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Roadmap

● S1: LLM Basic Alignment 

● S2: LLM Alignments for Reasoning 

● S3: Agent applications 

● S4: LLM Data synthesis 

● S5: Agent Memory 

● S6: LLM model serving 

● S7: Agent Evaluation and Attack/Defense Landscape 

● S8: Agent Planning / Testing Time Scaling

● S9: World Modeling for GenAI Agents ➔ This lecture!

● S10: Multi-Agents

 



Three papers: 

● 1. Understanding World or Predicting Future?

● 2. World Models for Physical AI

● 3. Mastering Diverse Domains through World Models





Understanding World or Predicting 

Future?

A Comprehensive Survey of World Models

Guangyi (Mark) Xu



Why do we need World Model?

AGI goal → need models that:

● understand environment

● predict future

Examples:

● GPT-4 (knowledge)

● Seedance (video prediction)



Core Capabilities

A model that:

● Learns world dynamics

● Predicts future states

● Supports decision making

Key Clarifications

What it is not:

● Not a single architecture

● It is a concept/framework

Eample:

Resnet / GPT trained only for text completion 

/ BERT for QA

What is a World Model?

“understanding the world vs predicting the future”



History

1. Pre-Deep Learning 2. 2018 Neural Models 3. 2022 Representation 4. 2023–Now Generative

Before ~2015

● Symbolic AI (frames, 

logic)

● Model-based RL

● Explicit environment 
dynamics

World Models

● Ha & Schmidhuber

● Latent representation 

+ RNN dynamics

● “Imagination” for 
planning

JEPA

● LeCun’s Architecture

● Predict latent space, 

not pixels

● Self-supervised 
understanding

● Understanding the 

world not just 
reconstruction 

Modern Era

● LLMs → world 

knowledge

● Video models (e.g., 
Sora)

● Interactive 

environments





Two Core Perspectives



PART 1: 
UNDERSTANDING



World Model as Understanding (Implicit Representation)

Core idea:

● Learn latent structure of world

● Used for reasoning / planning



Model-Based RL World Models

MDP(Markov Decision 

Process) Components

● State (S)

● Action (A)

● Transition (M)

● Reward (R)

Key Idea

Learn environment dynamics to 

predict transitions.

state → action → next state
The interaction loop in Model-Based RL systems



Learning the World Model

Concept:

● predict next state

● minimize prediction error

Key insight:

● world model = supervised learning on transitions

● leverage the mean squared prediction error on each one-step transitions 



Planning with World Models

Key Idea

simulate future → choose best action
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Model Predictive Control (MPC)

An iterative process of planning and optimization over 

a finite time horizon.
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Monte Carlo Tree Search (MCTS)

A probabilistic search algorithm for finding the most 

promising moves in a tree.

Techniques for decision-making using learned or internal models



LLM-based World Models

Core Concept: Large Language Models (LLMs) contain rich world knowledge.
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Capabilities

● Plan complex sequences of actions

● Simulate dynamic environments
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Examples

● GPT-based planning systems

● Autonomous web agents

Leveraging pre-trained knowledge for agentic reasoning and environmental interaction



World Knowledge in LLMs

Three types:

1. Global physical world

2. Local physical world

3. Human society



Conclusion: Key points

World model = latent representation
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Enables:

● reasoning

● planning

● decision making



Part 2: PREDICTION



“World Model as Prediction (Simulation)”

Core:

● simulate future states

● generate environments 



Video World Models

EXPLAIN

Systems that learn to 

generate future 

frames based on 

current visual data.

EXAMPLES

• Sora

• CogVideo

• Seedance

KEY IDEA

world = 

video dynamics



Limitations of Video Models

● weak causal 

reasoning

● physics 

inconsistency 

Seedance 2.0 vs Kling 3.0: Prompt Battle

Physics and Acting Test. 

Which one did better?

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


What Makes a True World Model?

A true world model requires four core capabilities:

timeline

Long-term 

prediction

Projecting future states 

accurately over 

extended horizons.

layers

Multi-modal 

understanding

Integrating text, visual, 

and sensory data.
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p

Interactivity

Responding to actions 

and feedback in real-

time.

public

Diverse 

environments

Generalizing across 

various physical 

scenarios.



Beyond Video: Embodied World Models

Explain:

● interactive environments

● 3D simulation

● robotics / agents

Examples:

● Habitat

● VirtualHome



Examples - Dji ROMO clean robot
Meet DJI ROMO Series - Make a Clean Sweep

Introducing DJI ROMO Series, Flagship Robot Vacuum With Advanced Sensing

DJI ROMO Series will instantly elevate your home. It combines cutting-edge perception and electromechanical technology inspired by flagship
drones. With advanced sensors and smart algorithms, ROMO delivers deep, thorough cleaning on both hard surface floors and carpets, leaving no spot
neglected. Additionally, its intelligent self-cleaning system takes care of maintenance automatically, freeing you to enjoy a clean home with minimal effort.

👉https://brnw.ch/21wWXnR

🛒https://brnw.ch/21wWXnY
#vacuumcleaner #robotvacuum #DJIROMO #DJIROMOP #DJIROMOS #DJIROMOA #smarthome #dji

http://www.youtube.com/watch?v=Iv7BYURURRI


Part 2 Conclusions

Shift from:

Passive Generation
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Interactive Simulation

Closer to real-world decision making



Part 3: APPLICATIONS



Applications Overview

Four domains:

1. Games

2. Robotics

3. Autonomous driving

4. Social simulation 



Example Applications

● Autonomous driving → prediction

● Robotics → planning

● Games → simulation



Remaining Problems & Future 
Directions

Key Challenges

● long-term consistency

● causal reasoning

● data efficiency

● evaluation

Future Directions

● unified world model

● multimodal integration

● interactive agents

● AGI

*What’s missing for AGI?



World Models for Physical AI
Wentao Zhou



Two real-world examples 

- Video Generation with Cosmos

- One model for both world representation and action generation with Lingbot







What does Cosmos do? 

● Cosmos generates videos, especially for robotics tasks

● Videos by Cosmos are more physically correct.

● Cosmos accept input from different modalities, like camera control



Traditional Way of Training Robots: Expensive 

Reactive Policy: 

● Observe -> Act: Need image-action data pairs 

● Expensive real robot data



Motivation: Using Cosmo as Simulate to Generate Data? 

World Model for Action Policy

● Cheaper generated data

● Adaptive to more modalities



Cosmo Platform can Generate Data for Multi-tasks 



Components of Cosmo



Step 1: Video Curation



Step 2: Tokenizer

● Compact videos into tokens

● Tokenizer is also causal



Step 3: Pretraining - Diffusion WFM

● Stage 1: Text2World

○ Generate videos from 

text prompts

● Stage 2: Video2World

○ Predict future videos 

from current video + 

text condition



Step 3: Pretraining - Autoregressive WFM

● Stage 1: Video Prediction

○ Predict future videos only

from current video 

● Stage 2: Text Incorporation

○ Add cross-attention layers for 

text embeddings



Choices for World Foundation Models (WFM): 

Diffusion WFM

● Continuous tokens

● Better visual quality

● Easier post-training with control

Autoregressive WFM

● Discrete tokens

● Better sequential reasoning

● Easier LLM inference optimization



Effect of Scaling-Up



Posttraining - Camera Control 



Posttraining - Action Conditioning 



Posttraining - Trajectory Conditioning





Backgrounds

What is VLA:

Takes in visual observations and natural language instructions to make 

executable robotic control commands.

What is embodied Agents:  

AI systems, such as robots or virtual avatars, that perceive and interact with a 

physical or simulated environment to accomplish complex tasks.



Physical Agent with World Model

Existing Vision-Language Action policies for robot

● Directly map obeservation to action sequences 

● Single neural network

World model for robot control

● Unified video + action prediction with dense supervision

● Disentangled architecture

● Utilizing real-world knowledge in pretrained video generation models



LingBot



Inference

● Given past and current images, predict next image

● Conditioned on current and next image, predict current action

● KV-cache for past images



Deployment

● A: delay by blocked computation

● B-1: observation not updated

● B-2: imagine grounded observation for future prediciton



Data

Six sources of embodied learning datasets

● Manipulation

● Simulation

● Human demonstration

● Bimanual



Model Details

● Video model: Pretrained Wan2.2 with causal VAE

● Action encoder & decoder: Single-layer MLP

● Text Encoder: T5



Evaluation - Real-World Tasks



Evaluation - Temporal Memory



Takeaways

● Cosmos makes a reusable, scalable generative platform.

● LingBot integrates a world model inside a robot’s mind 

Future directions:

1. Faster inference for robot-related tasks

2. Generalibility for more embodied frameworks

3. More stable physical fidelity in contact-rich settings



Mastering Diverse Domains 
through World Models

Danijar Hafner, Jurgis Pasukonis, Jimmy Ba, Timothy Lillicrap

1

https://arxiv.org/search/cs?searchtype=author&query=Hafner,+D
https://arxiv.org/search/cs?searchtype=author&query=Pasukonis,+J
https://arxiv.org/search/cs?searchtype=author&query=Ba,+J
https://arxiv.org/search/cs?searchtype=author&query=Lillicrap,+T




Roadmap

● Review basic of world models

● DREAMER V3 
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What is world model

A world model is a learned internal representation that simulates the 

dynamics of the real world

Figure 1: An internal "world 

model" in the human brain 

that predicts the coarse 

future, versus an external 

"world model" that aims to 

simulate every detail of the 

reality. Figure from Yann 

LeCun's slides.

3



Basic Process of Using World Model 

4
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Dreamer V3: Learning to Act by Imagining the World 

7



General Algorithm: 150 tasks

 A single general algorithm with fixed hyperparameters that beats domain-

specific expert algorithms across 8 benchmarks (150+ tasks)  all with fixed 

hyperparameters

8

DREAMER works well across many visual domains



DREAMER 

is much 

more 

capable

Benchmark



● The world model predicts the outcomes of potential actions, 

● a critic neural network judges the value of each outcome, 

● an actor neural network chooses actions to reach the best outcomes.

8

What is DREAMER3? 



World model learning: learns how the world works from 
experience

9



How the world model works in Minecraft?
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Actor Critic Learning: dream the future

11



How the Critic- actor Learning works in Mincraft?

12
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Algorithm Overview
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Application: Minecraft

Mission: Collect diamonds in Minecraft from scratch

 A long-standing challenge in AI because of:

● Sparse rewards

● Difficult exploration

● Long time horizons

● High procedural diversity in an open-world environment

15



Application: Minecraft

● First algorithm to collect diamonds in Minecraft from scratch without using human 
data

● Discover diamonds in 100M environment steps. 

16



Robustness techniques

● Dreamer performs best when all 

robustness techniques are used 

together

● Removing any single technique leads 

to a noticeable drop in performance

● This suggests Dreamer V3’s stability 

comes from the combination of 

multiple design choices

17



Scaling

● Performance improves as the model size 
increases

● More gradient updates per interaction 
also reduce the data needed to learn

● This suggests Dreamer V3 scales 

robustly with both model size and replay 
ratio

18



Thank you!
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