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(location, region, time, climate) (subject, voxel, electrode)(user, movie, episode)

Tensor Date

• Multi-dim Array
• Represent interactions of multiple objects/entitiles
• Each entry: (index1, index2.. )-> value
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Tensor Decomposition

• Learning representation of latent factors
• Simple case: Collaborative Filterling (Matrix Factorization)
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CP / Tucker / TT Decomposition



5

Bayesian Tensor Decomposition

Deterministic factors:
Vectors 

Probabilistic factors :
Distributions 

Uncertainty counts!
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Example: Bayesian CP Decomposition

Joint Distribution 

Approx. Posterior

Inference! 

CP likelihood

Priors of factors and noise
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Bayesian inference toolbox

Expectation propagation(EP): 
• moment match when L(reverse order) has closed form solution

Assumed density filtering(ADF): 
• moment match when having tractable normalization term
 
Reparameterization trick (SVI): 
• Probabilistic version SGD when L is totally intractable
…(sampling based methods)

Variational inference(VI): 
• minimize the KL divergence of exact posterior and approx. posterior
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Temporal Tensor:

Temporal Tensor Data

• Tensor-valued time series
• Represent time-varing and high-order interactions

(region, site, weather) (subject, voxel, electrode) (user, user,location, message)

Tensor structure are evolving through time!  
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Temporal Tensor:

Temporal Tensor: trival solutions 

• Drop timestamps 
• Augment tensor with discrete time mode 

t1
t2

• Too Sparse! 
• Loss temporal 

continuity   
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Temporal Tensor:

Temporal Tensor Decomposition

Most existing work[1][2][3]:  
Evolving weights + Static Factors

• Over-Simplistic!
• Evolving factors dominate in many cases

[1] Zhang, Yanqing, et al. "Dynamic tensor recommender systems." The Journal of Machine Learning Research 22.1 (2021): 3032-3066.
[2] Fang, Shikai, et al. "Bayesian Continuous-Time Tucker Decomposition." International Conference on Machine Learning. PMLR, 2022.
[3] Li, Shibo, et al.. "Decomposing Temporal High-Order Interactions via Latent ODEs." International Conference on Machine Learning. PMLR, 2022.
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Temporal Tensor:

CP:

Tucker: 

SFTL(ours): Learning functional factor trajectories!

SFTL
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Temporal Tensor:
Gaussian Process(GP): Bayesian Functional Prior  

Gaussian Process for Trajectory Learning

• Non-parametric: strong and flexiable  
• Non-scalable : O(N^3) time cost
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Linear-Cost GP with Chain-Structure

Temporal GPs
   

LTI-SDE 
   

 Temporal States:

State Space Model
 discrete form

… Space:

Time:      

Space:

Time:      

…

State-Space Gaussian Process  
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Joint Prob of SFTL (CP)

noise states of factor trajectory  

likelihood 
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Inference Challenges

• One obvervation                interweaving of multi-trajectories

• Datasets are collected in fast-generating & streaming manner 
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Inference Challenges

Security / Privacy / Safety-constrained senarios

• Data are NOT allowed to be stored/revisited
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Classical Offline Algorithems

• Offline learning of classical tensor models: 

• Need to collect all observations at first 
• Then go through data for multi-epochs to update

Can not fit streaming tesnor data!
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Bayesian Straeming Inference

• Online learning/ Straming Inference: 
     data come, model update, date drops

• Princinple:  Incremental version of Bayes’ rule:

Posterior on all data 

Posterior on old data 

Likelihood on current model
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Streaming Inference  Kalman Filter! 

Incremental version of Bayes’ rule:

Chain-Struture of factor trajactoy   

+ Kalman Filter! 

…

… ?
Observation:

Latent Space:

…
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Message Passing & Moment Matching

Last Challenge: 

• One obvervation                States of multi-trajectories
?

…

Observation:

Latent Space:

…

- Classical Kalman Filter - SFTL
…

Observation:

Factor #1:

…

Factor #2:

…

…
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Message Passing & Moment Matching

• Conditional Moment-Matching

• Message Passing (Expectation Propagation)
Msgs to multi-trajatoriesObservation
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Efficient Online algorithem:

• Closed-form Updates 

• Conditional Moment Match

• Kalman Filter 
   + (RTS Smoother)

Inference Algorithem of SFTL  
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Inference Algorithem of SFTL  
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Temporal Tensor:

Experiments: Simulation
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Temporal Tensor:

Experiments: Online Prediction
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Temporal Tensor:

Experiments: Prediction Accuracy

• Online beat Offline!
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Temporal Tensor:

Experiments: Learned Trajectories

• Reasonable uncertainty

• Indicate tensor rank?



Thanks.
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Github Repo
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