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Announcements
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• HW1 Due this Friday via Canvas



Today
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• Perceptron

• Soft threshold → Likelihood

• Gradient descent

• Backpropagation & computation graphs



McCulloch & Pitt’s neuron model (1943)
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Warren McCulloch Walter Pitts



Rosenblatt’s Perceptron
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Rosenblatt, F. (1957). The perceptron, a perceiving and recognizing automaton. Project Para. 

Cornell Aeronautical Laboratory.
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Activation 
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Generalizes MP neurons a bit…



Perceptron Learning Algorithm
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• Assume binary classification task

• Perceptron finds decision boundary is classes are separable

Code at https://github.com/rasbt/stat453-deep-learning-
ss20/blob/master/L03-perceptron/code/perceptron-animation.ipynb

[animated GIF]
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Perceptron Learning Algorithm (pseudocode)
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Let

1. Initialize 𝒘 ≔ 0𝑚  (assume weight incl. bias)

2. For every training epoch:
1. For every 𝒙 𝑖 , 𝑦 𝑖 ∈ 𝐷:

1. ො𝑦[𝑖] ≔ 𝜎 𝒙 𝑖 𝑇𝒘

2. 𝑒𝑟𝑟 ≔ 𝑦 𝑖 − ො𝑦 𝑖

3. 𝒘 ≔ 𝒘 + 𝑒𝑟𝑟 × 𝒙[𝒊]

Only -0 or 1

Only -1, 0, or 1



Perceptron Geometric Intuition

Ben Lengerich © University of Wisconsin-Madison 2026



Perceptron Geometric Intuition: Learning
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Beyond Rosenblatt’s Perceptron
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Perceptrons generalize MP Neurons

• Many activation functions:
• Threshold function (perceptron, 1950+)

• Sigmoid function (before 2000)

• ReLU function (popular since CNNs)

• Many variants of ReLU, e.g. leaky ReLU, GeLU

identity Linear Regression



Sigmoid unit: Logistic regression gives an optimizer

• For binary classes 𝑦 ∈ {0, 1}
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• Given the output:

• We compute the probability as

Recall Bernoulli distribution…
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Sigmoid unit: Logistic regression gives an optimizer



• Given the probability:

• Under MLE estimation, we would like to maximize the multi-sample 
likelihood:
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Likelihood

Sigmoid unit: Logistic regression gives an optimizer



• We are going to optimize via gradient descent, so let’s apply the 
logarithm to separate components:

Likelihood

Log-Likelihood

Ben Lengerich © University of Wisconsin-Madison 2026

Sigmoid unit: Logistic regression gives an optimizer
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Sigmoid unit: Logistic regression gives an optimizer



Logistic Regression: Gradient Descent learning Rule

Stochastic gradient descent:
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Beyond Rosenblatt’s Perceptron
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Perceptrons generalize MP Neurons

• Many activation functions:
• Threshold function (perceptron, 1950+)

• Sigmoid function (before 2000)

• ReLU function (popular since CNNs)

• Many variants of ReLU, e.g. leaky ReLU, GeLU

Gradient Descent



Multilayer Perceptron

• Computation Graph with Multiple Fully-Connected Layers
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Backpropagation
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• Neural networks are function compositions that can be represented as 
computation graphs:

:

1

2

3

4
5

Input

variables

x f (x )
Outputs

Intermediate 

computations

• By applying the chain rule, and working in reverse order, we get:



Quick Calculus Refresher
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Quick Calculus Refresher: Function Derivative
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Quick Calculus Refresher: Function Derivative
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Quick Calculus Refresher: Geometric Intuition
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Quick Calculus Refresher: Cheatsheet
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Quick Calculus Refresher: Cheatsheet (2)
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Chain Rule
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Chain Rule & Computation Graphs
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Chain Rule & Computation Graphs
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Computation graphs: ReLU
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Computation graphs: ReLU
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Computation graphs: ReLU
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Computation graphs: ReLU
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Computation graphs: ReLU
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Computation graphs: Single-path
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Computation graphs: Fully-Connected Layer
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Computation graphs: Weight-Sharing
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.

Questions?
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  𝒘 ≔  0 m


   ⟨   𝒙   [ i ] ,    y   [ i ] ⟩ ∈ D


     y ^  [ i ] ≔ 𝜎  (   𝒙   [ i ] T 𝒘 )


  e r r   ≔  (   y   [ i ] −    y ^   [ i ] )


  𝒘 ≔ 𝒘 + e r r   ×    𝒙  [ 𝒊 ]


  y ∈ { 0 ,   1 }

