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Advances in Machine Learning

Generating language, image, and videoOutperforming humans in Go
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Decision Making

Train a model to act 
in the world simulator
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Decision Making and Internet-Scale Knowledge

This talk: Use internet-scale 
data to simulate the real world

Train a model to act 
in the world simulator



When Has Decision Making Worked?
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Knowing something about the future

Time

to optimize a current decision.



When Has Decision Making Worked?
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…

✅ Perfect simulator ✅ Algorithms



When Has Decision Making Struggled?
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❌ Perfect simulator Algorithms？
$$

$$

$$



What if We Can Learn a Realistic Simulator?
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q Algorithmsq World model ✅✅

Definition: a 
learned simulator
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from internet data for decision making
q Algorithms q Challenges 

and next steps
✅q World model✅

Foundation Models as Real-World Simulators

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
[2] Yang et al. Video as the New Language for Real-World Decision Making. ICML 2024.
[3] Yang*, Du*, et al. Learning Universal Policies via Text-Guided Video Generation. NeurIPS 2023.
[4] Du, Yang, et al. Video Language Planning. ICLR 2024.
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Text is a unified representation 
of information

Text generationText

Unified tasks

El texto es una 
representación 

unificada de 
información

and a unified 
task interface Are you sure?

ChatbotTranslationCompletion

Text as Unified Representation and Task Interface
Unified representation

[1] Yang et al. Video as the New Language for Real-World Decision Making. ICML 2024.
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Video generation

Text

Unified representation Unified tasks

Video as Unified Representation and Task Interface

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Unified representation

Video generation

Cut pepper

Video as Unified Representation and Task Interface

Unified tasks

Learned how to 
“perform” tasks

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Video generation

Δ𝑥, Δ𝑦

Unified representation Unified tasks

Video as Unified Representation and Task Interface

Learned real-
world “physics”

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Video generation

Δ𝑥, Δ𝑦

Unified representation Unified tasks

Video as Unified Representation and Task Interface

Learned simulated 
“dynamics”

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Video generation

Turn right 90°

Unified representation Unified tasks

Video as Unified Representation and Task Interface

Learned egocentric 
movements

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Video generation

Unified tasks

A person throwing a frisbee

Video as Unified Representation and Task Interface

Unified representation

Learned notions of 
objects/scenes

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.



Denoise by subtracting

Learn reverse schedule

Add Gaussian noise

Background: Image Diffusion Models

(“robot”)

(“human”)
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[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.



Temporal super 
resolution

Wipe 
table Video diffusion

Repeat

Adapting Diffusion for World Modeling

Ø Repeat the first frame: 
long-term consistency

Ø Condition on image & text: 
controllable generation

Ø Temporal super-resolution: 
flexible time horizon

19
[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.



Temporal super 
resolution

Video diffusion

Repeat

Adapting Diffusion for World Modeling
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[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.

21M videos, 800M images
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UniSim: An Interactive Real-World Simulator

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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from internet data for decision making
q Algorithms q Challenges 

and next steps
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Foundation Models as Real-World Simulators

Takeaway: Unified repr 
& task interface



23

from internet data for decision making
q Algorithms q Challenges 

and next steps
✅q World model✅

Foundation Models as Real-World Simulators

Takeaway: Unified repr 
& task interface



24

Simulator
Push the red hexagon 
towards the blue cube

Real worldPolicy

❌ Fail to transfer from sim to real

Δ𝑥, Δ𝑦

Push the red hexagon 
towards the blue cube

Reinforcement Learning

Reinforcement Learning with UniSim

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Place your hand 
above the blue cube

Move the red star 
towards the red circle

Slide yellow 
hexagon a bit right

Push the red circle 
towards center right

Push the blue cube 
closer to red circle

Move the red star 
right and up a bit

Simulator

Policy
Δ𝑥, Δ𝑦

Reinforcement Learning with UniSim

Reinforcement Learning

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Place your hand 
above the blue cube

Policy Simulator Real world

Task: Push the red star 
towards the blue cube

✅ Transfer from sim to real

Δ𝑥, Δ𝑦

Reinforcement Learning with UniSim

Reinforcement Learning

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Inverse Dynamics

Robot executionSynthesized video
Planning with UniSim

[1] Yang*, Du*, et al. Learning Universal Policies via Text-Guided Video Generation. NeurIPS 2023.
[2] Du, Yang, et al. Video Language Planning. ICLR 2024.
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Vision language model

Planning with UniSim
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UniSim

Planning with UniSim
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Vision-language reward model

Planning with UniSim
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Real robot executions

Inverse 
dynamics

Planning with UniSim



Language 
instructions

Robot actions

Behavioral cloning

Make a line

Planning with UniSim – Why?



Language 
instructions

Intermediate 
goals

Robot actions

Make a line

Predict intermediate 
frames

Planning with UniSim – Why?



Language 
instructions

Intermediate 
goals

Robot actions

Make a line

Step-by-step 
plans

Benefits: 
(1) Internet-scale data
(2) Temporal flexibility
(3) Search, planning, 

verify at each level

Planning with UniSim – Why?

Predict 
language



36

Long-Horizon Planning with UniSim

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.
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Multi-Task Planning with UniSim
Place your hand above 

the blue cube
Pour coins into the cupOpen the air frier with 

gripper

Reach for the green 
bottle

Stack orange object on 
the green object 

Push the blue cube 
closer to red circle

[1] Yang et al. Video as the New Language for Real-World Decision Making. ICML 2024.

Unified action & 
obs spaces
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UniSim

Cut pepper

Generating Training Data for VLMs

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.



39

Video captioning model

Cut pepper

[1] Yang et al. Learning Interactive Real-World Simulators. ICLR 2024.

UniSim

Generating Training Data for VLMs
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from internet data for decision making
q Algorithms q Challenges 

and next steps
✅q World model✅

Foundation Models as Real-World Simulators

Takeaway: Unified repr 
& task interface

Takeaway: RL, planning 
in the world model 
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Better World Models: Hallucination
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Better World Models: Hallucination
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Better World Models: Hallucination

Text: Wash hands



45

Better World Models: Evaluation and Feedback
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Better World Models: Evaluation and Feedback

Ø Good world models 
lead to successful 
robot execution?

Ø Real-world feedback
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Thank You. Questions?


