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Recurrence resolved by unrolling the computation graph in time
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Recurrence resolved by unrolling the computation graph in time
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Simple recurrent block

torch.nn.RNN(1nput size, hidden dim, n layers)

X+ 1nput_size

PyTorch: https://pytorch.org/docs/stable/nn.html



https://pytorch.org/docs/stable/nn.html

Simple recurrent block - feed-forward pass
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Simple recurrent block - feed-forward pass

Given a finite input sequence: hy x; x» xs
we remove the recurrent connection by:

® successive substitution of inputs and
e unrolling the net
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we remove the recurrent connection by:

® successive substitution of inputs and
e unrolling the net




Simple recurrent block - feed-forward pass

Given a finite input sequence: X3
we remove the recurrent connection by:

® successive substitution of inputs and
e unrolling the net




Simple recurrent block - feed-forward pass

* Unrolled computational graph:
e |tIs normal feedforward network



Simple recurrent block - feed-forward pass

* Unrolled computational graph:
e |t is normal feedforward network
* |t consists of several same blocks with the same weights!



Simple recurrent block - backward pass

* Loss function could be connected to all outputs in all times

* We connect the loss to the final output only (for the simplicity)



Simple recurrent block - backward pass
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Simple recurrent block - backward pass
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Simple recurrent block - backward pass
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Simple recurrent block - backward pass

<‘
(9h2 8fw(x2, hl)

. on oW L(ys,ys")
0L (ys3,y5")
Yi \' 0y Y3
why why Why
dys
Ohs
hg h, hy hsl
—p  h; = f;(x1, hy) hy = fi;(x2,hy) h; = f;(x3, hs)
4—

% B afw(Xg,hg)
Ohy Ohs
X X

2

hg — fw (X?n fW (X27 fW(X17 hO)))

OL(ys.y§) _ 0L(ya.vE) Oys Fuloxs ha) |

8\/\] (9y3 8h3 OW




Simple recurrent block - backward pass
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Simple recurrent block - backward pass
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Simple recurrent block - backward pass
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deep blocks often sutfer from vanishing gradient
=> petter structure needea

LSTM (kind of ResNet for recurrent networks)



LSTM block
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LSTM block
cell state is long term memory= vector [singular/plural, feminine/masculine, case, ...]
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LSTM block
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LSTM block
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LSTM block
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LSTM block
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LSTM block
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L STM block

torch.nn.LSTM(1nput size, hidden dim, n layers)
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Summary

e recurrence Is resolved by unrolling the computational graph in time.

e memory Is attention through time [Alex Graves 2020]




