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Outline

● Review of deep neural network building blocks
● Multi-Modality LLMs
● Embodied AI and World Model

2



Deep Neural Network Building Blocks

● Theme: repeatedly stacking the same module
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Multi-Layer Perceptron Convolution NN Transformer Decoder



Example 1: Multi-Layer Perceptron

● The prototypical “neural network"
● Building Block:  Linear Layer + Activation
● Both input & output are 1-D vectors
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Example 2: Convolution Neural Networks (CNN)
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Also ReLU in 1969



Example 2: Convolution Neural Networks (CNN)
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NIPS 2012

Max Pool

● CNN (1980, 1998)
● ReLU (1969)
● MaxPool (1993)
● Augmentation (2003)
● Dropout (Hinton 2012)
● GPGPU (2000s)
● Training on ImageNet (2009)

Augmentation



More On Convolution

● Input is a tensor of multi-channel image of shape (W * H * C)
● At each sliding position, we work on a window of (K * K * C) 

and generate one pixel of C’ independent channels
● So total number of layer parameters is (K * K * C * C’)

○ K is typically fixed at 3,  C grows with layer
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VGG



Example 3: Self-Attention and Large Language Models
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The Historical Transformer Architecture
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ViT: Attention on Image Patches ICLR 2021, Google
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ResNet: Allowing Network to Go Deeper
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Input

output

Complex
Details

+

● Input and output 
shape must match

● Prevents the problem 
of vanishing 
gradients

● Gives a networks a 
chance not to be 
effective

Kaiming He, et al.  Deep Residual Learning for Image Recognition, 2015.



Review of LLama 3 Architecture
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Decoder Layer

Input Tokens

Decoder Layer

Embedding



Extending LLM with Domain Tokens
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Tokens

High-Dimensional Hidden State Space

Domain
Tokens



Today’s Typical MLLM Architecture
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Overview of MLLM Training
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Llama 3.2 Vision API
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Placeholder 

Filling Placeholder 



Llama 3.2 New Features
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Embodied AI

19Survey: Liu et al. Aligning Cyber Space with Physical World. 2024



RT-1: Robotics Transformer web

20DeepMind. RT-1: Robotics Transformer for Real-World Control at Scale. 2023.

https://robotics-transformer1.github.io/


RT-2: Vision-Language-Action Model web

21DeepMind. Vision-Language-Action Models Transfer Web Knowledge to Robotic Control.2023.

https://robotics-transformer2.github.io/


Everyday Robotics DoF == 7
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Base Displacement Vector X, Y
Base Displacement Rotation, ARotation delta [A1, A2, A3] gripper



Action Space:  Robot Command

● Mode
○ Controlling arm
○ Controlling base
○ Terminate

● Arm variables
○ X

● Base variables
○ X

● Data Release: Link
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https://console.cloud.google.com/storage/browser/gresearch/rt-1-data-release;tab=objects?pli=1&inv=1&invt=AbkSfw&prefix=&forceOnObjectsSortingFiltering=false


Sample (Episode)
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In In



Encoding Action Space 
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https://docs.google.com/file/d/1iJ9jzjD-5nJUc83-HolfIYdPRmAXUb4c/preview


Training Set and Skills
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Co-Fine-Tune
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● WebLI dataset
○ 10B image-text pairs
○ 109 languages
○ Filter and keep top 1B

● Robotics dataset
○ 50% - 66% of mixture

● Model Sizes
○ PaLI-X: 5B, 55B
○ PaLI: 3B
○ PaLM-E: 12B

● Inference on Cloud
○ 1-5 Hz
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Evaluation

● Symbol understanding
● Reasoning
● Human recognition
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Simulators
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Example of Real-World Simulator: Matterport 3D Simulator
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https://docs.google.com/file/d/1g4LKVUWRuzS1ilv2tpXSQ0yQdg62gg4N/preview

