTBJmJmIJ+QR/wa3u3YlbP8KtX+K0zUJbD1w4nHMv53L8mDOlHefLWlvf2NzaLuwUd/f2Dw7to1JLRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/7kdua3H6hULArv9TSmnsCjkAWMYG2kgV266ac9zOMxzlC9n1b4eTawy07VmQOtEjcnZcjRGNjfvWFEEkFDTThWqus6sfZSLDUjnGbFXqJojMkEj2jX0BALqrx0/nuGzowyREEkzYQazdXfFykWSk2FbzYF1mO17M3Efz1fLCXr4NpLWRgnmoZkERwkHOkIzYpBQyYp0XxqCCaSmd8RGWOJiTb1FU0p7nIFq6R1UXWdqnt3Wa5V8noKcAKnUAEXrqAGdWhAEwg8wjO8wKv1ZL1Z79bHYnXNym+O4Q+szx+wr5pf</latexit><latexit sha1_base64="BJnxyOOIPsGDGW0cAjNPCq+SeQw=">AAACC3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXFTZcV7APatEymk3boTBJmJmIJ+QR/wa3u3YlbP8KtX+K0zUJbD1w4nHMv53L8mDOlHefLWlvf2NzaLuwUd/f2Dw7to1JLRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/7kdua3H6hULArv9TSmnsCjkAWMYG2kgV266ac9zOMxzlC9n1b4eTawy07VmQOtEjcnZcjRGNjfvWFEEkFDTThWqus6sfZSLDUjnGbFXqJojMkEj2jX0BALqrx0/nuGzowyREEkzYQazdXfFykWSk2FbzYF1mO17M3Efz1fLCXr4NpLWRgnmoZkERwkHOkIzYpBQyYp0XxqCCaSmd8RGWOJiTb1FU0p7nIFq6R1UXWdqnt3Wa5V8noKcAKnUAEXrqAGdWhAEwg8wjO8wKv1ZL1Z79bHYnXNym+O4Q+szx+wr5pf</latexit><latexit sha1_base64="BJnxyOOIPsGDGW0cAjNPCq+SeQw=">AAACC3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXFTZcV7APatEymk3boTBJmJmIJ+QR/wa3u3YlbP8KtX+K0zUJbD1w4nHMv53L8mDOlHefLWlvf2NzaLuwUd/f2Dw7to1JLRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/7kdua3H6hULArv9TSmnsCjkAWMYG2kgV266ac9zOMxzlC9n1b4eTawy07VmQOtEjcnZcjRGNjfvWFEEkFDTThWqus6sfZSLDUjnGbFXqJojMkEj2jX0BALqrx0/nuGzowyREEkzYQazdXfFykWSk2FbzYF1mO17M3Efz1fLCXr4NpLWRgnmoZkERwkHOkIzYpBQyYp0XxqCCaSmd8RGWOJiTb1FU0p7nIFq6R1UXWdqnt3Wa5V8noKcAKnUAEXrqAGdWhAEwg8wjO8wKv1ZL1Z79bHYnXNym+O4Q+szx+wr5pf</latexit>

f( , )
<latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit><latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit><latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit><latexit sha1_base64="RdR4ffZn+IWi5fSqD/P8AnrhJJA=">AAAB6XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwWkL7VAymTttaJIZkoxYhr6AW/fuxGdy65OY/iy09cCFwzkJ9/IlheDGBsGXV9vZ3ds/qB/6Rw3/+OS02eiavNQMI5aLXPcTalBwhZHlVmC/0EhlIrCXTO8Xfe8ZteG5erKzAmNJx4pnnFHros6o2QrawVJk24Rr04K1Rs3vYZqzUqKyTFBjBmFQ2Lii2nImcO4PS4MFZVM6xoGziko0cbU8c04uXZKSLNdulCXL9PePikpjZjJxLyW1E7PZLcJ/u0RubLbZbVxxVZQWFVstzkpBbE4WDEjKNTIrZs5Qprm7nbAJ1ZRZR8p3TMJNAtume90Og3b4GEAdzuECriCEG7iDB+hABAxSeIU378V79z5W7GreGuIZ/JH3+QMOvpDO</latexit><latexit sha1_base64="n+Sc7rjvxLgNQli33II4TLhjyIE=">AAACDXicbZDLSgMxFIbP1FutVUe3LgwWoYKUGTe6FNy4rGAv0BlKJs20oZkLyRmxDF36Er6CW927Ex/BrU9ipu1CW/8Q+POfE07yBakUGh3nyyqtrW9sbpW3KzvV3b19+6Da1kmmGG+xRCaqG1DNpYh5CwVK3k0Vp1EgeScY3xT1zgNXWiTxPU5S7kd0GItQMIom6tvHYd1D/oi5R4o1PSd/jmd9u+Y0nJnIqnEXpgYLNfv2tzdIWBbxGJmkWvdcJ0U/pwoFk3xa8TLNU8rGdMh7xsY04trPZx+ZklOTDEiYKLNjJLP0942cRlpPosB0RhRHerlWhP/WgmhpMoZXfi7iNEMes/ngMJMEE1JQIgOhOEM5MYYyJczbCRtRRRkalhUDxV1GsGraFw3Xabh3DpThCE6gDi5cwjXcQhNawOAJXuAV3qxn6936mOMrWQuOh/BH1ucP+PmdIQ==</latexit><latexit sha1_base64="n+Sc7rjvxLgNQli33II4TLhjyIE=">AAACDXicbZDLSgMxFIbP1FutVUe3LgwWoYKUGTe6FNy4rGAv0BlKJs20oZkLyRmxDF36Er6CW927Ex/BrU9ipu1CW/8Q+POfE07yBakUGh3nyyqtrW9sbpW3KzvV3b19+6Da1kmmGG+xRCaqG1DNpYh5CwVK3k0Vp1EgeScY3xT1zgNXWiTxPU5S7kd0GItQMIom6tvHYd1D/oi5R4o1PSd/jmd9u+Y0nJnIqnEXpgYLNfv2tzdIWBbxGJmkWvdcJ0U/pwoFk3xa8TLNU8rGdMh7xsY04trPZx+ZklOTDEiYKLNjJLP0942cRlpPosB0RhRHerlWhP/WgmhpMoZXfi7iNEMes/ngMJMEE1JQIgOhOEM5MYYyJczbCRtRRRkalhUDxV1GsGraFw3Xabh3DpThCE6gDi5cwjXcQhNawOAJXuAV3qxn6936mOMrWQuOh/BH1ucP+PmdIQ==</latexit><latexit sha1_base64="usRHWwDM67bZsUG54Pm00AuS40w=">AAACGHicbVC7TsMwFHV4lvIKMDJgUSEVCVUJC4yVWBiLRB9SE1WO67RWHSeybxBV1JGf4BdYYWdDrGysfAlOm4G2HMvS8Tn36l6fIBFcg+N8Wyura+sbm6Wt8vbO7t6+fXDY0nGqKGvSWMSqExDNBJesCRwE6ySKkSgQrB2MbnK//cCU5rG8h3HC/IgMJA85JWCknn0SVj1gj5B5OD+TCzz3PO/ZFafmTIGXiVuQCirQ6Nk/Xj+macQkUEG07rpOAn5GFHAq2KTspZolhI7IgHUNlSRi2s+mH5ngM6P0cRgrcyXgqfq3IyOR1uMoMJURgaFe9HLxXy+IFiZDeO1nXCYpMElng8NUYIhxnhLuc8UoiLEhhCpudsd0SBShYLIsm1DcxQiWSeuy5jo1986p1KtFPCV0jE5RFbnoCtXRLWqgJqLoCb2gV/RmPVvv1of1OStdsYqeIzQH6+sXwHSehg==</latexit><latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit><latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit><latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit><latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit><latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit><latexit sha1_base64="21HLRfZAJO5hf1v3iXn0M52Sb6w=">AAACGHicbVDLSgMxFM3UV62vUZcuDBahgpQZEXRZcOOygn1AO5RMmmlDk5khuSOWoUt/wl9wq3t34tadW7/ETDsL23pC4OSce7k3x48F1+A431ZhZXVtfaO4Wdra3tnds/cPmjpKFGUNGolItX2imeAhawAHwdqxYkT6grX80U3mtx6Y0jwK72EcM0+SQcgDTgkYqWcfB5UusEdIuzg7k3M89zzr2WWn6kyBl4mbkzLKUe/ZP91+RBPJQqCCaN1xnRi8lCjgVLBJqZtoFhM6IgPWMTQkkmkvnX5kgk+N0sdBpMwNAU/Vvx0pkVqPpW8qJYGhXvQy8V/PlwuTIbj2Uh7GCbCQzgYHicAQ4Swl3OeKURBjQwhV3OyO6ZAoQsFkWTKhuIsRLJPmRdV1qu7dZblWyeMpoiN0girIRVeohm5RHTUQRU/oBb2iN+vZerc+rM9ZacHKew7RHKyvX8G0noo=</latexit>

f( , )
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GAT中的边权重

• 权重变成节点间的函数

• 权重与两个节点相关性有关

• 可学习
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图注意力网络
Graph Attention Network
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f( , )
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attention计算方法

特征聚合计算方法



图注意力网络
Graph Attention Network

attention计算方法

单头GAT消息传递在PGL中Message Passing实现

特征聚合计算方法



图注意力网络
Graph Attention Network

attention计算方法

特征聚合计算方法

多头 Attention 特征聚合方法

num_nodes * feature_size -> num_heads * num_nodes * hidden_size

作业部分代码



Message Passing

• 消息的发送

• 消息的接收

GCN

GAT

GCN、GAT都是基于邻居聚合的模型

称为 Spatial (空间) GNN

大部分的Spatial GNN都可以用

Message Passing实现



Message Passing

基于消息传递的 Graph Neural Network的通用公式

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

邻居消息发送
F可以是聚合函数

通常是Mean/Max/Sum

多层MLP



Message Passing

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

Message Passing流程

1. 邻居的发送信息

2. F可以看作是目标接收信息的方式



Message Passing

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

发送消息
Message Passing流程

1. 邻居的发送信息

2. F可以看作是目标接收信息的方式



Message Passing

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

消息汇聚
Message Passing流程

1. 邻居的发送信息

2. F可以看作是目标接收信息的方式

GCN: F = 基于度的加权求和
GAT: F = 基于 Attention 的 加权求和



Message Passing

用Message Passing的范式解决问题

1. 哪些点的邻居存在橙色点（包括自己）

2. 每个节点附近平均有多少个橙色点（包括自己）

3.哪些点的半径为2范围内存在橙色点 (包括自己)

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>



Message Passing

1

1

0

0
0

0

0

0

1. 哪些点的邻居存在橙色点（包括自己）

F
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为求Max

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>



Message Passing

1. 哪些点的邻居存在橙色点（包括自己）

F
<latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit>

为求Max

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

1

1

1

0
1

0

1

0

邻居节点有1的有5个

1

1

0

0
0

0

0

0



Message Passing

2. 每个节点附近平均有多少个橙色点(包括自己)

F
<latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit>

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

为求均值Mean

1

1

0

0
0

0

0

0



Message Passing

2. 每个节点附近平均有多少个橙色点(包括自己)

F
<latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit>

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

为求均值Mean

1/2

1/3

1/5

0
1/3

0

1/2

0

1

1

0

0
0

0

0

0



Message Passing

3. 哪些点的半径为2范围内存在橙色点(包括自身)

F
<latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit>

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

为求Max

1

1

0

0
0

0

0

0



Message Passing

3. 哪些点的半径为2范围内存在橙色点

(包括自身)

F
<latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit>

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

为求Max

第一次迭代

1. 一阶邻居有橙色点
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Message Passing

3. 哪些点的半径为2范围内存在橙色点

(包括自身)

F
<latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit><latexit sha1_base64="w+u6lTc+QGtL8qRMJOo0RN1LV7U=">AAACAnicbVC7SgNBFL3rM8ZX1NJmMAipwq4IWgYEsYxgHpAsYXYymwyZxzIzK4Qlnb9gq72d2Pojtn6Js8kWmnjgwuGce7mHEyWcGev7X97a+sbm1nZpp7y7t39wWDk6bhuVakJbRHGluxE2lDNJW5ZZTruJplhEnHaiyU3udx6pNkzJBztNaCjwSLKYEWyd1OsLbMcE8+x2NqhU/bo/B1olQUGqUKA5qHz3h4qkgkpLODamF/iJDTOsLSOczsr91NAEkwke0Z6jEgtqwmweeYbOnTJEsdJupEVz9fdFhoUxUxG5zTyiWfZy8V8vEkufbXwdZkwmqaWSLB7HKUdWobwPNGSaEsunjmCimcuOyBhrTKxrrexKCZYrWCXti3rg14P7y2qjVtRTglM4gxoEcAUNuIMmtICAgmd4gVfvyXvz3r2PxeqaV9ycwB94nz/onZfo</latexit>

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>

为求Max

第一次迭代

1. 一阶邻居有橙色点

第二次迭代

2. 二阶邻居有橙色点
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Message Passing

3. 哪些点的半径为2范围内存在橙色点

(包括自身)

h(t)
l (v) = f(h(t�1)

l ,F{h(t�1)
l (u)|u 2 N(v)})

<latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit><latexit sha1_base64="27PlZJs/VLMLriW/MhUeLnZIGYI="></latexit>
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总结

GCN

1. GCN算法介绍 2. GAT算法介绍

GAT

3. Message Passing
消息传递算法



课后作业

实现 GAT 模型的消息传递接口
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