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Quick Overview

1

ü Online Store Transactions
ü Social Media User Behaviors
ü Advertisement Click Log Data
ü Global Climate Data
ü …

Ø Customer, Store, Product
Ø Location, Age, Gender
Ø Website, Location, Ads Type
Ø Latitude, Longitude, Elevation
Ø …

…

Multidimentional
Interactions
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§ Tucker decomposition (Tucker, 1966)
§ CANDECOMP/PARAFAC (CP) 
     decomposition (Harshman, 1970) 
§ … 



Ignore Time
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Discretize Time

Week 1 Week 2 Week 3

0

3 8 2

Time Factors

…

2

…

Underexplored Dynamic Tensor Decomposition

• Static and invariant latent factors

• Valuable temporal information
• Evolving properties of interactive entities
• Structural Information



Dynamic Tensor Decomposition via Neural Diffusion-Reaction Processes
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…

… …

…

… …

𝒖𝒊
𝟏(t)𝒖𝟏

𝟏 (t) 𝒖𝒅𝟏
𝟏 (t)

𝒖𝒋
𝟐(t)𝒖𝟏

𝟐(t) 𝒖𝒅𝟐
𝟐 (t) 𝒖𝒌

𝟑(t)𝒖𝟏
𝟑(t) 𝒖𝒅𝟑

𝟑 (t)

: Embeddings of entities of each mode
: Edges defined by observed entries (𝒊, 𝒋, 𝒌)  
: Diffusion process along edges
: Reaction process on individual entities Time trajectory

Mode 1 Mode 2 Mode 3 Time-
stamp

Value

𝒊 𝒋 𝒌 𝒕 𝒚𝒊𝒋𝒌(𝒕)

… … … … …

Table of observed data

Mode 1

Mode 2 Mode 3



Dynamic Tensor Decomposition via Neural Diffusion-Reaction Processes
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Ø Diffusion Process on Multi-Partite Graphs
• Capture correlations between related entities via diffusion process



Dynamic Tensor Decomposition via Neural Diffusion-Reaction Processes
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Ø Diffusion Process on Multi-Partite Graphs
• Capture correlations between related entities via diffusion process

Ø Reaction Process of Individual Entities

• Formulate entity self-evolvement



To capture underlying dynamics accurately, both diffusion 
and reaction processes are essential
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Dynamic Tensor Decomposition via Neural Diffusion-Reaction Processes
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Ø Diffusion Process on Multi-Partite Graphs
• Capture correlations between related entities via diffusion process

Ø Reaction Process of Individual Entities

Ø Entry Value Generation

• Formulate entity self-evolvement

• Nonlinear tensor decomposition



Dynamic Embedding Prediction
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Model Inference

• Maximize the log joint probability 

• Stratified Mini-Batch Sampling
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Enhanced Predictive Performance
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CA Weather: 7x6x30x30, 15K
CA Traffic: 7x6x20x20, 30K
Server Room: 34x3x3, 10K



Conclusion
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The proposed neural diffusion-reaction process model enhanced
the predictive performance by learning dynamic embeddings for 
dynamic tensor decomposition, and the learned embedding 
trajectories exhibit interesting patterns.
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