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Background
• (High-order) Interactions in Real-world
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(user, item, online-store) (user, user, location, message-type)

(subject, voxel, electrode)(user, advertisement, page-section)

(patient, gene, condition)

(user, movie, episode)



Background
• Tensor Decomposition

Tucker, 1966 CANDECOMP/PARAFAC (CP), Harshman, 1970
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Motivation
• Temporal Interactions

Discretized time
Continuous time

vs.

Ours: THIS-ODE
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Our Contribution:
• THIS-ODE: A novel decomposing model of temporal high-order 

interactions. 
• Leverage continuous timestamps, capture all kinds of complex 

temporal dynamics within interactions.
• Tractable inference with forward sensitivity analysis and time 

alignment/integral transform tricks.



Method
• Temporal interaction as parametric latent ODE

• Joint probability given  

Dynamics
I.C.

ODESolve

Prior of representations Prior noise precision Probability of noisy observations

Note: the ODE parameters are implicitly located in the probability of observations
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Method
• Why not auto-differentiation?

Given by ODE solversComputational graph constructed by ODE solvers

Auto-differentiation

All the intermedia states needs to be saved 
to compute the gradients
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Algorithm
• Efficient computation of gradients with Forward Sensitivity

• Time alignment for efficient stochastic mini-batch optimization

Then

ODE of system sensitivity
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Algorithm
• The bird view
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• Depends on current state solution only
• Jointly solved with the system state with only one 

ODE solver and forward pass 



Experiment
• Ablation Study: Spiral Interactions

Our method

Our method
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Experiment
• Real-world applications: Beijing Air, Indoor Condition, Server Room, 

Fit Record

Our method
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