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Background - Modeling Irregular Time Series
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Irregular: Observations occur at unequal intervals 

Downstream Applications: Finance, IoT, Healthcare. 

Challenges in Traditional Methods: 

Fail to model continuous-time dynamics. 

Assume dynamic determinism and uniqueness. 

This motivates the use of Stochastic Differential Equations(SDEs) to capture complex dynamics 

and uncertainty. 



Path-based Variational Inference
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Objective(Path-Based ELBO): Infer posterior paths over the entire continuous interval .   

 

Critical Limitations: 

Requires expensive numerical simulations over continuous stochastic paths, also unstable. 

Linear restrictions to enable analytic solving cause severe expressivity bottlenecks.   

Non-Markovian posterior process.  

  

[0,T ]

ℒpath(θ, ϕ) = 𝔼ℚϕ [
N

∑
i=0

log pθ(xti |zti)] − DKL(ℚϕ | |ℙθ)



Marginal-based Variational Inference
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The Paradigm Shift: From learning full trajectories to learning discrete distributions.   

Marginal-Based ELBO:  

 

  Theorem 4.1:  

  

ℒmarg(θ, ϕ) = 𝔼qϕ [∑ log pθ(xti |zti)] − DKL(qϕ | |pθ)

ℒmarg(q) ≥ ℒpath(ℚ)
Marginal-based ELBO provides a 
strictly tighter lower bound



SDE-VI

ICML 2026Sun Yat-sen University

The challenge lies in ensuring the joint distribution over discrete timestamps is governed by an 

underlying SDE and maintaining its expressivity and efficiency. 

Parameterize discrete Gauss-Markov distribution  

 Theorem 4.2:  guarantees induction by a valid LTV SDE.  

Time-dependent Conditional Normalizing Flows progressively map the unimodal base to a 

complex, time-evolving multimodal density.   

Proposition 4.3: The refined process is characterized as a non-linear Itô SDE.   

Generalizes to the complex domain to model oscillatory dynamics.   

Theorem 4.4: Predicts only one additional parameter (average angular frequency )

{μti, σti, γti,ti+1
}N

i=0

γti,ti+1
= exp(−s̄ ⋅ Δti,i+1)

ω̄i



Results 
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Datasets: Human Activity, Pendulum, Physionet, USHCN 

Metrics: Accuracy, MSE, NLL



Results  
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Datasets: Human Activity, Pendulum, Physionet, USHCN 

Metrics: Accuracy, MSE, NLL 

By formulating the recursive sampling as an associative scan, we achieve  parallel 

complexity.

O(log N )



Takeaways
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Methodological Paradigm Shift 

Shift from path-based integration to marginal-based inference 

Theoretical Guarantees 

Discrete distributions strictly induced by valid LTV and nonlinear SDEs.   

Expressivity & Scalability 

Captures nonlinear, multimodal, and oscillatory dynamics.  

 parallel scan and sliding-window compatibility for ultra-long sequences. O(log N )


