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We have been at it...
For a while now!

Structure

Structure of the Problem
Priors
Inductive Biases
Models of { X }
Modularity

1968: Aspirational Robotic Assistant
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(sad... but true)

Opt| mal SOl utIOﬂ ﬂOt iﬂ the Flexible Uniform Bias Flexible Soft Bias Restriction Bias
hypothesis space

Or

Optimal solution is

representable but not
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Structure Data

Structure of the Problem From

Priors "Scaling Data”

Inductive Biases
Models of { X'} To

Modularity “Science of Scaling”



How to Scale?

“WHAT”

Multimodal Foundation Model
Does High-level Reasoning

‘Reasoning” + “Common Sense”
Grounding what needs to “Happen’
Create an abstract plan

Generate reference for expected change

Replanning with "Prospection”

~ . -
.......

“HOW” T AN

Generic Observation-to-control
Low-level Reasoning

‘Self-Aware Motor-Control”
Control to "effect” the change
Closed-Loop Reference Following
Affordance aware solutions

Reactive (Sys 1) or Deliberative (Sys 2)
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“WHAT” “HOW”

Multimodal Foundation Model Generic Observation-to-control
Does High-level Reasoning Low-level Reasoning

Data Unlocks Complex Problem-Solving beyond Manually Engineered Solutions

From Specific tasks to versatile recipes and ideally Generalizable Foundation Models.

Flywheel Effect: Data Fuels Continuous Improvement
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Build foundations before specializing!

Kriger
Murttimedia Editor

Traditional ML Foundation Models

Training Massive external data

Q&A

V') Translation

r N N
/) Classification

e multi-tasking model
ble with little or no training
* Pre-trained unsupervised learning

* Require ecific training
* Lots of human supervised training
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General-Purpose Applications @\\)‘Z‘v
Ease of Use

/\

Driver

Platform-Agnostic OS
Modular Utilities

Hardware-Specific Drivers
Optimize Performance
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Natural Interaction Interface
Ease of Use
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Platform-Agnostic Planning
Modular Tool-Use

Hardware-Specific Skills
Optimize for Morphology

Driver



The Computing Stack
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Ease of Use
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Hardware-Specific Skills
Optimize for Morphology




But Supervision is not B Gl
Scaling, generalizing, robust ... L T L
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Internet Data
Language, Image, Video
$, Very Diverse

Synthetic Data The revolution will not be supervised

Simulation

$$, Engineered Designs
— Alyosha Efros (circa 2018)

Real World Data
Teleoperation
$$$$, Limited Diversity
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