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Motivation Experiments
Lack Theoretical Foundation: no formal guarantee for embedding and controlling stochastic Experiments on physical systems, robotics
multi-object dynamics; and power grids with random graphs /
Unrealistic relations: assume the unitorm interaction among all neighbors; Q1. Necessary to design specific controllable embeddmgs? )/es—l/AE ana PCC capture
Limited scalability: lack generalization to large-scale or random graphs. lrajectories but lack control/-ready structure. GraphODE adds relations but has no explicit

control design and relies on local linearization, so performance sufiers.
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Table: Performance comparison for in-distribution and few-shot validation. Control cost and

: : : : : , _ _ " :' o e - . : error are shown as mean = standard deviation, with the best and second-best results highlighted
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tlae hel = Cojan [y ®@yi] . | | (\¢t+; S Q2. Can the non-uniform weighting enhance control performance? Yes — Both prediction
Here, Coan s the conditional | © ‘7 o Embecdng | ea % - and control performance can be significantly improved.
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— Figure. 9-object rope visualization. Left: observations at
t=30,60 with colors showing pairwise L2 distances.
Middle: our adaptive (unnormalized) Boltzmann—-Giblbs
welghts, showing uneven neighbor influence. Right:
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unique distribution embeddings via characteristic features uniform weights, where all neighbors affect equally. Time step Time step Time step Time step
Loss Function: Q3. Can our method be extended to the large-scale even random graphs? Yes — by
) - . _ ) 1y . A 2 - _ sharing the embedding operators, our method allows diverse graphs with strong performance.
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Future Dlrectlon

* Our work focuses on pair-wise relations: extending it to richer relational structures,
TEqual contribution; Corresponding Author: Yukun Hu (yukun.hu@ucl.ac.uk) such as hypergraphs.

solving with simple and efficient large-scale linear quadratic regulator.



