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Motivation

Dynamic tensor streams arise in recommender systems, 
neuroscience, and spatiotemporal sensing. Two fundamental 
challenges persist:

Modeling Expressiveness
Existing methods oversimplify temporal representations and fail to 
capture complex, evolving multi-scale entity dynamics.

Stream Efficiency
Processing all observations is computationally prohibitive. Most data 
is redundant; a small fraction is disproportionately informative.

Problem Formulation

Observe K-mode tensor stream {(ℓ , y , t )}. Learn dynamic 
embeddings u⁽ᵏ⁾ⱼ(t) : ℝ⁺ → ℝᴿ encoding evolving entity properties 
via CP factorization:

Entity evolution via Stochastic Differential Equations (Matérn 
kernels ⇒ LDS):

SONATA Framework Overview

SONATA unifies expressive LDS-based temporal modeling with 
principled synergistic coreset selection and streaming Bayesian 
inference — without deep neural networks.

Synergistic Coreset Criteria

Uncertainty  �풖�� Influence �풊��

Novelty ���� Info Increment �풎풂��

Bellman-Inspired Coreset Evolution

Balances immediate reward (importance score) vs. discounted 
future utility. Enables strategic data retention outperforming myopic 
selection.

Experimental Results  (RMSE, R=5, 10 runs)
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NONFAT 0.501 0.117 0.395 0.503

THIS-ODE 0.632 0.132 0.540 0.526

SFTL-CP 0.231 0.161 0.248 0.424

SONATA (Ours) 0.089* 0.115* 0.237* 0.414*

61.5%  RMSE reduction on CA Traffic 30K

Visualization of SONATA’s CoreSet selection 
effectiveness

Conclusion
• Novel framework: LDS temporal modeling + synergistic coreset 

selection• 4-criterion scoring: uncertainty, influence, novelty, info increment
• Bellman-guided long-term optimization beyond greedy selection• 25× speedup over full-data; SOTA on 4 streaming tensor 

datasets
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