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Mapping summarises measurements into a map

• Suitable learnable structure for this summarisation process is 
a recurrent network  

• Other applications of RNN: 
• Natural language translation 
• Image captioning 
• Video action recognition / labelling 
• Motion control (e.g. motion model or policy) 
• Everywhere, where  

• a simple memory (i.e. last 4 frames) is not enough 
• or reasonable explicit representation (i.e. map) is not 

available
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Simple 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>

*
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>

old memory

input

new memory

output
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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>

[ht,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>
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Simple recurrent block

Feedforward pass is just 
recurrent evaluation of this 
expression from t=1 to t=T.

*

*

+
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>

*
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,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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> *

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,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>

We remove recurrent connection by unrolling the net
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*
*
+

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>

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>

*
*
+

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>

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>

h0
<latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit>

h1
<latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit>

h2
<latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit>

x1
<latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit>

x2
<latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit>

y1
<latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit>

y2
<latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit>

• by successively repeating evaluation of  
• the same function 
• on different inputs/outputs

Simple recurrent block unrolled

[ht,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>

[ht,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>

[ht,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>

h0
<latexit sha1_base64="PHzNgB168bir4IJrCxNArh5C0KQ="></latexit><latexit sha1_base64="PHzNgB168bir4IJrCxNArh5C0KQ="></latexit><latexit sha1_base64="PHzNgB168bir4IJrCxNArh5C0KQ="></latexit><latexit sha1_base64="PHzNgB168bir4IJrCxNArh5C0KQ="></latexit>

h1
<latexit sha1_base64="liaSUtLcHZWt2In4mVMTLnPLfWY="></latexit><latexit sha1_base64="liaSUtLcHZWt2In4mVMTLnPLfWY="></latexit><latexit sha1_base64="liaSUtLcHZWt2In4mVMTLnPLfWY="></latexit><latexit sha1_base64="liaSUtLcHZWt2In4mVMTLnPLfWY="></latexit>

h2
<latexit sha1_base64="cQDhvx40nXYCgZcn+g2j9EqbHs0="></latexit><latexit sha1_base64="cQDhvx40nXYCgZcn+g2j9EqbHs0="></latexit><latexit sha1_base64="cQDhvx40nXYCgZcn+g2j9EqbHs0="></latexit><latexit sha1_base64="cQDhvx40nXYCgZcn+g2j9EqbHs0="></latexit>

x2
<latexit sha1_base64="MH4ExhU7aAO0LrsgXGcZNimZx2g="></latexit><latexit sha1_base64="MH4ExhU7aAO0LrsgXGcZNimZx2g="></latexit><latexit sha1_base64="MH4ExhU7aAO0LrsgXGcZNimZx2g="></latexit><latexit sha1_base64="MH4ExhU7aAO0LrsgXGcZNimZx2g="></latexit>

x1
<latexit sha1_base64="h7fxChO7xv165Muqn7l3eecXWqw="></latexit><latexit sha1_base64="h7fxChO7xv165Muqn7l3eecXWqw="></latexit><latexit sha1_base64="h7fxChO7xv165Muqn7l3eecXWqw="></latexit><latexit sha1_base64="h7fxChO7xv165Muqn7l3eecXWqw="></latexit>
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*
*
+

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>

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>

*
*
+

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>

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>

*
*
+

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>

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>

h0
<latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit>

h1
<latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit>

h2
<latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit>

h3
<latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit>

x1
<latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit>

x2
<latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit>

x3
<latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit>

y1
<latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit>

y2
<latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit>

y3
<latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit>

• Unrolled computational graph: 
• it is normal feedforward network 
• it consists of several same blocks with the same weights!

Simple recurrent block unrolled

[ht,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>

[ht,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>

[ht,yt] = fW(xt,ht�1)
<latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit><latexit sha1_base64="kxIJbML3uwvF2Ou8PxniNBXHph4="></latexit>
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h0
<latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit>

h1
<latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit>

h2
<latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit>

h3
<latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit>

x1
<latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit>

x2
<latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit>

x3
<latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit>

y1
<latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit>

y2
<latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit>

y3
<latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit>

[h1,y1] = fW(x1,h0)
<latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit>

[h2,y2] = fW(x2,h1)
<latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit>

[h3,y3] = fW(x3,h2)
<latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit>

Simple recurrent block unrolled

• Unrolled computational graph: 
• it is normal feedforward network 
• it consists of several same blocks with the same weights!



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

h0
<latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit>

h1
<latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit>

h2
<latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit>

h3
<latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit>

x1
<latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit>

x2
<latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit>

x3
<latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit>

y1
<latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit>

y2
<latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit>

y3
<latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit>

[h1,y1] = fW(x1,h0)
<latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit>

[h2,y2] = fW(x2,h1)
<latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit>

[h3,y3] = fW(x3,h2)
<latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></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>

Simple recurrent block unrolled

• Unrolled computational graph: 
• it is normal feedforward network 
• it consists of several same blocks with the same weights!
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h0
<latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit>

h1
<latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit>

h2
<latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit>

h3
<latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit>

x1
<latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit>

x2
<latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit>

x3
<latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit>

y1
<latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit>

y2
<latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit>

y3
<latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit>

[h1,y1] = fW(x1,h0)
<latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit>

[h2,y2] = fW(x2,h1)
<latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit>

[h3,y3] = fW(x3,h2)
<latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></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>

Simple recurrent block unrolled - backpropagation

• Backpropagation 
• it is normal feedforward network 
• it consists of several same blocks with the same weights!
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h0
<latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit>

h1
<latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit>

h2
<latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit>

h3
<latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit>

x1
<latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit>

x2
<latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit>

x3
<latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit>

y1
<latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit>

y2
<latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit>

y3
<latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit>

[h1,y1] = fW(x1,h0)
<latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit>

[h2,y2] = fW(x2,h1)
<latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit>

[h3,y3] = fW(x3,h2)
<latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></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>

Simple recurrent block unrolled - backpropagation

• Backpropagation 
• it is normal feedforward network 
• it consists of several same blocks with the same weights! 
• gradient summed over all unrolled blocks (over time)



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

h0
<latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit>

h1
<latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit>

h2
<latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit>

h3
<latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit>

x1
<latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit>

x2
<latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit>

x3
<latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit>

y1
<latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit>

y2
<latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit>

y3
<latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit>

[h1,y1] = fW(x1,h0)
<latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit>

[h2,y2] = fW(x2,h1)
<latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit>

[h3,y3] = fW(x3,h2)
<latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></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>

Simple recurrent block unrolled - backpropagation

• Backpropagation 
• it is normal feedforward network 
• it consists of several same blocks with the same weights! 
• gradient summed over all unrolled blocks (over time)
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h0
<latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit><latexit sha1_base64="9wciKOOPRNjaxLKXSdk3vcep00k="></latexit>

h1
<latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit><latexit sha1_base64="vbfmSHfgZcNuBPlOyQkRhaDPoy8="></latexit>

h2
<latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit><latexit sha1_base64="jUyPMqGkpV3fiI8ex/VFv5LjSGs="></latexit>

h3
<latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit><latexit sha1_base64="MCyQiQt0JfoY/PsFo1BuARXplzk="></latexit>

x1
<latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit><latexit sha1_base64="6MQAF2d7dCzxrz7EOfjKr821Wko="></latexit>

x2
<latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit><latexit sha1_base64="FsqQGnIUhS5YR9XiCHLnlXHFNDs="></latexit>

x3
<latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit><latexit sha1_base64="+v+hAgBkJmJv8U0BHwMhOjpuZzk="></latexit>

y1
<latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit><latexit sha1_base64="C/ejdYJi9Mttzma1ycynrK3U790="></latexit>

y2
<latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit><latexit sha1_base64="WlqAnPnvMk/FdsGlF35HUhiQ7MA="></latexit>

y3
<latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit><latexit sha1_base64="ZNO962W8XgX+8c0fnA628+wZonk="></latexit>

[h1,y1] = fW(x1,h0)
<latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit><latexit sha1_base64="GDZ0HU2teq4jU13f3iKs51RoIQI="></latexit>

[h2,y2] = fW(x2,h1)
<latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit><latexit sha1_base64="TcmAJnM17vtZ/Y8xERTkUNj9S5A="></latexit>

[h3,y3] = fW(x3,h2)
<latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></latexit><latexit sha1_base64="QLDpSvw8Fuh6evwm2lvJvnFNqho="></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>

Simple recurrent block unrolled - backpropagation

deep blocks often suffer from vanishing gradient
=> better structure needed
the most general structure is LSTM  
(kind of ResNet for recurrent networks)
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MapNet [Henriques CVPR 2018]
http://www.robots.ox.ac.uk/~joao/mapnet/
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MapNet [Henriques CVPR 2018]
http://www.robots.ox.ac.uk/~joao/mapnet/
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MapNet [Henriques CVPR 2018]
http://www.robots.ox.ac.uk/~joao/mapnet/

RGBD image
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Lidar with independent steering of depth-measuring rays
S3 principle

Transmitted through 
Optical Phased Array

Emitted laser beams

Controlling optical properties of 
OPA elements, allows to steer 
laser beams in desired directions
Reflected laser beams are 
captured by SPAD array

Images of S3 Lidar redistributed with permission of Quanergy Systems (http://quanergy.com)

Active mapping [Zimmermann, Petricek et al. ICCV 2017]
http://cmp.felk.cvut.cz/~zimmerk/

http://quanergy.com
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Active mapping [Zimmermann, Petricek et al. ICCV 2017]
http://cmp.felk.cvut.cz/~zimmerk/
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Structure of 3D mapping network

✓ 2 R20M
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Zimmermann, Petricek, Salansky, Svoboda, Learning for 
Active 3D Mapping,  ICCV oral, 2017

[1]
https://arxiv.org/abs/1708.02074

Active mapping [Zimmermann, Petricek et al. ICCV 2017]

https://arxiv.org/abs/1708.02074

