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Climate Finance

Imputation of Multi-Var. Time Series

• Time series data is ubiquitous
• The same with missing values…
• Robust and efficient imputation is crucial 

Energy Traffic

？？



3

Limitations of current methods

• Regulate timestamp -> underuse continuous temporal info.

• Sensitive to noise -> call for uncertainty-aware model  

• Black-box model -> lack of interpretability 

• Offline infer. -> not efficient for fast-generated streaming seq.
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BayOTIDE: Bayesian online TS Imputation 
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Method: Function Decomposition

Weights

Latent temporal functions
(trend + seasonal factors)

• Imputation  Low-rank function approximation
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Gaussian Processes (GP) as function estimator

Facts of GPs:
- Powerful prob. functional model
- Characterized by kernel:

- 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 BayOTIDE

Joint prob.

Noise

O(N^3)

O(N)!

States of temporal factors.

Channel-wise weight

Likelihood
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Bayesian Online Learning

• 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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Online Learning  Kalman Filter!

Incremental version of Bayes’ rule:

Chain-Struture of latent factors

+ Kalman Filter! 

…

… ?
Observation:

Latent Space:

…
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Moment Matching & Message Passing

Last Challenge: 

• One obvervation                States of multi-factors + weights + noise
?

…

Observation:

Latent Space:

…

- Classical Kalman Filter - BayOTIDE
…

Observation:

Trend factors:

…

…

…Season factors:
U



12

Moment Matching & Message Passing

• Conditional Moment-Matching

• Message passing and merging

Msgs to multi-factors
(Gaussian)

Observation llk.
(Gaussian)

Msgs to weights and noise
(Gaussian & Gamma)

All closed-form update!
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Algorithm of BayOTIDE

• Parallel over channels
• Online update for all para.

Allow prob. imputation
over arbitrary timestamp
(even never seen in training )

Could be irregulate
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Temporal Tensor:

Experiments: Simulation

• 20% noisy observations
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Temporal Tensor:

Experiments on real-world tasks

Online beats offline!
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Temporal Tensor:

Scalability of BayOTIDE
D fixed as 1000 N fixed as 1000



Thanks.

17

Github Repo

https://github.com/xuangu-fang/BayOTIDE
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