Learning in Recurrent Neural Networks, Part 2
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Generic RNN
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x¢-the t'" character of the string (“the character at time t”)
h;- the hidden state at time t
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Generic RNN

Xt — theinput (one-hot) at t
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j}t - predictions (vector of probs) at t
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he = a(W*h,_y + W)
P, = Softmax(W(S)ht)
ﬁ(xt+1 = Uj|x1;x2r ey Xt ) — yt;j



An RNN for strings with valid parentheses

* Valid parens: ()()((), (()())

* Invalid parens: )(

* Algorithm for recognizing strings w/ valid parents:
* Forallt,
(#open parens up to t) - (Hclosed parensup tot) >=0



(#open parens up to t) - (#closed parensup tot) >=0

e x = 1:s[t]=="("

e x} = 1:s[t]==")"

e xf = 1:s[t]=="\n"

h;: (#open parens) (#closed parens)

o ht — ht . :\Iot doable with a one-
xt ayer network, but

doable with a two layer
network

[280] ht>0 (Not lly doabl
~ ote: really doable
* Ve =S [O; 0, 1] ) ht <0 <:| with one-layer networks
.5, 0, _S]T, h, =0 too (approximately),
\ but with a larger h —

discussion on the
board)




RNN Gradient
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Vanishing Gradient
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* Leads to S being very small
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