World Model as Simulator
Thomas Vitry

KNOWLEDGE
TECHNOLOGY

http://www.informatik.uni-hamburg.de/WTM/



In Essence

Observation
Future states
Action(s)
Feedback
Task
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Motivation

" Reinforcement Learning inthe * RL in Simulation:

real world: — Fast, safe and easy to reset

- Slow, expensive - Still somewhat expensive

~ Difficult to reset - Does not port well to real

— Potentially unsafe * RL in World Model:
" Imitation Learning: - Like RL in Simulation
~ Low demonstration quality - Can be conditioned to real
— Cannot learn from failure world
- Cheap
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Two use cases
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WM for RL
V1 — Train the policy In imagination
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WM for RL
V2 — Train the WM through exploration
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WM for RL
V3 — Train the WM and policy together

VLA Model Real world
(1) Real world Rollout Dataset

(2) Finetune
& World Model

[@ World Mode]J

(3) Synthetic data Generation

Synthetic Dataset

1. Learning accurate world model
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[Rewur'd Muctel]
l !VLA Modell

(4) Advantage Weighted
Regression

2. Regularized RL with Expressive Policy
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WM for Validation
V1 — The WM as plan evaluator
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WM for Validation
V2 — Mix of evaluation and RL
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WM for Validation

WM as pure evaluation environment
Nominal | OOoD Safety

Policy rollout

*.,

World model

“Close the laptop lid” Generated frames x Unsafe
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WM as Simulator

DreamSAC: An interesting approach

Hamiltonian Dynamics

World Model f

N World Model Lear'nmg )




DreamSAC: WM Formulas

dg OHy(z) dp  O0Hy(z)
" Hamiltonian Dynamics 4t ~  op ' dt  Oq +9(q)a;

Hy(g-Zy) = Hy(Z4:), Vge G
" |nvariant to transform (9 Zt) 5(Z1), Vg

T
Liota = Lo + BavnLdvn
" Loss funtion (ELBO) (9) ;( pred (@) + BaynLayn(0)
T .ﬁrepﬁrep(fb) + ’}’ﬁw(qﬁ))
" Constrastive Viewpoint (A B
Robustness Loss Lyi(¢) = —E |log Exp(mm(- = At )/; | }
>y exp(sim(Z*, Z77) /)
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DreamSAC: WM Exploration

" Intrinsic reward rymi+1 = |Ho(Zer1) — Ho(Z1)| = Asllar — ai-1]|*

T a Y

Symmetry Probing Action Smoothness

* Additional stability 7in¢t+1 = (1 — w¢) - TRND 141 + Wi - Tsym 141
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The End

Thank you for your attention.
Any question?
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