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Bound Together: AI and Technology Scaling

ÅDeep neural networks have become the 
mainstream method for AI

ÅDespite highly non-linear function layers, 
how they can be trained very well with 
gradient descent methods? 

Deep Learning: a Statistical Viewpoint 
Andrea Montanari (Stanford)
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ÅAI model size scaling is necessary for capability 
enhancements under current training paradigms 

AI and Technology Scaling Constraints: An 
Inseparable Partnership
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The First Dimension: Technology Feature Size Scaling

Salahuddin, Sayeef, Kai Ni, and Suman Datta. "The era of hyper-scaling in electronics." Nature electronics 1, no. 8 (2018): 442-450.

Slowing down of technology 
scaling
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The Second Dimension: Integration Complexity Scaling

3D Integration, Johann Knechte et al.

3D Integration Heterogeneous Integration

https://semiengineering.com/mechanical-challenges-increase-with-chiplet-integration/

Challenges: 
Thermal, Power, and 

Signal Integrity, 
Security, Yield,

5ŜǎƛƎƴ ŀƴŘ ¢ŜǎǘƛƴƎ Χ
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Parameter doubling 
every 8 months

Exploring the third technology scaling dimension 
to leapfrog AI model scaling trends?

Catch me if you can of AI models!
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The Third Dimension: Direct Functionality Embedding in a Device

CMOS-based Random Number 
Generator

Stochastic 
Nanomagnet-

based 
Random 
Number 

Generator

Applications: Invertible 
Logic, p-bit processors

Integer factorization using stochastic magnetic tunnel junctions, Nature, 2019; Multi-terminal memtransistors from polycrystalline monolayer molybdenum disulfide, Nature, 2018
A CMOS-compatible oscillation-based VO2 Ising machine solver, Nature, 2024; A memristor-based analogue reservoir computing system for real-time and power-efficient signal 
processing." Nature, 2022.

CMOS-based Multiply-Accumulate

Memristor Memtransistor

Applications: Neuromorphic 
Computing, Machine Learning

CMOS-based Oscillator

VO2-based Oscillator

Applications: Combinatorial 
Optimization, Ising Machine



Tremendous Potential of Co-Design Opportunities in the Third 
Dimension Scaling!
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What should be learned vs. What should be reasoned?
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Implicit Learning (Deep Neural Networks)
ÅDomain map is implicitly encoded: better 

storage/compute efficiency
ÅExpensive to update learned model, 

support continual learning

Explicit Learning (Bayes Filter)
ÅDomain information is explicitly encoded: 

poor storage/compute efficiency
ÅEasy to update domain model
ÅRequire depth sensors 

Learning-based Intelligence Reasoning-based Intelligence


