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Structure of this topic

Six lectures, covering:

1. Tools for understanding neural nets
2. Application: optimisation

3. Application: generalisation

Plus two homeworks.



Agenda for today

1. Class philosophy

2. Neural network basics
3. Motivating questions
/.. Architecture design

5. Perturbation theory



Why theorise?



Why theorise?

Some reasons people do machine learning
theory:

 They like math (aesthetes).

e "You couldn't possibly use an algorithm
without a theoretical guarantee!"



Why theorise?

In this class, the main motivation will be:

e Build a better understanding of what works,
so as to both improve and build upon it.
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The stages of theory

1. Empirical exploration
2. Modelling —___“all modals oue wrorg—
3. Derivation o, Some art Uskfud

4. Empirical validation



Pure exploration

THIS 1S YOUR MACHINE (EARNING SYSTEM?

YOP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSWERS ON THE OTHER SIDE.

WHAT IF THE ANSIERS ARE WRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

xkcd.com/1838



Pure derivation

R =
" (sTRING) .

. \THEORY

kurzgesagt.org




Neural network basics
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The artificial neuron
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Composing neurons
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Backprop: a global view
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Backprop: alocal view
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Backprop: alocal view
Lackwerd puss (2 Steps)
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Motivating questions
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Optimisation

e How do we design principled training
algorithms for neural nets?

e How do we move beyond classic
—————

optimisation theory?
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Generalisation
e Why do neural nets generalise when

H#parameters > #data?

e Why do neural nets generalise when they
have the capacity to fit any labelling of the
training data’
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Neural architecture
design
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Multilayer perceptron (#(p)
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Convolutional neural network (cvw)
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Architecture zoo
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Neural architecture search (vas)
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What's missing?
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Local properties of
architecture
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Wiring constraints
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Nonlinearity design
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Perturbation theory
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Matrix perturbation theory
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Deep perturbation theory
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Summary
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Next lecture
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