
DS 4440 Recurrent Neural
Networks

Last few lectures Convnets
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These filters are position invariant

But data often is Sequentially
Structured e.g
Language Genetic code

Physiological Stock prices
data
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How can we model

an arbitrary length
Sequence with a finite
set of parameters

Key
Issue

Markov Assumption
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RNNs learn to induce a fixed length

represention of x1ldotsxT

Example Learning to count in

Variable length sequences
1 if Count b
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Unclear how we could model

this with MLPs or Convnets

We need State

MLPs have hidden units

Q Why doesn't This suffice
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ftheta is shared

Sequence tagging haty at each tau
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Formally batched
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Can RNNs Track b parity

Suppose arightarrow0brightarrow1

Let Ptau be the parity of b's so

far so PtauleftarrowPtau1XORXtau
Recall from lecture 3
we will need a non linearity

Now let Wx1 1 sigmaReLV
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State change
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Add bias
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Backprop through time

no Assume Simple Model

h1WLx1 hatyW0cdoth3
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hatynablaLrtimesynablaWcircLfracpartialfpartialhatycdotnablaWcdothaty

W0X3

What about nablaWL

overlinezWhsum_tau1TnablaWhhtaucdotnablahiL

nablah3ffracpartialfpartialhatycdotnablah3haty WoinmathbbRd

Butnablah2 More Complicated



nablah2Lleftnablah2h3rightcdotleftnablah3Lright
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See Colab Notebook

Problem long sequences require repeat

Multiplies Consider

nablah1Lleftnablah1h2rightcdotleftnablah2h3rightcdotleftnablah3fright
And This is a Toy example

Gradients frac3 Tend to Explode
or VANISH

Can address Explosians via gradient
clipping
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For Intuition Explosions with Scalars

S 1 are single number No O

htauWhtau1
nablah gets a factor of w

per step
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Clipping can help with explosion
not Vanishing

gatingNext Time Architectures to help



Another related issue Memory
Have to hold on to all activations
as we move for weight update
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Truncated BPTT passes state forwad
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