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Introduction

• 3 Keywords for today
• Magnetic Analogy
• Noise
• 13.8%
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Statistical Mechanics of Magnetic Systems

• Stochastic vs. Deterministic
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Statistical Mechanics of Magnetic Systems

• Ising Model
- In a cold, deterministic system, a neuron simply follows the crowd.
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2.35. Energy Function / Hamiltonian
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Statistical Mechanics of Magnetic Systems

• Finite Temperature Dynamics
• Thermal fluctuations (If the temperature is not very low)

• Glauber dynamics

• 𝑔 ℎ = 𝑓! ℎ ≡ "
"#$%&(()!*)

• 𝛽 = "
,!-

where 𝑘. is Boltzmann’s constant with value 1.38×10("/erg/K
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Statistical Mechanics of Magnetic Systems

• A single spin in Equilibrium
• Average magnetization 𝑆 ≡ 𝑃𝑟𝑜𝑏 +1 1 +1 + 𝑃𝑟𝑜𝑏 −1 1 −1
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Statistical Mechanics of Magnetic Systems

• Ferromagnet
• Phase transition
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Statistical Mechanics of Magnetic Systems

• Mean Field Theory
• Average background field
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Stochastic Networks

• Spurious local minima • Thermal fluctuations

Image Source: Wikipedia
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Stochastic Networks

• Pseudo-temperature 𝑇
• By setting 𝑘. = 1 for simplicity, 𝛽 ≡ "

-

• Refer to 𝑇 as the temperature even though pseudo-temperature
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Stochastic Networks

• Why noise is actually good
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A Curious Tangent: Optimization

• Vanilla SGD 
𝜃1#" = 𝜃1 − 𝜂∇𝐿 𝜃1

𝜃: Weight parameter
𝜂: Learning Rate
∇𝐿 𝜃1 : Gradient of the Loss function at 𝜃1
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A Curious Tangent: Optimization

• SGD with Momentum
𝜃1#" = 𝜃1 − 𝜐1

𝜐1 = 𝛾𝜐1(" + 𝜂∇𝐿 𝜃1
𝜃: weight parameter
𝜂: Learning Rate
∇𝐿 𝜃1 : Gradient of the Loss function at 𝜃1
𝜐1: velocity
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A Curious Tangent: Optimization

• Adam: Adaptive Moment Estimation
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A Curious Tangent: Optimization

• AdamW: Adam with Weight decay
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Capacity of the Stochastic Network

• Load parameter 𝛼 ≡ (
)

• 𝑝 = Number of stored patterns (memories)
• 𝑁 = Number of units (neurons)

• Crosstalk
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Capacity of the Stochastic Network

• Overlap 𝑚* =
&
)
∑! 𝜉!* 𝑆!

• Successful retrieval if 𝑚2 ≈ 1
• Retrieval failure if 𝑚2 ≈ 0

• Crosstalk
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Capacity of the Stochastic Network
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Capacity of the Stochastic Network

• Phase transition & Spin glass
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Further empirical topics

• Hippocampus CA3
• Wills et al., 2005 
• Attractor Dynamics 
in the Hippocampal Representation 
of the Local Environment

Image Source: https://www.science.org/doi/10.1126/science.110890524


