Learning Hidden Layer Representations

A target function: Input Output 10000000 → 10000000 01000000 → 01000000 00100000 → 00100000 00010000 → 00010000 00001000 → 00001000 00000100 → 00000100 00000010 → 00000010 00000001 → 00000001

Can this be learned??

Learning Hidden Layer Representations

A network:

Learned hidden layer representation:

Input Hidden Output Values 10000000 → .89 .04 .08 → 10000000 01000000 → .01 .11 .88 → 01000000 00100000 → .01 .97 .27 → 00100000 00010000 → .99 .97 .71 → 00010000 00001000 → .03 .05 .02 → 00001000 00000100 → .22 .99 .99 → 00000100 00000010 → .80 .01 .98 → 00000010 00000001 → .60 .94 .01 → 00000001

Training

Training

Training

Expressive Capabilities of ANNs

Boolean functions:

• Every boolean function can be represented by network with single hidden layer

• but might require exponential (in number of inputs) hidden units

Continuous functions:

• Every bounded continuous function can be approximated with arbitrarily small error, by network with one hidden layer [Cybenko 1989; Hornik et al. 1989]

• Any function can be approximated to arbitrary accuracy by a network with two hidden layers [Cybenko 1988].

Overfitting in ANNs

Neural Nets for Face Recognition

left strt rght up

30x32 inputs

Typical input images

90% accurate learning head pose, and recognizing 1-of-20 faces

Learned Hidden Unit Weights

left strt rght up

30x32 inputs

Learned Weights

Typical input images http://www.cs.cmu.edu/∼tom/faces.html