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<latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit>

Wxh
<latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit>

xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

yt
<latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

torch.nn.RNN(input_size, hidden_dim, n_layers)

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

ht = fW(xt,ht�1)
<latexit sha1_base64="0nTlrDEZZq9PxDW+pbjrUQZ62ek="></latexit>

hidden_dim

Simple recurrent block

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


RNN example with backprop



Simple recurrent block - feed-forward pass
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<latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit>
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<latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit>

xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*
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<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

yt
<latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

ht = fW(xt,ht�1)
<latexit sha1_base64="0nTlrDEZZq9PxDW+pbjrUQZ62ek="></latexit>



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

yt
<latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

ht = fW(xt,ht�1)
<latexit sha1_base64="0nTlrDEZZq9PxDW+pbjrUQZ62ek="></latexit>

Simple recurrent block - feed-forward pass
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<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

*
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Simple recurrent block - feed-forward pass
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<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

yt
<latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit><latexit sha1_base64="IUjr7hMGp2bt4JKKzRg2A5H7uGA="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

ht = fW(xt,ht�1)
<latexit sha1_base64="0nTlrDEZZq9PxDW+pbjrUQZ62ek="></latexit>

we remove the recurrent connection by: 

• successive substitution of inputs and

• unrolling the net

Given a finite input sequence: 

Simple recurrent block - feed-forward pass

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

Simple recurrent block - feed-forward pass

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

we remove the recurrent connection by: 

• successive substitution of inputs and

• unrolling the net

Given a finite input sequence: x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

Simple recurrent block - feed-forward pass

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

we remove the recurrent connection by: 

• successive substitution of inputs and

• unrolling the net

Given a finite input sequence: x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

Simple recurrent block - feed-forward pass

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

we remove the recurrent connection by: 

• successive substitution of inputs and

• unrolling the net

Given a finite input sequence: x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

Simple recurrent block - feed-forward pass

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

• Unrolled computational graph:

• it is normal feedforward network



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

Simple recurrent block - feed-forward pass

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

• Unrolled computational graph:

• it is normal feedforward network

• it consists of several same blocks with the same weights!

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>
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h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
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<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

• Loss function: 

• cross-entropy loss on the last output only (for simplicity)

Simple recurrent block - backward pass
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Simple recurrent block - backward pass
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h1 = fW(x1,h0)
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h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

• Backprop:

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

@L(y3,y
gt
3 )

@W
=

<latexit sha1_base64="WS2ZRhyjvx4f2ZDeIVqdKAsDiPQ="></latexit>

?
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h2 = fW(x2,h1)
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<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

• Backprop:

• differentiation of multi-dimensional composite function:

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

h3 = fW
⇣
x3, fW

�
x2, fW(x1,h0)

�⌘

<latexit sha1_base64="N51HrQ9LGhtp24Zmk1D7YLVk/SY="></latexit>

@L(y3,y
gt
3 )

@W
=

<latexit sha1_base64="WS2ZRhyjvx4f2ZDeIVqdKAsDiPQ="></latexit>

?

Simple recurrent block - backward pass



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

@h3

@W
=

@fW(x3,h2)

@W
<latexit sha1_base64="gQlv7owFoO5UakH/c8fxtuk/Y5k="></latexit>

@h3

@W
=

@fW(x3,h2)

@W
<latexit sha1_base64="gQlv7owFoO5UakH/c8fxtuk/Y5k="></latexit>

h3 = fW
⇣
x3, fW

�
x2, fW(x1,h0)

�⌘

<latexit sha1_base64="N51HrQ9LGhtp24Zmk1D7YLVk/SY="></latexit>

@L(y3,y
gt
3 )

@W
=

<latexit sha1_base64="WS2ZRhyjvx4f2ZDeIVqdKAsDiPQ="></latexit>

?

Simple recurrent block - backward pass



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

h3 = fW
⇣
x3, fW

�
x2, fW(x1,h0)

�⌘

<latexit sha1_base64="N51HrQ9LGhtp24Zmk1D7YLVk/SY="></latexit>

@h3

@W
=

@fW(x3,h2)

@W
<latexit sha1_base64="gQlv7owFoO5UakH/c8fxtuk/Y5k="></latexit>

@L(y3,y
gt
3 )

@W
=

<latexit sha1_base64="WS2ZRhyjvx4f2ZDeIVqdKAsDiPQ="></latexit>

+
<latexit sha1_base64="8kvA44jNNb3hPnubVXQnFSAZ3MU="></latexit>

Simple recurrent block - backward pass



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

h3 = fW
⇣
x3, fW

�
x2, fW(x1,h0)

�⌘

<latexit sha1_base64="N51HrQ9LGhtp24Zmk1D7YLVk/SY="></latexit>

@h3

@W
=

@fW(x3,h2)

@W
<latexit sha1_base64="gQlv7owFoO5UakH/c8fxtuk/Y5k="></latexit>

@L(y3,y
gt
3 )

@W
=

<latexit sha1_base64="WS2ZRhyjvx4f2ZDeIVqdKAsDiPQ="></latexit>

+
<latexit sha1_base64="8kvA44jNNb3hPnubVXQnFSAZ3MU="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

@h3

@h2
=

@fW(x3,h2)

@h2
<latexit sha1_base64="jv/CCVQsrYYVscweC+9ytSJdI1E="></latexit>

@h2

@W
=

@fW(x2,h1)

@W
<latexit sha1_base64="2a9vz5Ufrx5kIftyenUG3vPN3Kw="></latexit>

@h2

@W
=

@fW(x2,h1)

@W
<latexit sha1_base64="2a9vz5Ufrx5kIftyenUG3vPN3Kw="></latexit>

@h3

@h2
=

@fW(x3,h2)

@h2
<latexit sha1_base64="jv/CCVQsrYYVscweC+9ytSJdI1E="></latexit>

Simple recurrent block - backward pass



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

h3 = fW
⇣
x3, fW

�
x2, fW(x1,h0)

�⌘

<latexit sha1_base64="N51HrQ9LGhtp24Zmk1D7YLVk/SY="></latexit>

@h3

@W
=

@fW(x3,h2)

@W
<latexit sha1_base64="gQlv7owFoO5UakH/c8fxtuk/Y5k="></latexit>

@L(y3,y
gt
3 )

@W
=

<latexit sha1_base64="WS2ZRhyjvx4f2ZDeIVqdKAsDiPQ="></latexit>

+
<latexit sha1_base64="8kvA44jNNb3hPnubVXQnFSAZ3MU="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

@h2

@W
=

@fW(x2,h1)

@W
<latexit sha1_base64="2a9vz5Ufrx5kIftyenUG3vPN3Kw="></latexit>

@h3

@h2
=

@fW(x3,h2)

@h2
<latexit sha1_base64="jv/CCVQsrYYVscweC+9ytSJdI1E="></latexit>

+
<latexit sha1_base64="8kvA44jNNb3hPnubVXQnFSAZ3MU="></latexit>

Simple recurrent block - backward pass



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

h3 = fW
⇣
x3, fW

�
x2, fW(x1,h0)

�⌘

<latexit sha1_base64="N51HrQ9LGhtp24Zmk1D7YLVk/SY="></latexit>

@h3

@W
=

@fW(x3,h2)

@W
<latexit sha1_base64="gQlv7owFoO5UakH/c8fxtuk/Y5k="></latexit>

@L(y3,y
gt
3 )

@W
=

<latexit sha1_base64="WS2ZRhyjvx4f2ZDeIVqdKAsDiPQ="></latexit>

+
<latexit sha1_base64="8kvA44jNNb3hPnubVXQnFSAZ3MU="></latexit>

@L(y3,y
gt
3 )

@y3
<latexit sha1_base64="ZjIieAmBNeakblwdQ2GKcQ5eFtQ="></latexit>

@y3

@h3
<latexit sha1_base64="pnsYT4Lmve/9Hu5J+0yjCDEXfqo=">AAACHHicbVDLSsNAFJ3UV62vqks3g0VwFZI2aLsrunFZwT6gKWEynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HSVlHrgYHDOffeuff4MaNSWdaHUVhZXVvfKG6WtrZ3dvfK+wcdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6fqTy9zv3hIhacRv1DQmgxCNOA0oRkpLXrnmBgLh1I2RUBQx6IZIjf0gnXq1LFuWx5nWvXLFNq0ZoGVWnbrjNDRZKF9WBSzQ8spv7jDCSUi4wgxJ2betWA3SfDZmJCu5iSQxwhM0In1NOQqJHKSz4zJ4opUhDCKhH1dwpv7sSFEo5TT0dWW+pPzr5eJ/Xj9RQX2QUh4ninA8/yhIGFQRzJOCQyoIVmyqCcKC6l0hHiOdltJ5lnQIltnIcfZ98jLpVE27ZtaunUrzYhFHERyBY3AKbHAOmuAKtEAbYHAHHsATeDbujUfjxXidlxaMRc8h+AXj/RPxy6NL</latexit>

@h2

@W
=

@fW(x2,h1)

@W
<latexit sha1_base64="2a9vz5Ufrx5kIftyenUG3vPN3Kw="></latexit>

@h3

@h2
=

@fW(x3,h2)

@h2
<latexit sha1_base64="jv/CCVQsrYYVscweC+9ytSJdI1E="></latexit>

+
<latexit sha1_base64="8kvA44jNNb3hPnubVXQnFSAZ3MU="></latexit>

…

Simple recurrent block - backward pass



RNN vs feedforward network
ht = fW(xt,ht�1)

<latexit sha1_base64="0nTlrDEZZq9PxDW+pbjrUQZ62ek="></latexit>

• Advantage of RNN wrt stacking the input sequence into a long vector and using 
a common feedforward network:


• RNN works for different sequence lengths

• RNN share weights between different time instances  

(similarly as convolution on spatial domain).

ht = fW(xt, fW(xt�1, . . . fW(x1,h0))
<latexit sha1_base64="e/Ur60eLFnoTbITK+SrKmywvJRU="></latexit>

ht = g(t)(xt,xt�1, . . .x1)
<latexit sha1_base64="QZS0+3OvLt7XOFBOfOA2khl8hrs="></latexit>

• RNN is universal (can compute any function computable by Turing machine) 



RNN vs feedforward network
ht = fW(xt,ht�1)

<latexit sha1_base64="0nTlrDEZZq9PxDW+pbjrUQZ62ek="></latexit>

• Advantage of RNN wrt stacking the input sequence into a 
long vector and using a common feedforward network:


• RNN works for different sequence lengths

• RNN share weights between different time instances 

(similarly as convolution on spatial domain).

ht = fW(xt, fW(xt�1, . . . fW(x1,h0))
<latexit sha1_base64="e/Ur60eLFnoTbITK+SrKmywvJRU="></latexit>

ht = g(t)(xt,xt�1, . . .x1)
<latexit sha1_base64="QZS0+3OvLt7XOFBOfOA2khl8hrs="></latexit>

• RNN is universal (can compute any function computable by 
Turing machine) 
https://en.wikipedia.org/wiki/
Turing_machine#Universal_Turing_machines

https://en.wikipedia.org/wiki/Turing_machine#Universal_Turing_machines

https://en.wikipedia.org/wiki/Turing_machine#Universal_Turing_machines
https://en.wikipedia.org/wiki/Turing_machine#Universal_Turing_machines
https://en.wikipedia.org/wiki/Turing_machine#Universal_Turing_machines


*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

L(y3,y
gt
3 )

<latexit sha1_base64="Pla8hoSRQseoHCYMAJ0AfvG6SRA="></latexit>

Simple recurrent block - backward pass

deep blocks often suffer from vanishing gradient
=> better structure needed

LSTM (kind of ResNet for recurrent networks)



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

ht = fW(xt,ht�1)
<latexit sha1_base64="0nTlrDEZZq9PxDW+pbjrUQZ62ek="></latexit>

Simple recurrent block



*

*

+
Whh

<latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit><latexit sha1_base64="QxGUm4oPrudIEPxytUQOO6xZX7Y="></latexit>

Wxh
<latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit><latexit sha1_base64="1mmwmehBR4b52m6ADB6qWYCI7to="></latexit>

xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

ht = fW(xt,ht�1)
<latexit sha1_base64="0nTlrDEZZq9PxDW+pbjrUQZ62ek="></latexit>

Simple recurrent block



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell state

concat
previous  
output

“I live with my parents, …”

current observation (embedding of one-hot encoding)

*

+*



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell state

concat
previous  
output

“I live with my parents, …”

current observation (embedding of one-hot encoding)

*

+*



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell state

singular

concat
previous  
output

“I live with my parents, …”

current observation (embedding of one-hot encoding)

*

+*



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell state

“… Já”concat
previous  
output

“I live with my parents, …”

current observation (embedding of one-hot encoding)

singular

*

+*

current 
output



“I live with my parents, …”

xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell state

concat
previous  
output

“… Já”

current observation (embedding of one-hot encoding)

singular

*

+*



“… Já”

xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell state

“… žiju …”
current 
output

concat
previous  
output

“Já”“live”

“I live with my parents, …”

current observation (embedding of one-hot encoding)

singular

*

+*



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell state

concat
previous  
output

“mými”“parents”

“… mými”

“I live with my parents, …”

current observation (embedding of one-hot encoding)

*

+*
singular



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

forget gate

concat

“mými”“parents”

“… mými”

“I live with my parents, …”

current observation (embedding of one-hot encoding)

*

+*



“mými”“parents”
xt

<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

input  
gate

“… mými”

“I live with my parents, …”

“číslo p.j.”

current observation (embedding of one-hot encoding)

concat

*

+*



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell gate

concat

“číslo p.j.”

plural

“I live with my parents, …”

*

+*

“mými”“parents”
current observation (embedding of one-hot encoding)

“… mými”



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

cell state update

concat

“číslo p.j.”

plural

“mými”“parents”
current observation (embedding of one-hot encoding)

“I live with my parents, …”

*

+*

“… mými”

plural plural



*

+

xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

*

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

“mými”“parents”

plural

output gate

current observation (embedding of one-hot encoding)

concat

“číslo p.j.”

“I live with my parents, …”

“… rodiči …”“… mými”

plural plural



xt
<latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit><latexit sha1_base64="YEuUdfU3Qb9f1h8ZbAA3ksjD8xo="></latexit>

ht�1
<latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit><latexit sha1_base64="IZxryV8873840VP6U/XnRwcGH/U="></latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

ht
<latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="48GpGSDp30zULlg8JbRYkn96nW8="></latexit><latexit sha1_base64="5XHGrzJKy9lZlc5rxnvRcyBfpx8="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit><latexit sha1_base64="pH6yxiXiNCk3RrKgQXoppis9ezA="></latexit>

LSTM block

concat

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

�
<latexit sha1_base64="C4egukzYluiqQrtFLgpdg7hSkUE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexq8HELevEYwTwgWcLsZJKMmZ1ZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE2BNORO0aZjhtBMpisOA03YwuU799gNVmklxZ6YR9UM8EmzICDZWavU0G4W4X664VTcDWiReTiqQo9Evf/QGksQhFYZwrHXXcyPjJ1gZRjidlXqxphEmEzyiXUsFDqn2k+zaGTqyygANpbIlDMrUnxMJDrWehoHtDLEZ679eKv7ndWMzvPATJqLYUEHmi4YxR0ai9HU0YIoSw6eWYKKYvRWRMVaYGBtQKQvhMsXZ98uLpHVS9U6rtdtapX6Vx1GEAziEY/DgHOpwAw1oAoF7eIRneHGk8+S8Om/z1oKTz+zDLzjvX7V5j1s=</latexit>

tanh
<latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit><latexit sha1_base64="Sq9H19M3stdV/sJ0GUWtQJhACc4="></latexit>

*

Wi
<latexit sha1_base64="s/gUDesj0/BWfsg9WSy5JclRm9k="></latexit>

Wf
<latexit sha1_base64="C8GmwcjBPxDXiG5dmtc4oYNs9JM="></latexit> Wc

<latexit sha1_base64="wUhn7kGMoH5ikpsQOwWTsFaAGqs="></latexit>

Wcz
<latexit sha1_base64="Okg+/ngA36dfwrAQ15NOEvFdMiI="></latexit>

Wfz
<latexit sha1_base64="/bunbuEXc+xDr9qjFFxrBdd4/wU="></latexit>

Wiz
<latexit sha1_base64="CFGitdYGxQn2jwON341gwZqC/jY="></latexit>

Woz
<latexit sha1_base64="LzExlaYaeVF6YLoZZTXPAkVIwDg="></latexit>

ot
<latexit sha1_base64="aAwwfOnsMdOhFggx6diNT3wB3eo="></latexit>

ct�1
<latexit sha1_base64="xJ0ywdA9fK3JjoRh8RkFO9Uhh3I="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

ĉt
<latexit sha1_base64="u8nUTEwXPwoGhhHRhOMpwA/mJjU="></latexit>

ft
<latexit sha1_base64="hs2pglnQUNzh+iKRo6miNHP4nFA="></latexit>

it
<latexit sha1_base64="tOLk3lYGgtQaWsPuWwQrctuMdiM="></latexit>

ct
<latexit sha1_base64="SJelgJODRLyRN8EqKZ7Tc8ksyCk="></latexit>

torch.nn.LSTM(input_size, hidden_dim, n_layers)

z = [xt, ht�1]
<latexit sha1_base64="IGtpfqy7jkDcY+e9NoRBRGchRHg="></latexit>

gradient highway
*

+*



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

• Music generation

• Image captioning

RNN architectures: one-to-many

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>



h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

• Sentiment classification

• Action recognition

RNN architectures: many-to-one

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>



*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

h2
<latexit sha1_base64="ImsfHoGs5vfZbTvGdVrGm3J1n6U="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

x3
<latexit sha1_base64="tTHNWDPzJHu0pvts1CKfT/eV8h0="></latexit>

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

y2
<latexit sha1_base64="dKINOnWp6jA6GTEb0ckC6ZFmPvw="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h3
<latexit sha1_base64="XperyxWHVuJFOsCBX4kSSonQ6aU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRWfOyKblxWsA9oQ5lMJ+3QySTMTIQa8iVuXCji1k9x5984aYOo9cDA4Zx7uWeOH3OmtON8WkvLK6tr66WN8ubW9k7F3t1rqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXOd+555KxSJxp6cx9UI8EixgBGsjDexKP8R67AfpOBuk9aw8sKtOzZkBLRK3IFUo0BzYH/1hRJKQCk04VqrnOrH2Uiw1I5xm5X6iaIzJBI9oz1CBQ6q8dBY8Q0dGGaIgkuYJjWbqz40Uh0pNQ99M5jHVXy8X//N6iQ4uvJSJONFUkPmhIOFIRyhvAQ2ZpETzqSGYSGayIjLGEhNtupqXcJnj7PvLi6R9UnPrtfrtabVxVdRRggM4hGNw4RwacANNaAGBBB7hGV6sB+vJerXe5qNLVrGzD79gvX8Bq4qTOg==</latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

RNN architectures: many-to-many

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

• Named-entity recognition

• Speech recognition



h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit> W

<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

• Machine translation

• Question answering

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

…

…

… …

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

<latexit sha1_base64="q35UrV80l1PebHVHI/Pflhay2Mk=">AAACMHicbVDLSsNAFJ34rPUVdelmsAgVpCRa1I1QdKHLCvYBbQmT6aQdOnkwcyOWkE9y46foRkERt36FSdpCbT0wcDjnXObeYweCKzCMd21hcWl5ZTW3ll/f2Nza1nd268oPJWU16gtfNm2imOAeqwEHwZqBZMS1BWvYg+vUbzwwqbjv3cMwYB2X9DzucEogkSz9pu0S6NtO1I+tqBzjSzwRnNjKKEDUiIsT9TGLHePpsdP4KG/pBaNkZMDzxByTAhqjaukv7a5PQ5d5QAVRqmUaAXQiIoFTweJ8O1QsIHRAeqyVUI+4THWi7OAYHyZKFzu+TJ4HOFOnJyLiKjV07SSZ7qlmvVT8z2uF4Fx0Iu4FITCPjj5yQoHBx2l7uMsloyCGCSFU8mRXTPtEEgpJx2kJ5uzJ86R+UjLPSuW7cqFyNa4jh/bRASoiE52jCrpFVVRDFD2hV/SBPrVn7U370r5H0QVtPLOH/kD7+QXKOqqg</latexit>

h4 = fW(x4,h3)

…

RNN architectures: many-to-many



h0
<latexit sha1_base64="CbA87k3jP07p2pTxnVk4VAbi4ag="></latexit>

h1
<latexit sha1_base64="vzcb72LOHUdHqLQOiRpuIltj4Fo="></latexit>

x1
<latexit sha1_base64="COEvXz3iGeHSBbgk1D2esdq26Ws="></latexit>

x2
<latexit sha1_base64="8RoCn+zhtHxiurFC6SBxaseZKNM="></latexit>

y3
<latexit sha1_base64="HdQHIBa97pVER87D80YsrBaTkS8="></latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

h1 = fW(x1,h0)
<latexit sha1_base64="z+7lJVSlUxlMEpmRulLgNudmlT8=">AAACMHicbVDLSsNAFJ3UV62vqks3g0WoICWx4mMhFF3osoJ9QFvCZDpph04ezNyIJeST3PgpulFQxK1fYZK2Uq0HBg7nnMvceyxfcAW6/qpl5uYXFpeyy7mV1bX1jfzmVl15gaSsRj3hyaZFFBPcZTXgIFjTl4w4lmANa3CZ+I07JhX33FsY+qzjkJ7LbU4JxJKZv2o7BPqWHfYjMzQifI4ngh2ZKQUIG1Fxot6nsQM8PaZH+zkzX9BLego8S4wxKaAxqmb+qd31aOAwF6ggSrUM3YdOSCRwKliUaweK+YQOSI+1YuoSh6lOmB4c4b1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5L6Yckol8o3R4XKxbiOLNpBu6iIDHSCKugaVVENUfSAntEbetcetRftQ/scRTPaeGYb/YL29Q3RgKrF</latexit>

h2 = fW(x2,h1)
<latexit sha1_base64="DOOW5Ix6+bRe2RqCVZE6ZSkA2Bk=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpCSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKStVOuBgcM55zL3HssXXIGuv2pz8wuLS8uZlezq2vrGZm5ru668QFJWo57wZNMiignushpwEKzpS0YcS7CGNbhM/MYdk4p77i0MfdZxSM/lNqcEYsnMXbUdAn3LDvuRGZYifI4ngh2ZKQUIG1Fhot6nsUM8PWZEB1kzl9eLego8S4wxyaMxqmbuqd31aOAwF6ggSrUM3YdOSCRwKliUbQeK+YQOSI+1YuoSh6lOmB4c4f1Y6WLbk/FzAafq9ERIHKWGjhUnkz3VXy8R//NaAdinnZC7fgDMpaOP7EBg8HDSHu5yySiIYUwIlTzeFdM+kYRC3PGohLMExz8nz5J6qWiUi+Wbo3zlYlxHBu2iPVRABjpBFXSNqqiGKHpAz+gNvWuP2ov2oX2OonPaeGYH/YL29Q3WXKrI</latexit>

*
Why

<latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit><latexit sha1_base64="gESxKEbJ73w2Y6i2sqe2rAc946s="></latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

RNN architectures: many-to-many

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit> W

<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

W
<latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit><latexit sha1_base64="o5poxyrsXMmICyNYiy/L0frFtAY="></latexit>

…

…

… …

y1
<latexit sha1_base64="sh6aD95q7zYc4jCmzdS7RZ2MUR8="></latexit>

h3 = fW(x3,h2)
<latexit sha1_base64="JiYCI33ppomPT5mZ4w9rvYFoQEc=">AAACMHicbVDLSsNAFJ34rPVVdelmsAgVpKSt+FgIRRe6rGAf0JYwmU7aoZMHMzdiCfkkN36KbhQUcetXmKSpVOuBgcM55zL3HtMTXIGuv2pz8wuLS8uZlezq2vrGZm5ru6FcX1JWp65wZcskignusDpwEKzlSUZsU7CmObyM/eYdk4q7zi2MPNa1Sd/hFqcEIsnIXXVsAgPTCgahEVRCfI4nghUaCQUImmFhot4nsUM8PVYOD7JGLq8X9QR4lpRSkkcpakbuqdNzqW8zB6ggSrVLugfdgEjgVLAw2/EV8wgdkj5rR9QhNlPdIDk4xPuR0sOWK6PnAE7U6YmA2EqNbDNKxnuqv14s/ue1fbBOuwF3PB+YQ8cfWb7A4OK4PdzjklEQo4gQKnm0K6YDIgmFqONxCWcxjn9OniWNcrFUKVZujvLVi7SODNpFe6iASugEVdE1qqE6ougBPaM39K49ai/ah/Y5js5p6cwO+gXt6xvbOKrL</latexit>

<latexit sha1_base64="q35UrV80l1PebHVHI/Pflhay2Mk=">AAACMHicbVDLSsNAFJ34rPUVdelmsAgVpCRa1I1QdKHLCvYBbQmT6aQdOnkwcyOWkE9y46foRkERt36FSdpCbT0wcDjnXObeYweCKzCMd21hcWl5ZTW3ll/f2Nza1nd268oPJWU16gtfNm2imOAeqwEHwZqBZMS1BWvYg+vUbzwwqbjv3cMwYB2X9DzucEogkSz9pu0S6NtO1I+tqBzjSzwRnNjKKEDUiIsT9TGLHePpsdP4KG/pBaNkZMDzxByTAhqjaukv7a5PQ5d5QAVRqmUaAXQiIoFTweJ8O1QsIHRAeqyVUI+4THWi7OAYHyZKFzu+TJ4HOFOnJyLiKjV07SSZ7qlmvVT8z2uF4Fx0Iu4FITCPjj5yQoHBx2l7uMsloyCGCSFU8mRXTPtEEgpJx2kJ5uzJ86R+UjLPSuW7cqFyNa4jh/bRASoiE52jCrpFVVRDFD2hV/SBPrVn7U370r5H0QVtPLOH/kD7+QXKOqqg</latexit>

h4 = fW(x4,h3)

…

encoder decoder

input: variable-size sequence

output: variable-size sequence

context: fixed-size semantic summary of input sequence



self-attention module

Neural      
network

Neural      
network

https://papers.nips.cc/paper/7181-attention-is-all-you-need.pdf
[Waswani, NIPS 2018]

encoder #2

encoder #1

it must

self-attention module
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self-attention module

output “z” is weighted sum of values v
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self-attention module
it robot
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Proceed similarly for every single word.



self-attention module

Neural      
network

Neural      
network

https://papers.nips.cc/paper/7181-attention-is-all-you-need.pdf
[Waswani, NIPS 2018]

encoder #2

encoder #1

it must

self-attention module



encoder

it
must



Tensor2tensor:

https://colab.research.google.com/github/tensorflow/tensor2tensor/blob/master/
tensor2tensor/notebooks/hello_t2t.ipynb

attention weights of  
orange attention head

attention weights of  
green attention head

https://colab.research.google.com/github/tensorflow/tensor2tensor/blob/master/tensor2tensor/notebooks/hello_t2t.ipynb
https://colab.research.google.com/github/tensorflow/tensor2tensor/blob/master/tensor2tensor/notebooks/hello_t2t.ipynb
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https://arxiv.org/pdf/1709.01507.pdf
Squeeze and Excitation Networks [Hu et al, CVPR oral, 2017]

Squeeze and Excitation block

• Enhancement of ResNet, InceptionNet and DenseNet architectures by SE blocks 
consistently decrease error on ImageNet, COCO, …

56

Attention in images
Channel attention



Attention modules [Woo et al,ECCV, 2018]
57https://arxiv.org/pdf/1807.06521v2.pdf

Attention in images
Channel+spatial attention

https://arxiv.org/pdf/1807.06521v2.pdf


GradCAM [Selvaraju et al,ICCV, 2018]
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https://github.com/jacobgil/pytorch-grad-cam

https://github.com/jacobgil/pytorch-grad-cam


Attention modules [Woo et al,ECCV, 2018]
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https://arxiv.org/pdf/1807.06521v2.pdf

https://arxiv.org/pdf/1807.06521v2.pdf
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Attention modules [Woo et al,ECCV, 2018]
https://arxiv.org/pdf/1807.06521v2.pdf

https://arxiv.org/pdf/1807.06521v2.pdf
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Visformer
image

cell MHSA

MSHA

ConvNet

https://arxiv.org/abs/2104.12533



https://arxiv.org/abs/2104.12533

Visformer



https://arxiv.org/abs/2104.12533

Visformer



https://arxiv.org/abs/2104.12533

Visformer

ResNet has no significant benefit from introducing 20M 
augmentations due to its limited expressing power



https://arxiv.org/abs/2104.12533

Visformer

Visformer (ResNet with MHSA) exhibit improvement in elite setting



https://arxiv.org/abs/2104.12533

Visformer

Direct usage of “language transformers” without 
convolutions is more prone to overfitting



Attention in RL

    Q-value function       Advantage function    



Summary
• self-attention overfits (requires large dataset)

• memory is attention through time [Alex Graves 2020]
• pyTorch library: https://github.com/The-AI-Summer/self-attention-cv

model = MultiHeadSelfAttention(dim=64)



Future of robotics?
• Most of predictions were wrong


• 1954 IBM predicted that natural language processing will be solved in 3 years

• 1965 Herbert Simon: machines will replace humans in all manual works

• 1970 Marvin Minsky: machines will have general AI comparable with humans

• 2014 Rei Kurzweil: the same for for 2029, now talks about 2045

https://rodneybrooks.com/predictions-scorecard-2021-january-01/
• Rodney Brooks prediction score card:

• False generalization

• AI is better in solving particular instances (image processing, stabilization)

• Rather unique successes than exponentially growing start general AI

https://rodneybrooks.com/predictions-scorecard-2021-january-01/
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• size of models (learning time => number of GPUs+memory) grows explonentially



Future of robotics?• Moorse law:

• number of tranzistors in integrated ciruit will double every year

• Observation:

• size of models (learning time => number of GPUs+memory) grows explonentially

• What we get from it?

• Improvement in accuracy of AI models slows down


