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Fully connected networks
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Matrix form and broadcasting subtleties
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Key questions for fully connected networks

In order to actually train a fully-connected network (or any deep network), we need 
to address a certain number of questions:

• How do we choose the width and depth of the network?
• How do we actually optimize the objective? (“SGD” is the easy 

answer, but not the algorithm most commonly used in practice)
• How do we initialize the weights of the network?
• How do we ensure the network can continue to be trained easily 

over multiple optimization iterations?

There are (still) no definite answers to these questions, and for deep learning they 
wind up being problem-specific, but we will cover some basic principles
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Gradient descent
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Illustration of gradient descent
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Newton’s Method
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Illustration of Newton’s method
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Momentum
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Illustration of momentum

Momentum “smooths” out the descent steps, but can also introduce other forms 
of oscillation and non-descent behavior

Frequently useful in training deep networks in practice
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“Unbiasing” momentum terms
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Nesterov Momentum
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Adam
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(Common to use 
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Notes on / illustration of Adam

Whether Adam is “good” optimizer is endlessly debated within deep learning, but it 
often seems to work quite well in practice (maybe?)

There are alternative universes where endless other variants became the 
“standard” (no unbiasing? average of absolute magnitude rather than squared? 
Nesterov-like acceleration?) but Adam is well-tuned and hard to uniformly beat 
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Stochastic variants
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Stochastic Gradient Descent
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The most important takeaways 

All the optimization methods you have seen thus far presented are only actually 
used in their stochastic form

The amount of valid intuition about these optimization methods you will get from 
looking at simple (convex, quadratic) optimization problems is limited

You need to constantly experiment to gain an understanding / intuition of how 
these methods actually affect deep networks of different types
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Initialization of weights
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Key idea #1: Weights don’t move “that much”

Might have the picture in your mind that the parameters of a network converge to 
some similar region of points regardless of their initialization

This is not true … weights often stay much closer to their initialization than to the 
“final” point after optimization from different 

End result: initialization matters … we’ll see some of the practical aspects next 
lecture
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Key idea #2: Choice of initialization matters
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What causes these effects?
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