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What is graph?

● data structure

node

edge

edge

• directed
• weighted
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What is graph?

● Solve optimized problems
○ Travelling salesman problem (Dijkstra’s shortest path algorithm)

○ Mazes (depth-first search)
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What is graph?

● These can also be graph!!!

https://arxiv.org/pdf/1806.01261.pdf
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Why need Graph Neural Network (GNN)?

● We have just learned Neural Networks (MLP, CNN, ……)

Input
𝒙𝒏

Output
𝒚𝒏

6



Why GNN?

● Consider the case,  who stole Nobita’s iPhone?
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Why GNN?

● We can train a binary classifier

● It’s not easy to predict by only using their personal features
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Why GNN?

● Missing something? Their relationship!

10歲
胖
成績普通
貪吃

10歲
瘦
成績不錯
有錢

10歲
瘦
成績差
常被欺負

10歲
瘦
成績很好
喜歡洗澡

10歲
瘦
成績超好
???

???歲
胖
成績???
機器貓

9



Why GNN?

• Node clf
• Node reg

• Edge clf
• Edge reg

• Graph clf
• Graph reg
• Graph gen
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How to consider relationship between nodes??

● In CNN, we use convolution to get the local feature
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How to consider relationship between nodes??

● In graph, we can also use convolution!

convolution

Convolution → Message Passing

A

For node A,
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How to consider relationship between nodes??
● Message passing is done in two stages: 

A

B C D

A’

𝒉𝟏𝟎

𝒉𝟐𝟎
𝒉𝟑𝟎

𝒉𝟎𝟎

𝒉𝟎𝟏

1. Create message
(w1)

2. Nodal update
(w2)

𝒎𝟎,𝟏
𝟎 = 𝒘𝟏 (𝒉𝟎𝟎 + 𝒉𝟏𝟎)

𝒎𝟎,𝟐
𝟎 = 𝒘𝟏 (𝒉𝟎𝟎 + 𝒉𝟐𝟎)

𝒎𝟎,𝟐
𝟎 = 𝒘𝟏 (𝒉𝟎𝟎 + 𝒉𝟐𝟎)

𝒎𝟎
𝟎 = 𝒂𝒈𝒈𝒓 (𝒎𝟎,𝟏

𝟎 ,𝒎𝟎,𝟐
𝟎 ,𝒎𝟎,𝟑

𝟎 )

1.

𝒂𝒈𝒈𝒓 = {𝒎𝒂𝒙, 𝒂𝒅𝒅,𝒎𝒆𝒂𝒏}

𝒉𝟎𝟏 = 𝒘𝟐 (𝒉𝟎𝟎 +𝒎𝟎
𝟎)

2.
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Graph Neural Networks

Output

https://arxiv.org/pdf/2003.00982.pdf

Input

transform

transform

Message Passing Layers

×𝒌
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What is the message, update function?

Different message passing mechanism

• GCN   (Graph Convolution Network)

• GAT    (Graph Attention Network)

• GIN     (Graph Isomorphism Network)

• GN      (Graph Network)

⋮
https://arxiv.org/pdf/1609.02907.pdf
https://arxiv.org/pdf/1710.10903.pdf
https://arxiv.org/pdf/1810.00826.pdf
https://arxiv.org/pdf/1806.01261.pdf
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What can message passing do?

● Pass k-hop by using k layers

● Interaction between nodes
Ø Simulate physics

https://arxiv.org/pdf/2002.09405.pdf 16
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Structural Analysis with GNN?
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Why ML in structural analysis?

● It’s time-consuming

● Have to wait several hours to 

know the output response
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Represent structure as graph

• Structure • NodeAsNode • ElemAsNode
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Node feature and output labels
Node Features:

• span/story number of structure
• nodal gird coordinates (x, y, z)
• degree of freedom
• nodal mass
• load

Edge Attributes:

• beam or column
• beam/column length

Node Outputs:

• displacement
• bending moment
• shear force
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GNN Architecture

● It’s
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GNN Architecture

𝑣! ∶ 𝑛𝑜𝑑𝑒 𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠 𝑖𝑛 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑙𝑎𝑦𝑒𝑟 𝑡
𝑒! ∶ 𝑒𝑑𝑔𝑒 𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠 𝑖𝑛 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑙𝑎𝑦𝑒𝑟 𝑡
𝑁𝑁 ∶ 𝑛𝑒𝑢𝑟𝑎𝑙 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 Message Passing Layers
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Force Transmission vs. Message Passing

Structure Graph

Load Load 
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Data Generation

● random structure

26



Linear Static Analysis

𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙 𝐿𝑜𝑎𝑑 → 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡, 𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡, 𝑆ℎ𝑒𝑎𝑟 𝐹𝑜𝑟𝑐𝑒
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Generalizability

2-6F

Training Structure Testing Structure

7-9F
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GNN: An Iterative Method
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What else?
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Ground Motion

LSTM
GNN

Response



Summary

GNN is

• mature

• widely used in many field

• straightforward and explainable

• Fun!
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Thanks for your attention!
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