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Today: parts of chapter 10

Review lecture 7

Other good resources for RNNs: 
http://karpathy.github.io/2015/05/21/rnn-effectiveness/ 
http://colah.github.io/posts/2015-08-Understanding-LSTMs/ 

http://karpathy.github.io/2015/05/21/rnn-effectiveness/
http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Alexnet — [Krizhevsky et al. NIPS 2012]

[227x227x3] INPUT 
[55x55x96] CONV1: 96 11x11 filters at stride 4, pad 0  
[27x27x96] MAX POOL1: 3x3 filters at stride 2  
[27x27x96] NORM1: Normalization layer 
[27x27x256] CONV2: 256 5x5 filters at stride 1, pad 2 
[13x13x256] MAX POOL2: 3x3 filters at stride 2  
[13x13x256] NORM2: Normalization layer  
[13x13x384] CONV3: 384 3x3 filters at stride 1, pad 1 
[13x13x384] CONV4: 384 3x3 filters at stride 1, pad 1 
[13x13x256] CONV5: 256 3x3 filters at stride 1, pad 1  
[6x6x256] MAX POOL3: 3x3 filters at stride 2 
[4096] FC6: 4096 neurons 
[4096] FC7: 4096 neurons 
[1000] FC8: 1000 neurons (class scores)



What filters are learned?
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Get to know your units
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11x11 convolution kernel 
(3 color channels)
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Get to know your units

96 Units in conv1



Gabor wavelets

u0=0 U0=0.1 U0=0.2





Comparing Human and Machine Perception
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Deep Neural Networks for Visual 
Recognition

2012: AlexNet 
5 conv. layers

Error: 15.3%

2014: VGG 
16 conv. layers

Error: 8.5%

2015: GoogLeNet 
22 conv. layers

Error: 7.8%

2016: ResNet 
>100 conv. layers

Error: 4.4%



2012: AlexNet 
5 conv. layers

Error: 15.3%



2014: VGG 
16 conv. 
layers

Small convolutional kernels: 3x3 
ReLu non-linearities 
>100 million parameters.

https://arxiv.org/pdf/1409.1556.pdf

Softmax

Error: 8.5%



Chaining convolutions

 21

3x3

25 coefficients, but only 
18 degrees of freedom

3x3

=

5x5

=

9 coefficients, but only 
6 degrees of freedom.  
Only separable filters… would this be enough?



a 0 b 0 c

0 0 0 0 0

d 0 e 0 f

0 0 0 0 0

g 0 h 0 i

=

3x3
5x5 7x7

49 coefficients 
18 degrees of freedom 

  What is lost?

25 coefficients 
9 degrees of freedom

Dilated convolutions

[https://arxiv.org/pdf/1511.07122.pdf]



[https://arxiv.org/pdf/1511.07122.pdf]



2016: ResNet 
>100 conv. layers

Error: 4.4%

https://arxiv.org/pdf/1512.03385.pdf



W x

If output has a different size:If output has same size as input:



Other good things to know

[Derived from slide by Marc’Aurelio Ranzato]

• Check gradients numerically by finite differences  
• Visualize hidden activations — should be uncorrelated and high variance

Good training: hidden units are sparse across samples and across features.



Other good things to know

[Derived from slide by Marc’Aurelio Ranzato]

• Check gradients numerically by finite differences  
• Visualize hidden activations — should be uncorrelated and high variance

Bad training: many hidden units ignore the input and/or exhibit strong correlations.



Other good things to know

[Derived from slide by Marc’Aurelio Ranzato]

• Check gradients numerically by finite differences  
• Visualize hidden activations — should be uncorrelated and high variance 
• Visualize filters

Good training: learned filters exhibit structure and are uncorrelated.



Normalization layers

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>
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<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>
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<latexit sha1_base64="VxLnEIDOnggg4VwaMJXqftgjBRs="></latexit><latexit sha1_base64="VxLnEIDOnggg4VwaMJXqftgjBRs="></latexit><latexit sha1_base64="VxLnEIDOnggg4VwaMJXqftgjBRs="></latexit><latexit sha1_base64="VxLnEIDOnggg4VwaMJXqftgjBRs="></latexit>
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<latexit sha1_base64="wk8BF/z8gcvjuBPAobS//tPLkck="></latexit><latexit sha1_base64="wk8BF/z8gcvjuBPAobS//tPLkck="></latexit><latexit sha1_base64="wk8BF/z8gcvjuBPAobS//tPLkck="></latexit><latexit sha1_base64="wk8BF/z8gcvjuBPAobS//tPLkck="></latexit>



Batch processing

Loss

Loss

Loss

…

⌃
<latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit>



“Tensor flow”

x(l) 2 RNbatch⇥H
(l)⇥W

(l)⇥C
(l)

<latexit sha1_base64="EkwsdnQfS2BbSIf8C8RVo27feKA="></latexit><latexit sha1_base64="EkwsdnQfS2BbSIf8C8RVo27feKA="></latexit><latexit sha1_base64="EkwsdnQfS2BbSIf8C8RVo27feKA="></latexit><latexit sha1_base64="EkwsdnQfS2BbSIf8C8RVo27feKA="></latexit>
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<latexit sha1_base64="m9lE93Kx9y5RmrZFv2hahC0c1/c=">AAAB/3icbVDLSgNBEOyNrxhfq4IXL4NBiJewK4Ieg15yjGAekKxhdjJJhsw+mOkVwpqDv+LFgyJe/Q1v/o2TZA+aWDBQXdVN95QfS6HRcb6t3Mrq2vpGfrOwtb2zu2fvHzR0lCjG6yySkWr5VHMpQl5HgZK3YsVp4Eve9Ec3U7/5wJUWUXiH45h7AR2Eoi8YRSN17aPqfVqSZxPSQRFwTZrzsmsXnbIzA1kmbkaKkKHWtb86vYglAQ+RSap123Vi9FKqUDDJJ4VOonlM2YgOeNvQkJplXjq7f0JOjdIj/UiZFyKZqb8nUhpoPQ580xlQHOpFbyr+57UT7F95qQjjBHnI5ov6iSQYkWkYpCcUZyjHhlCmhLmVsCFVlKGJrGBCcBe/vEwa52XXKbu3F8XKdRZHHo7hBErgwiVUoAo1qAODR3iGV3iznqwX6936mLfmrGzmEP7A+vwBYteVCg==</latexit><latexit sha1_base64="m9lE93Kx9y5RmrZFv2hahC0c1/c=">AAAB/3icbVDLSgNBEOyNrxhfq4IXL4NBiJewK4Ieg15yjGAekKxhdjJJhsw+mOkVwpqDv+LFgyJe/Q1v/o2TZA+aWDBQXdVN95QfS6HRcb6t3Mrq2vpGfrOwtb2zu2fvHzR0lCjG6yySkWr5VHMpQl5HgZK3YsVp4Eve9Ec3U7/5wJUWUXiH45h7AR2Eoi8YRSN17aPqfVqSZxPSQRFwTZrzsmsXnbIzA1kmbkaKkKHWtb86vYglAQ+RSap123Vi9FKqUDDJJ4VOonlM2YgOeNvQkJplXjq7f0JOjdIj/UiZFyKZqb8nUhpoPQ580xlQHOpFbyr+57UT7F95qQjjBHnI5ov6iSQYkWkYpCcUZyjHhlCmhLmVsCFVlKGJrGBCcBe/vEwa52XXKbu3F8XKdRZHHo7hBErgwiVUoAo1qAODR3iGV3iznqwX6936mLfmrGzmEP7A+vwBYteVCg==</latexit><latexit sha1_base64="m9lE93Kx9y5RmrZFv2hahC0c1/c=">AAAB/3icbVDLSgNBEOyNrxhfq4IXL4NBiJewK4Ieg15yjGAekKxhdjJJhsw+mOkVwpqDv+LFgyJe/Q1v/o2TZA+aWDBQXdVN95QfS6HRcb6t3Mrq2vpGfrOwtb2zu2fvHzR0lCjG6yySkWr5VHMpQl5HgZK3YsVp4Eve9Ec3U7/5wJUWUXiH45h7AR2Eoi8YRSN17aPqfVqSZxPSQRFwTZrzsmsXnbIzA1kmbkaKkKHWtb86vYglAQ+RSap123Vi9FKqUDDJJ4VOonlM2YgOeNvQkJplXjq7f0JOjdIj/UiZFyKZqb8nUhpoPQ580xlQHOpFbyr+57UT7F95qQjjBHnI5ov6iSQYkWkYpCcUZyjHhlCmhLmVsCFVlKGJrGBCcBe/vEwa52XXKbu3F8XKdRZHHo7hBErgwiVUoAo1qAODR3iGV3iznqwX6936mLfmrGzmEP7A+vwBYteVCg==</latexit><latexit sha1_base64="m9lE93Kx9y5RmrZFv2hahC0c1/c=">AAAB/3icbVDLSgNBEOyNrxhfq4IXL4NBiJewK4Ieg15yjGAekKxhdjJJhsw+mOkVwpqDv+LFgyJe/Q1v/o2TZA+aWDBQXdVN95QfS6HRcb6t3Mrq2vpGfrOwtb2zu2fvHzR0lCjG6yySkWr5VHMpQl5HgZK3YsVp4Eve9Ec3U7/5wJUWUXiH45h7AR2Eoi8YRSN17aPqfVqSZxPSQRFwTZrzsmsXnbIzA1kmbkaKkKHWtb86vYglAQ+RSap123Vi9FKqUDDJJ4VOonlM2YgOeNvQkJplXjq7f0JOjdIj/UiZFyKZqb8nUhpoPQ580xlQHOpFbyr+57UT7F95qQjjBHnI5ov6iSQYkWkYpCcUZyjHhlCmhLmVsCFVlKGJrGBCcBe/vEwa52XXKbu3F8XKdRZHHo7hBErgwiVUoAo1qAODR3iGV3iznqwX6936mLfmrGzmEP7A+vwBYteVCg==</latexit>
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<latexit sha1_base64="LnYhD+dXmvGWLJM5QxC8m9HWCqY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GOxF48V7Ae0sWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M6zO//cS1EbF6wEnC/YgOlQgFo2ildv0xq8iLab9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdK6rHpu1bu/Ktdu8zgKcApnUAEPrqEGd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wefMI8W</latexit><latexit sha1_base64="LnYhD+dXmvGWLJM5QxC8m9HWCqY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GOxF48V7Ae0sWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M6zO//cS1EbF6wEnC/YgOlQgFo2ildv0xq8iLab9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdK6rHpu1bu/Ktdu8zgKcApnUAEPrqEGd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wefMI8W</latexit><latexit sha1_base64="LnYhD+dXmvGWLJM5QxC8m9HWCqY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GOxF48V7Ae0sWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M6zO//cS1EbF6wEnC/YgOlQgFo2ildv0xq8iLab9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdK6rHpu1bu/Ktdu8zgKcApnUAEPrqEGd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wefMI8W</latexit><latexit sha1_base64="LnYhD+dXmvGWLJM5QxC8m9HWCqY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GOxF48V7Ae0sWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M6zO//cS1EbF6wEnC/YgOlQgFo2ildv0xq8iLab9UdqvuHGSVeDkpQ45Gv/TVG8QsjbhCJqkxXc9N0M+oRsEknxZ7qeEJZWM65F1LFY248bP5uVNybpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqEijYEb/nlVdK6rHpu1bu/Ktdu8zgKcApnUAEPrqEGd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wefMI8W</latexit>
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<latexit sha1_base64="SWRtafjrthxPkf43oNqKQjobf0Y="></latexit><latexit sha1_base64="SWRtafjrthxPkf43oNqKQjobf0Y="></latexit><latexit sha1_base64="SWRtafjrthxPkf43oNqKQjobf0Y="></latexit><latexit sha1_base64="SWRtafjrthxPkf43oNqKQjobf0Y="></latexit>
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<latexit sha1_base64="NF5FlO1yfTpf+J83DBd5RJrRnEE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEilASEfRY9NJjBfsBbSyb7aZdutmE3Y1QQsGLf8WLB0W8+ie8+W/cthG09cHA470ZZub5MWdKO86XlVtaXlldy68XNja3tnfs3b2GihJJaJ1EPJItHyvKmaB1zTSnrVhSHPqcNv3h9cRv3lOpWCRu9SimXoj7ggWMYG2krn1QvUtL/NQ9GaOOZiFVqPkjdO2iU3amQIvEzUgRMtS69menF5EkpEITjpVqu06svRRLzQin40InUTTGZIj7tG2owGadl05/GKNjo/RQEElTQqOp+nsixaFSo9A3nSHWAzXvTcT/vHaig0svZSJONBVktihIONIRmgSCekxSovnIEEwkM7ciMsASE21iK5gQ3PmXF0njrOw6ZffmvFi5yuLIwyEcQQlcuIAKVKEGdSDwAE/wAq/Wo/VsvVnvs9aclc3swx9YH98nm5Xq</latexit><latexit sha1_base64="NF5FlO1yfTpf+J83DBd5RJrRnEE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEilASEfRY9NJjBfsBbSyb7aZdutmE3Y1QQsGLf8WLB0W8+ie8+W/cthG09cHA470ZZub5MWdKO86XlVtaXlldy68XNja3tnfs3b2GihJJaJ1EPJItHyvKmaB1zTSnrVhSHPqcNv3h9cRv3lOpWCRu9SimXoj7ggWMYG2krn1QvUtL/NQ9GaOOZiFVqPkjdO2iU3amQIvEzUgRMtS69menF5EkpEITjpVqu06svRRLzQin40InUTTGZIj7tG2owGadl05/GKNjo/RQEElTQqOp+nsixaFSo9A3nSHWAzXvTcT/vHaig0svZSJONBVktihIONIRmgSCekxSovnIEEwkM7ciMsASE21iK5gQ3PmXF0njrOw6ZffmvFi5yuLIwyEcQQlcuIAKVKEGdSDwAE/wAq/Wo/VsvVnvs9aclc3swx9YH98nm5Xq</latexit><latexit sha1_base64="NF5FlO1yfTpf+J83DBd5RJrRnEE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEilASEfRY9NJjBfsBbSyb7aZdutmE3Y1QQsGLf8WLB0W8+ie8+W/cthG09cHA470ZZub5MWdKO86XlVtaXlldy68XNja3tnfs3b2GihJJaJ1EPJItHyvKmaB1zTSnrVhSHPqcNv3h9cRv3lOpWCRu9SimXoj7ggWMYG2krn1QvUtL/NQ9GaOOZiFVqPkjdO2iU3amQIvEzUgRMtS69menF5EkpEITjpVqu06svRRLzQin40InUTTGZIj7tG2owGadl05/GKNjo/RQEElTQqOp+nsixaFSo9A3nSHWAzXvTcT/vHaig0svZSJONBVktihIONIRmgSCekxSovnIEEwkM7ciMsASE21iK5gQ3PmXF0njrOw6ZffmvFi5yuLIwyEcQQlcuIAKVKEGdSDwAE/wAq/Wo/VsvVnvs9aclc3swx9YH98nm5Xq</latexit><latexit sha1_base64="NF5FlO1yfTpf+J83DBd5RJrRnEE=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEilASEfRY9NJjBfsBbSyb7aZdutmE3Y1QQsGLf8WLB0W8+ie8+W/cthG09cHA470ZZub5MWdKO86XlVtaXlldy68XNja3tnfs3b2GihJJaJ1EPJItHyvKmaB1zTSnrVhSHPqcNv3h9cRv3lOpWCRu9SimXoj7ggWMYG2krn1QvUtL/NQ9GaOOZiFVqPkjdO2iU3amQIvEzUgRMtS69menF5EkpEITjpVqu06svRRLzQin40InUTTGZIj7tG2owGadl05/GKNjo/RQEElTQqOp+nsixaFSo9A3nSHWAzXvTcT/vHaig0svZSJONBVktihIONIRmgSCekxSovnIEEwkM7ciMsASE21iK5gQ3PmXF0njrOw6ZffmvFi5yuLIwyEcQQlcuIAKVKEGdSDwAE/wAq/Wo/VsvVnvs9aclc3swx9YH98nm5Xq</latexit>
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<latexit sha1_base64="ZsDvD5MB0SXlKqYzXBV3NWO3M2c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahIpTdIuix2IvHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H4/rMbz9RpVkk780kpr7AQ8lCRrCx0kP9MS3zC+982i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhNd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteK5Fe/uslS7yeLIwwmcQhk8uIIa3EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AF41I+G</latexit><latexit sha1_base64="ZsDvD5MB0SXlKqYzXBV3NWO3M2c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahIpTdIuix2IvHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H4/rMbz9RpVkk780kpr7AQ8lCRrCx0kP9MS3zC+982i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhNd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteK5Fe/uslS7yeLIwwmcQhk8uIIa3EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AF41I+G</latexit><latexit sha1_base64="ZsDvD5MB0SXlKqYzXBV3NWO3M2c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahIpTdIuix2IvHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H4/rMbz9RpVkk780kpr7AQ8lCRrCx0kP9MS3zC+982i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhNd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteK5Fe/uslS7yeLIwwmcQhk8uIIa3EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AF41I+G</latexit><latexit sha1_base64="ZsDvD5MB0SXlKqYzXBV3NWO3M2c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahIpTdIuix2IvHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H4/rMbz9RpVkk780kpr7AQ8lCRrCx0kP9MS3zC+982i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhNd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteK5Fe/uslS7yeLIwwmcQhk8uIIa3EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AF41I+G</latexit>



[Figure from Wu & He, arXiv 2018]

Normalization layers

Normalize w.r.t. a single hidden unit’s pattern of activation over training examples 
(a batch of examples).

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>



[Figure from Wu & He, arXiv 2018]

Normalization layers

Normalize w.r.t. the mean and variance of the activations of all the hidden units 
(neurons) on a particular layer (c).



[Figure from Wu & He, arXiv 2018]

Normalization layers

Normalize w.r.t. the mean and variance of the activations of all the hidden units 
(neurons) on a particular layer (c) that process a particular location (h,w) in the image.



[Figure from Wu & He, arXiv 2018]

Normalization layers

Might as well…



Sequences



[http://moviebarcode.tumblr.com/]
time



w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

Convolutions in time

time



It bothered him that the dog at three fourteen (seen from the side) should have the 
same name as the dog at three fifteen (seen from the front).
— “Funes the Memorius”, Borges 1962

“The Persistence of Memory”, 
Dali 1931



[https://www.youtube.com/watch?v=wxfGT-kKxiM]



w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

time

Rufus



w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

time

Douglas



w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

time

Rufus

Memory 
unit



w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

time

Rufus

Memory 
unit

Rufus!



Recurrent Neural Networks (RNNs)

w
<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

Hidden

Outputs

Inputs



Recurrent Neural Networks (RNNs)

Hidden

Outputs

Inputs

time

h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>
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h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

h(t) = f(h(t�1),x(t))
<latexit sha1_base64="nHOnEXaQ1wDXN5w/OEfvFp9ZReI=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUsigiIIRTcuK9gHtLFMppN26GQSZiZiCfkXN/6KGxdKcePCf3HSRrCtBwYO55zL3HvckFGpLOvLyC0tr6yu5dcLG5tb2zvm7l5DBpHApI4DFoiWiyRhlJO6ooqRVigI8l1Gmu7wJvWbj0RIGvB7NQqJ46M+px7FSGmpa152fKQGrhcPkoe4pMoJvIJeaVY8scvJMfzVnrJguWsWrYo1AVwkdkaKIEOta447vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4SHqk7amHPlEOvHkxgQeaaUHvUDoxxWcqH8nYuRLOfJdnUwXlfNeKv7ntSPlXTgx5WGkCMfTj7yIQRXAtDDYo4JgxUaaICyo3hXiARIIK11rQZdgz5+8SBqnFduq2Hdnxep1VkceHIBDUAI2OAdVcAtqoA4weAav4B18GC/GmzE2PqfRnJHN7IMZGN8/zCKjuA==</latexit><latexit sha1_base64="nHOnEXaQ1wDXN5w/OEfvFp9ZReI=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUsigiIIRTcuK9gHtLFMppN26GQSZiZiCfkXN/6KGxdKcePCf3HSRrCtBwYO55zL3HvckFGpLOvLyC0tr6yu5dcLG5tb2zvm7l5DBpHApI4DFoiWiyRhlJO6ooqRVigI8l1Gmu7wJvWbj0RIGvB7NQqJ46M+px7FSGmpa152fKQGrhcPkoe4pMoJvIJeaVY8scvJMfzVnrJguWsWrYo1AVwkdkaKIEOta447vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4SHqk7amHPlEOvHkxgQeaaUHvUDoxxWcqH8nYuRLOfJdnUwXlfNeKv7ntSPlXTgx5WGkCMfTj7yIQRXAtDDYo4JgxUaaICyo3hXiARIIK11rQZdgz5+8SBqnFduq2Hdnxep1VkceHIBDUAI2OAdVcAtqoA4weAav4B18GC/GmzE2PqfRnJHN7IMZGN8/zCKjuA==</latexit><latexit sha1_base64="nHOnEXaQ1wDXN5w/OEfvFp9ZReI=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUsigiIIRTcuK9gHtLFMppN26GQSZiZiCfkXN/6KGxdKcePCf3HSRrCtBwYO55zL3HvckFGpLOvLyC0tr6yu5dcLG5tb2zvm7l5DBpHApI4DFoiWiyRhlJO6ooqRVigI8l1Gmu7wJvWbj0RIGvB7NQqJ46M+px7FSGmpa152fKQGrhcPkoe4pMoJvIJeaVY8scvJMfzVnrJguWsWrYo1AVwkdkaKIEOta447vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4SHqk7amHPlEOvHkxgQeaaUHvUDoxxWcqH8nYuRLOfJdnUwXlfNeKv7ntSPlXTgx5WGkCMfTj7yIQRXAtDDYo4JgxUaaICyo3hXiARIIK11rQZdgz5+8SBqnFduq2Hdnxep1VkceHIBDUAI2OAdVcAtqoA4weAav4B18GC/GmzE2PqfRnJHN7IMZGN8/zCKjuA==</latexit><latexit sha1_base64="nHOnEXaQ1wDXN5w/OEfvFp9ZReI=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUsigiIIRTcuK9gHtLFMppN26GQSZiZiCfkXN/6KGxdKcePCf3HSRrCtBwYO55zL3HvckFGpLOvLyC0tr6yu5dcLG5tb2zvm7l5DBpHApI4DFoiWiyRhlJO6ooqRVigI8l1Gmu7wJvWbj0RIGvB7NQqJ46M+px7FSGmpa152fKQGrhcPkoe4pMoJvIJeaVY8scvJMfzVnrJguWsWrYo1AVwkdkaKIEOta447vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4SHqk7amHPlEOvHkxgQeaaUHvUDoxxWcqH8nYuRLOfJdnUwXlfNeKv7ntSPlXTgx5WGkCMfTj7yIQRXAtDDYo4JgxUaaICyo3hXiARIIK11rQZdgz5+8SBqnFduq2Hdnxep1VkceHIBDUAI2OAdVcAtqoA4weAav4B18GC/GmzE2PqfRnJHN7IMZGN8/zCKjuA==</latexit>

y(t) = g(h(t))
<latexit sha1_base64="8bIluBAU4cHQaJlk16jKhlJKHCM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR2k1JRNCNUHTjsoK9QFvLZDpph04uzJwIIeQN3Pgqblwo4tatO9/GSRtBW38Y+PnOOcw5vxMKrsCyvozC0vLK6lpxvbSxubW9Y+7utVQQScqaNBCB7DhEMcF91gQOgnVCyYjnCNZ2JldZvX3PpOKBfwtxyPoeGfnc5ZSARgPzuOcRGDtuEqd3SQWqKb7Ao8oPHOewOjDLVs2aCi8aOzdllKsxMD97w4BGHvOBCqJU17ZC6CdEAqeCpaVepFhI6ISMWFdbn3hM9ZPpPSk+0mSI3UDq5wOe0t8TCfGUij1Hd2aLqvlaBv+rdSNwz/sJ98MImE9nH7mRwBDgLBw85JJRELE2hEqud8V0TCShoCMs6RDs+ZMXTeukZls1++a0XL/M4yiiA3SIKshGZ6iOrlEDNRFFD+gJvaBX49F4Nt6M91lrwchn9tEfGR/fCS2b/w==</latexit><latexit sha1_base64="8bIluBAU4cHQaJlk16jKhlJKHCM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR2k1JRNCNUHTjsoK9QFvLZDpph04uzJwIIeQN3Pgqblwo4tatO9/GSRtBW38Y+PnOOcw5vxMKrsCyvozC0vLK6lpxvbSxubW9Y+7utVQQScqaNBCB7DhEMcF91gQOgnVCyYjnCNZ2JldZvX3PpOKBfwtxyPoeGfnc5ZSARgPzuOcRGDtuEqd3SQWqKb7Ao8oPHOewOjDLVs2aCi8aOzdllKsxMD97w4BGHvOBCqJU17ZC6CdEAqeCpaVepFhI6ISMWFdbn3hM9ZPpPSk+0mSI3UDq5wOe0t8TCfGUij1Hd2aLqvlaBv+rdSNwz/sJ98MImE9nH7mRwBDgLBw85JJRELE2hEqud8V0TCShoCMs6RDs+ZMXTeukZls1++a0XL/M4yiiA3SIKshGZ6iOrlEDNRFFD+gJvaBX49F4Nt6M91lrwchn9tEfGR/fCS2b/w==</latexit><latexit sha1_base64="8bIluBAU4cHQaJlk16jKhlJKHCM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR2k1JRNCNUHTjsoK9QFvLZDpph04uzJwIIeQN3Pgqblwo4tatO9/GSRtBW38Y+PnOOcw5vxMKrsCyvozC0vLK6lpxvbSxubW9Y+7utVQQScqaNBCB7DhEMcF91gQOgnVCyYjnCNZ2JldZvX3PpOKBfwtxyPoeGfnc5ZSARgPzuOcRGDtuEqd3SQWqKb7Ao8oPHOewOjDLVs2aCi8aOzdllKsxMD97w4BGHvOBCqJU17ZC6CdEAqeCpaVepFhI6ISMWFdbn3hM9ZPpPSk+0mSI3UDq5wOe0t8TCfGUij1Hd2aLqvlaBv+rdSNwz/sJ98MImE9nH7mRwBDgLBw85JJRELE2hEqud8V0TCShoCMs6RDs+ZMXTeukZls1++a0XL/M4yiiA3SIKshGZ6iOrlEDNRFFD+gJvaBX49F4Nt6M91lrwchn9tEfGR/fCS2b/w==</latexit><latexit sha1_base64="8bIluBAU4cHQaJlk16jKhlJKHCM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR2k1JRNCNUHTjsoK9QFvLZDpph04uzJwIIeQN3Pgqblwo4tatO9/GSRtBW38Y+PnOOcw5vxMKrsCyvozC0vLK6lpxvbSxubW9Y+7utVQQScqaNBCB7DhEMcF91gQOgnVCyYjnCNZ2JldZvX3PpOKBfwtxyPoeGfnc5ZSARgPzuOcRGDtuEqd3SQWqKb7Ao8oPHOewOjDLVs2aCi8aOzdllKsxMD97w4BGHvOBCqJU17ZC6CdEAqeCpaVepFhI6ISMWFdbn3hM9ZPpPSk+0mSI3UDq5wOe0t8TCfGUij1Hd2aLqvlaBv+rdSNwz/sJ98MImE9nH7mRwBDgLBw85JJRELE2hEqud8V0TCShoCMs6RDs+ZMXTeukZls1++a0XL/M4yiiA3SIKshGZ6iOrlEDNRFFD+gJvaBX49F4Nt6M91lrwchn9tEfGR/fCS2b/w==</latexit>



Recurrent Neural Networks (RNNs)
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h(t) = f(h(t�1),x(t))
<latexit sha1_base64="nHOnEXaQ1wDXN5w/OEfvFp9ZReI=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUsigiIIRTcuK9gHtLFMppN26GQSZiZiCfkXN/6KGxdKcePCf3HSRrCtBwYO55zL3HvckFGpLOvLyC0tr6yu5dcLG5tb2zvm7l5DBpHApI4DFoiWiyRhlJO6ooqRVigI8l1Gmu7wJvWbj0RIGvB7NQqJ46M+px7FSGmpa152fKQGrhcPkoe4pMoJvIJeaVY8scvJMfzVnrJguWsWrYo1AVwkdkaKIEOta447vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4SHqk7amHPlEOvHkxgQeaaUHvUDoxxWcqH8nYuRLOfJdnUwXlfNeKv7ntSPlXTgx5WGkCMfTj7yIQRXAtDDYo4JgxUaaICyo3hXiARIIK11rQZdgz5+8SBqnFduq2Hdnxep1VkceHIBDUAI2OAdVcAtqoA4weAav4B18GC/GmzE2PqfRnJHN7IMZGN8/zCKjuA==</latexit><latexit sha1_base64="nHOnEXaQ1wDXN5w/OEfvFp9ZReI=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUsigiIIRTcuK9gHtLFMppN26GQSZiZiCfkXN/6KGxdKcePCf3HSRrCtBwYO55zL3HvckFGpLOvLyC0tr6yu5dcLG5tb2zvm7l5DBpHApI4DFoiWiyRhlJO6ooqRVigI8l1Gmu7wJvWbj0RIGvB7NQqJ46M+px7FSGmpa152fKQGrhcPkoe4pMoJvIJeaVY8scvJMfzVnrJguWsWrYo1AVwkdkaKIEOta447vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4SHqk7amHPlEOvHkxgQeaaUHvUDoxxWcqH8nYuRLOfJdnUwXlfNeKv7ntSPlXTgx5WGkCMfTj7yIQRXAtDDYo4JgxUaaICyo3hXiARIIK11rQZdgz5+8SBqnFduq2Hdnxep1VkceHIBDUAI2OAdVcAtqoA4weAav4B18GC/GmzE2PqfRnJHN7IMZGN8/zCKjuA==</latexit><latexit sha1_base64="nHOnEXaQ1wDXN5w/OEfvFp9ZReI=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUsigiIIRTcuK9gHtLFMppN26GQSZiZiCfkXN/6KGxdKcePCf3HSRrCtBwYO55zL3HvckFGpLOvLyC0tr6yu5dcLG5tb2zvm7l5DBpHApI4DFoiWiyRhlJO6ooqRVigI8l1Gmu7wJvWbj0RIGvB7NQqJ46M+px7FSGmpa152fKQGrhcPkoe4pMoJvIJeaVY8scvJMfzVnrJguWsWrYo1AVwkdkaKIEOta447vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4SHqk7amHPlEOvHkxgQeaaUHvUDoxxWcqH8nYuRLOfJdnUwXlfNeKv7ntSPlXTgx5WGkCMfTj7yIQRXAtDDYo4JgxUaaICyo3hXiARIIK11rQZdgz5+8SBqnFduq2Hdnxep1VkceHIBDUAI2OAdVcAtqoA4weAav4B18GC/GmzE2PqfRnJHN7IMZGN8/zCKjuA==</latexit><latexit sha1_base64="nHOnEXaQ1wDXN5w/OEfvFp9ZReI=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VoQUsigiIIRTcuK9gHtLFMppN26GQSZiZiCfkXN/6KGxdKcePCf3HSRrCtBwYO55zL3HvckFGpLOvLyC0tr6yu5dcLG5tb2zvm7l5DBpHApI4DFoiWiyRhlJO6ooqRVigI8l1Gmu7wJvWbj0RIGvB7NQqJ46M+px7FSGmpa152fKQGrhcPkoe4pMoJvIJeaVY8scvJMfzVnrJguWsWrYo1AVwkdkaKIEOta447vQBHPuEKMyRl27ZC5cRIKIoZSQqdSJIQ4SHqk7amHPlEOvHkxgQeaaUHvUDoxxWcqH8nYuRLOfJdnUwXlfNeKv7ntSPlXTgx5WGkCMfTj7yIQRXAtDDYo4JgxUaaICyo3hXiARIIK11rQZdgz5+8SBqnFduq2Hdnxep1VkceHIBDUAI2OAdVcAtqoA4weAav4B18GC/GmzE2PqfRnJHN7IMZGN8/zCKjuA==</latexit>

y(t) = g(h(t))
<latexit sha1_base64="8bIluBAU4cHQaJlk16jKhlJKHCM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR2k1JRNCNUHTjsoK9QFvLZDpph04uzJwIIeQN3Pgqblwo4tatO9/GSRtBW38Y+PnOOcw5vxMKrsCyvozC0vLK6lpxvbSxubW9Y+7utVQQScqaNBCB7DhEMcF91gQOgnVCyYjnCNZ2JldZvX3PpOKBfwtxyPoeGfnc5ZSARgPzuOcRGDtuEqd3SQWqKb7Ao8oPHOewOjDLVs2aCi8aOzdllKsxMD97w4BGHvOBCqJU17ZC6CdEAqeCpaVepFhI6ISMWFdbn3hM9ZPpPSk+0mSI3UDq5wOe0t8TCfGUij1Hd2aLqvlaBv+rdSNwz/sJ98MImE9nH7mRwBDgLBw85JJRELE2hEqud8V0TCShoCMs6RDs+ZMXTeukZls1++a0XL/M4yiiA3SIKshGZ6iOrlEDNRFFD+gJvaBX49F4Nt6M91lrwchn9tEfGR/fCS2b/w==</latexit><latexit sha1_base64="8bIluBAU4cHQaJlk16jKhlJKHCM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR2k1JRNCNUHTjsoK9QFvLZDpph04uzJwIIeQN3Pgqblwo4tatO9/GSRtBW38Y+PnOOcw5vxMKrsCyvozC0vLK6lpxvbSxubW9Y+7utVQQScqaNBCB7DhEMcF91gQOgnVCyYjnCNZ2JldZvX3PpOKBfwtxyPoeGfnc5ZSARgPzuOcRGDtuEqd3SQWqKb7Ao8oPHOewOjDLVs2aCi8aOzdllKsxMD97w4BGHvOBCqJU17ZC6CdEAqeCpaVepFhI6ISMWFdbn3hM9ZPpPSk+0mSI3UDq5wOe0t8TCfGUij1Hd2aLqvlaBv+rdSNwz/sJ98MImE9nH7mRwBDgLBw85JJRELE2hEqud8V0TCShoCMs6RDs+ZMXTeukZls1++a0XL/M4yiiA3SIKshGZ6iOrlEDNRFFD+gJvaBX49F4Nt6M91lrwchn9tEfGR/fCS2b/w==</latexit><latexit sha1_base64="8bIluBAU4cHQaJlk16jKhlJKHCM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR2k1JRNCNUHTjsoK9QFvLZDpph04uzJwIIeQN3Pgqblwo4tatO9/GSRtBW38Y+PnOOcw5vxMKrsCyvozC0vLK6lpxvbSxubW9Y+7utVQQScqaNBCB7DhEMcF91gQOgnVCyYjnCNZ2JldZvX3PpOKBfwtxyPoeGfnc5ZSARgPzuOcRGDtuEqd3SQWqKb7Ao8oPHOewOjDLVs2aCi8aOzdllKsxMD97w4BGHvOBCqJU17ZC6CdEAqeCpaVepFhI6ISMWFdbn3hM9ZPpPSk+0mSI3UDq5wOe0t8TCfGUij1Hd2aLqvlaBv+rdSNwz/sJ98MImE9nH7mRwBDgLBw85JJRELE2hEqud8V0TCShoCMs6RDs+ZMXTeukZls1++a0XL/M4yiiA3SIKshGZ6iOrlEDNRFFD+gJvaBX49F4Nt6M91lrwchn9tEfGR/fCS2b/w==</latexit><latexit sha1_base64="8bIluBAU4cHQaJlk16jKhlJKHCM=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBR2k1JRNCNUHTjsoK9QFvLZDpph04uzJwIIeQN3Pgqblwo4tatO9/GSRtBW38Y+PnOOcw5vxMKrsCyvozC0vLK6lpxvbSxubW9Y+7utVQQScqaNBCB7DhEMcF91gQOgnVCyYjnCNZ2JldZvX3PpOKBfwtxyPoeGfnc5ZSARgPzuOcRGDtuEqd3SQWqKb7Ao8oPHOewOjDLVs2aCi8aOzdllKsxMD97w4BGHvOBCqJU17ZC6CdEAqeCpaVepFhI6ISMWFdbn3hM9ZPpPSk+0mSI3UDq5wOe0t8TCfGUij1Hd2aLqvlaBv+rdSNwz/sJ98MImE9nH7mRwBDgLBw85JJRELE2hEqud8V0TCShoCMs6RDs+ZMXTeukZls1++a0XL/M4yiiA3SIKshGZ6iOrlEDNRFFD+gJvaBX49F4Nt6M91lrwchn9tEfGR/fCS2b/w==</latexit>



ŷ(t) = softmax(o(t))
<latexit sha1_base64="OjeVNvrvAVVAfYDfVG5v4X1/6fw=">AAACJHicbVDLSgMxFM3UV62vqks3wSK0mzIjgoIIohuXFewDOrVk0kwbmpkMyR2xDPMxbvwVNy584MKN32LajqCtBwKHc84l9x4vElyDbX9auYXFpeWV/GphbX1jc6u4vdPQMlaU1akUUrU8opngIasDB8FakWIk8ARresPLsd+8Y0pzGd7AKGKdgPRD7nNKwEjd4qk7IJC4AYGB5yejNL1NylBJ8Rl2gd0DQKKlDwG5T8s/IZllKt1iya7aE+B54mSkhDLUusU3tydpHLAQqCBatx07gk5CFHAqWFpwY80iQoekz9qGhiRgupNMjkzxgVF62JfKvBDwRP09kZBA61HgmeR4UT3rjcX/vHYM/kkn4WEUAwvp9CM/FhgkHjeGe1wxCmJkCKGKm10xHRBFKJheC6YEZ/bkedI4rDp21bk+Kp1fZHXk0R7aR2XkoGN0jq5QDdURRQ/oCb2gV+vRerberY9pNGdlM7voD6yvb60YpgU=</latexit><latexit sha1_base64="OjeVNvrvAVVAfYDfVG5v4X1/6fw=">AAACJHicbVDLSgMxFM3UV62vqks3wSK0mzIjgoIIohuXFewDOrVk0kwbmpkMyR2xDPMxbvwVNy584MKN32LajqCtBwKHc84l9x4vElyDbX9auYXFpeWV/GphbX1jc6u4vdPQMlaU1akUUrU8opngIasDB8FakWIk8ARresPLsd+8Y0pzGd7AKGKdgPRD7nNKwEjd4qk7IJC4AYGB5yejNL1NylBJ8Rl2gd0DQKKlDwG5T8s/IZllKt1iya7aE+B54mSkhDLUusU3tydpHLAQqCBatx07gk5CFHAqWFpwY80iQoekz9qGhiRgupNMjkzxgVF62JfKvBDwRP09kZBA61HgmeR4UT3rjcX/vHYM/kkn4WEUAwvp9CM/FhgkHjeGe1wxCmJkCKGKm10xHRBFKJheC6YEZ/bkedI4rDp21bk+Kp1fZHXk0R7aR2XkoGN0jq5QDdURRQ/oCb2gV+vRerberY9pNGdlM7voD6yvb60YpgU=</latexit><latexit sha1_base64="OjeVNvrvAVVAfYDfVG5v4X1/6fw=">AAACJHicbVDLSgMxFM3UV62vqks3wSK0mzIjgoIIohuXFewDOrVk0kwbmpkMyR2xDPMxbvwVNy584MKN32LajqCtBwKHc84l9x4vElyDbX9auYXFpeWV/GphbX1jc6u4vdPQMlaU1akUUrU8opngIasDB8FakWIk8ARresPLsd+8Y0pzGd7AKGKdgPRD7nNKwEjd4qk7IJC4AYGB5yejNL1NylBJ8Rl2gd0DQKKlDwG5T8s/IZllKt1iya7aE+B54mSkhDLUusU3tydpHLAQqCBatx07gk5CFHAqWFpwY80iQoekz9qGhiRgupNMjkzxgVF62JfKvBDwRP09kZBA61HgmeR4UT3rjcX/vHYM/kkn4WEUAwvp9CM/FhgkHjeGe1wxCmJkCKGKm10xHRBFKJheC6YEZ/bkedI4rDp21bk+Kp1fZHXk0R7aR2XkoGN0jq5QDdURRQ/oCb2gV+vRerberY9pNGdlM7voD6yvb60YpgU=</latexit><latexit sha1_base64="OjeVNvrvAVVAfYDfVG5v4X1/6fw=">AAACJHicbVDLSgMxFM3UV62vqks3wSK0mzIjgoIIohuXFewDOrVk0kwbmpkMyR2xDPMxbvwVNy584MKN32LajqCtBwKHc84l9x4vElyDbX9auYXFpeWV/GphbX1jc6u4vdPQMlaU1akUUrU8opngIasDB8FakWIk8ARresPLsd+8Y0pzGd7AKGKdgPRD7nNKwEjd4qk7IJC4AYGB5yejNL1NylBJ8Rl2gd0DQKKlDwG5T8s/IZllKt1iya7aE+B54mSkhDLUusU3tydpHLAQqCBatx07gk5CFHAqWFpwY80iQoekz9qGhiRgupNMjkzxgVF62JfKvBDwRP09kZBA61HgmeR4UT3rjcX/vHYM/kkn4WEUAwvp9CM/FhgkHjeGe1wxCmJkCKGKm10xHRBFKJheC6YEZ/bkedI4rDp21bk+Kp1fZHXk0R7aR2XkoGN0jq5QDdURRQ/oCb2gV+vRerberY9pNGdlM7voD6yvb60YpgU=</latexit>

Recurrent Neural Networks (RNNs)

time

Hidden

Outputs

Inputs

a(t) = Wh(t�1) +Ux(t) + b
<latexit sha1_base64="nffW3hxPBWcaCNMZ7hyB/KNrm3M="></latexit><latexit sha1_base64="nffW3hxPBWcaCNMZ7hyB/KNrm3M="></latexit><latexit sha1_base64="nffW3hxPBWcaCNMZ7hyB/KNrm3M="></latexit><latexit sha1_base64="nffW3hxPBWcaCNMZ7hyB/KNrm3M="></latexit>

h(t) = tanh(a(t))
<latexit sha1_base64="TKHs3NQb4Xo2N2M8pvm6GPGNci8=">AAACE3icbVBNS8NAEN3Ur1q/qh69LBah9VASEfQiFL14rGA/oIlls920SzebsDsRSuh/8OJf8eJBEa9evPlv3LYRtPXBwOO9GWbm+bHgGmz7y8otLa+sruXXCxubW9s7xd29po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eDXxW/dMaR7JWxjFzAtJX/KAUwJG6haP3ZDAwA/SwfguLUNljC+wC0QOyj8GyYxKt1iyq/YUeJE4GSmhDPVu8dPtRTQJmQQqiNYdx47BS4kCTgUbF9xEs5jQIemzjqGShEx76fSnMT4ySg8HkTIlAU/V3xMpCbUehb7pnByq572J+J/XSSA491Iu4wSYpLNFQSIwRHgSEO5xxSiIkSGEKm5uxXRAFKFgYiyYEJz5lxdJ86Tq2FXn5rRUu8ziyKMDdIjKyEFnqIauUR01EEUP6Am9oFfr0Xq23qz3WWvOymb20R9YH98q6Z2v</latexit><latexit sha1_base64="TKHs3NQb4Xo2N2M8pvm6GPGNci8=">AAACE3icbVBNS8NAEN3Ur1q/qh69LBah9VASEfQiFL14rGA/oIlls920SzebsDsRSuh/8OJf8eJBEa9evPlv3LYRtPXBwOO9GWbm+bHgGmz7y8otLa+sruXXCxubW9s7xd29po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eDXxW/dMaR7JWxjFzAtJX/KAUwJG6haP3ZDAwA/SwfguLUNljC+wC0QOyj8GyYxKt1iyq/YUeJE4GSmhDPVu8dPtRTQJmQQqiNYdx47BS4kCTgUbF9xEs5jQIemzjqGShEx76fSnMT4ySg8HkTIlAU/V3xMpCbUehb7pnByq572J+J/XSSA491Iu4wSYpLNFQSIwRHgSEO5xxSiIkSGEKm5uxXRAFKFgYiyYEJz5lxdJ86Tq2FXn5rRUu8ziyKMDdIjKyEFnqIauUR01EEUP6Am9oFfr0Xq23qz3WWvOymb20R9YH98q6Z2v</latexit><latexit sha1_base64="TKHs3NQb4Xo2N2M8pvm6GPGNci8=">AAACE3icbVBNS8NAEN3Ur1q/qh69LBah9VASEfQiFL14rGA/oIlls920SzebsDsRSuh/8OJf8eJBEa9evPlv3LYRtPXBwOO9GWbm+bHgGmz7y8otLa+sruXXCxubW9s7xd29po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eDXxW/dMaR7JWxjFzAtJX/KAUwJG6haP3ZDAwA/SwfguLUNljC+wC0QOyj8GyYxKt1iyq/YUeJE4GSmhDPVu8dPtRTQJmQQqiNYdx47BS4kCTgUbF9xEs5jQIemzjqGShEx76fSnMT4ySg8HkTIlAU/V3xMpCbUehb7pnByq572J+J/XSSA491Iu4wSYpLNFQSIwRHgSEO5xxSiIkSGEKm5uxXRAFKFgYiyYEJz5lxdJ86Tq2FXn5rRUu8ziyKMDdIjKyEFnqIauUR01EEUP6Am9oFfr0Xq23qz3WWvOymb20R9YH98q6Z2v</latexit><latexit sha1_base64="TKHs3NQb4Xo2N2M8pvm6GPGNci8=">AAACE3icbVBNS8NAEN3Ur1q/qh69LBah9VASEfQiFL14rGA/oIlls920SzebsDsRSuh/8OJf8eJBEa9evPlv3LYRtPXBwOO9GWbm+bHgGmz7y8otLa+sruXXCxubW9s7xd29po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eDXxW/dMaR7JWxjFzAtJX/KAUwJG6haP3ZDAwA/SwfguLUNljC+wC0QOyj8GyYxKt1iyq/YUeJE4GSmhDPVu8dPtRTQJmQQqiNYdx47BS4kCTgUbF9xEs5jQIemzjqGShEx76fSnMT4ySg8HkTIlAU/V3xMpCbUehb7pnByq572J+J/XSSA491Iu4wSYpLNFQSIwRHgSEO5xxSiIkSGEKm5uxXRAFKFgYiyYEJz5lxdJ86Tq2FXn5rRUu8ziyKMDdIjKyEFnqIauUR01EEUP6Am9oFfr0Xq23qz3WWvOymb20R9YH98q6Z2v</latexit>

o(t) = Vh(t) + c
<latexit sha1_base64="wFBASnpcultUa19NY0CIagT5nH8=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZEUERhKIblxXsBdpaMmmmDc0kQ5IRyjDv4sZXceNCKW5c+C5m2qlo64HAx/+fQ875vZBRpR3n08otLa+sruXXCxubW9s79u5eXYlIYlLDggnZ9JAijHJS01Qz0gwlQYHHSMMb3qR+45FIRQW/16OQdALU59SnGGkjde3LdoD0wPNjkTzEJX2cwCs4k+rJjAYz8+THxEnXLjplZ1JwEdwMiiCratcet3sCRwHhGjOkVMt1Qt2JkdQUM5IU2pEiIcJD1CctgxwFRHXiyY0JPDJKD/pCmsc1nKi/J2IUKDUKPNOZbqjmvVT8z2tF2r/oxJSHkSYcTz/yIwa1gGlgsEclwZqNDCAsqdkV4gGSCGsTa8GE4M6fvAj107LrlN27s2LlOosjDw7AISgBF5yDCrgFVVADGDyBF/AG3q1n69UaWx/T1pyVzeyDP2V9fQNisaS1</latexit><latexit sha1_base64="wFBASnpcultUa19NY0CIagT5nH8=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZEUERhKIblxXsBdpaMmmmDc0kQ5IRyjDv4sZXceNCKW5c+C5m2qlo64HAx/+fQ875vZBRpR3n08otLa+sruXXCxubW9s79u5eXYlIYlLDggnZ9JAijHJS01Qz0gwlQYHHSMMb3qR+45FIRQW/16OQdALU59SnGGkjde3LdoD0wPNjkTzEJX2cwCs4k+rJjAYz8+THxEnXLjplZ1JwEdwMiiCratcet3sCRwHhGjOkVMt1Qt2JkdQUM5IU2pEiIcJD1CctgxwFRHXiyY0JPDJKD/pCmsc1nKi/J2IUKDUKPNOZbqjmvVT8z2tF2r/oxJSHkSYcTz/yIwa1gGlgsEclwZqNDCAsqdkV4gGSCGsTa8GE4M6fvAj107LrlN27s2LlOosjDw7AISgBF5yDCrgFVVADGDyBF/AG3q1n69UaWx/T1pyVzeyDP2V9fQNisaS1</latexit><latexit sha1_base64="wFBASnpcultUa19NY0CIagT5nH8=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZEUERhKIblxXsBdpaMmmmDc0kQ5IRyjDv4sZXceNCKW5c+C5m2qlo64HAx/+fQ875vZBRpR3n08otLa+sruXXCxubW9s79u5eXYlIYlLDggnZ9JAijHJS01Qz0gwlQYHHSMMb3qR+45FIRQW/16OQdALU59SnGGkjde3LdoD0wPNjkTzEJX2cwCs4k+rJjAYz8+THxEnXLjplZ1JwEdwMiiCratcet3sCRwHhGjOkVMt1Qt2JkdQUM5IU2pEiIcJD1CctgxwFRHXiyY0JPDJKD/pCmsc1nKi/J2IUKDUKPNOZbqjmvVT8z2tF2r/oxJSHkSYcTz/yIwa1gGlgsEclwZqNDCAsqdkV4gGSCGsTa8GE4M6fvAj107LrlN27s2LlOosjDw7AISgBF5yDCrgFVVADGDyBF/AG3q1n69UaWx/T1pyVzeyDP2V9fQNisaS1</latexit><latexit sha1_base64="wFBASnpcultUa19NY0CIagT5nH8=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZEUERhKIblxXsBdpaMmmmDc0kQ5IRyjDv4sZXceNCKW5c+C5m2qlo64HAx/+fQ875vZBRpR3n08otLa+sruXXCxubW9s79u5eXYlIYlLDggnZ9JAijHJS01Qz0gwlQYHHSMMb3qR+45FIRQW/16OQdALU59SnGGkjde3LdoD0wPNjkTzEJX2cwCs4k+rJjAYz8+THxEnXLjplZ1JwEdwMiiCratcet3sCRwHhGjOkVMt1Qt2JkdQUM5IU2pEiIcJD1CctgxwFRHXiyY0JPDJKD/pCmsc1nKi/J2IUKDUKPNOZbqjmvVT8z2tF2r/oxJSHkSYcTz/yIwa1gGlgsEclwZqNDCAsqdkV4gGSCGsTa8GE4M6fvAj107LrlN27s2LlOosjDw7AISgBF5yDCrgFVVADGDyBF/AG3q1n69UaWx/T1pyVzeyDP2V9fQNisaS1</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>



Deep Recurrent Neural Networks (RNNs)
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V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

W1
<latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit>

U1
<latexit sha1_base64="CX8Lu590a9KifHfpoN/RraOmFYc=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTC00pWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFPsx3QkecQZNVYKgpiacRjl/mzgDeoNt+nOQVaJV5IGlGgP6l/BMGFZjNIwQbXueW5q+jlVhjOBs1qQaUwpm9AR9iyVNEbdz+eZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vl5noup9zmWYGJVscijJBTEKKAsiQK2RGTC2hTHGblbAxVZQZW1PNluAtf3mVdC6antv07i8brZuyjiqcwCmcgwdX0II7aIMPDFJ4hld4czLnxXl3PhajFafcOYY/cD5/APTckZ0=</latexit><latexit sha1_base64="CX8Lu590a9KifHfpoN/RraOmFYc=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTC00pWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFPsx3QkecQZNVYKgpiacRjl/mzgDeoNt+nOQVaJV5IGlGgP6l/BMGFZjNIwQbXueW5q+jlVhjOBs1qQaUwpm9AR9iyVNEbdz+eZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vl5noup9zmWYGJVscijJBTEKKAsiQK2RGTC2hTHGblbAxVZQZW1PNluAtf3mVdC6antv07i8brZuyjiqcwCmcgwdX0II7aIMPDFJ4hld4czLnxXl3PhajFafcOYY/cD5/APTckZ0=</latexit><latexit sha1_base64="CX8Lu590a9KifHfpoN/RraOmFYc=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTC00pWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFPsx3QkecQZNVYKgpiacRjl/mzgDeoNt+nOQVaJV5IGlGgP6l/BMGFZjNIwQbXueW5q+jlVhjOBs1qQaUwpm9AR9iyVNEbdz+eZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vl5noup9zmWYGJVscijJBTEKKAsiQK2RGTC2hTHGblbAxVZQZW1PNluAtf3mVdC6antv07i8brZuyjiqcwCmcgwdX0II7aIMPDFJ4hld4czLnxXl3PhajFafcOYY/cD5/APTckZ0=</latexit><latexit sha1_base64="CX8Lu590a9KifHfpoN/RraOmFYc=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTC00pWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFPsx3QkecQZNVYKgpiacRjl/mzgDeoNt+nOQVaJV5IGlGgP6l/BMGFZjNIwQbXueW5q+jlVhjOBs1qQaUwpm9AR9iyVNEbdz+eZZ+TMKkMSJco+achc/b2R01jraRzaySKjXvYK8T+vl5noup9zmWYGJVscijJBTEKKAsiQK2RGTC2hTHGblbAxVZQZW1PNluAtf3mVdC6antv07i8brZuyjiqcwCmcgwdX0II7aIMPDFJ4hld4czLnxXl3PhajFafcOYY/cD5/APTckZ0=</latexit>

UL
<latexit sha1_base64="YbbLv8NJOir00zt41cqhzEszHwM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCqYtNKFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMiTLOlHbdb6eytr6xuVXdru3s7u0f1A+POio1klCfpDyVvQgrypmgvmaa014mKU4iTrvR5Lbwu09UKpaKRz3NaJjgkWAxI1hbKQgSrMdRnPuzwf2g3nCb7hxolXglaUCJ9qD+FQxTYhIqNOFYqb7nZjrMsdSMcDqrBUbRDJMJHtG+pQInVIX5PPMMnVlliOJU2ic0mqu/N3KcKDVNIjtZZFTLXiH+5/WNjq/DnInMaCrI4lBsONIpKgpAQyYp0XxqCSaS2ayIjLHERNuaarYEb/nLq6Rz0fTcpvdw2WjdlHVU4QRO4Rw8uIIW3EEbfCCQwTO8wptjnBfn3flYjFaccucY/sD5/AEd15G4</latexit><latexit sha1_base64="YbbLv8NJOir00zt41cqhzEszHwM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCqYtNKFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMiTLOlHbdb6eytr6xuVXdru3s7u0f1A+POio1klCfpDyVvQgrypmgvmaa014mKU4iTrvR5Lbwu09UKpaKRz3NaJjgkWAxI1hbKQgSrMdRnPuzwf2g3nCb7hxolXglaUCJ9qD+FQxTYhIqNOFYqb7nZjrMsdSMcDqrBUbRDJMJHtG+pQInVIX5PPMMnVlliOJU2ic0mqu/N3KcKDVNIjtZZFTLXiH+5/WNjq/DnInMaCrI4lBsONIpKgpAQyYp0XxqCSaS2ayIjLHERNuaarYEb/nLq6Rz0fTcpvdw2WjdlHVU4QRO4Rw8uIIW3EEbfCCQwTO8wptjnBfn3flYjFaccucY/sD5/AEd15G4</latexit><latexit sha1_base64="YbbLv8NJOir00zt41cqhzEszHwM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCqYtNKFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMiTLOlHbdb6eytr6xuVXdru3s7u0f1A+POio1klCfpDyVvQgrypmgvmaa014mKU4iTrvR5Lbwu09UKpaKRz3NaJjgkWAxI1hbKQgSrMdRnPuzwf2g3nCb7hxolXglaUCJ9qD+FQxTYhIqNOFYqb7nZjrMsdSMcDqrBUbRDJMJHtG+pQInVIX5PPMMnVlliOJU2ic0mqu/N3KcKDVNIjtZZFTLXiH+5/WNjq/DnInMaCrI4lBsONIpKgpAQyYp0XxqCSaS2ayIjLHERNuaarYEb/nLq6Rz0fTcpvdw2WjdlHVU4QRO4Rw8uIIW3EEbfCCQwTO8wptjnBfn3flYjFaccucY/sD5/AEd15G4</latexit><latexit sha1_base64="YbbLv8NJOir00zt41cqhzEszHwM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCqYtNKFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMiTLOlHbdb6eytr6xuVXdru3s7u0f1A+POio1klCfpDyVvQgrypmgvmaa014mKU4iTrvR5Lbwu09UKpaKRz3NaJjgkWAxI1hbKQgSrMdRnPuzwf2g3nCb7hxolXglaUCJ9qD+FQxTYhIqNOFYqb7nZjrMsdSMcDqrBUbRDJMJHtG+pQInVIX5PPMMnVlliOJU2ic0mqu/N3KcKDVNIjtZZFTLXiH+5/WNjq/DnInMaCrI4lBsONIpKgpAQyYp0XxqCSaS2ayIjLHERNuaarYEb/nLq6Rz0fTcpvdw2WjdlHVU4QRO4Rw8uIIW3EEbfCCQwTO8wptjnBfn3flYjFaccucY/sD5/AEd15G4</latexit>

WL
<latexit sha1_base64="MD71ZVPNSWBYxXq78sTL75IYAKA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6U07dDIJMxOhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTpgKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh+Hbmd55QaZ7IRzNJMYjpUPKIM2qs5PsxNaMwyjvT/n2/WnPr7hxklXgFqUGBZr/65Q8SlsUoDRNU657npibIqTKcCZxW/ExjStmYDrFnqaQx6iCfZ56SM6sMSJQo+6Qhc/X3Rk5jrSdxaCdnGfWyNxP/83qZia6DnMs0MyjZ4lCUCWISMiuADLhCZsTEEsoUt1kJG1FFmbE1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w8g5ZG6</latexit><latexit sha1_base64="MD71ZVPNSWBYxXq78sTL75IYAKA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6U07dDIJMxOhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTpgKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh+Hbmd55QaZ7IRzNJMYjpUPKIM2qs5PsxNaMwyjvT/n2/WnPr7hxklXgFqUGBZr/65Q8SlsUoDRNU657npibIqTKcCZxW/ExjStmYDrFnqaQx6iCfZ56SM6sMSJQo+6Qhc/X3Rk5jrSdxaCdnGfWyNxP/83qZia6DnMs0MyjZ4lCUCWISMiuADLhCZsTEEsoUt1kJG1FFmbE1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w8g5ZG6</latexit><latexit sha1_base64="MD71ZVPNSWBYxXq78sTL75IYAKA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6U07dDIJMxOhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTpgKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh+Hbmd55QaZ7IRzNJMYjpUPKIM2qs5PsxNaMwyjvT/n2/WnPr7hxklXgFqUGBZr/65Q8SlsUoDRNU657npibIqTKcCZxW/ExjStmYDrFnqaQx6iCfZ56SM6sMSJQo+6Qhc/X3Rk5jrSdxaCdnGfWyNxP/83qZia6DnMs0MyjZ4lCUCWISMiuADLhCZsTEEsoUt1kJG1FFmbE1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w8g5ZG6</latexit><latexit sha1_base64="MD71ZVPNSWBYxXq78sTL75IYAKA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6U07dDIJMxOhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTpgKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh+Hbmd55QaZ7IRzNJMYjpUPKIM2qs5PsxNaMwyjvT/n2/WnPr7hxklXgFqUGBZr/65Q8SlsUoDRNU657npibIqTKcCZxW/ExjStmYDrFnqaQx6iCfZ56SM6sMSJQo+6Qhc/X3Rk5jrSdxaCdnGfWyNxP/83qZia6DnMs0MyjZ4lCUCWISMiuADLhCZsTEEsoUt1kJG1FFmbE1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w8g5ZG6</latexit>hL

<latexit sha1_base64="/xXu4tekDFB/8pYEafJ6Pq69Qjk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6aQdOpmEmRuhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTphKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7czv/PEtRGJesRJyoOYDpWIBKNoJd+PKY7CKB9N+/f9as2tu3OQVeIVpAYFmv3qlz9IWBZzhUxSY3qem2KQU42CST6t+JnhKWVjOuQ9SxWNuQnyeeYpObPKgESJtk8hmau/N3IaGzOJQzs5y2iWvZn4n9fLMLoOcqHSDLlii0NRJgkmZFYAGQjNGcqJJZRpYbMSNqKaMrQ1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w863JHL</latexit><latexit sha1_base64="/xXu4tekDFB/8pYEafJ6Pq69Qjk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6aQdOpmEmRuhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTphKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7czv/PEtRGJesRJyoOYDpWIBKNoJd+PKY7CKB9N+/f9as2tu3OQVeIVpAYFmv3qlz9IWBZzhUxSY3qem2KQU42CST6t+JnhKWVjOuQ9SxWNuQnyeeYpObPKgESJtk8hmau/N3IaGzOJQzs5y2iWvZn4n9fLMLoOcqHSDLlii0NRJgkmZFYAGQjNGcqJJZRpYbMSNqKaMrQ1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w863JHL</latexit><latexit sha1_base64="/xXu4tekDFB/8pYEafJ6Pq69Qjk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6aQdOpmEmRuhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTphKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7czv/PEtRGJesRJyoOYDpWIBKNoJd+PKY7CKB9N+/f9as2tu3OQVeIVpAYFmv3qlz9IWBZzhUxSY3qem2KQU42CST6t+JnhKWVjOuQ9SxWNuQnyeeYpObPKgESJtk8hmau/N3IaGzOJQzs5y2iWvZn4n9fLMLoOcqHSDLlii0NRJgkmZFYAGQjNGcqJJZRpYbMSNqKaMrQ1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w863JHL</latexit><latexit sha1_base64="/xXu4tekDFB/8pYEafJ6Pq69Qjk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBTSiT6aQdOpmEmRuhhP6GGxeKuPVn3Pk3TtsstPXAwOGce7lnTphKYdB1v53S2vrG5lZ5u7Kzu7d/UD08apsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4Jx7czv/PEtRGJesRJyoOYDpWIBKNoJd+PKY7CKB9N+/f9as2tu3OQVeIVpAYFmv3qlz9IWBZzhUxSY3qem2KQU42CST6t+JnhKWVjOuQ9SxWNuQnyeeYpObPKgESJtk8hmau/N3IaGzOJQzs5y2iWvZn4n9fLMLoOcqHSDLlii0NRJgkmZFYAGQjNGcqJJZRpYbMSNqKaMrQ1VWwJ3vKXV0n7ou65de/hsta4Keoowwmcwjl4cAUNuIMmtIBBCs/wCm9O5rw4787HYrTkFDvH8AfO5w863JHL</latexit>

h1
<latexit sha1_base64="rLixNotv064fe1LGhZRhn5aEBBI=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMoH88G3qDecJvuHGSVeCVpQIn2oP7lDxOWxVwhk9SYvuemGORUo2CSz2p+ZnhK2YSOeN9SRWNugnyeeUbOrDIkUaLtU0jm6u+NnMbGTOPQThYZzbJXiP95/Qyj6yAXKs2QK7Y4FGWSYEKKAshQaM5QTi2hTAublbAx1ZShralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/ABHwkbA=</latexit><latexit sha1_base64="rLixNotv064fe1LGhZRhn5aEBBI=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMoH88G3qDecJvuHGSVeCVpQIn2oP7lDxOWxVwhk9SYvuemGORUo2CSz2p+ZnhK2YSOeN9SRWNugnyeeUbOrDIkUaLtU0jm6u+NnMbGTOPQThYZzbJXiP95/Qyj6yAXKs2QK7Y4FGWSYEKKAshQaM5QTi2hTAublbAx1ZShralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/ABHwkbA=</latexit><latexit sha1_base64="rLixNotv064fe1LGhZRhn5aEBBI=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMoH88G3qDecJvuHGSVeCVpQIn2oP7lDxOWxVwhk9SYvuemGORUo2CSz2p+ZnhK2YSOeN9SRWNugnyeeUbOrDIkUaLtU0jm6u+NnMbGTOPQThYZzbJXiP95/Qyj6yAXKs2QK7Y4FGWSYEKKAshQaM5QTi2hTAublbAx1ZShralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/ABHwkbA=</latexit><latexit sha1_base64="rLixNotv064fe1LGhZRhn5aEBBI=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMoH88G3qDecJvuHGSVeCVpQIn2oP7lDxOWxVwhk9SYvuemGORUo2CSz2p+ZnhK2YSOeN9SRWNugnyeeUbOrDIkUaLtU0jm6u+NnMbGTOPQThYZzbJXiP95/Qyj6yAXKs2QK7Y4FGWSYEKKAshQaM5QTi2hTAublbAx1ZShralmS/CWv7xKuhdNz21695eN1k1ZRxVO4BTOwYMraMEdtKEDDFJ4hld4czLnxXl3PhajFafcOYY/cD5/ABHwkbA=</latexit>

U2
<latexit sha1_base64="dmUSzsBPfweiLcJNpgS1eN3eHuw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsKpi00oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98yJMs6Udt1vp7KxubW9U92t7e0fHB7Vj0+6KjWSUJ+kPJX9CCvKmaC+ZprTfiYpTiJOe9H0rvB7T1QqlopHPctomOCxYDEjWFspCBKsJ1Gc+/Nha1hvuE13AbROvJI0oERnWP8KRikxCRWacKzUwHMzHeZYakY4ndcCo2iGyRSP6cBSgROqwnyReY4urDJCcSrtExot1N8bOU6UmiWRnSwyqlWvEP/zBkbHN2HORGY0FWR5KDYc6RQVBaARk5RoPrMEE8lsVkQmWGKibU01W4K3+uV10m01PbfpPVw12rdlHVU4g3O4BA+uoQ330AEfCGTwDK/w5hjnxXl3PpajFafcOYU/cD5/APZgkZ4=</latexit><latexit sha1_base64="dmUSzsBPfweiLcJNpgS1eN3eHuw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsKpi00oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98yJMs6Udt1vp7KxubW9U92t7e0fHB7Vj0+6KjWSUJ+kPJX9CCvKmaC+ZprTfiYpTiJOe9H0rvB7T1QqlopHPctomOCxYDEjWFspCBKsJ1Gc+/Nha1hvuE13AbROvJI0oERnWP8KRikxCRWacKzUwHMzHeZYakY4ndcCo2iGyRSP6cBSgROqwnyReY4urDJCcSrtExot1N8bOU6UmiWRnSwyqlWvEP/zBkbHN2HORGY0FWR5KDYc6RQVBaARk5RoPrMEE8lsVkQmWGKibU01W4K3+uV10m01PbfpPVw12rdlHVU4g3O4BA+uoQ330AEfCGTwDK/w5hjnxXl3PpajFafcOYU/cD5/APZgkZ4=</latexit><latexit sha1_base64="dmUSzsBPfweiLcJNpgS1eN3eHuw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsKpi00oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98yJMs6Udt1vp7KxubW9U92t7e0fHB7Vj0+6KjWSUJ+kPJX9CCvKmaC+ZprTfiYpTiJOe9H0rvB7T1QqlopHPctomOCxYDEjWFspCBKsJ1Gc+/Nha1hvuE13AbROvJI0oERnWP8KRikxCRWacKzUwHMzHeZYakY4ndcCo2iGyRSP6cBSgROqwnyReY4urDJCcSrtExot1N8bOU6UmiWRnSwyqlWvEP/zBkbHN2HORGY0FWR5KDYc6RQVBaARk5RoPrMEE8lsVkQmWGKibU01W4K3+uV10m01PbfpPVw12rdlHVU4g3O4BA+uoQ330AEfCGTwDK/w5hjnxXl3PpajFafcOYU/cD5/APZgkZ4=</latexit><latexit sha1_base64="dmUSzsBPfweiLcJNpgS1eN3eHuw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsKpi00oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98yJMs6Udt1vp7KxubW9U92t7e0fHB7Vj0+6KjWSUJ+kPJX9CCvKmaC+ZprTfiYpTiJOe9H0rvB7T1QqlopHPctomOCxYDEjWFspCBKsJ1Gc+/Nha1hvuE13AbROvJI0oERnWP8KRikxCRWacKzUwHMzHeZYakY4ndcCo2iGyRSP6cBSgROqwnyReY4urDJCcSrtExot1N8bOU6UmiWRnSwyqlWvEP/zBkbHN2HORGY0FWR5KDYc6RQVBaARk5RoPrMEE8lsVkQmWGKibU01W4K3+uV10m01PbfpPVw12rdlHVU4g3O4BA+uoQ330AEfCGTwDK/w5hjnxXl3PpajFafcOYU/cD5/APZgkZ4=</latexit>

…



Backprop through time

time

Hidden

Outputs

Inputs

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
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h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

@ŷ(t)

@x(0)
<latexit sha1_base64="H2O+xpqswAp9EEhR+P420aocXLw=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl147KCfUATy2Q6aYdOHszciCXke9z4K266UIpbP8RJm0VtPTBwOOfeO/ceLxZcgWVNjbX1jc2t7dJOeXdv/+DQPDpuqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N7nO//cKk4lH4BOOYuQEZhNznlICWeuat40tCUycmEjgR2BkSSJ2AwNDz03GWPadVuMiyhYLCe80tS1s9s2LVrBnwKrELUkEFGj1z4vQjmgQsBCqIUl3bisFN8/lUsKzsJIrFhI7IgHU1DUnAlJvOTs3wuVb62I+kfiHgmbrYkZJAqXHg6cp8UbXs5eJ/XjcB/8ZNeRgnwEI6/8hPBIYI57nhPpeMghhrQqjkeldMh0RnBzrdsg7BXj55lbQua7ZVsx+vKvW7Io4SOkVnqIpsdI3q6AE1UBNR9IY+0Cf6Mt6NiTE1vuela0bRc4L+wPj5BTk1qO8=</latexit><latexit sha1_base64="H2O+xpqswAp9EEhR+P420aocXLw=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl147KCfUATy2Q6aYdOHszciCXke9z4K266UIpbP8RJm0VtPTBwOOfeO/ceLxZcgWVNjbX1jc2t7dJOeXdv/+DQPDpuqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N7nO//cKk4lH4BOOYuQEZhNznlICWeuat40tCUycmEjgR2BkSSJ2AwNDz03GWPadVuMiyhYLCe80tS1s9s2LVrBnwKrELUkEFGj1z4vQjmgQsBCqIUl3bisFN8/lUsKzsJIrFhI7IgHU1DUnAlJvOTs3wuVb62I+kfiHgmbrYkZJAqXHg6cp8UbXs5eJ/XjcB/8ZNeRgnwEI6/8hPBIYI57nhPpeMghhrQqjkeldMh0RnBzrdsg7BXj55lbQua7ZVsx+vKvW7Io4SOkVnqIpsdI3q6AE1UBNR9IY+0Cf6Mt6NiTE1vuela0bRc4L+wPj5BTk1qO8=</latexit><latexit sha1_base64="H2O+xpqswAp9EEhR+P420aocXLw=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl147KCfUATy2Q6aYdOHszciCXke9z4K266UIpbP8RJm0VtPTBwOOfeO/ceLxZcgWVNjbX1jc2t7dJOeXdv/+DQPDpuqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N7nO//cKk4lH4BOOYuQEZhNznlICWeuat40tCUycmEjgR2BkSSJ2AwNDz03GWPadVuMiyhYLCe80tS1s9s2LVrBnwKrELUkEFGj1z4vQjmgQsBCqIUl3bisFN8/lUsKzsJIrFhI7IgHU1DUnAlJvOTs3wuVb62I+kfiHgmbrYkZJAqXHg6cp8UbXs5eJ/XjcB/8ZNeRgnwEI6/8hPBIYI57nhPpeMghhrQqjkeldMh0RnBzrdsg7BXj55lbQua7ZVsx+vKvW7Io4SOkVnqIpsdI3q6AE1UBNR9IY+0Cf6Mt6NiTE1vuela0bRc4L+wPj5BTk1qO8=</latexit><latexit sha1_base64="H2O+xpqswAp9EEhR+P420aocXLw=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl147KCfUATy2Q6aYdOHszciCXke9z4K266UIpbP8RJm0VtPTBwOOfeO/ceLxZcgWVNjbX1jc2t7dJOeXdv/+DQPDpuqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N7nO//cKk4lH4BOOYuQEZhNznlICWeuat40tCUycmEjgR2BkSSJ2AwNDz03GWPadVuMiyhYLCe80tS1s9s2LVrBnwKrELUkEFGj1z4vQjmgQsBCqIUl3bisFN8/lUsKzsJIrFhI7IgHU1DUnAlJvOTs3wuVb62I+kfiHgmbrYkZJAqXHg6cp8UbXs5eJ/XjcB/8ZNeRgnwEI6/8hPBIYI57nhPpeMghhrQqjkeldMh0RnBzrdsg7BXj55lbQua7ZVsx+vKvW7Io4SOkVnqIpsdI3q6AE1UBNR9IY+0Cf6Mt6NiTE1vuela0bRc4L+wPj5BTk1qO8=</latexit>

ŷ(t)
<latexit sha1_base64="tgAq4tb312pFl78L3A6rrXFmtTY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahbkoigi6LblxWsA9oYplMJ+3QySTM3AghZuGvuHGhiFt/w51/46TNQlsPDBzOuZd75vgxZwps+9tYWl5ZXVuvbFQ3t7Z3ds29/Y6KEklom0Q8kj0fK8qZoG1gwGkvlhSHPqddf3Jd+N0HKhWLxB2kMfVCPBIsYASDlgbmoTvGkLkhhrEfZGme32d1OM0HZs1u2FNYi8QpSQ2VaA3ML3cYkSSkAgjHSvUdOwYvwxIY4TSvuomiMSYTPKJ9TQUOqfKyaf7cOtHK0AoiqZ8Aa6r+3shwqFQa+nqyCKrmvUL8z+snEFx6GRNxAlSQ2aEg4RZEVlGGNWSSEuCpJphIprNaZIwlJqArq+oSnPkvL5LOWcOxG87tea15VdZRQUfoGNWRgy5QE92gFmojgh7RM3pFb8aT8WK8Gx+z0SWj3DlAf2B8/gCVwpZy</latexit><latexit sha1_base64="tgAq4tb312pFl78L3A6rrXFmtTY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahbkoigi6LblxWsA9oYplMJ+3QySTM3AghZuGvuHGhiFt/w51/46TNQlsPDBzOuZd75vgxZwps+9tYWl5ZXVuvbFQ3t7Z3ds29/Y6KEklom0Q8kj0fK8qZoG1gwGkvlhSHPqddf3Jd+N0HKhWLxB2kMfVCPBIsYASDlgbmoTvGkLkhhrEfZGme32d1OM0HZs1u2FNYi8QpSQ2VaA3ML3cYkSSkAgjHSvUdOwYvwxIY4TSvuomiMSYTPKJ9TQUOqfKyaf7cOtHK0AoiqZ8Aa6r+3shwqFQa+nqyCKrmvUL8z+snEFx6GRNxAlSQ2aEg4RZEVlGGNWSSEuCpJphIprNaZIwlJqArq+oSnPkvL5LOWcOxG87tea15VdZRQUfoGNWRgy5QE92gFmojgh7RM3pFb8aT8WK8Gx+z0SWj3DlAf2B8/gCVwpZy</latexit><latexit sha1_base64="tgAq4tb312pFl78L3A6rrXFmtTY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahbkoigi6LblxWsA9oYplMJ+3QySTM3AghZuGvuHGhiFt/w51/46TNQlsPDBzOuZd75vgxZwps+9tYWl5ZXVuvbFQ3t7Z3ds29/Y6KEklom0Q8kj0fK8qZoG1gwGkvlhSHPqddf3Jd+N0HKhWLxB2kMfVCPBIsYASDlgbmoTvGkLkhhrEfZGme32d1OM0HZs1u2FNYi8QpSQ2VaA3ML3cYkSSkAgjHSvUdOwYvwxIY4TSvuomiMSYTPKJ9TQUOqfKyaf7cOtHK0AoiqZ8Aa6r+3shwqFQa+nqyCKrmvUL8z+snEFx6GRNxAlSQ2aEg4RZEVlGGNWSSEuCpJphIprNaZIwlJqArq+oSnPkvL5LOWcOxG87tea15VdZRQUfoGNWRgy5QE92gFmojgh7RM3pFb8aT8WK8Gx+z0SWj3DlAf2B8/gCVwpZy</latexit><latexit sha1_base64="tgAq4tb312pFl78L3A6rrXFmtTY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahbkoigi6LblxWsA9oYplMJ+3QySTM3AghZuGvuHGhiFt/w51/46TNQlsPDBzOuZd75vgxZwps+9tYWl5ZXVuvbFQ3t7Z3ds29/Y6KEklom0Q8kj0fK8qZoG1gwGkvlhSHPqddf3Jd+N0HKhWLxB2kMfVCPBIsYASDlgbmoTvGkLkhhrEfZGme32d1OM0HZs1u2FNYi8QpSQ2VaA3ML3cYkSSkAgjHSvUdOwYvwxIY4TSvuomiMSYTPKJ9TQUOqfKyaf7cOtHK0AoiqZ8Aa6r+3shwqFQa+nqyCKrmvUL8z+snEFx6GRNxAlSQ2aEg4RZEVlGGNWSSEuCpJphIprNaZIwlJqArq+oSnPkvL5LOWcOxG87tea15VdZRQUfoGNWRgy5QE92gFmojgh7RM3pFb8aT8WK8Gx+z0SWj3DlAf2B8/gCVwpZy</latexit>

x(0)
<latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit>
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<latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit>



time

Hidden

Outputs

Inputs

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>V

<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>
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U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

⌃
<latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit>

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit> @J

@W
=

TX

t=0

@L(ŷ(t),y(t))

@W
<latexit sha1_base64="ehPmbTowArNgphSryzrQHt2yWyU="></latexit><latexit sha1_base64="ehPmbTowArNgphSryzrQHt2yWyU="></latexit><latexit sha1_base64="ehPmbTowArNgphSryzrQHt2yWyU="></latexit><latexit sha1_base64="ehPmbTowArNgphSryzrQHt2yWyU="></latexit>



Recurrent linear layer

a(t) = Wh(t�1) +Ux(t) + b
<latexit sha1_base64="nffW3hxPBWcaCNMZ7hyB/KNrm3M="></latexit><latexit sha1_base64="nffW3hxPBWcaCNMZ7hyB/KNrm3M="></latexit><latexit sha1_base64="nffW3hxPBWcaCNMZ7hyB/KNrm3M="></latexit><latexit sha1_base64="nffW3hxPBWcaCNMZ7hyB/KNrm3M="></latexit>

x(t)
<latexit sha1_base64="FIiFQdliAJUfCuC8K6Bwhc913a8=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG5cV7APaWCbTSTt0MgkzN8US8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fiy4Bsf5tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESq6xPNBJesBRwE68aKkdAXrONPbnO/M2VK80g+wCxmXkhGkgecEjDSwLb7IYGxH6RP2WNag/NsYFedujMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDaS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Rd116u79ZbVxU9RRRifoFNWQi65QA92hJmohiqboGb2iNyu1Xqx362MxWrKKnWP0B9bnD6Llk6Q=</latexit><latexit sha1_base64="FIiFQdliAJUfCuC8K6Bwhc913a8=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG5cV7APaWCbTSTt0MgkzN8US8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fiy4Bsf5tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESq6xPNBJesBRwE68aKkdAXrONPbnO/M2VK80g+wCxmXkhGkgecEjDSwLb7IYGxH6RP2WNag/NsYFedujMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDaS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Rd116u79ZbVxU9RRRifoFNWQi65QA92hJmohiqboGb2iNyu1Xqx362MxWrKKnWP0B9bnD6Llk6Q=</latexit><latexit sha1_base64="FIiFQdliAJUfCuC8K6Bwhc913a8=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG5cV7APaWCbTSTt0MgkzN8US8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fiy4Bsf5tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESq6xPNBJesBRwE68aKkdAXrONPbnO/M2VK80g+wCxmXkhGkgecEjDSwLb7IYGxH6RP2WNag/NsYFedujMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDaS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Rd116u79ZbVxU9RRRifoFNWQi65QA92hJmohiqboGb2iNyu1Xqx362MxWrKKnWP0B9bnD6Llk6Q=</latexit><latexit sha1_base64="FIiFQdliAJUfCuC8K6Bwhc913a8=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoMuiG5cV7APaWCbTSTt0MgkzN8US8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fiy4Bsf5tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESq6xPNBJesBRwE68aKkdAXrONPbnO/M2VK80g+wCxmXkhGkgecEjDSwLb7IYGxH6RP2WNag/NsYFedujMHXiVuQaqoQHNgf/WHEU1CJoEKonXPdWLwUqKAU8GySj/RLCZ0QkasZ6gkIdNeOk+e4TOjDHEQKfMk4Ln6eyMlodaz0DeTeU697OXif14vgeDaS7mME2CSLg4FicAQ4bwGPOSKURAzQwhV3GTFdEwUoWDKqpgS3OUvr5L2Rd116u79ZbVxU9RRRifoFNWQi65QA92hJmohiqboGb2iNyu1Xqx362MxWrKKnWP0B9bnD6Llk6Q=</latexit>

a(t)
<latexit sha1_base64="mAsPWCxA9mY38SRhftfdTCwhQ5w=">AAAB+XicbVBNS8NAFHypX7V+RT16CRahXkoigh6LXjxWsLXQ1rLZbtqlm03YfSmUkH/ixYMiXv0n3vw3btoctHVgYZh5jzc7fiy4Rtf9tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESq4xPNBJeshRwF68SKkdAX7NGf3Ob+45QpzSP5gLOY9UMykjzglKCRBrbdCwmO/SAl2VNaw/NsYFfdujuHs0q8glShQHNgf/WGEU1CJpEKonXXc2Psp0Qhp4JllV6iWUzohIxY11BJQqb76Tx55pwZZegEkTJPojNXf2+kJNR6FvpmMs+pl71c/M/rJhhc91Mu4wSZpItDQSIcjJy8BmfIFaMoZoYQqrjJ6tAxUYSiKatiSvCWv7xK2hd1z61795fVxk1RRxlO4BRq4MEVNOAOmtACClN4hld4s1LrxXq3PhajJavYOYY/sD5/AH9ok40=</latexit><latexit sha1_base64="mAsPWCxA9mY38SRhftfdTCwhQ5w=">AAAB+XicbVBNS8NAFHypX7V+RT16CRahXkoigh6LXjxWsLXQ1rLZbtqlm03YfSmUkH/ixYMiXv0n3vw3btoctHVgYZh5jzc7fiy4Rtf9tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESq4xPNBJeshRwF68SKkdAX7NGf3Ob+45QpzSP5gLOY9UMykjzglKCRBrbdCwmO/SAl2VNaw/NsYFfdujuHs0q8glShQHNgf/WGEU1CJpEKonXXc2Psp0Qhp4JllV6iWUzohIxY11BJQqb76Tx55pwZZegEkTJPojNXf2+kJNR6FvpmMs+pl71c/M/rJhhc91Mu4wSZpItDQSIcjJy8BmfIFaMoZoYQqrjJ6tAxUYSiKatiSvCWv7xK2hd1z61795fVxk1RRxlO4BRq4MEVNOAOmtACClN4hld4s1LrxXq3PhajJavYOYY/sD5/AH9ok40=</latexit><latexit sha1_base64="mAsPWCxA9mY38SRhftfdTCwhQ5w=">AAAB+XicbVBNS8NAFHypX7V+RT16CRahXkoigh6LXjxWsLXQ1rLZbtqlm03YfSmUkH/ixYMiXv0n3vw3btoctHVgYZh5jzc7fiy4Rtf9tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESq4xPNBJeshRwF68SKkdAX7NGf3Ob+45QpzSP5gLOY9UMykjzglKCRBrbdCwmO/SAl2VNaw/NsYFfdujuHs0q8glShQHNgf/WGEU1CJpEKonXXc2Psp0Qhp4JllV6iWUzohIxY11BJQqb76Tx55pwZZegEkTJPojNXf2+kJNR6FvpmMs+pl71c/M/rJhhc91Mu4wSZpItDQSIcjJy8BmfIFaMoZoYQqrjJ6tAxUYSiKatiSvCWv7xK2hd1z61795fVxk1RRxlO4BRq4MEVNOAOmtACClN4hld4s1LrxXq3PhajJavYOYY/sD5/AH9ok40=</latexit><latexit sha1_base64="mAsPWCxA9mY38SRhftfdTCwhQ5w=">AAAB+XicbVBNS8NAFHypX7V+RT16CRahXkoigh6LXjxWsLXQ1rLZbtqlm03YfSmUkH/ixYMiXv0n3vw3btoctHVgYZh5jzc7fiy4Rtf9tkpr6xubW+Xtys7u3v6BfXjU1lGiKGvRSESq4xPNBJeshRwF68SKkdAX7NGf3Ob+45QpzSP5gLOY9UMykjzglKCRBrbdCwmO/SAl2VNaw/NsYFfdujuHs0q8glShQHNgf/WGEU1CJpEKonXXc2Psp0Qhp4JllV6iWUzohIxY11BJQqb76Tx55pwZZegEkTJPojNXf2+kJNR6FvpmMs+pl71c/M/rJhhc91Mu4wSZpItDQSIcjJy8BmfIFaMoZoYQqrjJ6tAxUYSiKatiSvCWv7xK2hd1z61795fVxk1RRxlO4BRq4MEVNOAOmtACClN4hld4s1LrxXq3PhajJavYOYY/sD5/AH9ok40=</latexit>

h(t�1)
<latexit sha1_base64="mZMVnjcEZf0A70rhr6bg7fzHWyY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqwpKIoMuiG5cV7APaWCbTSTt0MgkzN2IJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cPxZcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEnN7nfeWRK80jewzRmXkhGkgecEjDSwK70QwJjP0jH2UNagzP3NBvYVafuzICXiVuQKirQHNhf/WFEk5BJoIJo3XOdGLyUKOBUsKzcTzSLCZ2QEesZKknItJfOsmf4xChDHETKPAl4pv7eSEmo9TT0zWSeVC96ufif10sguPJSLuMEmKTzQ0EiMEQ4LwIPuWIUxNQQQhU3WTEdE0UomLrKpgR38cvLpH1ed526e3dRbVwXdZTQETpGNeSiS9RAt6iJWoiiJ/SMXtGblVkv1rv1MR9dsYqdQ/QH1ucPby+UBg==</latexit><latexit sha1_base64="mZMVnjcEZf0A70rhr6bg7fzHWyY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqwpKIoMuiG5cV7APaWCbTSTt0MgkzN2IJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cPxZcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEnN7nfeWRK80jewzRmXkhGkgecEjDSwK70QwJjP0jH2UNagzP3NBvYVafuzICXiVuQKirQHNhf/WFEk5BJoIJo3XOdGLyUKOBUsKzcTzSLCZ2QEesZKknItJfOsmf4xChDHETKPAl4pv7eSEmo9TT0zWSeVC96ufif10sguPJSLuMEmKTzQ0EiMEQ4LwIPuWIUxNQQQhU3WTEdE0UomLrKpgR38cvLpH1ed526e3dRbVwXdZTQETpGNeSiS9RAt6iJWoiiJ/SMXtGblVkv1rv1MR9dsYqdQ/QH1ucPby+UBg==</latexit><latexit sha1_base64="mZMVnjcEZf0A70rhr6bg7fzHWyY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqwpKIoMuiG5cV7APaWCbTSTt0MgkzN2IJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cPxZcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEnN7nfeWRK80jewzRmXkhGkgecEjDSwK70QwJjP0jH2UNagzP3NBvYVafuzICXiVuQKirQHNhf/WFEk5BJoIJo3XOdGLyUKOBUsKzcTzSLCZ2QEesZKknItJfOsmf4xChDHETKPAl4pv7eSEmo9TT0zWSeVC96ufif10sguPJSLuMEmKTzQ0EiMEQ4LwIPuWIUxNQQQhU3WTEdE0UomLrKpgR38cvLpH1ed526e3dRbVwXdZTQETpGNeSiS9RAt6iJWoiiJ/SMXtGblVkv1rv1MR9dsYqdQ/QH1ucPby+UBg==</latexit><latexit sha1_base64="mZMVnjcEZf0A70rhr6bg7fzHWyY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqwpKIoMuiG5cV7APaWCbTSTt0MgkzN2IJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cPxZcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6yhRlLVoJCLV9YlmgkvWAg6CdWPFSOgL1vEnN7nfeWRK80jewzRmXkhGkgecEjDSwK70QwJjP0jH2UNagzP3NBvYVafuzICXiVuQKirQHNhf/WFEk5BJoIJo3XOdGLyUKOBUsKzcTzSLCZ2QEesZKknItJfOsmf4xChDHETKPAl4pv7eSEmo9TT0zWSeVC96ufif10sguPJSLuMEmKTzQ0EiMEQ4LwIPuWIUxNQQQhU3WTEdE0UomLrKpgR38cvLpH1ed526e3dRbVwXdZTQETpGNeSiS9RAt6iJWoiiJ/SMXtGblVkv1rv1MR9dsYqdQ/QH1ucPby+UBg==</latexit>

@L
@a(t)

<latexit sha1_base64="OYQSW4RJN6PkltlwpNad5iarHLM=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIUJdFNy5cVLAPaGK5mU7aoZMHMxOhhHyKG3/FjQtFdKdf46TNQlsPXDiccy/33uPFnEllWV9GaWV1bX2jvFnZ2t7Z3TP3DzoySgShbRLxSPQ8kJSzkLYVU5z2YkEh8DjtepOr3O8+UCFZFN6paUzdAEYh8xkBpaWB2XB8ASR1YhCKAcdOAGpMgKc3Wbagen4K2X1aU6dZhgdm1apbM+BlYhekigq0BuanM4xIEtBQEQ5S9m0rVm6aLyCcZhUnkTQGMoER7WsaQkClm84ezPCJVobYj4SuUOGZ+nsihUDKaeDpzvxSuejl4n9eP1H+hZuyME4UDcl8kZ9wrCKcp4WHTFCi+FQTIILpWzEZg05M6UwrOgR78eVl0jmr21bdvj2vNi+LOMroCB2jGrJRAzXRNWqhNiLoET2jV/RmPBkvxrvxMW8tGcXMIfoD4/sHitqkZw==</latexit><latexit sha1_base64="OYQSW4RJN6PkltlwpNad5iarHLM=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIUJdFNy5cVLAPaGK5mU7aoZMHMxOhhHyKG3/FjQtFdKdf46TNQlsPXDiccy/33uPFnEllWV9GaWV1bX2jvFnZ2t7Z3TP3DzoySgShbRLxSPQ8kJSzkLYVU5z2YkEh8DjtepOr3O8+UCFZFN6paUzdAEYh8xkBpaWB2XB8ASR1YhCKAcdOAGpMgKc3Wbagen4K2X1aU6dZhgdm1apbM+BlYhekigq0BuanM4xIEtBQEQ5S9m0rVm6aLyCcZhUnkTQGMoER7WsaQkClm84ezPCJVobYj4SuUOGZ+nsihUDKaeDpzvxSuejl4n9eP1H+hZuyME4UDcl8kZ9wrCKcp4WHTFCi+FQTIILpWzEZg05M6UwrOgR78eVl0jmr21bdvj2vNi+LOMroCB2jGrJRAzXRNWqhNiLoET2jV/RmPBkvxrvxMW8tGcXMIfoD4/sHitqkZw==</latexit><latexit sha1_base64="OYQSW4RJN6PkltlwpNad5iarHLM=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIUJdFNy5cVLAPaGK5mU7aoZMHMxOhhHyKG3/FjQtFdKdf46TNQlsPXDiccy/33uPFnEllWV9GaWV1bX2jvFnZ2t7Z3TP3DzoySgShbRLxSPQ8kJSzkLYVU5z2YkEh8DjtepOr3O8+UCFZFN6paUzdAEYh8xkBpaWB2XB8ASR1YhCKAcdOAGpMgKc3Wbagen4K2X1aU6dZhgdm1apbM+BlYhekigq0BuanM4xIEtBQEQ5S9m0rVm6aLyCcZhUnkTQGMoER7WsaQkClm84ezPCJVobYj4SuUOGZ+nsihUDKaeDpzvxSuejl4n9eP1H+hZuyME4UDcl8kZ9wrCKcp4WHTFCi+FQTIILpWzEZg05M6UwrOgR78eVl0jmr21bdvj2vNi+LOMroCB2jGrJRAzXRNWqhNiLoET2jV/RmPBkvxrvxMW8tGcXMIfoD4/sHitqkZw==</latexit><latexit sha1_base64="OYQSW4RJN6PkltlwpNad5iarHLM=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIUJdFNy5cVLAPaGK5mU7aoZMHMxOhhHyKG3/FjQtFdKdf46TNQlsPXDiccy/33uPFnEllWV9GaWV1bX2jvFnZ2t7Z3TP3DzoySgShbRLxSPQ8kJSzkLYVU5z2YkEh8DjtepOr3O8+UCFZFN6paUzdAEYh8xkBpaWB2XB8ASR1YhCKAcdOAGpMgKc3Wbagen4K2X1aU6dZhgdm1apbM+BlYhekigq0BuanM4xIEtBQEQ5S9m0rVm6aLyCcZhUnkTQGMoER7WsaQkClm84ezPCJVobYj4SuUOGZ+nsihUDKaeDpzvxSuejl4n9eP1H+hZuyME4UDcl8kZ9wrCKcp4WHTFCi+FQTIILpWzEZg05M6UwrOgR78eVl0jmr21bdvj2vNi+LOMroCB2jGrJRAzXRNWqhNiLoET2jV/RmPBkvxrvxMW8tGcXMIfoD4/sHitqkZw==</latexit>

@L
@x(t)

<latexit sha1_base64="F2neh3c1uAxMLmJS9RcI1WluHaE=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxIR6rLoxoWLCvYBTSyT6aQdOpmEmYlYhnyKG3/FjQtFdKdf46TNQlsPXDiccy/33hMkjErlOF/W0vLK6tp6aaO8ubW9s2vv7bdlnApMWjhmsegGSBJGOWkpqhjpJoKgKGCkE4wvc79zT4SkMb9Vk4T4ERpyGlKMlJH6dt0LBcLaS5BQFDHoRUiNMGL6Osvm1CDUD9mdrqqTLIN9u+LUnCngInELUgEFmn370xvEOI0IV5ghKXuukyhf5wswI1nZSyVJEB6jIekZylFEpK+nD2bw2CgDGMbCFFdwqv6e0CiSchIFpjO/VM57ufif10tVeO5rypNUEY5ni8KUQRXDPC04oIJgxSaGICyouRXiETKJKZNp2YTgzr+8SNqnNdepuTdnlcZFEUcJHIIjUAUuqIMGuAJN0AIYPIJn8ArerCfrxXq3PmatS1YxcwD+wPr+Aa6FpH4=</latexit><latexit sha1_base64="F2neh3c1uAxMLmJS9RcI1WluHaE=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxIR6rLoxoWLCvYBTSyT6aQdOpmEmYlYhnyKG3/FjQtFdKdf46TNQlsPXDiccy/33hMkjErlOF/W0vLK6tp6aaO8ubW9s2vv7bdlnApMWjhmsegGSBJGOWkpqhjpJoKgKGCkE4wvc79zT4SkMb9Vk4T4ERpyGlKMlJH6dt0LBcLaS5BQFDHoRUiNMGL6Osvm1CDUD9mdrqqTLIN9u+LUnCngInELUgEFmn370xvEOI0IV5ghKXuukyhf5wswI1nZSyVJEB6jIekZylFEpK+nD2bw2CgDGMbCFFdwqv6e0CiSchIFpjO/VM57ufif10tVeO5rypNUEY5ni8KUQRXDPC04oIJgxSaGICyouRXiETKJKZNp2YTgzr+8SNqnNdepuTdnlcZFEUcJHIIjUAUuqIMGuAJN0AIYPIJn8ArerCfrxXq3PmatS1YxcwD+wPr+Aa6FpH4=</latexit><latexit sha1_base64="F2neh3c1uAxMLmJS9RcI1WluHaE=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxIR6rLoxoWLCvYBTSyT6aQdOpmEmYlYhnyKG3/FjQtFdKdf46TNQlsPXDiccy/33hMkjErlOF/W0vLK6tp6aaO8ubW9s2vv7bdlnApMWjhmsegGSBJGOWkpqhjpJoKgKGCkE4wvc79zT4SkMb9Vk4T4ERpyGlKMlJH6dt0LBcLaS5BQFDHoRUiNMGL6Osvm1CDUD9mdrqqTLIN9u+LUnCngInELUgEFmn370xvEOI0IV5ghKXuukyhf5wswI1nZSyVJEB6jIekZylFEpK+nD2bw2CgDGMbCFFdwqv6e0CiSchIFpjO/VM57ufif10tVeO5rypNUEY5ni8KUQRXDPC04oIJgxSaGICyouRXiETKJKZNp2YTgzr+8SNqnNdepuTdnlcZFEUcJHIIjUAUuqIMGuAJN0AIYPIJn8ArerCfrxXq3PmatS1YxcwD+wPr+Aa6FpH4=</latexit><latexit sha1_base64="F2neh3c1uAxMLmJS9RcI1WluHaE=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1UxIR6rLoxoWLCvYBTSyT6aQdOpmEmYlYhnyKG3/FjQtFdKdf46TNQlsPXDiccy/33hMkjErlOF/W0vLK6tp6aaO8ubW9s2vv7bdlnApMWjhmsegGSBJGOWkpqhjpJoKgKGCkE4wvc79zT4SkMb9Vk4T4ERpyGlKMlJH6dt0LBcLaS5BQFDHoRUiNMGL6Osvm1CDUD9mdrqqTLIN9u+LUnCngInELUgEFmn370xvEOI0IV5ghKXuukyhf5wswI1nZSyVJEB6jIekZylFEpK+nD2bw2CgDGMbCFFdwqv6e0CiSchIFpjO/VM57ufif10tVeO5rypNUEY5ni8KUQRXDPC04oIJgxSaGICyouRXiETKJKZNp2YTgzr+8SNqnNdepuTdnlcZFEUcJHIIjUAUuqIMGuAJN0AIYPIJn8ArerCfrxXq3PmatS1YxcwD+wPr+Aa6FpH4=</latexit>

@L
@h(t�1)

<latexit sha1_base64="wjRPKEQWT1n6KMDKDgEXhj0yVSs=">AAACInicbVDLSsNAFJ34rPUVdelmsAh1YUlEUHdFNy5cVLAPaGKZTCft0MkkzEyEMuRb3Pgrblwo6krwY5y0WWjrgQuHc+7l3nuChFGpHOfLWlhcWl5ZLa2V1zc2t7btnd2WjFOBSRPHLBadAEnCKCdNRRUjnUQQFAWMtIPRVe63H4iQNOZ3apwQP0IDTkOKkTJSz77wQoGw9hIkFEUMehFSQ4yYvsmyGTUI9TC711V17B5lGezZFafmTADniVuQCijQ6NkfXj/GaUS4wgxJ2XWdRPk6X4EZycpeKkmC8AgNSNdQjiIifT15MYOHRunDMBamuIIT9feERpGU4ygwnfmtctbLxf+8bqrCc19TnqSKcDxdFKYMqhjmecE+FQQrNjYEYUHNrRAPkclMmVTLJgR39uV50jqpuU7NvT2t1C+LOEpgHxyAKnDBGaiDa9AATYDBI3gGr+DNerJerHfrc9q6YBUze+APrO8fmXWk4A==</latexit><latexit sha1_base64="wjRPKEQWT1n6KMDKDgEXhj0yVSs=">AAACInicbVDLSsNAFJ34rPUVdelmsAh1YUlEUHdFNy5cVLAPaGKZTCft0MkkzEyEMuRb3Pgrblwo6krwY5y0WWjrgQuHc+7l3nuChFGpHOfLWlhcWl5ZLa2V1zc2t7btnd2WjFOBSRPHLBadAEnCKCdNRRUjnUQQFAWMtIPRVe63H4iQNOZ3apwQP0IDTkOKkTJSz77wQoGw9hIkFEUMehFSQ4yYvsmyGTUI9TC711V17B5lGezZFafmTADniVuQCijQ6NkfXj/GaUS4wgxJ2XWdRPk6X4EZycpeKkmC8AgNSNdQjiIifT15MYOHRunDMBamuIIT9feERpGU4ygwnfmtctbLxf+8bqrCc19TnqSKcDxdFKYMqhjmecE+FQQrNjYEYUHNrRAPkclMmVTLJgR39uV50jqpuU7NvT2t1C+LOEpgHxyAKnDBGaiDa9AATYDBI3gGr+DNerJerHfrc9q6YBUze+APrO8fmXWk4A==</latexit><latexit sha1_base64="wjRPKEQWT1n6KMDKDgEXhj0yVSs=">AAACInicbVDLSsNAFJ34rPUVdelmsAh1YUlEUHdFNy5cVLAPaGKZTCft0MkkzEyEMuRb3Pgrblwo6krwY5y0WWjrgQuHc+7l3nuChFGpHOfLWlhcWl5ZLa2V1zc2t7btnd2WjFOBSRPHLBadAEnCKCdNRRUjnUQQFAWMtIPRVe63H4iQNOZ3apwQP0IDTkOKkTJSz77wQoGw9hIkFEUMehFSQ4yYvsmyGTUI9TC711V17B5lGezZFafmTADniVuQCijQ6NkfXj/GaUS4wgxJ2XWdRPk6X4EZycpeKkmC8AgNSNdQjiIifT15MYOHRunDMBamuIIT9feERpGU4ygwnfmtctbLxf+8bqrCc19TnqSKcDxdFKYMqhjmecE+FQQrNjYEYUHNrRAPkclMmVTLJgR39uV50jqpuU7NvT2t1C+LOEpgHxyAKnDBGaiDa9AATYDBI3gGr+DNerJerHfrc9q6YBUze+APrO8fmXWk4A==</latexit><latexit sha1_base64="wjRPKEQWT1n6KMDKDgEXhj0yVSs=">AAACInicbVDLSsNAFJ34rPUVdelmsAh1YUlEUHdFNy5cVLAPaGKZTCft0MkkzEyEMuRb3Pgrblwo6krwY5y0WWjrgQuHc+7l3nuChFGpHOfLWlhcWl5ZLa2V1zc2t7btnd2WjFOBSRPHLBadAEnCKCdNRRUjnUQQFAWMtIPRVe63H4iQNOZ3apwQP0IDTkOKkTJSz77wQoGw9hIkFEUMehFSQ4yYvsmyGTUI9TC711V17B5lGezZFafmTADniVuQCijQ6NkfXj/GaUS4wgxJ2XWdRPk6X4EZycpeKkmC8AgNSNdQjiIifT15MYOHRunDMBamuIIT9feERpGU4ygwnfmtctbLxf+8bqrCc19TnqSKcDxdFKYMqhjmecE+FQQrNjYEYUHNrRAPkclMmVTLJgR39uV50jqpuU7NvT2t1C+LOEpgHxyAKnDBGaiDa9AATYDBI3gGr+DNerJerHfrc9q6YBUze+APrO8fmXWk4A==</latexit>

@L
@W

=
@L

@h(t�1)

@h(t�1)

@W
<latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit><latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit><latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1t/RnhwDTyg+8FDNvRePrIw+Wnk=">AAACgXiclVFNSwMxEM2uX22tunr1EixCPVh3RbAiBcGLBw8V7Ad015JNs21oNrskWaGE/TX+I2/+G7NtD/bj4kDg8WbezORNmDIqlev+WPbO7t7+QalcOaweHZ84p9WuTDKBSQcnLBH9EEnCKCcdRRUj/VQQFIeM9MLpc5HvfRIhacLf1SwlQYzGnEYUI2WoofPlRwJh7adIKIoY9GOkJhgx/Zrna2wY6V6ewxb8l2SSf+i6uvaujHSbcLVk68ihU3Mb7jzgJvCWoAaW0R463/4owVlMuMIMSTnw3FQFuuiMGckrfiZJivAUjcnAQI5iIgM9NzOHl4YZwSgR5nEF5+xfhUaxlLM4NJXFinI9V5DbcoNMRc1AU55minC8GBRlDKoEFpeBIyoIVmxmAMKCml0hniDjmDL3qxgTvPUvb4LubcNzG96bC0rgHFyAOvDAPXgCL6ANOgBbZevGaloP9rF9Zz8u7LKtpW9nYCXs1i+C0chh</latexit><latexit sha1_base64="1t/RnhwDTyg+8FDNvRePrIw+Wnk=">AAACgXiclVFNSwMxEM2uX22tunr1EixCPVh3RbAiBcGLBw8V7Ad015JNs21oNrskWaGE/TX+I2/+G7NtD/bj4kDg8WbezORNmDIqlev+WPbO7t7+QalcOaweHZ84p9WuTDKBSQcnLBH9EEnCKCcdRRUj/VQQFIeM9MLpc5HvfRIhacLf1SwlQYzGnEYUI2WoofPlRwJh7adIKIoY9GOkJhgx/Zrna2wY6V6ewxb8l2SSf+i6uvaujHSbcLVk68ihU3Mb7jzgJvCWoAaW0R463/4owVlMuMIMSTnw3FQFuuiMGckrfiZJivAUjcnAQI5iIgM9NzOHl4YZwSgR5nEF5+xfhUaxlLM4NJXFinI9V5DbcoNMRc1AU55minC8GBRlDKoEFpeBIyoIVmxmAMKCml0hniDjmDL3qxgTvPUvb4LubcNzG96bC0rgHFyAOvDAPXgCL6ANOgBbZevGaloP9rF9Zz8u7LKtpW9nYCXs1i+C0chh</latexit><latexit sha1_base64="8AbSxX3MNafgGTAQwXy6aMlTh2s="></latexit><latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit><latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit><latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit><latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit><latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit><latexit sha1_base64="VRsIv3wBO/s6gwuS229BfDEX1/A="></latexit>

@L
@h(t�1)

=
@L
@a(t)

W
<latexit sha1_base64="L8QY1e375uwChbS/t1oo9Jnsbp0="></latexit><latexit sha1_base64="L8QY1e375uwChbS/t1oo9Jnsbp0="></latexit><latexit sha1_base64="L8QY1e375uwChbS/t1oo9Jnsbp0="></latexit><latexit sha1_base64="L8QY1e375uwChbS/t1oo9Jnsbp0="></latexit>

@L
@x(t)

=
@L
@a(t)

U
<latexit sha1_base64="T+HSnyLLCqGyxyeu3V2eeW6OAaQ=">AAACY3iclVFNS8NAEN3E7/rRWL2JsFgEvZREBL0IohcPHioYLTSxTLabdunmg92NWEP+pDdvXvwfbmoUbb04sPB4bx4z8zZIOZPKtl8Nc25+YXFpeaW2ura+Ubc2G3cyyQShLkl4IjoBSMpZTF3FFKedVFCIAk7vg9Flqd8/UiFZEt+qcUr9CAYxCxkBpame9eyFAkjupSAUA469CNSQAM+vi2KKDcL8qXjID9RhUeAz/C8jfBu/GLfoWU27ZU8KzwKnAk1UVbtnvXj9hGQRjRXhIGXXsVPl5+UowmlR8zJJUyAjGNCuhjFEVPr5JKMC72umj8NE6BcrPGF/OnKIpBxHge4sN5TTWkn+pXUzFZ76OYvTTNGYfA4KM45VgsvAcZ8JShQfawBEML0rJkPQ2Sn9LTUdgjN98iy4O2o5dsu5OW6eX1RxLKMdtIcOkINO0Dm6Qm3kIoLejEWjbljGu7lqNsztz1bTqDxb6FeZux8hRrox</latexit><latexit sha1_base64="T+HSnyLLCqGyxyeu3V2eeW6OAaQ=">AAACY3iclVFNS8NAEN3E7/rRWL2JsFgEvZREBL0IohcPHioYLTSxTLabdunmg92NWEP+pDdvXvwfbmoUbb04sPB4bx4z8zZIOZPKtl8Nc25+YXFpeaW2ura+Ubc2G3cyyQShLkl4IjoBSMpZTF3FFKedVFCIAk7vg9Flqd8/UiFZEt+qcUr9CAYxCxkBpame9eyFAkjupSAUA469CNSQAM+vi2KKDcL8qXjID9RhUeAz/C8jfBu/GLfoWU27ZU8KzwKnAk1UVbtnvXj9hGQRjRXhIGXXsVPl5+UowmlR8zJJUyAjGNCuhjFEVPr5JKMC72umj8NE6BcrPGF/OnKIpBxHge4sN5TTWkn+pXUzFZ76OYvTTNGYfA4KM45VgsvAcZ8JShQfawBEML0rJkPQ2Sn9LTUdgjN98iy4O2o5dsu5OW6eX1RxLKMdtIcOkINO0Dm6Qm3kIoLejEWjbljGu7lqNsztz1bTqDxb6FeZux8hRrox</latexit><latexit sha1_base64="T+HSnyLLCqGyxyeu3V2eeW6OAaQ=">AAACY3iclVFNS8NAEN3E7/rRWL2JsFgEvZREBL0IohcPHioYLTSxTLabdunmg92NWEP+pDdvXvwfbmoUbb04sPB4bx4z8zZIOZPKtl8Nc25+YXFpeaW2ura+Ubc2G3cyyQShLkl4IjoBSMpZTF3FFKedVFCIAk7vg9Flqd8/UiFZEt+qcUr9CAYxCxkBpame9eyFAkjupSAUA469CNSQAM+vi2KKDcL8qXjID9RhUeAz/C8jfBu/GLfoWU27ZU8KzwKnAk1UVbtnvXj9hGQRjRXhIGXXsVPl5+UowmlR8zJJUyAjGNCuhjFEVPr5JKMC72umj8NE6BcrPGF/OnKIpBxHge4sN5TTWkn+pXUzFZ76OYvTTNGYfA4KM45VgsvAcZ8JShQfawBEML0rJkPQ2Sn9LTUdgjN98iy4O2o5dsu5OW6eX1RxLKMdtIcOkINO0Dm6Qm3kIoLejEWjbljGu7lqNsztz1bTqDxb6FeZux8hRrox</latexit><latexit sha1_base64="T+HSnyLLCqGyxyeu3V2eeW6OAaQ=">AAACY3iclVFNS8NAEN3E7/rRWL2JsFgEvZREBL0IohcPHioYLTSxTLabdunmg92NWEP+pDdvXvwfbmoUbb04sPB4bx4z8zZIOZPKtl8Nc25+YXFpeaW2ura+Ubc2G3cyyQShLkl4IjoBSMpZTF3FFKedVFCIAk7vg9Flqd8/UiFZEt+qcUr9CAYxCxkBpame9eyFAkjupSAUA469CNSQAM+vi2KKDcL8qXjID9RhUeAz/C8jfBu/GLfoWU27ZU8KzwKnAk1UVbtnvXj9hGQRjRXhIGXXsVPl5+UowmlR8zJJUyAjGNCuhjFEVPr5JKMC72umj8NE6BcrPGF/OnKIpBxHge4sN5TTWkn+pXUzFZ76OYvTTNGYfA4KM45VgsvAcZ8JShQfawBEML0rJkPQ2Sn9LTUdgjN98iy4O2o5dsu5OW6eX1RxLKMdtIcOkINO0Dm6Qm3kIoLejEWjbljGu7lqNsztz1bTqDxb6FeZux8hRrox</latexit>

@J

@W
=
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t=0

@L(ŷ(t),y(t))

@W
<latexit sha1_base64="ehPmbTowArNgphSryzrQHt2yWyU="></latexit><latexit sha1_base64="ehPmbTowArNgphSryzrQHt2yWyU="></latexit><latexit sha1_base64="ehPmbTowArNgphSryzrQHt2yWyU="></latexit><latexit sha1_base64="ehPmbTowArNgphSryzrQHt2yWyU="></latexit>



The problem of long-range dependences

time

Hidden

Outputs

Inputs

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

U
<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

V
<latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit><latexit sha1_base64="mcEByyZjL5OTLs2QtTEWwKp0nu4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfJj5D6</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>
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<latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit><latexit sha1_base64="I69U2BBVUlRYn7n5SM3B9Sq3yd8=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VTFtsS9lsN+3SzSbsvggl9F948aCIV/+NN/+NmzYHbR1YGGbeY+dNkEhh0HW/ndLa+sbmVnm7srO7t39QPTxqmTjVjPsslrHuBNRwKRT3UaDknURzGgWSt4PJbe63n7g2IlYPOE14P6IjJULBKFrpsRdRHAdh5s8G1Zpbd+cgq8QrSA0KNAfVr94wZmnEFTJJjel6boL9jGoUTPJZpZcanlA2oSPetVTRiJt+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xuiuF1PxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEpaF3XPrXv3l7XGTVFHGU7gFM7BgytowB00wQcGCp7hFd4c47w4787HYrTkFDvH8AfO5w/ICpD5</latexit>

h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

ŷ(t)
<latexit sha1_base64="tgAq4tb312pFl78L3A6rrXFmtTY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahbkoigi6LblxWsA9oYplMJ+3QySTM3AghZuGvuHGhiFt/w51/46TNQlsPDBzOuZd75vgxZwps+9tYWl5ZXVuvbFQ3t7Z3ds29/Y6KEklom0Q8kj0fK8qZoG1gwGkvlhSHPqddf3Jd+N0HKhWLxB2kMfVCPBIsYASDlgbmoTvGkLkhhrEfZGme32d1OM0HZs1u2FNYi8QpSQ2VaA3ML3cYkSSkAgjHSvUdOwYvwxIY4TSvuomiMSYTPKJ9TQUOqfKyaf7cOtHK0AoiqZ8Aa6r+3shwqFQa+nqyCKrmvUL8z+snEFx6GRNxAlSQ2aEg4RZEVlGGNWSSEuCpJphIprNaZIwlJqArq+oSnPkvL5LOWcOxG87tea15VdZRQUfoGNWRgy5QE92gFmojgh7RM3pFb8aT8WK8Gx+z0SWj3DlAf2B8/gCVwpZy</latexit><latexit sha1_base64="tgAq4tb312pFl78L3A6rrXFmtTY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahbkoigi6LblxWsA9oYplMJ+3QySTM3AghZuGvuHGhiFt/w51/46TNQlsPDBzOuZd75vgxZwps+9tYWl5ZXVuvbFQ3t7Z3ds29/Y6KEklom0Q8kj0fK8qZoG1gwGkvlhSHPqddf3Jd+N0HKhWLxB2kMfVCPBIsYASDlgbmoTvGkLkhhrEfZGme32d1OM0HZs1u2FNYi8QpSQ2VaA3ML3cYkSSkAgjHSvUdOwYvwxIY4TSvuomiMSYTPKJ9TQUOqfKyaf7cOtHK0AoiqZ8Aa6r+3shwqFQa+nqyCKrmvUL8z+snEFx6GRNxAlSQ2aEg4RZEVlGGNWSSEuCpJphIprNaZIwlJqArq+oSnPkvL5LOWcOxG87tea15VdZRQUfoGNWRgy5QE92gFmojgh7RM3pFb8aT8WK8Gx+z0SWj3DlAf2B8/gCVwpZy</latexit><latexit sha1_base64="tgAq4tb312pFl78L3A6rrXFmtTY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahbkoigi6LblxWsA9oYplMJ+3QySTM3AghZuGvuHGhiFt/w51/46TNQlsPDBzOuZd75vgxZwps+9tYWl5ZXVuvbFQ3t7Z3ds29/Y6KEklom0Q8kj0fK8qZoG1gwGkvlhSHPqddf3Jd+N0HKhWLxB2kMfVCPBIsYASDlgbmoTvGkLkhhrEfZGme32d1OM0HZs1u2FNYi8QpSQ2VaA3ML3cYkSSkAgjHSvUdOwYvwxIY4TSvuomiMSYTPKJ9TQUOqfKyaf7cOtHK0AoiqZ8Aa6r+3shwqFQa+nqyCKrmvUL8z+snEFx6GRNxAlSQ2aEg4RZEVlGGNWSSEuCpJphIprNaZIwlJqArq+oSnPkvL5LOWcOxG87tea15VdZRQUfoGNWRgy5QE92gFmojgh7RM3pFb8aT8WK8Gx+z0SWj3DlAf2B8/gCVwpZy</latexit><latexit sha1_base64="tgAq4tb312pFl78L3A6rrXFmtTY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRahbkoigi6LblxWsA9oYplMJ+3QySTM3AghZuGvuHGhiFt/w51/46TNQlsPDBzOuZd75vgxZwps+9tYWl5ZXVuvbFQ3t7Z3ds29/Y6KEklom0Q8kj0fK8qZoG1gwGkvlhSHPqddf3Jd+N0HKhWLxB2kMfVCPBIsYASDlgbmoTvGkLkhhrEfZGme32d1OM0HZs1u2FNYi8QpSQ2VaA3ML3cYkSSkAgjHSvUdOwYvwxIY4TSvuomiMSYTPKJ9TQUOqfKyaf7cOtHK0AoiqZ8Aa6r+3shwqFQa+nqyCKrmvUL8z+snEFx6GRNxAlSQ2aEg4RZEVlGGNWSSEuCpJphIprNaZIwlJqArq+oSnPkvL5LOWcOxG87tea15VdZRQUfoGNWRgy5QE92gFmojgh7RM3pFb8aT8WK8Gx+z0SWj3DlAf2B8/gCVwpZy</latexit>

x(0)
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@ŷ(t)

@x(0)
<latexit sha1_base64="H2O+xpqswAp9EEhR+P420aocXLw=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl147KCfUATy2Q6aYdOHszciCXke9z4K266UIpbP8RJm0VtPTBwOOfeO/ceLxZcgWVNjbX1jc2t7dJOeXdv/+DQPDpuqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N7nO//cKk4lH4BOOYuQEZhNznlICWeuat40tCUycmEjgR2BkSSJ2AwNDz03GWPadVuMiyhYLCe80tS1s9s2LVrBnwKrELUkEFGj1z4vQjmgQsBCqIUl3bisFN8/lUsKzsJIrFhI7IgHU1DUnAlJvOTs3wuVb62I+kfiHgmbrYkZJAqXHg6cp8UbXs5eJ/XjcB/8ZNeRgnwEI6/8hPBIYI57nhPpeMghhrQqjkeldMh0RnBzrdsg7BXj55lbQua7ZVsx+vKvW7Io4SOkVnqIpsdI3q6AE1UBNR9IY+0Cf6Mt6NiTE1vuela0bRc4L+wPj5BTk1qO8=</latexit><latexit sha1_base64="H2O+xpqswAp9EEhR+P420aocXLw=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl147KCfUATy2Q6aYdOHszciCXke9z4K266UIpbP8RJm0VtPTBwOOfeO/ceLxZcgWVNjbX1jc2t7dJOeXdv/+DQPDpuqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N7nO//cKk4lH4BOOYuQEZhNznlICWeuat40tCUycmEjgR2BkSSJ2AwNDz03GWPadVuMiyhYLCe80tS1s9s2LVrBnwKrELUkEFGj1z4vQjmgQsBCqIUl3bisFN8/lUsKzsJIrFhI7IgHU1DUnAlJvOTs3wuVb62I+kfiHgmbrYkZJAqXHg6cp8UbXs5eJ/XjcB/8ZNeRgnwEI6/8hPBIYI57nhPpeMghhrQqjkeldMh0RnBzrdsg7BXj55lbQua7ZVsx+vKvW7Io4SOkVnqIpsdI3q6AE1UBNR9IY+0Cf6Mt6NiTE1vuela0bRc4L+wPj5BTk1qO8=</latexit><latexit sha1_base64="H2O+xpqswAp9EEhR+P420aocXLw=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl147KCfUATy2Q6aYdOHszciCXke9z4K266UIpbP8RJm0VtPTBwOOfeO/ceLxZcgWVNjbX1jc2t7dJOeXdv/+DQPDpuqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N7nO//cKk4lH4BOOYuQEZhNznlICWeuat40tCUycmEjgR2BkSSJ2AwNDz03GWPadVuMiyhYLCe80tS1s9s2LVrBnwKrELUkEFGj1z4vQjmgQsBCqIUl3bisFN8/lUsKzsJIrFhI7IgHU1DUnAlJvOTs3wuVb62I+kfiHgmbrYkZJAqXHg6cp8UbXs5eJ/XjcB/8ZNeRgnwEI6/8hPBIYI57nhPpeMghhrQqjkeldMh0RnBzrdsg7BXj55lbQua7ZVsx+vKvW7Io4SOkVnqIpsdI3q6AE1UBNR9IY+0Cf6Mt6NiTE1vuela0bRc4L+wPj5BTk1qO8=</latexit><latexit sha1_base64="H2O+xpqswAp9EEhR+P420aocXLw=">AAACKnicbVDLSsNAFJ34rPUVdelmsAh1UxIRdFl147KCfUATy2Q6aYdOHszciCXke9z4K266UIpbP8RJm0VtPTBwOOfeO/ceLxZcgWVNjbX1jc2t7dJOeXdv/+DQPDpuqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N7nO//cKk4lH4BOOYuQEZhNznlICWeuat40tCUycmEjgR2BkSSJ2AwNDz03GWPadVuMiyhYLCe80tS1s9s2LVrBnwKrELUkEFGj1z4vQjmgQsBCqIUl3bisFN8/lUsKzsJIrFhI7IgHU1DUnAlJvOTs3wuVb62I+kfiHgmbrYkZJAqXHg6cp8UbXs5eJ/XjcB/8ZNeRgnwEI6/8hPBIYI57nhPpeMghhrQqjkeldMh0RnBzrdsg7BXj55lbQua7ZVsx+vKvW7Io4SOkVnqIpsdI3q6AE1UBNR9IY+0Cf6Mt6NiTE1vuela0bRc4L+wPj5BTk1qO8=</latexit>

=
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• Capturing long-range dependences requires propagating information 
through a long chain of dependences. 

• Old observations are forgotten 
• Stochastic gradients become high variance (noisy), and gradients may 

vanish or explode
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time

Rufus

Memory 
unit

Rufus!
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time

Memory 
units

…



The problem of long-range dependences

Why not remember everything?

• Memory size grows with t 

• This kind of memory is nonparametric: there is no finite set of 
parameters we can use to model it 

• RNNs make a Markov assumption — the future hidden state only 
depends on the immediately preceding hidden state 

• By putting the right info in to the hidden state, RNNs can model 
depedences that are arbitrarily far apart



The problem of long-range dependences

Other methods exist that do directly link old 
“memories” (observations or hidden states) to future predictions: 
 

• Temporal convolutions  

• Attention (see https://arxiv.org/abs/1706.03762) 

• Memory networks (see https://arxiv.org/abs/1410.3916)

https://arxiv.org/abs/1706.03762
https://arxiv.org/abs/1410.3916


LSTMs 
Long Short Term Memory

A special kind of RNN designed to avoid forgetting.

Related to resnets: inductive bias is that state transition is an identity function. 

This way the default behavior is not to forget an old state. Instead of forgetting 
by default, the network has to learn to forget.



[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Ct = Cell state

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Decide what information to throw away from the cell state.  

Each element of cell state is multiplied by ~1 (remember) or ~0 (forget).

�(x)
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[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Decide what new information to add to the cell state.

which indices to write to

what to write to those indices

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Forget old selected old information, write selected new information. 

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


After having updated the cell state’s information, decide what to output.

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Texture synthesis by non-parametric sampling

p

Synthesizing a pixel

non-parametric 
sampling

Input image 

[Efros & Leung 1999]

P (p|N(p))Models



[PixelRNN, PixelCNN, van der Oord et al. 2016] 

Input partial 
image

“white”

Texture synthesis with a deep net

Predicted color 
of next pixel



[PixelRNN, PixelCNN, van der Oord et al. 2016] 

Input partial 
image

Predicted color 
of next pixel

“white”

…
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Prediction for a single pixel i,j
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<latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit>

L(y, f✓(x)) = H(y, softmax(f✓(x)))
<latexit sha1_base64="vt/TbLPaJaG3KIi6IZGJycHfooM="></latexit><latexit sha1_base64="vt/TbLPaJaG3KIi6IZGJycHfooM="></latexit><latexit sha1_base64="vt/TbLPaJaG3KIi6IZGJycHfooM="></latexit><latexit sha1_base64="vt/TbLPaJaG3KIi6IZGJycHfooM="></latexit>

Recall from lecture 12: we can represent colors as discrete classes



Softmax regression (a.k.a. multinomial logistic regression)

ŷ ⌘ [P✓(Y = 1|X = x), . . . , P✓(Y = K|X = x)]
<latexit sha1_base64="FLIao99Qz6GVvosm3Rj3LoAyQPE="></latexit><latexit sha1_base64="FLIao99Qz6GVvosm3Rj3LoAyQPE="></latexit><latexit sha1_base64="FLIao99Qz6GVvosm3Rj3LoAyQPE="></latexit><latexit sha1_base64="FLIao99Qz6GVvosm3Rj3LoAyQPE="></latexit>

predicted probability of 
each class given input x

f
⇤ = argmin

f2F

NX

i=1

H(yi, ŷi)
<latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit>

max likelihood learner!

H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit>

picks out the -log likelihood 
of the ground truth class 
under the model prediction ŷ

<latexit sha1_base64="eAq0gZs1CrkHzhdK4Yaap7+ZT54="></latexit><latexit sha1_base64="eAq0gZs1CrkHzhdK4Yaap7+ZT54="></latexit><latexit sha1_base64="eAq0gZs1CrkHzhdK4Yaap7+ZT54="></latexit><latexit sha1_base64="eAq0gZs1CrkHzhdK4Yaap7+ZT54="></latexit>

y
<latexit sha1_base64="jakeceKd7YQr7mP2FD8kA6r2jpA="></latexit><latexit sha1_base64="jakeceKd7YQr7mP2FD8kA6r2jpA="></latexit><latexit sha1_base64="jakeceKd7YQr7mP2FD8kA6r2jpA="></latexit><latexit sha1_base64="jakeceKd7YQr7mP2FD8kA6r2jpA="></latexit>

And we can interpret the learner as modeling P(next pixel | previous pixels): 
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pi ⇠
<latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit>
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<latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit>
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<latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit>
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<latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit><latexit sha1_base64="d2bUvrH7B0CX/XsZg2vT/MDQWiI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOepMhM7PLzKwQQr7CiwdFvPo53vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rBjlMMJR0oHnNGrZMe0x4nXcMl6ZUrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMwPnpIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZt+TPtfIrBg7Qpnm7lbChlRTZl1GJRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwAdNo/x</latexit>



p3
<latexit sha1_base64="o4nZ68qYcK0np11Ttx2Ns6alTxc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6R/2S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwACiI2a</latexit><latexit sha1_base64="o4nZ68qYcK0np11Ttx2Ns6alTxc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6R/2S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwACiI2a</latexit><latexit sha1_base64="o4nZ68qYcK0np11Ttx2Ns6alTxc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6R/2S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwACiI2a</latexit><latexit sha1_base64="o4nZ68qYcK0np11Ttx2Ns6alTxc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6R/2S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwACiI2a</latexit>

p4 ⇠ P (p4|p1, p2, p3)
<latexit sha1_base64="GbXK+Obifi4mOWelrEQ+ehVNFXQ=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpSZWtBl0Y3LCvYB7TBk0kwbmmSGJCOUsUs3/oobF4q49RPc+Tdm2llo9UAuh3Pu5eaeIGZUacf5sgpLyyura8X10sbm1vaOvbvXVlEiMWnhiEWyGyBFGBWkpalmpBtLgnjASCcYX2V+545IRSNxqycx8TgaChpSjLSRfPsw9uuwryiHzUpG72Hsu6em1LJyduLbZafqzAD/EjcnZZCj6duf/UGEE06Exgwp1XOdWHspkppiRqalfqJIjPAYDUnPUIE4UV46O2QKj40ygGEkzRMaztSfEyniSk14YDo50iO16GXif14v0eGFl1IRJ5oIPF8UJgzqCGapwAGVBGs2MQRhSc1fIR4hibA22ZVMCO7iyX9Ju1Z1nap7Uy83LvM4iuAAHIEKcME5aIBr0AQtgMEDeAIv4NV6tJ6tN+t93lqw8pl98AvWxzcGTZbE</latexit><latexit sha1_base64="GbXK+Obifi4mOWelrEQ+ehVNFXQ=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpSZWtBl0Y3LCvYB7TBk0kwbmmSGJCOUsUs3/oobF4q49RPc+Tdm2llo9UAuh3Pu5eaeIGZUacf5sgpLyyura8X10sbm1vaOvbvXVlEiMWnhiEWyGyBFGBWkpalmpBtLgnjASCcYX2V+545IRSNxqycx8TgaChpSjLSRfPsw9uuwryiHzUpG72Hsu6em1LJyduLbZafqzAD/EjcnZZCj6duf/UGEE06Exgwp1XOdWHspkppiRqalfqJIjPAYDUnPUIE4UV46O2QKj40ygGEkzRMaztSfEyniSk14YDo50iO16GXif14v0eGFl1IRJ5oIPF8UJgzqCGapwAGVBGs2MQRhSc1fIR4hibA22ZVMCO7iyX9Ju1Z1nap7Uy83LvM4iuAAHIEKcME5aIBr0AQtgMEDeAIv4NV6tJ6tN+t93lqw8pl98AvWxzcGTZbE</latexit><latexit sha1_base64="GbXK+Obifi4mOWelrEQ+ehVNFXQ=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpSZWtBl0Y3LCvYB7TBk0kwbmmSGJCOUsUs3/oobF4q49RPc+Tdm2llo9UAuh3Pu5eaeIGZUacf5sgpLyyura8X10sbm1vaOvbvXVlEiMWnhiEWyGyBFGBWkpalmpBtLgnjASCcYX2V+545IRSNxqycx8TgaChpSjLSRfPsw9uuwryiHzUpG72Hsu6em1LJyduLbZafqzAD/EjcnZZCj6duf/UGEE06Exgwp1XOdWHspkppiRqalfqJIjPAYDUnPUIE4UV46O2QKj40ygGEkzRMaztSfEyniSk14YDo50iO16GXif14v0eGFl1IRJ5oIPF8UJgzqCGapwAGVBGs2MQRhSc1fIR4hibA22ZVMCO7iyX9Ju1Z1nap7Uy83LvM4iuAAHIEKcME5aIBr0AQtgMEDeAIv4NV6tJ6tN+t93lqw8pl98AvWxzcGTZbE</latexit><latexit sha1_base64="GbXK+Obifi4mOWelrEQ+ehVNFXQ=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahgpSZWtBl0Y3LCvYB7TBk0kwbmmSGJCOUsUs3/oobF4q49RPc+Tdm2llo9UAuh3Pu5eaeIGZUacf5sgpLyyura8X10sbm1vaOvbvXVlEiMWnhiEWyGyBFGBWkpalmpBtLgnjASCcYX2V+545IRSNxqycx8TgaChpSjLSRfPsw9uuwryiHzUpG72Hsu6em1LJyduLbZafqzAD/EjcnZZCj6duf/UGEE06Exgwp1XOdWHspkppiRqalfqJIjPAYDUnPUIE4UV46O2QKj40ygGEkzRMaztSfEyniSk14YDo50iO16GXif14v0eGFl1IRJ5oIPF8UJgzqCGapwAGVBGs2MQRhSc1fIR4hibA22ZVMCO7iyX9Ju1Z1nap7Uy83LvM4iuAAHIEKcME5aIBr0AQtgMEDeAIv4NV6tJ6tN+t93lqw8pl98AvWxzcGTZbE</latexit>

p4
<latexit sha1_base64="OkR9akwWyxYkB1LMIZwFnIjKfqw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9e5rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwQMjZs=</latexit><latexit sha1_base64="OkR9akwWyxYkB1LMIZwFnIjKfqw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9e5rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwQMjZs=</latexit><latexit sha1_base64="OkR9akwWyxYkB1LMIZwFnIjKfqw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9e5rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwQMjZs=</latexit><latexit sha1_base64="OkR9akwWyxYkB1LMIZwFnIjKfqw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvqp5b9e5rlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwQMjZs=</latexit>

p3 ⇠ P (p3|p1, p2)
<latexit sha1_base64="5yax7WHBHSmIZcEJs92TYqlcSZs=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqCBlpgq6LLpxWcFeoB2GTJppQ5OZkGSEMhbc+CpuXCji1pdw59uYaWehrQcSPv7/HJLzB4JRpR3n2yosLa+srhXXSxubW9s79u5eS8WJxKSJYxbLToAUYTQiTU01Ix0hCeIBI+1gdJ357XsiFY2jOz0WxONoENGQYqSN5NsHwj+DPUU5bFQyfIDCd0/NVTvx7bJTdaYFF8HNoQzyavj2V68f44STSGOGlOq6jtBeiqSmmJFJqZcoIhAeoQHpGowQJ8pLpztM4LFR+jCMpTmRhlP190SKuFJjHphOjvRQzXuZ+J/XTXR46aU0EokmEZ49FCYM6hhmgcA+lQRrNjaAsKTmrxAPkURYm9hKJgR3fuVFaNWqrlN1b8/L9as8jiI4BEegAlxwAergBjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/wp6/MHJeeVQg==</latexit><latexit sha1_base64="5yax7WHBHSmIZcEJs92TYqlcSZs=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqCBlpgq6LLpxWcFeoB2GTJppQ5OZkGSEMhbc+CpuXCji1pdw59uYaWehrQcSPv7/HJLzB4JRpR3n2yosLa+srhXXSxubW9s79u5eS8WJxKSJYxbLToAUYTQiTU01Ix0hCeIBI+1gdJ357XsiFY2jOz0WxONoENGQYqSN5NsHwj+DPUU5bFQyfIDCd0/NVTvx7bJTdaYFF8HNoQzyavj2V68f44STSGOGlOq6jtBeiqSmmJFJqZcoIhAeoQHpGowQJ8pLpztM4LFR+jCMpTmRhlP190SKuFJjHphOjvRQzXuZ+J/XTXR46aU0EokmEZ49FCYM6hhmgcA+lQRrNjaAsKTmrxAPkURYm9hKJgR3fuVFaNWqrlN1b8/L9as8jiI4BEegAlxwAergBjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/wp6/MHJeeVQg==</latexit><latexit sha1_base64="5yax7WHBHSmIZcEJs92TYqlcSZs=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqCBlpgq6LLpxWcFeoB2GTJppQ5OZkGSEMhbc+CpuXCji1pdw59uYaWehrQcSPv7/HJLzB4JRpR3n2yosLa+srhXXSxubW9s79u5eS8WJxKSJYxbLToAUYTQiTU01Ix0hCeIBI+1gdJ357XsiFY2jOz0WxONoENGQYqSN5NsHwj+DPUU5bFQyfIDCd0/NVTvx7bJTdaYFF8HNoQzyavj2V68f44STSGOGlOq6jtBeiqSmmJFJqZcoIhAeoQHpGowQJ8pLpztM4LFR+jCMpTmRhlP190SKuFJjHphOjvRQzXuZ+J/XTXR46aU0EokmEZ49FCYM6hhmgcA+lQRrNjaAsKTmrxAPkURYm9hKJgR3fuVFaNWqrlN1b8/L9as8jiI4BEegAlxwAergBjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/wp6/MHJeeVQg==</latexit><latexit sha1_base64="5yax7WHBHSmIZcEJs92TYqlcSZs=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqCBlpgq6LLpxWcFeoB2GTJppQ5OZkGSEMhbc+CpuXCji1pdw59uYaWehrQcSPv7/HJLzB4JRpR3n2yosLa+srhXXSxubW9s79u5eS8WJxKSJYxbLToAUYTQiTU01Ix0hCeIBI+1gdJ357XsiFY2jOz0WxONoENGQYqSN5NsHwj+DPUU5bFQyfIDCd0/NVTvx7bJTdaYFF8HNoQzyavj2V68f44STSGOGlOq6jtBeiqSmmJFJqZcoIhAeoQHpGowQJ8pLpztM4LFR+jCMpTmRhlP190SKuFJjHphOjvRQzXuZ+J/XTXR46aU0EokmEZ49FCYM6hhmgcA+lQRrNjaAsKTmrxAPkURYm9hKJgR3fuVFaNWqrlN1b8/L9as8jiI4BEegAlxwAergBjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/wp6/MHJeeVQg==</latexit>

p2
<latexit sha1_base64="DjS1oOAr1VR/VatzfCTqK/ymJgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwEEjZk=</latexit><latexit sha1_base64="DjS1oOAr1VR/VatzfCTqK/ymJgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwEEjZk=</latexit><latexit sha1_base64="DjS1oOAr1VR/VatzfCTqK/ymJgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwEEjZk=</latexit><latexit sha1_base64="DjS1oOAr1VR/VatzfCTqK/ymJgE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwEEjZk=</latexit>

p2 ⇠ P (p2|p1)
<latexit sha1_base64="SOXQkEZJJNBLYcrBX8TqRdXqmaM=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8Ei1E2ZKYIui25cVrAXaIchk2ba0CQTkoxQxoKv4saFIm59Dne+jZl2Ftr6Q+DjP+dwTv5IMqqN5307K6tr6xubpa3y9s7u3r57cNjWSaowaeGEJaobIU0YFaRlqGGkKxVBPGKkE41v8nrngShNE3FvJpIEHA0FjSlGxlqheyzDOuxrymGzmuMjlKF/HroVr+bNBJfBL6ACCjVD96s/SHDKiTCYIa17vidNkCFlKGZkWu6nmkiEx2hIehYF4kQH2ez8KTyzzgDGibJPGDhzf09kiGs94ZHt5MiM9GItN/+r9VITXwUZFTI1ROD5ojhl0CQwzwIOqCLYsIkFhBW1t0I8QgphYxMr2xD8xS8vQ7te872af3dRaVwXcZTACTgFVeCDS9AAt6AJWgCDDDyDV/DmPDkvzrvzMW9dcYqZI/BHzucPTc2TwQ==</latexit><latexit sha1_base64="SOXQkEZJJNBLYcrBX8TqRdXqmaM=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8Ei1E2ZKYIui25cVrAXaIchk2ba0CQTkoxQxoKv4saFIm59Dne+jZl2Ftr6Q+DjP+dwTv5IMqqN5307K6tr6xubpa3y9s7u3r57cNjWSaowaeGEJaobIU0YFaRlqGGkKxVBPGKkE41v8nrngShNE3FvJpIEHA0FjSlGxlqheyzDOuxrymGzmuMjlKF/HroVr+bNBJfBL6ACCjVD96s/SHDKiTCYIa17vidNkCFlKGZkWu6nmkiEx2hIehYF4kQH2ez8KTyzzgDGibJPGDhzf09kiGs94ZHt5MiM9GItN/+r9VITXwUZFTI1ROD5ojhl0CQwzwIOqCLYsIkFhBW1t0I8QgphYxMr2xD8xS8vQ7te872af3dRaVwXcZTACTgFVeCDS9AAt6AJWgCDDDyDV/DmPDkvzrvzMW9dcYqZI/BHzucPTc2TwQ==</latexit><latexit sha1_base64="SOXQkEZJJNBLYcrBX8TqRdXqmaM=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8Ei1E2ZKYIui25cVrAXaIchk2ba0CQTkoxQxoKv4saFIm59Dne+jZl2Ftr6Q+DjP+dwTv5IMqqN5307K6tr6xubpa3y9s7u3r57cNjWSaowaeGEJaobIU0YFaRlqGGkKxVBPGKkE41v8nrngShNE3FvJpIEHA0FjSlGxlqheyzDOuxrymGzmuMjlKF/HroVr+bNBJfBL6ACCjVD96s/SHDKiTCYIa17vidNkCFlKGZkWu6nmkiEx2hIehYF4kQH2ez8KTyzzgDGibJPGDhzf09kiGs94ZHt5MiM9GItN/+r9VITXwUZFTI1ROD5ojhl0CQwzwIOqCLYsIkFhBW1t0I8QgphYxMr2xD8xS8vQ7te872af3dRaVwXcZTACTgFVeCDS9AAt6AJWgCDDDyDV/DmPDkvzrvzMW9dcYqZI/BHzucPTc2TwQ==</latexit><latexit sha1_base64="SOXQkEZJJNBLYcrBX8TqRdXqmaM=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8Ei1E2ZKYIui25cVrAXaIchk2ba0CQTkoxQxoKv4saFIm59Dne+jZl2Ftr6Q+DjP+dwTv5IMqqN5307K6tr6xubpa3y9s7u3r57cNjWSaowaeGEJaobIU0YFaRlqGGkKxVBPGKkE41v8nrngShNE3FvJpIEHA0FjSlGxlqheyzDOuxrymGzmuMjlKF/HroVr+bNBJfBL6ACCjVD96s/SHDKiTCYIa17vidNkCFlKGZkWu6nmkiEx2hIehYF4kQH2ez8KTyzzgDGibJPGDhzf09kiGs94ZHt5MiM9GItN/+r9VITXwUZFTI1ROD5ojhl0CQwzwIOqCLYsIkFhBW1t0I8QgphYxMr2xD8xS8vQ7te872af3dRaVwXcZTACTgFVeCDS9AAt6AJWgCDDDyDV/DmPDkvzrvzMW9dcYqZI/BHzucPTc2TwQ==</latexit>

p1
<latexit sha1_base64="PG232OQihDmkgBlqogfqqH3oHi0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/9xjZg=</latexit><latexit sha1_base64="PG232OQihDmkgBlqogfqqH3oHi0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/9xjZg=</latexit><latexit sha1_base64="PG232OQihDmkgBlqogfqqH3oHi0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/9xjZg=</latexit><latexit sha1_base64="PG232OQihDmkgBlqogfqqH3oHi0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/9xjZg=</latexit>

p1 ⇠ P (p1)
<latexit sha1_base64="71eTt1wN1aOF7jqotrS5gFlR0Gg=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFqJsyI4Iui25cVrAXaIchk2ba0CQzJBmhDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+aOUM20879tZW9/Y3Nou7ZR39/YPKu7hUVsnmSK0RRKeqG6ENeVM0pZhhtNuqigWEaedaHw7q3ceqdIskQ9mktJA4KFkMSPYWCt0K2noo75mAjVrFs9Dt+rVvbnQKvgFVKFQM3S/+oOEZIJKQzjWuud7qQlyrAwjnE7L/UzTFJMxHtKeRYkF1UE+P3yKzqwzQHGi7JMGzd3fEzkWWk9EZDsFNiO9XJuZ/9V6mYmvg5zJNDNUksWiOOPIJGiWAhowRYnhEwuYKGZvRWSEFSbGZlW2IfjLX16F9kXd9+r+/WW1cVPEUYITOIUa+HAFDbiDJrSAQAbP8ApvzpPz4rw7H4vWNaeYOYY/cj5/AKqPkcc=</latexit><latexit sha1_base64="71eTt1wN1aOF7jqotrS5gFlR0Gg=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFqJsyI4Iui25cVrAXaIchk2ba0CQzJBmhDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+aOUM20879tZW9/Y3Nou7ZR39/YPKu7hUVsnmSK0RRKeqG6ENeVM0pZhhtNuqigWEaedaHw7q3ceqdIskQ9mktJA4KFkMSPYWCt0K2noo75mAjVrFs9Dt+rVvbnQKvgFVKFQM3S/+oOEZIJKQzjWuud7qQlyrAwjnE7L/UzTFJMxHtKeRYkF1UE+P3yKzqwzQHGi7JMGzd3fEzkWWk9EZDsFNiO9XJuZ/9V6mYmvg5zJNDNUksWiOOPIJGiWAhowRYnhEwuYKGZvRWSEFSbGZlW2IfjLX16F9kXd9+r+/WW1cVPEUYITOIUa+HAFDbiDJrSAQAbP8ApvzpPz4rw7H4vWNaeYOYY/cj5/AKqPkcc=</latexit><latexit sha1_base64="71eTt1wN1aOF7jqotrS5gFlR0Gg=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFqJsyI4Iui25cVrAXaIchk2ba0CQzJBmhDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+aOUM20879tZW9/Y3Nou7ZR39/YPKu7hUVsnmSK0RRKeqG6ENeVM0pZhhtNuqigWEaedaHw7q3ceqdIskQ9mktJA4KFkMSPYWCt0K2noo75mAjVrFs9Dt+rVvbnQKvgFVKFQM3S/+oOEZIJKQzjWuud7qQlyrAwjnE7L/UzTFJMxHtKeRYkF1UE+P3yKzqwzQHGi7JMGzd3fEzkWWk9EZDsFNiO9XJuZ/9V6mYmvg5zJNDNUksWiOOPIJGiWAhowRYnhEwuYKGZvRWSEFSbGZlW2IfjLX16F9kXd9+r+/WW1cVPEUYITOIUa+HAFDbiDJrSAQAbP8ApvzpPz4rw7H4vWNaeYOYY/cj5/AKqPkcc=</latexit><latexit sha1_base64="71eTt1wN1aOF7jqotrS5gFlR0Gg=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFqJsyI4Iui25cVrAXaIchk2ba0CQzJBmhDn0SNy4UceujuPNtTNtZaOsPgY//nMM5+aOUM20879tZW9/Y3Nou7ZR39/YPKu7hUVsnmSK0RRKeqG6ENeVM0pZhhtNuqigWEaedaHw7q3ceqdIskQ9mktJA4KFkMSPYWCt0K2noo75mAjVrFs9Dt+rVvbnQKvgFVKFQM3S/+oOEZIJKQzjWuud7qQlyrAwjnE7L/UzTFJMxHtKeRYkF1UE+P3yKzqwzQHGi7JMGzd3fEzkWWk9EZDsFNiO9XJuZ/9V6mYmvg5zJNDNUksWiOOPIJGiWAhowRYnhEwuYKGZvRWSEFSbGZlW2IfjLX16F9kXd9+r+/WW1cVPEUYITOIUa+HAFDbiDJrSAQAbP8ApvzpPz4rw7H4vWNaeYOYY/cj5/AKqPkcc=</latexit>

pi ⇠ P (pi|p1, . . . , pi�1)
<latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit><latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit><latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="2hiXtszjkInaqldcZzolog3XujU=">AAACBHicbZDLSgMxGIX/qbdaq45u3QSLUqGWiRtdCm5cVrAXaIchk8m0oZkLSUYoY9/Aja/ixoUiPoM738ZM24W2Hgh8OSch+Y+fCq6043xbpbX1jc2t8nZlp7q7t28fVDsqySRlbZqIRPZ8opjgMWtrrgXrpZKRyBes649virz7wKTiSXyvJylzIzKMecgp0cby7NPU42igeIRa9QIfUerhBhqIINGqYTY5P8fTM8+uOU1nJrQKeAE1WKjl2V+DIKFZxGJNBVGqj51UuzmRmlPBppVBplhK6JgMWd9gTCKm3Hw2zxSdGCdAYSLNijWaub9v5CRSahL55mRE9EgtZ4X5X9bPdHjl5jxOM81iOn8ozATSCSrKQQGXjGoxMUCo5OaviI6IJFSbCiumBLw88ip0LprYaeI7B8pwBMdQBwyXcA230II2UHiCF3iDd+vZerU+5nWVrEVvh/BH1ucPBCKZBw==</latexit><latexit sha1_base64="2hiXtszjkInaqldcZzolog3XujU=">AAACBHicbZDLSgMxGIX/qbdaq45u3QSLUqGWiRtdCm5cVrAXaIchk8m0oZkLSUYoY9/Aja/ixoUiPoM738ZM24W2Hgh8OSch+Y+fCq6043xbpbX1jc2t8nZlp7q7t28fVDsqySRlbZqIRPZ8opjgMWtrrgXrpZKRyBes649virz7wKTiSXyvJylzIzKMecgp0cby7NPU42igeIRa9QIfUerhBhqIINGqYTY5P8fTM8+uOU1nJrQKeAE1WKjl2V+DIKFZxGJNBVGqj51UuzmRmlPBppVBplhK6JgMWd9gTCKm3Hw2zxSdGCdAYSLNijWaub9v5CRSahL55mRE9EgtZ4X5X9bPdHjl5jxOM81iOn8ozATSCSrKQQGXjGoxMUCo5OaviI6IJFSbCiumBLw88ip0LprYaeI7B8pwBMdQBwyXcA230II2UHiCF3iDd+vZerU+5nWVrEVvh/BH1ucPBCKZBw==</latexit><latexit sha1_base64="4KPiAIhtKE1It0mZyx2f3Ed6/NA=">AAACD3icbZC7TsMwFIYdrqXcAowsFhWoSKVKWGCsYGEsEr1ITRQ5jttatePIdpCq0Ddg4VVYGECIlZWNt8FpM0DLL1n6/J9zZJ8/TBhV2nG+raXlldW19dJGeXNre2fX3ttvK5FKTFpYMCG7IVKE0Zi0NNWMdBNJEA8Z6YSj67zeuSdSURHf6XFCfI4GMe1TjLSxAvskCSj0FOWwWc3xASaBW4Mei4RWNXPJ6Jk7OQ3silN3poKL4BZQAYWagf3lRQKnnMQaM6RUz3US7WdIaooZmZS9VJEE4REakJ7BGHGi/Gy6zwQeGyeCfSHNiTWcur8nMsSVGvPQdHKkh2q+lpv/1Xqp7l/6GY2TVJMYzx7qpwxqAfNwYEQlwZqNDSAsqfkrxEMkEdYmwrIJwZ1feRHa53XXqbu3TqVxVcRRAofgCFSBCy5AA9yAJmgBDB7BM3gFb9aT9WK9Wx+z1iWrmDkAf2R9/gClPZp9</latexit><latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit><latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit><latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit><latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit><latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit><latexit sha1_base64="rJdecwOvzSLyiVbGEgngPLpr8HQ=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQJszRiqDHoRePE9wLrKWkabqFJW1JUmHUfQMvfhUvHhTx6tWb38Z060E3/xD45f88D8nz9xNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o+u83r0nQtI4ulPjhLgcDSIaUoyUtjzzOPEodCTlsFXL8QEmnl2HDgtiJev6ktFTe3LimVWrYU0FF8EuoAoKtTzzywlinHISKcyQlH3bSpSbIaEoZmRScVJJEoRHaED6GiPEiXSz6T4TeKSdAIax0CdScOr+nsgQl3LMfd3JkRrK+Vpu/lfrpyq8dDMaJakiEZ49FKYMqhjm4cCACoIVG2tAWFD9V4iHSCCsdIQVHYI9v/IidM4attWwb8+rzasijjI4AIegBmxwAZrgBrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDpn2agQ==</latexit>

{p1, p2, p3, p4} ⇠ P (p4|p1, p2, p3)P (p3|p1, p2)P (p2|p1)P (p1)
<latexit sha1_base64="xs1t043Ms8DzofiL0dVnx+dxunA="></latexit><latexit sha1_base64="xs1t043Ms8DzofiL0dVnx+dxunA="></latexit><latexit sha1_base64="xs1t043Ms8DzofiL0dVnx+dxunA="></latexit><latexit sha1_base64="xs1t043Ms8DzofiL0dVnx+dxunA="></latexit>

p ⇠
NY

i=1

P (pi|p1, . . . , pi�1)
<latexit sha1_base64="xxm87wGsh9Xp1TPQvrng8OWayaY="></latexit><latexit sha1_base64="xxm87wGsh9Xp1TPQvrng8OWayaY="></latexit><latexit sha1_base64="xxm87wGsh9Xp1TPQvrng8OWayaY="></latexit><latexit sha1_base64="xxm87wGsh9Xp1TPQvrng8OWayaY="></latexit>



Autoregressive probability model

p ⇠
NY

i=1

P (pi|p1, . . . , pi�1)
<latexit sha1_base64="xxm87wGsh9Xp1TPQvrng8OWayaY="></latexit><latexit sha1_base64="xxm87wGsh9Xp1TPQvrng8OWayaY="></latexit><latexit sha1_base64="xxm87wGsh9Xp1TPQvrng8OWayaY="></latexit><latexit sha1_base64="xxm87wGsh9Xp1TPQvrng8OWayaY="></latexit>

P (p) =
NY

i=1

P (pi|p1, . . . , pi�1)
<latexit sha1_base64="aiGak24Aj7V1ToxddOlXwktOmF8="></latexit><latexit sha1_base64="aiGak24Aj7V1ToxddOlXwktOmF8="></latexit><latexit sha1_base64="aiGak24Aj7V1ToxddOlXwktOmF8="></latexit><latexit sha1_base64="aiGak24Aj7V1ToxddOlXwktOmF8="></latexit>

General product rule

The sampling procedure we defined above takes exact samples from the 
learned probability distribution (pmf). 

Multiplying all conditionals evaluates the probability of a full joint 
configuration of pixels.



Autoregressive probability model

Models that allow us to sample, i.e. generate, images from scratch are called 
generative models.

We will see more examples in a future lecture.

p ⇠ P (p)
<latexit sha1_base64="J+L+m8AYYhwRl/YT8BmXQ+qgaJo=">AAACBnicbVBNS8NAEJ34WetX1KMIi0Wol5KIoMeiF48V7Ac0oWy2m3bpZhN2N0IJPXnxr3jxoIhXf4M3/42bNqC2Phh4vDfDzLwg4Uxpx/mylpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0nfvteyoVi8WdHifUj/BAsJARrI3Us4+8COthEGbJBHmKRahR/VFOe3bFqTlToEXiFqQCBRo9+9PrxySNqNCEY6W6rpNoP8NSM8LppOyliiaYjPCAdg0VOKLKz6ZvTNCJUfoojKUpodFU/T2R4UipcRSYzvxENe/l4n9eN9XhpZ8xkaSaCjJbFKYc6RjlmaA+k5RoPjYEE8nMrYgMscREm+TKJgR3/uVF0jqruU7NvT2v1K+KOEpwCMdQBRcuoA430IAmEHiAJ3iBV+vRerberPdZ65JVzBzAH1gf3+j2mL8=</latexit><latexit sha1_base64="J+L+m8AYYhwRl/YT8BmXQ+qgaJo=">AAACBnicbVBNS8NAEJ34WetX1KMIi0Wol5KIoMeiF48V7Ac0oWy2m3bpZhN2N0IJPXnxr3jxoIhXf4M3/42bNqC2Phh4vDfDzLwg4Uxpx/mylpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0nfvteyoVi8WdHifUj/BAsJARrI3Us4+8COthEGbJBHmKRahR/VFOe3bFqTlToEXiFqQCBRo9+9PrxySNqNCEY6W6rpNoP8NSM8LppOyliiaYjPCAdg0VOKLKz6ZvTNCJUfoojKUpodFU/T2R4UipcRSYzvxENe/l4n9eN9XhpZ8xkaSaCjJbFKYc6RjlmaA+k5RoPjYEE8nMrYgMscREm+TKJgR3/uVF0jqruU7NvT2v1K+KOEpwCMdQBRcuoA430IAmEHiAJ3iBV+vRerberPdZ65JVzBzAH1gf3+j2mL8=</latexit><latexit sha1_base64="J+L+m8AYYhwRl/YT8BmXQ+qgaJo=">AAACBnicbVBNS8NAEJ34WetX1KMIi0Wol5KIoMeiF48V7Ac0oWy2m3bpZhN2N0IJPXnxr3jxoIhXf4M3/42bNqC2Phh4vDfDzLwg4Uxpx/mylpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0nfvteyoVi8WdHifUj/BAsJARrI3Us4+8COthEGbJBHmKRahR/VFOe3bFqTlToEXiFqQCBRo9+9PrxySNqNCEY6W6rpNoP8NSM8LppOyliiaYjPCAdg0VOKLKz6ZvTNCJUfoojKUpodFU/T2R4UipcRSYzvxENe/l4n9eN9XhpZ8xkaSaCjJbFKYc6RjlmaA+k5RoPjYEE8nMrYgMscREm+TKJgR3/uVF0jqruU7NvT2v1K+KOEpwCMdQBRcuoA430IAmEHiAJ3iBV+vRerberPdZ65JVzBzAH1gf3+j2mL8=</latexit><latexit sha1_base64="J+L+m8AYYhwRl/YT8BmXQ+qgaJo=">AAACBnicbVBNS8NAEJ34WetX1KMIi0Wol5KIoMeiF48V7Ac0oWy2m3bpZhN2N0IJPXnxr3jxoIhXf4M3/42bNqC2Phh4vDfDzLwg4Uxpx/mylpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0nfvteyoVi8WdHifUj/BAsJARrI3Us4+8COthEGbJBHmKRahR/VFOe3bFqTlToEXiFqQCBRo9+9PrxySNqNCEY6W6rpNoP8NSM8LppOyliiaYjPCAdg0VOKLKz6ZvTNCJUfoojKUpodFU/T2R4UipcRSYzvxENe/l4n9eN9XhpZ8xkaSaCjJbFKYc6RjlmaA+k5RoPjYEE8nMrYgMscREm+TKJgR3/uVF0jqruU7NvT2v1K+KOEpwCMdQBRcuoA430IAmEHiAJ3iBV+vRerberPdZ65JVzBzAH1gf3+j2mL8=</latexit>



Samples from PixelRNN 

[PixelRNN, van der Oord et al. 2016] 



Image completions (conditional samples) from PixelRNN 

[PixelRNN, van der Oord et al. 2016] 



[Wavenet, https://deepmind.com/blog/wavenet-generative-model-raw-audio/]


