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BIAS — VARIANCE TRADEOFF



Applet for least squares

http://mste.illinois.edu/users/exner/java.f/leastsquares/



http://mste.illinois.edu/users/exner/java.f/leastsquares/

Decomposition of error
Assume Y = f(x) +¢

Generalization error

err(zo) = E[(Y — f(X))?|X = (]

err(z) = 0 + (Ep[f(w0) — f(x0)])? + Varp(f(zo))
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Bias

Suppose that we have multiple datasets with n samples
On each data set we learn  f ()

On average (over different datasets) we learn E[f(z)]

Bias measures the difference between what you expect
to learn and the truth
— decreases with complexity of the model



Variance

Measures the difference between what you expect to
learn and what you learn on a particular dataset.

Measures how sensitive learner is to a specific dataset

Decreases as we have simpler models
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LINEAR REGRESSION



Linear regression model

y=f(z)+e, €~ N(0,0°)

F(x) = wo + Zwi@(x)

Maximum conditional likelihood estimation

w = argmin Z(yz — sz'cbz(xl))z
z :



Matrix of transformed features
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Linear regression (matrix equation)

= =Xw+e€
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w = argmin(y — Xw)'(y — Xw)



Final solution

W= (X'X)"' X"y



BAYES NETS



Head to Tail

P(a,b|c) = P(a|c)P(b]c)
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Tail to Tail

P(a,b|c) = P(a|c)P(b]c)

Where have we seen this?



Head to head

P(a,b) = P(a)P(b)



What is the Bayes Network for x,.....x, with no
assumed conditional independencies?



Bayes Network for a Hidden Markov Model

OO0
state:

Observed
output:

P(St—2,0¢_2,5t_1,...,0442) =

Implies the future is conditionally independent of the past, given the present



Bias — Variance tradeoff in Bayes nets

Give an example of very biased Bayes network?
Network with no edges
Nalve Bayes

Give an example of a network that has high variance?

Network of a distribution with no conditional
independence assumptions



Questions?



