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Artificial Neural Networks to learn f: X Y

• f might be non-linear function
• X (vector of) continuous and/or discrete vars( )
• Y (vector of) continuous and/or discrete vars

• Represent f by network of threshold units
• Each unit is a logistic function

• MLE: train weights of all units to minimize sum of squared• MLE: train weights of all units to minimize sum of squared 
errors of predicted network outputs





ALVINN
[Pomerleau 1993][ ]







M(C)LE Training for Neural Networks

• Consider regression problem f:X Y , for scalar Y
y = f(x) + ε assume noise N(0 σ ) iidy  f(x)  ε assume noise N(0,σε), iid

deterministic

• Let’s maximize the conditional data likelihood

LearnedLearned 
neural network



MAP Training for Neural Networks

• Consider regression problem f:X Y , for scalar Y
y f(x) + i N(0 )y = f(x) + ε noise N(0,σε)

deterministic

Gaussian P(W) = N(0,σΙ)

ln P(W)  ↔ c ∑i wi
2





xd = input

t = target outputtd = target output

od = observed unit 
outputoutput

wi = weight i





xd = input

t = target outputtd = target output

od = observed unit 
outputoutput

wij = wt from i to j

























What you should know
• Feature selection

– Single feature scoring criteria
– Regularization– Regularization
– Search strategies

• Common approaches: Greedy addition of features, or greedy deletion

• Unsupervised dimension reduction using all features
– Principle Components Analysis

• Minimize reconstruction error
– Singular Value Decomposition

• Efficient PCA
– Independent components analysis

• Supervised dimension reduction
– Fisher Linear Discriminant  

• Project to n-1 dimensions to discriminate n classesProject to n 1 dimensions to discriminate n classes
– Hidden layers of Neural Networks

• Most flexible, local minima issues



Further Readings

• “Singular value decomposition and principal component analysis,” Wall, M.E, 
Rechtsteiner, A., and L. Rocha, in A Practical Approach to Microarray Data Analysis
(D.P. Berrar, W. Dubitzky, M. Granzow, eds.) Kluwer, Norwell, MA, 2003. pp. 91-109. 
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