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Profile

Gumbel-Softmax (2016) OpenAI Japan entry (2023/02)Google Brain Dexterity 
Moonshot Co-Lead (2019)

ChatGPT Post-Training (2023) Gemini Post-Training 
Multilinguality Lead (2024-25)

Gemini Thinking / RL (2025-)
Veo / Genie (2026-)

● Japan-born Chinese Canadian, with PhD (2018) from UK and Germany
● Employments: Google Brain (2015-2022) → OpenAI (2023) → Google DeepMind (2023-present)
● Philosophy: Move on to a new field if (impact remaining) / (top talents) ratio becomes low



What is a world model?

Jurgen Schmidhuber:
1990: Introduced RNN-based world 
models for planning.
1990: Proposed high-dimensional, 
multi-vector reward signals.
1990: Formulated deterministic policy 
gradients for RNNs.
1990: Invented adversarial artificial 
curiosity (foundation of GANs).
1991: Introduced neural network 
distillation and computational 
consciousness.
2004-2005: Applied world models to 
physical AI and self-healing robots.



What is a world model?

Jitendra Malik:  “I think the main 
contribution of this paper is that it 
introduced the term 'world models.' 
This term caught on, but I'm not a 
particular fan of it because there was 
already a good term in use: 'dynamics 
model,' which control theorists started 
using in 1960. The consequence of 
using the term 'world models' is that 
we now have so much confusion 
about which definition of a world 
model we are discussing.”



What is a world model?

Shane Gu: 
“World model is the ‘model’ 
in model-based RL.”



What is a world model?

2015 2016

http://www.youtube.com/watch?v=4e-PqfpS8_4


What is a world model?

2017

2021



Talk Outline

● What is prediction?
○ Solomonoff induction and universal intelligence
○ Causality and OOD generalization
○ Empowerment and 3 levels of predictability maximization

● Forward and inverse world models
○ Shooting and collocation methods
○ Goal-conditioned value functions and (generalized) decision transformers

● Physical and symbolic world models
○ Video models as reasoners
○ Futures of world modeling

● (Forgot) Control as inference: e.g. particle smoothing as optimal control, MCTS vs beam search

I won’t talk about any Gemini / Veo / Genie. Please check out new models! Or 
ask me questions after the class.



What is prediction?



What’s the “best” world model?

the “induction” machine: given data, infer the rules / causes / programs

Generation

Induction

e.g.



Solomonoff Induction
● Formalization of Bayes theorem in computation theory

● Occam’s razor (related: Kolmogorov Complexity, Minimum Description Length)

● Inspired:

C-Test [Hernandez-Orallo et al1998]
Universal Intelligence [Legg & Hutter 2007]

http://dmip.webs.upv.es/papers/EIS98.pdf
https://arxiv.org/pdf/0712.3329.pdf


Solomonoff Induction: Prediction = Understanding

● "The best prediction is inferring the shortest program that reproduces the data." (Ilya Sutskever)
● Prediction = Understanding = Inferring the causal program of a phenomenon.
● Examples: IQ tests, "Aha!" moments, scientific discoveries, deep learning (Grokking), and physics 

(Phase Transitions).
○ Text prediction yields emotional understanding (OpenAI Sentiment Neuron), while 

video/audio prediction yields physical and emotional understanding (Google Veo3).
● Despite hardware differences, humans and AI models both build intelligence through 

prediction—mastering prediction means mastering understanding.



Causality: Understanding = OOD Generalization

● Invariant Risk Minimization (2019): non-causal spurious data biases prevent true OOD 
generalization in ML

● Generalization can be achieved by having data coming from different interventions of the true causal 
graph → “Diversity is all you need” → GPT-3, i.e. train to predict everything.



Empowerment and 3 levels of prediction

● Level 1: Passively fit your world model on world
● Level 2: Actively fit your world model on world
● Level 3: Actively fit world to your world model
● Notations: s = future of the world, z = your actions

○ Empowerment: Daniel Polani 2005, Shakir Mohammed 2015



Level 1: Passively fit your world model on world 

● Pre-training, Supervised learning, Self-supervised learning, Generative modeling
● Data distribution is stationary during predictive training



Level 2: Actively fit your world model on world 

● Post-training, DAgger, GAIL, active learning
● Data distribution is non-stationary during predictive training

VIME (Houthooft et al 2017) 
tackles noisy TV problem

DPM (Stadie 2016) and ICM 
(Pathak 2017) incentivizes novelty  

http://www.youtube.com/watch?v=J3FHOyhUn3A


Level 3: Actively fit world to your world model

● Perform actions in the world to make the world mode predictable wrt you / your own world model
○ Politicians
○ Financial firms
○ X Influencers

● Difficult objective. Nobody has cracked this yet at scale. 



Forward and inverse world models



What is a (World) Model?

* assume deterministic for simplicity

** will explain why I chose those symbolsInverse Models

Forward Models



Shooting vs Direct Collocation for Planning

Shooting:

Direction Collocation (Constrained Optimization):



Direct Collocation: Contact Invariant Optimization (CIO)

[Mordatch et al 2012 
(SIGGRAPH)]

● Constrained optimization wrt dynamics 
constraints := relaxing (hacking) dynamics 
during planning 

● “First solve task, then fix physics”

http://www.youtube.com/watch?v=mhr_jtQrhVA
https://www.youtube.com/watch?v=mhr_jtQrhVA
https://www.youtube.com/watch?v=mhr_jtQrhVA


Direct Collocation: Contact Invariant Optimization (CIO)

[Mordatch et al 2012+ 
(SIGGRAPH)]

● Direct collocation solves contact-rich tasks with minimal reward 
shaping, i.e. dynamics relaxation provides appropriate “reward 
shaping” 

● Analogy: autoregressive video diffusion vs bidirectional video 
diffusion

https://www.youtube.com/watch?v=mhr_jtQrhVA
https://www.youtube.com/watch?v=mhr_jtQrhVA
http://www.youtube.com/watch?v=Gzt2UoxYfAQ


Dexterity with shooting method is hard 

Kamyar Ghasemipour, Byron David, Daniel Freeman, Shixiang Shane Gu, Satoshi Kataoka, Igor 
Mordatch. "Learning to Assemble with Large-Scale Structured Reinforcement Learning.” (2022)

http://www.youtube.com/watch?v=eo8gAeDloT4


Back to the notations…



Temporal Difference Models (TDMs)

● Goal-conditioned optimal policy or Q-function as an implicit world model (temporally-extended)
● Use hindsight relabeling trick
● Value functions are world models with different time scale and representation

[Pong et al 2018 (ICLR)]

https://arxiv.org/pdf/1802.09081.pdf


Direct Collocation with TDMs
[Pong et al 2018 (ICLR)]

● Hierarchical RL with goal-conditioned Q-function + direct collocation

https://arxiv.org/pdf/1802.09081.pdf


Generalized Decision Transformers
● Training: hindsight BC (behavioral cloning) wrt “any future statistics”
● Test-time: provide unseen “future” and ask it for “generalization”

Hiroki Furuta, Yutaka Matsuo, Shixiang Shane Gu. "Generalized Decision Transformer for Offline Hindsight 
Information Matching". ICLR 2022 [Spotlight, 5.2% of 3391 submissions]. [Arxiv] [Project Page] [Github]

+ ⇨

https://arxiv.org/abs/2111.10364
https://sites.google.com/corp/view/generalizeddt
https://github.com/frt03/generalized_dt


Direct Collocation with GDTs (untested)

● Search for a “reachable future” using the policy function



Physical and symbolic world models



2022: AGI Year 0

● “LLMs can reason” → Symbolic AGI is achievable through LLMs
● “ImagenVideo / DreamFusion” → Physical AGI is achievable through video models

http://www.youtube.com/watch?v=-NhPGeTC15E


2025: Video model as the missing foundation model
● World consists of symbols, space, and time
● LLMs: reasoning with symbols
● Video models: reasoning in space and time
● Chain-of-Frames (CoF) vs Chain-of-Thoughts (CoT)

https://docs.google.com/file/d/1fjLOFKIZk8_lGG1yDhryow55ShBXEt54/preview
https://docs.google.com/file/d/1SJ70isn0uAhdxp5H-WKdeQXMvGIq9MWJ/preview
https://docs.google.com/file/d/1bOIGWzhvg8SSKuqkbbNo57akeQodFwxF/preview
https://docs.google.com/file/d/1SYT57E4-tiZIwmf0V1VzccT7JezZplRn/preview


2025: Video model as the missing foundation model



Older work: [Sanchez-Gonzalez et al 2020]

● Particle-based simulation = message passing on graphs
● We unlikely won’t need graph nets / NeRF etc. Just video models.

○ AlphaFold?

https://arxiv.org/pdf/2002.09405.pdf
https://docs.google.com/file/d/1wPINdK3O5O6UscLHLjk1Pift6951pMF6/preview


2026+: Modeling humanity

Simile: model 8B people

https://docs.google.com/file/d/1vyFtmRdZ77ML2htVZ0evvhk4g8J2Q2cs/preview


2026+: Modeling financial market



Thank you! Remember the Level 3.


