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Plan
Perceptron Algorithm

Perceptron Mistake Bound Theory

Á Background: projections, distances, and margin

Á Proof of mistake bound as an example application

Computational Complexity

Á How fast is your code/algorithm?

Á Counting operations

Á Big-O

Á Complexity classes



Perceptron Algorithm
Sketch of algorithm

Initialize ◌

Loop

Given a point ●predict ώ ίὭὫὲ◌●

Given actual label ώȡ

If ώ ώ

If ώ ρ,    ◌ᴺ◌ ●

If ώ ρ,    ◌ᴺ◌ ●



Perceptron Algorithm: Example

Example: ρȟς
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Perceptron Algorithm: (without the bias term)

Á Set t=1, start with all-zeroes weight vector ύ .

Á Given example ὼ, predict positive iff ύ ẗὼ πȢ

Á On a mistake, update as follows: 

Ɇ Mistake on positive, update ύ ᴺύ ὼ

Ɇ Mistake on negative, update ύ ᴺύ ὼ
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Slide credit: CMU MLD Nina Balcan



Intercept Term
Q: Why do we need an intercept 
term?

A: It shifts the decision boundary 
off the origin
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b < 0

b = 0

b > 0

Q: What should happen to b 
during the perceptron algorithm

A: Two cases

1. Increasing b shifts the decision 
boundary towards the 
negative side

2. Decreasing b shifts the 
decision boundary towards the 
positive side

Slide credit: CMU MLD Matt Gormley



Perceptron Algorithm
Sketch of algorithm

Initialize ◌

Loop

Given a point ●predict ώ ίὭὫὲ◌●

Given actual label ώȡ

If true ώ ώ

If true ώ ρ,    ◌ᴺ◌ ●

If true ώ ρ,    ◌ᴺ◌ ●



Perceptron Algorithm
Sketch of algorithm

Initialize Ᵽ

Loop

Given a point ●predict ώ ίὭὫὲⱣ●

Given actual label ώȡ

If true ώ ώ

If true ώ ρ,    ⱣᴺⱣ ●

If true ώ ρ,    ⱣᴺⱣ ●



Perceptron Algorithm
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Learningfor Perceptron if we have a fixed training dataset, D. 

Slide credit: CMU MLD Matt Gormley



Perceptron Algorithm
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Learningfor Perceptron if we have a fixed training dataset, D. 

Implementation Trick: same 
ÂÅÈÁÖÉÏÒ ÁÓ ÏÕÒ Ȱadd on 

positive mistake and 
subtract on negative 

mistakeȱ ÖÅÒÓÉÏÎȟ ÂÅÃÁÕÓÅ 
y(i) takes care of the sign

Slide credit: CMU MLD Matt Gormley
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Projection
Projection of Ἵon to Ἶ



Geometric Margin
Definition: The marginof example ὼw.r.t. a linear sep.ύis the distance 
from ὼto the plane ύẗὼ π(or the negative if on wrong side)

ὼ
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Margin of positive example ὼ

ὼ

Margin of negative example ὼ

Slide credit: CMU MLD Nina Balcan



Geometric Margin

Definition: The margin  of a set of examples Ὓwrt a linear 

separator ύis the smallest margin over points ὼɴ Ὓ.
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Definition: The marginof example ὼw.r.t. a linear sep.ύis the distance 
from ὼto the plane ύẗὼ π(or the negative if on wrong side)

Slide credit: CMU MLD Nina Balcan
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Definition: The margin of a set of examples Ὓis the maximum

over all linear separators ύ.

Geometric Margin

Definition: The margin  of a set of examples Ὓwrt a linear 

separator ύis the smallest margin over points ὼɴ Ὓ.

Definition: The marginof example ὼw.r.t. a linear sep.ύis the distance 
from ὼto the plane ύẗὼ π(or the negative if on wrong side)

Slide credit: CMU MLD Nina Balcan




