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Neural network training
Key problem: How to adjust w to minimize £?

Answer: use derivative information on error surface.
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Gradient descent (one parameter)

1. Initialize ©» to some random initial value.

2. Change o iteratively at step 7 according to:

E
t+1) = () -n-2t

Implies local, not global minimum...

University of Florida
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General gradient descent

1. Initialize w to some random initial value.

2. Change w iteratively at step ¢ according to:

)~ NVE[w
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Simple example of gradient computation

Compute 2 for the neural network below:
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Derivation

multiple training patterns:
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Derivation
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Derivation
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Generalization: Backpropagation

Key problem: Generalize specific result to compute
derivatives in more general manner.

nswer: Backpropagation algorithm [Rumelhart and
McClelland,1986).
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Backpropagation derivation: output units
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Backpropagation derivation: output units
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Backpr ion derivation:output units
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Backpropagation derivation: hidden units
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Backpropagation derivation: hidden units
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Backpropagation derivation: hidden units
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Backpropagation derivation: hidden units
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Backpropagation summary
Output units:

Ik N

Hidden units:
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Basic steps in using neural networks

1. Collect training data

8. Repeat steps 6 and 7 until satisfactory model is reached
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The Forward Pass

1. Apply an input vector x, to network.

2. Compute the net input to each hidden unit (ner,) .
3. Compute the hidden-unit outputs (4 ) ,

4. Compute the neural network outputs (z,) .
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The Backward Pass
1. Evaluate 5, at the outputs, where,
8,
for cach output unit &

2. Backpropagate the & values from the outputs back-
wards through the neural network.

3. Compute 3£/, .
4. Update weights based on the computed gradient,

wit+ w(t) - nVE[w
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Practical issues

1. What should your training data be?

2. What should yo 1 network architecture be?
3. Preprocessing of data.

4. Weight initialization — why small, random values?
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Practical issues (continued)

§. Selecting the learning parameter
In gradient descent

wire1) = wit) - nVE[w

what should 1 be?

Difficult question to answer...
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Selecting the learning parameter: an
example
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Selecting the learning parameter: an
example

Where is the minimum of this “error surface?"

E = 200} + o}

How many steps to convergence? (/£ <10°)
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Deriving the gradient descent equations

Gradient?
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Convergence experiments

Initial weights: (@, ©,
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A closer look

n =002

|.
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A closer look

n =004
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A closer look

n =005
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What happens at n>05?

Gradient descent equations:
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Convergence of gradient descent equations

require that:

Why not
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Learning rate discussion

Motivation for looking at more advanced training
algorit ing more with the gradient information.
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Practical issues (continued)

6. Pattern vs. batch training

7. Good gen
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Good generalization: Two data sets

l
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The End!




