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When I ask, “what is a world model?ˮ to 
different people, I always get a different 
answer.
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What puts the world in world model?







Given:

x(t): observation

s(t): previous state estimate of the world

a(t): action proposal

z(t): latent variable proposal

A world model computes:

h(t) = Enc(x(t)), the representation

s(t+1) = Pred(h(t), s(t), z(t), a(t)), the 
prediction

Where:

Enc(.): (trainable) encoder

Pred(.): (trainable) hidden state function

z(t): prior beliefs over plausible predictions

Dec(s(t)): (not shown) optional 
view/transformation of the hidden state
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Wait a second…



Key idea: world models are simulators of an environment

States are a way of remembering different parts of the world

Analogous to chain-of-thought, world models are chain-of-state

States can be explicit representations or implicitly learned

walls
objects
camera collisions

paths
obstacles
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Whatʼs the ultimate form of a world model?

A thing which is infinitely interactive

Key property: informationally scale-invariant
● I click on anything and can zoom in. Then zoom in on that.
● I can split anything in half. And again.
● I can go in; I can go out.



The endgame of world models: simulate an operating system?

6

Simulate any program inside a neural network



Why does the world need this?
● Itʼs a Universe Simulator (do anything)
● Itʼs expensive and slow to do things in real life
● Counterfactuals: What would the world be like if Henry Ford never born?



How do we get there?
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“what i cannot create i do not understandˮ — Richard Feynman
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The answer is language



Additional Problems in World Modeling



Problem 1: the exposure bias problem

After a while, states start to degrade

● This happens both in video models and LLMs
● Often caused by attention sinks in transformers

○ But can also be caused by RoPE
● Solutions involve closing the out-of-distribution 

train-inference gap (e.g., Self-Forcing)

1s 5s

VideoSSMCausVid



Problem 2 The long horizon challenge

How to keep track of very long context? What if states are very large?

● In video generation, this is brutal: a 1080p@30fps 60-second video 
using a 41616 tokenizer will use 3.6M tokens!
○ How can we ever hope to keep track of hour-long sessions?

https://github.com/robbyant/lingbot-world

https://github.com/robbyant/lingbot-world


Problem 2 The long horizon challenge

How to keep track of very long context? What if states are very large?

● Data compression: encode more data in fewer tokens
● Sparse/linear attention: compress/prune states in the past
● Hierarchical representations: represent data/state at different granularities
● Multi-view: different features of the same environment

https://ryanpo.com/multigen/https://github.com/mit-han-lab/efficientvit

https://ryanpo.com/multigen/
https://github.com/mit-han-lab/efficientvit


Problem 3 Introducing planning and reasoning

Many current world models are surface-level: they only predict the next state

To get more abstract reasoning, we need to think many steps ahead
RLVR is a great application of this!



Example: terminal simulation

Predicting terminal output improves terminal usage accuracy. Why?

LLMs as World Models



But is this the best way?



If we want an OS, how to simulate programs in neural networks?
The Halting Problem: you canʼt know in advance the outcome of every 
program

To some degree, this is already being approximated with coding agents (but 
with limited bandwidth). Soon we may also see this for visual models

Code Game

Video World 
Model



The Scientic Method as a World
The cost of a single paper: possibly millions of $$$
Ideas are expensive to test, because you canʼt tell if an idea is a good one

?

Itʼs a long chain of states to get from point 
A to point B



How to get there: simulate science

rekursiv.aiʼs goal: autonomous ML research with AI Scientists
How do we know if an idea is any good?
Donʼt just imagine the future, test it! Run simulations of simulations

Hypothesis Experiment Benchmark Discovery

http://rekursiv.ai


A secondary benefit: simulate the science of science

ML research is hard, and most ideas and experiments fail
Therefore, building autonomous systems that do research can improve this 
success rate
Weʼre seeing real productivity gains from deploying swarms of agents to 
rapidly iterate 24/7

Hypothesis Experiment Benchmark Discovery



But we donʼt get this for free
Current agents do science poorly, because they canʼt easily connect 
hypotheses to results

You have to build lots of guardrails to keep them on track
More research is necessary to learn how to make it work better

? ?



What should we do?
The ultimate form of a world model looks like an operating system
Thinking ahead, we can anticipate what problems we need to solve to get 
there
Automating the science will get us us there quicker

Hypothesis Experiment



Automating the Scientific Method
If we automate this process, we create a simulated world in which 
everything is testable with an experiment

The next generation of world models can imagine future states by putting 
them to the test, accumulating knowledge like a scientist

? ?



How to get there: simulate science

Why is experimentation important?
The Halting Problem: you canʼt know in advance the outcome of every program

Hypothesis Experiment Benchmark Discovery


