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Note:  Several slides taken from

http://www.cs.cmu.edu/~awm/tutorials
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Classification

X         Y
Anything:

• continuous (ℜ, ℜd, …)

• discrete ({0,1}, {1,…k}, …)

• structured (tree, string, …)

• …

• discrete:

– {0,1} binary

– {1,…k} multi-class

– tree, etc. structured
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Classification (reminder)

X
Anything:

• continuous (ℜ, ℜd, …)

• discrete ({0,1}, {1,…k}, …)

• structured (tree, string, …)

• …
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Classification (reminder)

X
Anything:

• continuous (ℜ, ℜd, …)

• discrete ({0,1}, {1,…k}, …)

• structured (tree, string, …)

• …

Perceptron
Linear Discriminant
Support Vector Machine

Decision TreeDecision Tree
Random ForestRandom Forest

Kernel trickKernel trick
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Regression

• continuous:
– ℜ, ℜd

Anything:

• continuous (ℜ, ℜd, …)

• discrete ({0,1}, {1,…k}, …)

• structured (tree, string, …)

• …

1

X         Y
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Examples

• Voltage vs. Temperature

• Processes, memory vs. Power consumption

• Protein structure vs. Energy

• Robot arm controls vs. Torque at effector

• Location, industry, past losses vs. Premium
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Preliminaries

Data (x1,y1),... (xN ,yN ). xi is the predictor (regressor,
covariate, feature, independent variable) yi is the
response (dependent variable, outcome)

We denote the regression function by
f(x)=E(Y |x)
This is the conditional expectation of Y given x.

The linear regression model assumes a specific linear form
for f
y=f(x)= α + βx

which is usually thought of as an approximation to the
truth.
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Linear prediction

0 10 200

20

40

Given examples
Predict given a new point

0 200

20
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Maximum likelihood estimation of w
Asks the question:
“For which value of w is this data most likely to

have happened?”
<=>

For what w is
p(y1 , y2…yn| x1 , x2 , x3,…xn, w) maximized?

For what w is

?
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Ordinary Least Squares (OLS)

0 20
0

Error or “residual”

Prediction

Observation

Sum squared error
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Note: In Bayesian stats you’d have
ended up with a prob dist of w

And predictions would have given a prob
dist of expected output

Often useful to know your confidence
(error).

Max likelihood can give some kinds of
confidence too.
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Fitted Lines and coefficient errors

! 

ypred (x) = ˆ " 
0

+ ˆ " x

= mean(y) + ˆ " x #mean(x)( )

err(y) = var(mean(y)) + var( ˆ " )(x #mean(x))
2[ ]
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Minimize the sum squared error

Sum squared error

Linear equation

Linear system
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Alternative derivation

n

d Solve the system (it’s better
not to invert the matrix)
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LMS Algorithm
(Least Mean Squares)

where

Online algorithm
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What to do?
• Same solution as classification

– Change the feature space

– For Example - Quadratic regression

everything is the same with

still linear in
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40
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Beyond lines and planes

everything is the same with

still linear in
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Geometric interpretation
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Probabilistic interpretation

0 20
0

Likelihood
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Assumptions vs. Reality

Voltage
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Overfitting
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ANSWER:  Gradient Descent
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Ordinary Least Squares Summary

n

d

Let

For example

Let

Minimize by solving

Given examples

Predict
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Ridge Regression
(Regularization)

0 2 4 6 8 10 12 14 16 18 20
-10

-5

0

5

10

15
Effect of regularization (degree 19)

with     “small”

Minimize by solving



CSCI 5521 Pattern Recognition Fall 2007

Probabilistic interpretation

Likelihood

Prior

Posterior
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Numerical Accuracy

Condition number

vs

We want covariates as perpendicular as possible, and
roughly the same scale
• Regularization
• Preconditioning
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Errors in Variables
(Total Least Squares)

0
0
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Sensitivity to outliers

High weight
given to outliers
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L1 Regression

Linear program Influence
function
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Kernel Regression
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Spline Regression
Regression on each interval
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Spline Regression
With equality constraints
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Spline Regression
With L1 cost
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#requests per minute

Time (days)
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Heteroscedasticity
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