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• What I did not like as a student: 
• lectures are boring and make me sleepy 
• weak connection between (i) theory (math, statistics, 

algebra) and (ii) applications (robotics) 
• non-interactive lectures 
• semestral work: 

• second half of lectures cannot be used 
• no space for own creativity 

• What I do not like as teacher: 
• lectures are boring and make me sleepy 
• weak motivation of students for continuous studying 
• weak motivation of students for interactive discussions 
• weak motivation of students for originality 
• strong motivation of students for plagiarism

Motivation for unusual organization
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Outline
date wee

k
due 
to

Topic
01.10.20
18

1 T0 Outline, organization of the course.
01.10.20
18

1 Linear regression and classification + priors
08.10.20
18

2 T1 Neural nets + backprop
08.10.20
18

2 Convolutional network + backprop
15.10.20
18

3 T2 Learning (gradients, adaptive methods) + layers (activation functions, 
losses, regularization layers)15.10.20

18
3 Frameworks for learning

22.10.20
18

4 HW1 Recognition, detection, segmentation
22.10.20
18

4 Camera
29.10.20
18

5 T3 Depth sensors (stereo, kinect, time-of-flight)
29.10.20
18

5 Mapping I (basic SLAM from camera and depth sensor)
05.11.20
18

6 HW2 Mapping II (recurrent nets, learnable SLAM, stereo and monodepth)
05.11.20
18

6 Motion control from images
12.11.20
18

7 Domain transfer (GANs, time-constrastive nets, style transfer nets, 
inception score, deep dreaming)12.11.20

18
7 Semestral work assignment

19.11.20
18

8 — supervisor consultations —
19.11.20
18

8 — supervisor consultations —
26.11.20
18

9 — supervisor consultations —
26.11.20
18

9 — supervisor consultations —
03.12.20
18

10 — supervisor consultations —
03.12.20
18

10 — supervisor consultations —
10.12.20
18

11 — supervisor consultations —
10.12.20
18

11 — supervisor consultations —
17.12.20
18

12 — supervisor consultations —
17.12.20
18

12 — supervisor consultations —
07.01.20
19

15 SW Semestral work presentations
07.01.20
19

15 T4 Exam test
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We will formulate classification and regression problems as 
Bayesian parameter estimation of a probability distribution

• Pre-requisites: 
• ALG (basic linear algebra) 
• PSI (probability, ML and Bayes rule) 

= argmin

w

 
X

i

� log(p(yi|xi,w))

!
+ (� log p(w))
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y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

1
<latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit><latexit sha1_base64="kqcFHlNTiGsK33nHUTL24mSfqk8="></latexit>

2
<latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit><latexit sha1_base64="0l2cbo9WRV71eZUG9BTfEltxVpI="></latexit>

3
<latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit><latexit sha1_base64="qszBVdzY9NlhQUAowAzXk4Cxmys="></latexit>
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*

w1
<latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5 nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5 nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5 nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5 nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit>

x1
<latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5 nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5 nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5 nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5 nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit>

*
x2

<latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit>

w2
<latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhj OB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit>

+ �(v)
<latexit sha1_base64="zFaocIklijjBwSUnvW6N5LUWKgI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZgNhyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0N/NbY6oNU/LRThIaCjyQLGYEWyc9dQ0bCFwZX/RKZb/qz4FWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp9NiNzU0wWSEB7TjqMSCmjCbHzxF507po1hpV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkwmqaWSLBbFKUdWodn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0L6uBXw0ersq12zyOApzCGVQggGuowT3UoQEEBDzDK7x52nvx3r2PReual8+cwB94nz9A9pAI</latexit><latexit sha1_base64="zFaocIklijjBwSUnvW6N5LUWKgI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZgNhyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0N/NbY6oNU/LRThIaCjyQLGYEWyc9dQ0bCFwZX/RKZb/qz4FWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp9NiNzU0wWSEB7TjqMSCmjCbHzxF507po1hpV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkwmqaWSLBbFKUdWodn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0L6uBXw0ersq12zyOApzCGVQggGuowT3UoQEEBDzDK7x52nvx3r2PReual8+cwB94nz9A9pAI</latexit><latexit sha1_base64="zFaocIklijjBwSUnvW6N5LUWKgI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZgNhyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0N/NbY6oNU/LRThIaCjyQLGYEWyc9dQ0bCFwZX/RKZb/qz4FWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp9NiNzU0wWSEB7TjqMSCmjCbHzxF507po1hpV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkwmqaWSLBbFKUdWodn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0L6uBXw0ersq12zyOApzCGVQggGuowT3UoQEEBDzDK7x52nvx3r2PReual8+cwB94nz9A9pAI</latexit><latexit sha1_base64="zFaocIklijjBwSUnvW6N5LUWKgI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZgNhyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0N/NbY6oNU/LRThIaCjyQLGYEWyc9dQ0bCFwZX/RKZb/qz4FWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp9NiNzU0wWSEB7TjqMSCmjCbHzxF507po1hpV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkwmqaWSLBbFKUdWodn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0L6uBXw0ersq12zyOApzCGVQggGuowT3UoQEEBDzDK7x52nvx3r2PReual8+cwB94nz9A9pAI</latexit>

p
<latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit>

y1
<latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit>

y2
<latexit sha1_base64="D3AX+j/PE1m53fMd5IxYxCDCOuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM120i7dbMLuRgihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfmdJ1Sax/LRZAn6ER1JHnJGjZUeskF9UKm6NXcOskq8glShQHNQ+eoPY5ZGKA0TVOue5ybGz6kynAmclvupxoSyCR1hz1JJI9R+Pj91Ss6tMiRhrGxJQ+bq74mcRlpnUWA7I2rGetmbif95vdSE137OZZIalGyxKEwFMTGZ/U2GXCEzIrOEMsXtrYSNqaLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0rjnFzAn8gfP5Aw66jaI=</latexit><latexit sha1_base64="D3AX+j/PE1m53fMd5IxYxCDCOuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM120i7dbMLuRgihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfmdJ1Sax/LRZAn6ER1JHnJGjZUeskF9UKm6NXcOskq8glShQHNQ+eoPY5ZGKA0TVOue5ybGz6kynAmclvupxoSyCR1hz1JJI9R+Pj91Ss6tMiRhrGxJQ+bq74mcRlpnUWA7I2rGetmbif95vdSE137OZZIalGyxKEwFMTGZ/U2GXCEzIrOEMsXtrYSNqaLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0rjnFzAn8gfP5Aw66jaI=</latexit><latexit sha1_base64="D3AX+j/PE1m53fMd5IxYxCDCOuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM120i7dbMLuRgihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfmdJ1Sax/LRZAn6ER1JHnJGjZUeskF9UKm6NXcOskq8glShQHNQ+eoPY5ZGKA0TVOue5ybGz6kynAmclvupxoSyCR1hz1JJI9R+Pj91Ss6tMiRhrGxJQ+bq74mcRlpnUWA7I2rGetmbif95vdSE137OZZIalGyxKEwFMTGZ/U2GXCEzIrOEMsXtrYSNqaLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0rjnFzAn8gfP5Aw66jaI=</latexit><latexit sha1_base64="D3AX+j/PE1m53fMd5IxYxCDCOuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM120i7dbMLuRgihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfmdJ1Sax/LRZAn6ER1JHnJGjZUeskF9UKm6NXcOskq8glShQHNQ+eoPY5ZGKA0TVOue5ybGz6kynAmclvupxoSyCR1hz1JJI9R+Pj91Ss6tMiRhrGxJQ+bq74mcRlpnUWA7I2rGetmbif95vdSE137OZZIalGyxKEwFMTGZ/U2GXCEzIrOEMsXtrYSNqaLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0rjnFzAn8gfP5Aw66jaI=</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>
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=

@p

@v

@v

@y1

@y1
@w1

<latexit sha1_base64="oxzfV6famwFLfFRRuAL4HAOfbLc=">AAACaHicfVFbS8MwGE3rbW5e6g0RX8KG4NNoRdAXYeiLjxPcBdZS0izdwtILSToZpfgfffMH+OKvMN0Kbp34QeBwzvm+LznxYkaFNM1PTd/Y3NreqexWa3v7B4fG0XFXRAnHpIMjFvG+hwRhNCQdSSUj/ZgTFHiM9LzJU673poQLGoWvchYTJ0CjkPoUI6ko13i3fY5waseIS4oYjLNf/OZaGXyA/zimWUmcLokz1V6Sc2p1vms0zKY5L7gOrAI0QFFt1/iwhxFOAhJKzJAQA8uMpZPmIzEjWdVOBIkRnqARGSgYooAIJ50HlcErxQyhH3F1Qgnn7HJHigIhZoGnnAGSY1HWcvIvbZBI/95JaRgnkoR4schPGJQRzFOHQ8oJlmymAMKcqrtCPEYqG6n+pqpCsMpPXgfdm6ZlNq2X20brsYijAi5BHVwDC9yBFngGbdABGHxpNe1UO9O+dUM/1y8WVl0rek7ASun1Hxtku/k=</latexit><latexit sha1_base64="oxzfV6famwFLfFRRuAL4HAOfbLc=">AAACaHicfVFbS8MwGE3rbW5e6g0RX8KG4NNoRdAXYeiLjxPcBdZS0izdwtILSToZpfgfffMH+OKvMN0Kbp34QeBwzvm+LznxYkaFNM1PTd/Y3NreqexWa3v7B4fG0XFXRAnHpIMjFvG+hwRhNCQdSSUj/ZgTFHiM9LzJU673poQLGoWvchYTJ0CjkPoUI6ko13i3fY5waseIS4oYjLNf/OZaGXyA/zimWUmcLokz1V6Sc2p1vms0zKY5L7gOrAI0QFFt1/iwhxFOAhJKzJAQA8uMpZPmIzEjWdVOBIkRnqARGSgYooAIJ50HlcErxQyhH3F1Qgnn7HJHigIhZoGnnAGSY1HWcvIvbZBI/95JaRgnkoR4schPGJQRzFOHQ8oJlmymAMKcqrtCPEYqG6n+pqpCsMpPXgfdm6ZlNq2X20brsYijAi5BHVwDC9yBFngGbdABGHxpNe1UO9O+dUM/1y8WVl0rek7ASun1Hxtku/k=</latexit><latexit sha1_base64="oxzfV6famwFLfFRRuAL4HAOfbLc=">AAACaHicfVFbS8MwGE3rbW5e6g0RX8KG4NNoRdAXYeiLjxPcBdZS0izdwtILSToZpfgfffMH+OKvMN0Kbp34QeBwzvm+LznxYkaFNM1PTd/Y3NreqexWa3v7B4fG0XFXRAnHpIMjFvG+hwRhNCQdSSUj/ZgTFHiM9LzJU673poQLGoWvchYTJ0CjkPoUI6ko13i3fY5waseIS4oYjLNf/OZaGXyA/zimWUmcLokz1V6Sc2p1vms0zKY5L7gOrAI0QFFt1/iwhxFOAhJKzJAQA8uMpZPmIzEjWdVOBIkRnqARGSgYooAIJ50HlcErxQyhH3F1Qgnn7HJHigIhZoGnnAGSY1HWcvIvbZBI/95JaRgnkoR4schPGJQRzFOHQ8oJlmymAMKcqrtCPEYqG6n+pqpCsMpPXgfdm6ZlNq2X20brsYijAi5BHVwDC9yBFngGbdABGHxpNe1UO9O+dUM/1y8WVl0rek7ASun1Hxtku/k=</latexit><latexit sha1_base64="oxzfV6famwFLfFRRuAL4HAOfbLc=">AAACaHicfVFbS8MwGE3rbW5e6g0RX8KG4NNoRdAXYeiLjxPcBdZS0izdwtILSToZpfgfffMH+OKvMN0Kbp34QeBwzvm+LznxYkaFNM1PTd/Y3NreqexWa3v7B4fG0XFXRAnHpIMjFvG+hwRhNCQdSSUj/ZgTFHiM9LzJU673poQLGoWvchYTJ0CjkPoUI6ko13i3fY5waseIS4oYjLNf/OZaGXyA/zimWUmcLokz1V6Sc2p1vms0zKY5L7gOrAI0QFFt1/iwhxFOAhJKzJAQA8uMpZPmIzEjWdVOBIkRnqARGSgYooAIJ50HlcErxQyhH3F1Qgnn7HJHigIhZoGnnAGSY1HWcvIvbZBI/95JaRgnkoR4schPGJQRzFOHQ8oJlmymAMKcqrtCPEYqG6n+pqpCsMpPXgfdm6ZlNq2X20brsYijAi5BHVwDC9yBFngGbdABGHxpNe1UO9O+dUM/1y8WVl0rek7ASun1Hxtku/k=</latexit>

Chain-rule in computational graph

@p

@v
<latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit>

=0.2

w1 = w1 +
@p

@w1
<latexit sha1_base64="KAKugTIpL4dOc36++/p5DfuoG+U=">AAACuXicfVFbS8MwFE7rbdZb1UdfgmMgCKMVUUGEoS8+TnAXWMtIs3SLSy8k6aSU/kfxzX9juhXcOtmBHD6+79xyjhczKqRl/Wj61vbO7l5t3zg4PDo+MU/PuiJKOCYdHLGI9z0kCKMh6UgqGenHnKDAY6TnTV8KvTcjXNAofJdpTNwAjUPqU4ykoobmV8PxOcKZEyMuKWIwzv/w59DO4RPcEDHLK+JsSUxVekUuqNX6hnKqR+ GvN42iIqujVnsZDVVlaNatpjU3uA7sEtRBae2h+e2MIpwEJJSYISEGthVLNyvqYkZyw0kEiRGeojEZKBiigAg3m28+hw3FjKAfcfVCCefsckaGAiHSwFORAZITUdUK8j9tkEj/wc1oGCeShHjRyE8YlBEszghHlBMsWaoAwpyqWSGeILUeqY5tqCXY1S+vg+5N07aa9tttvfVcrqMGLsAluAI2uAct8AraoAOwdqc5GtF8/VFH+kT/WITqWplzDlZMF7/V/9ma</latexit><latexit sha1_base64="KAKugTIpL4dOc36++/p5DfuoG+U=">AAACuXicfVFbS8MwFE7rbdZb1UdfgmMgCKMVUUGEoS8+TnAXWMtIs3SLSy8k6aSU/kfxzX9juhXcOtmBHD6+79xyjhczKqRl/Wj61vbO7l5t3zg4PDo+MU/PuiJKOCYdHLGI9z0kCKMh6UgqGenHnKDAY6TnTV8KvTcjXNAofJdpTNwAjUPqU4ykoobmV8PxOcKZEyMuKWIwzv/w59DO4RPcEDHLK+JsSUxVekUuqNX6hnKqR+ GvN42iIqujVnsZDVVlaNatpjU3uA7sEtRBae2h+e2MIpwEJJSYISEGthVLNyvqYkZyw0kEiRGeojEZKBiigAg3m28+hw3FjKAfcfVCCefsckaGAiHSwFORAZITUdUK8j9tkEj/wc1oGCeShHjRyE8YlBEszghHlBMsWaoAwpyqWSGeILUeqY5tqCXY1S+vg+5N07aa9tttvfVcrqMGLsAluAI2uAct8AraoAOwdqc5GtF8/VFH+kT/WITqWplzDlZMF7/V/9ma</latexit><latexit sha1_base64="KAKugTIpL4dOc36++/p5DfuoG+U=">AAACuXicfVFbS8MwFE7rbdZb1UdfgmMgCKMVUUGEoS8+TnAXWMtIs3SLSy8k6aSU/kfxzX9juhXcOtmBHD6+79xyjhczKqRl/Wj61vbO7l5t3zg4PDo+MU/PuiJKOCYdHLGI9z0kCKMh6UgqGenHnKDAY6TnTV8KvTcjXNAofJdpTNwAjUPqU4ykoobmV8PxOcKZEyMuKWIwzv/w59DO4RPcEDHLK+JsSUxVekUuqNX6hnKqR+ GvN42iIqujVnsZDVVlaNatpjU3uA7sEtRBae2h+e2MIpwEJJSYISEGthVLNyvqYkZyw0kEiRGeojEZKBiigAg3m28+hw3FjKAfcfVCCefsckaGAiHSwFORAZITUdUK8j9tkEj/wc1oGCeShHjRyE8YlBEszghHlBMsWaoAwpyqWSGeILUeqY5tqCXY1S+vg+5N07aa9tttvfVcrqMGLsAluAI2uAct8AraoAOwdqc5GtF8/VFH+kT/WITqWplzDlZMF7/V/9ma</latexit><latexit sha1_base64="KAKugTIpL4dOc36++/p5DfuoG+U=">AAACuXicfVFbS8MwFE7rbdZb1UdfgmMgCKMVUUGEoS8+TnAXWMtIs3SLSy8k6aSU/kfxzX9juhXcOtmBHD6+79xyjhczKqRl/Wj61vbO7l5t3zg4PDo+MU/PuiJKOCYdHLGI9z0kCKMh6UgqGenHnKDAY6TnTV8KvTcjXNAofJdpTNwAjUPqU4ykoobmV8PxOcKZEyMuKWIwzv/w59DO4RPcEDHLK+JsSUxVekUuqNX6hnKqR+ GvN42iIqujVnsZDVVlaNatpjU3uA7sEtRBae2h+e2MIpwEJJSYISEGthVLNyvqYkZyw0kEiRGeojEZKBiigAg3m28+hw3FjKAfcfVCCefsckaGAiHSwFORAZITUdUK8j9tkEj/wc1oGCeShHjRyE8YlBEszghHlBMsWaoAwpyqWSGeILUeqY5tqCXY1S+vg+5N07aa9tttvfVcrqMGLsAluAI2uAct8AraoAOwdqc5GtF8/VFH+kT/WITqWplzDlZMF7/V/9ma</latexit>

=1@v

@y1
<latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit>

@y1
@w1

<latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0=">AAADfXichVJdS8MwFM1aP2b9mvroS3AMNpXRiqAvguiLjxOcDrZR0izVYPpBkk5L6a/wn/nmX/FF067gbGVeSDicc+7NzeU6IaNCmuZHTdOXlldW62vG+sbm1nZjZ/deBBHHpI8DFvCBgwRh1Cd9SSUjg5AT5DmMPDjP15n+MCVc0MC/k3FIxh569KlLMZKKsndqb62RyxFORiHikiIGw/QHv9hWCi/gAsc0LYnTOTFW6SU5o3 7XN1rqVo9k99GiXjLrAj3Oe61Yyv1Uv9NW9FFsn3RKzkqpau9/FFP0q211qkbFGv8XzKdhN5pm18wDVoFVgCYoomc33keTAEce8SVmSIihZYZynGSFMSOpMYoECRF+Ro9kqKCPPCLGSb49KWwpZgLdgKvjS5iz8xkJ8oSIPUc5PSSfRFnLyL+0YSTd83FC/TCSxMezh9yIQRnAbBXhhHKCJYsVQJhT1SvET0hNSKqFNdQQrPKXq+D+pGuZXev2tHl5VYyjDvbBAWgDC5yBS3ADeqAPcO1Tg1pHO9S+9JZ+rHdnVq1W5OyBX6GffQOtfR8c</latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0=">AAADfXichVJdS8MwFM1aP2b9mvroS3AMNpXRiqAvguiLjxOcDrZR0izVYPpBkk5L6a/wn/nmX/FF067gbGVeSDicc+7NzeU6IaNCmuZHTdOXlldW62vG+sbm1nZjZ/deBBHHpI8DFvCBgwRh1Cd9SSUjg5AT5DmMPDjP15n+MCVc0MC/k3FIxh569KlLMZKKsndqb62RyxFORiHikiIGw/QHv9hWCi/gAsc0LYnTOTFW6SU5o3 7XN1rqVo9k99GiXjLrAj3Oe61Yyv1Uv9NW9FFsn3RKzkqpau9/FFP0q211qkbFGv8XzKdhN5pm18wDVoFVgCYoomc33keTAEce8SVmSIihZYZynGSFMSOpMYoECRF+Ro9kqKCPPCLGSb49KWwpZgLdgKvjS5iz8xkJ8oSIPUc5PSSfRFnLyL+0YSTd83FC/TCSxMezh9yIQRnAbBXhhHKCJYsVQJhT1SvET0hNSKqFNdQQrPKXq+D+pGuZXev2tHl5VYyjDvbBAWgDC5yBS3ADeqAPcO1Tg1pHO9S+9JZ+rHdnVq1W5OyBX6GffQOtfR8c</latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0=">AAADfXichVJdS8MwFM1aP2b9mvroS3AMNpXRiqAvguiLjxOcDrZR0izVYPpBkk5L6a/wn/nmX/FF067gbGVeSDicc+7NzeU6IaNCmuZHTdOXlldW62vG+sbm1nZjZ/deBBHHpI8DFvCBgwRh1Cd9SSUjg5AT5DmMPDjP15n+MCVc0MC/k3FIxh569KlLMZKKsndqb62RyxFORiHikiIGw/QHv9hWCi/gAsc0LYnTOTFW6SU5o3 7XN1rqVo9k99GiXjLrAj3Oe61Yyv1Uv9NW9FFsn3RKzkqpau9/FFP0q211qkbFGv8XzKdhN5pm18wDVoFVgCYoomc33keTAEce8SVmSIihZYZynGSFMSOpMYoECRF+Ro9kqKCPPCLGSb49KWwpZgLdgKvjS5iz8xkJ8oSIPUc5PSSfRFnLyL+0YSTd83FC/TCSxMezh9yIQRnAbBXhhHKCJYsVQJhT1SvET0hNSKqFNdQQrPKXq+D+pGuZXev2tHl5VYyjDvbBAWgDC5yBS3ADeqAPcO1Tg1pHO9S+9JZ+rHdnVq1W5OyBX6GffQOtfR8c</latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0=">AAADfXichVJdS8MwFM1aP2b9mvroS3AMNpXRiqAvguiLjxOcDrZR0izVYPpBkk5L6a/wn/nmX/FF067gbGVeSDicc+7NzeU6IaNCmuZHTdOXlldW62vG+sbm1nZjZ/deBBHHpI8DFvCBgwRh1Cd9SSUjg5AT5DmMPDjP15n+MCVc0MC/k3FIxh569KlLMZKKsndqb62RyxFORiHikiIGw/QHv9hWCi/gAsc0LYnTOTFW6SU5o3 7XN1rqVo9k99GiXjLrAj3Oe61Yyv1Uv9NW9FFsn3RKzkqpau9/FFP0q211qkbFGv8XzKdhN5pm18wDVoFVgCYoomc33keTAEce8SVmSIihZYZynGSFMSOpMYoECRF+Ro9kqKCPPCLGSb49KWwpZgLdgKvjS5iz8xkJ8oSIPUc5PSSfRFnLyL+0YSTd83FC/TCSxMezh9yIQRnAbBXhhHKCJYsVQJhT1SvET0hNSKqFNdQQrPKXq+D+pGuZXev2tHl5VYyjDvbBAWgDC5yBS3ADeqAPcO1Tg1pHO9S+9JZ+rHdnVq1W5OyBX6GffQOtfR8c</latexit>

=2
=1*0.2=0.2@p

@y1
<latexit sha1_base64="B/vBrPeu0KzO9oWp6/ShlSPXpMM="></latexit><latexit sha1_base64="B/vBrPeu0KzO9oWp6/ShlSPXpMM="></latexit><latexit sha1_base64="B/vBrPeu0KzO9oWp6/ShlSPXpMM="></latexit><latexit sha1_base64="B/vBrPeu0KzO9oWp6/ShlSPXpMM="></latexit>

@p

@w1
<latexit sha1_base64="SnXfEMXfv20KbaCTcgaOEVLUjK8="></latexit><latexit sha1_base64="SnXfEMXfv20KbaCTcgaOEVLUjK8="></latexit><latexit sha1_base64="SnXfEMXfv20KbaCTcgaOEVLUjK8="></latexit><latexit sha1_base64="SnXfEMXfv20KbaCTcgaOEVLUjK8="></latexit>

=0.4

@p

@w1
=

@p

@y1

@y1
@w1

<latexit sha1_base64="+f3G804QSYhWqyfql+SYonZHVIU="></latexit><latexit sha1_base64="+f3G804QSYhWqyfql+SYonZHVIU="></latexit><latexit sha1_base64="+f3G804QSYhWqyfql+SYonZHVIU="></latexit><latexit sha1_base64="+f3G804QSYhWqyfql+SYonZHVIU="></latexit>

Edge gradient:
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u>z
<latexit sha1_base64="EFhAFJSG+E/zJbfh+wCFP72OISo="></latexit><latexit sha1_base64="EFhAFJSG+E/zJbfh+wCFP72OISo="></latexit><latexit sha1_base64="EFhAFJSG+E/zJbfh+wCFP72OISo="></latexit><latexit sha1_base64="EFhAFJSG+E/zJbfh+wCFP72OISo="></latexit>�(Wx)

<latexit sha1_base64="Rd0RlZLx9vB5qLt2xPLcXBl8ZN8="></latexit><latexit sha1_base64="Rd0RlZLx9vB5qLt2xPLcXBl8ZN8="></latexit><latexit sha1_base64="Rd0RlZLx9vB5qLt2xPLcXBl8ZN8="></latexit><latexit sha1_base64="Rd0RlZLx9vB5qLt2xPLcXBl8ZN8="></latexit>

�(Vy)
<latexit sha1_base64="t/YkG3t7amkNbKwRfPDB/J/L4Uk="></latexit><latexit sha1_base64="t/YkG3t7amkNbKwRfPDB/J/L4Uk="></latexit><latexit sha1_base64="t/YkG3t7amkNbKwRfPDB/J/L4Uk="></latexit><latexit sha1_base64="t/YkG3t7amkNbKwRfPDB/J/L4Uk="></latexit>

y
<latexit sha1_base64="9lHrQcy63uu4jLN1CNn/M/LVggM=">AAAGV3icpVRdb9owFHVbYIx9FLbHvURDSKCWKkGTNmlCqraXPeyhkwatRFjkGAesOokVO7A0yp+c9tK/spfNDqSFBAHSLBFdzrn3+twTxzajhAtdvz86PimVK0+qT2vPnr94eVpvvBpyPwwQHiCf+sGNDTmmxMMDQQTFNyzA0LUpvrZvPyv+eo4DTnzvu4gYHrtw6hGHICgkZDVKbst0Aohik8FAEEg1ljzGC8tItL62I2Oe5M </latexit><latexit sha1_base64="9lHrQcy63uu4jLN1CNn/M/LVggM=">AAAGV3icpVRdb9owFHVbYIx9FLbHvURDSKCWKkGTNmlCqraXPeyhkwatRFjkGAesOokVO7A0yp+c9tK/spfNDqSFBAHSLBFdzrn3+twTxzajhAtdvz86PimVK0+qT2vPnr94eVpvvBpyPwwQHiCf+sGNDTmmxMMDQQTFNyzA0LUpvrZvPyv+eo4DTnzvu4gYHrtw6hGHICgkZDVKbst0Aohik8FAEEg1ljzGC8tItL62I2Oe5M </latexit><latexit sha1_base64="9lHrQcy63uu4jLN1CNn/M/LVggM=">AAAGV3icpVRdb9owFHVbYIx9FLbHvURDSKCWKkGTNmlCqraXPeyhkwatRFjkGAesOokVO7A0yp+c9tK/spfNDqSFBAHSLBFdzrn3+twTxzajhAtdvz86PimVK0+qT2vPnr94eVpvvBpyPwwQHiCf+sGNDTmmxMMDQQTFNyzA0LUpvrZvPyv+eo4DTnzvu4gYHrtw6hGHICgkZDVKbst0Aohik8FAEEg1ljzGC8tItL62I2Oe5M </latexit><latexit sha1_base64="9lHrQcy63uu4jLN1CNn/M/LVggM=">AAAGV3icpVRdb9owFHVbYIx9FLbHvURDSKCWKkGTNmlCqraXPeyhkwatRFjkGAesOokVO7A0yp+c9tK/spfNDqSFBAHSLBFdzrn3+twTxzajhAtdvz86PimVK0+qT2vPnr94eVpvvBpyPwwQHiCf+sGNDTmmxMMDQQTFNyzA0LUpvrZvPyv+eo4DTnzvu4gYHrtw6hGHICgkZDVKbst0Aohik8FAEEg1ljzGC8tItL62I2Oe5M </latexit>

� log(�(yq))
<latexit sha1_base64="26SR35wk56h67vb9t9aC79YfFAc="></latexit><latexit sha1_base64="26SR35wk56h67vb9t9aC79YfFAc="></latexit><latexit sha1_base64="26SR35wk56h67vb9t9aC79YfFAc="></latexit><latexit sha1_base64="26SR35wk56h67vb9t9aC79YfFAc="></latexit>

L
<latexit sha1_base64="ghWjSY7eSYo+bhjgL+S+s/fpdy8="></latexit><latexit sha1_base64="ghWjSY7eSYo+bhjgL+S+s/fpdy8="></latexit><latexit sha1_base64="ghWjSY7eSYo+bhjgL+S+s/fpdy8="></latexit><latexit sha1_base64="ghWjSY7eSYo+bhjgL+S+s/fpdy8="></latexit>

q
<latexit sha1_base64="hlII1YSOlM7aazG+yuuf6Qjvsq0="></latexit><latexit sha1_base64="hlII1YSOlM7aazG+yuuf6Qjvsq0="></latexit><latexit sha1_base64="hlII1YSOlM7aazG+yuuf6Qjvsq0="></latexit><latexit sha1_base64="hlII1YSOlM7aazG+yuuf6Qjvsq0="></latexit>

z
<latexit sha1_base64="/TbcJgucbtOTwTWZm57IFdsvNw8="></latexit><latexit sha1_base64="/TbcJgucbtOTwTWZm57IFdsvNw8="></latexit><latexit sha1_base64="/TbcJgucbtOTwTWZm57IFdsvNw8="></latexit><latexit sha1_base64="/TbcJgucbtOTwTWZm57IFdsvNw8="></latexit>

y
<latexit sha1_base64="aPwA6+GDSfWYO7CBdUiNSW5dEhc="></latexit><latexit sha1_base64="aPwA6+GDSfWYO7CBdUiNSW5dEhc="></latexit><latexit sha1_base64="aPwA6+GDSfWYO7CBdUiNSW5dEhc="></latexit><latexit sha1_base64="aPwA6+GDSfWYO7CBdUiNSW5dEhc="></latexit>

x

<latexit sha1_base64="5ZrbuUjLJNVIrw8Vb94PU0FH/CA="></latexit><latexit sha1_base64="5ZrbuUjLJNVIrw8Vb94PU0FH/CA="></latexit><latexit sha1_base64="5ZrbuUjLJNVIrw8Vb94PU0FH/CA="></latexit><latexit sha1_base64="5ZrbuUjLJNVIrw8Vb94PU0FH/CA="></latexit>

W
<latexit sha1_base64="SQevhfEPJJJ/kefU9Hueno1I1HM="></latexit><latexit sha1_base64="SQevhfEPJJJ/kefU9Hueno1I1HM="></latexit><latexit sha1_base64="SQevhfEPJJJ/kefU9Hueno1I1HM="></latexit><latexit sha1_base64="SQevhfEPJJJ/kefU9Hueno1I1HM="></latexit>

V
<latexit sha1_base64="LGs9XJmO13Hwbp/9gS2Rh+K6F7I="></latexit><latexit sha1_base64="LGs9XJmO13Hwbp/9gS2Rh+K6F7I="></latexit><latexit sha1_base64="LGs9XJmO13Hwbp/9gS2Rh+K6F7I="></latexit><latexit sha1_base64="LGs9XJmO13Hwbp/9gS2Rh+K6F7I="></latexit>

u
<latexit sha1_base64="I+jpjhg4ZtNYvSS/Wzwy5WG+Zo8="></latexit><latexit sha1_base64="I+jpjhg4ZtNYvSS/Wzwy5WG+Zo8="></latexit><latexit sha1_base64="I+jpjhg4ZtNYvSS/Wzwy5WG+Zo8="></latexit><latexit sha1_base64="I+jpjhg4ZtNYvSS/Wzwy5WG+Zo8="></latexit>

@z

@y
<latexit sha1_base64="/5j6yAhAyZ7Mfkz7k0LobWPFUY0="></latexit><latexit sha1_base64="/5j6yAhAyZ7Mfkz7k0LobWPFUY0="></latexit><latexit sha1_base64="/5j6yAhAyZ7Mfkz7k0LobWPFUY0="></latexit><latexit sha1_base64="/5j6yAhAyZ7Mfkz7k0LobWPFUY0="></latexit>

@q

@z
<latexit sha1_base64="QpvbomdYnhlDkI08XlNG/o9KNSQ="></latexit><latexit sha1_base64="QpvbomdYnhlDkI08XlNG/o9KNSQ="></latexit><latexit sha1_base64="QpvbomdYnhlDkI08XlNG/o9KNSQ="></latexit><latexit sha1_base64="QpvbomdYnhlDkI08XlNG/o9KNSQ="></latexit>

@L
@q

<latexit sha1_base64="NRnca4QWz3nBb1oz5f8WTfIiLzQ="></latexit><latexit sha1_base64="NRnca4QWz3nBb1oz5f8WTfIiLzQ="></latexit><latexit sha1_base64="NRnca4QWz3nBb1oz5f8WTfIiLzQ="></latexit><latexit sha1_base64="NRnca4QWz3nBb1oz5f8WTfIiLzQ="></latexit>

@y

@W
<latexit sha1_base64="2POn6XREiEnR8NXhZe+ITtecoCE=">AAAIMXicpVVNb9NAEHULxKV8pXDkYlFFStQP2RESSChSBQc4cCgSSSrFwdps14nVtb31rtO6lv8SF/4J4tIDCHHlT7DrxImTdVJXWIq1mXkz8+btrHdAsEOZrl9vbN65e6+ibt3ffvDw0eMn1Z2nHeqHAURt6GM/OBkAirDjoTZzGEYnJEDAHWDUHZy9E/7uGAXU8b3PLCKo74Kh59gOBIybrJ3K+5ppBwDGJgEBcwDWSDJfX1 </latexit><latexit sha1_base64="2POn6XREiEnR8NXhZe+ITtecoCE=">AAAIMXicpVVNb9NAEHULxKV8pXDkYlFFStQP2RESSChSBQc4cCgSSSrFwdps14nVtb31rtO6lv8SF/4J4tIDCHHlT7DrxImTdVJXWIq1mXkz8+btrHdAsEOZrl9vbN65e6+ibt3ffvDw0eMn1Z2nHeqHAURt6GM/OBkAirDjoTZzGEYnJEDAHWDUHZy9E/7uGAXU8b3PLCKo74Kh59gOBIybrJ3K+5ppBwDGJgEBcwDWSDJfX1 </latexit><latexit sha1_base64="2POn6XREiEnR8NXhZe+ITtecoCE=">AAAIMXicpVVNb9NAEHULxKV8pXDkYlFFStQP2RESSChSBQc4cCgSSSrFwdps14nVtb31rtO6lv8SF/4J4tIDCHHlT7DrxImTdVJXWIq1mXkz8+btrHdAsEOZrl9vbN65e6+ibt3ffvDw0eMn1Z2nHeqHAURt6GM/OBkAirDjoTZzGEYnJEDAHWDUHZy9E/7uGAXU8b3PLCKo74Kh59gOBIybrJ3K+5ppBwDGJgEBcwDWSDJfX1 </latexit><latexit sha1_base64="2POn6XREiEnR8NXhZe+ITtecoCE=">AAAIMXicpVVNb9NAEHULxKV8pXDkYlFFStQP2RESSChSBQc4cCgSSSrFwdps14nVtb31rtO6lv8SF/4J4tIDCHHlT7DrxImTdVJXWIq1mXkz8+btrHdAsEOZrl9vbN65e6+ibt3ffvDw0eMn1Z2nHeqHAURt6GM/OBkAirDjoTZzGEYnJEDAHWDUHZy9E/7uGAXU8b3PLCKo74Kh59gOBIybrJ3K+5ppBwDGJgEBcwDWSDJfX1 </latexit>

Gradient  wrt    : @L
@W

=
@L
@q

@q

@z

@z

@y

@y

@W
<latexit sha1_base64="EAAyFfioM+m/nScFmQjR/S6N1CI="></latexit><latexit sha1_base64="EAAyFfioM+m/nScFmQjR/S6N1CI="></latexit><latexit sha1_base64="EAAyFfioM+m/nScFmQjR/S6N1CI="></latexit><latexit sha1_base64="EAAyFfioM+m/nScFmQjR/S6N1CI="></latexit>
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• Pre-requisites: 
• Math II (partial derivatives, chain-rule) 
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• We will understand why NN does not work  
• We will study the cat experiment [Hubel&Wiesel 1960]   
• Justify using the convolutional prior/layer in neural nets
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We will dive deep into learning 
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http://www.jmlr.org/papers/volume12/duchi11a/duchi11a.pdf

You will exploit what you have learnt in the optimization course
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• zero gradient when saturated 
• undesired zig-zag behaviour
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We will study influence of different layers on the learning 

how big fraction is the blue  
region in 10-dim space?



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

Outline
date wee

k
due 
to

Topic
01.10.20
18

1 T0 Outline, organization of the course.
01.10.20
18

1 Linear regression and classification + priors
08.10.20
18

2 T1 Neural nets + backprop
08.10.20
18

2 Convolutional network + backprop
15.10.20
18

3 T2 Learning (gradients, adaptive methods) + layers (activation functions, 
losses, regularization layers)15.10.20

18
3 Frameworks for learning

22.10.20
18

4 HW1 Recognition, detection, segmentation
22.10.20
18

4 Camera
29.10.20
18

5 T3 Depth sensors (stereo, kinect, time-of-flight)
29.10.20
18

5 Mapping I (basic SLAM from camera and depth sensor)
05.11.20
18

6 HW2 Mapping II (recurrent nets, learnable SLAM, stereo and monodepth)
05.11.20
18

6 Motion control from images
12.11.20
18

7 Domain transfer (GANs, time-constrastive nets, style transfer nets, 
inception score, deep dreaming)12.11.20

18
7 Semestral work assignment

19.11.20
18

8 — supervisor consultations —
19.11.20
18

8 — supervisor consultations —
26.11.20
18

9 — supervisor consultations —
26.11.20
18

9 — supervisor consultations —
03.12.20
18

10 — supervisor consultations —
03.12.20
18

10 — supervisor consultations —
10.12.20
18

11 — supervisor consultations —
10.12.20
18

11 — supervisor consultations —
17.12.20
18

12 — supervisor consultations —
17.12.20
18

12 — supervisor consultations —
07.01.20
19

15 SW Semestral work presentations
07.01.20
19

15 T4 Exam test
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Frameworks

• Interactive lecture given by Teymur 
• Personal / school computers 
• You will use Python and PyTorch (install it in advance) 
• Semestral work and the urgent need for GPU?: 

• Google Colab (12hours of GPU/day free for students) 
• GPUs in our grid (metacentrum??)

https://pytorch.org/

http://www.numpy.org

https://www.jetbrains.com/pycharm/

https://colab.research.google.com/
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We will study winning architectures in recognition,  
object detection and semantic segmentation
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Meaning of a map

• Many robotic problems need to summarize captured 
knowledge about the environment in some kind of “map” 
• Explicit map (e.g. point-cloud with detected objects, or 

traversability estimated from optimal trajectories)
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Semantic segmentation [Tateno CVPR 2017]

https://pdfs.semanticscholar.org/665f/708c1e6c1caec4b1aa8a8a9d01052d7a5dcd.pdf

https://pdfs.semanticscholar.org/665f/708c1e6c1caec4b1aa8a8a9d01052d7a5dcd.pdf
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Meaning of a map

• Many robotic problems need to summarize captured 
knowledge about the environment in some kind of “map” 
• Explicit map (e.g. point-cloud with detected objects, or 

traversability estimated from optimal trajectories) 
• Implicit map (e.g. memory of recurrent neural net for 

motion control)
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Meaning of a map

• Many robotic problems need to summarize captured 
knowledge about the environment in some kind of “map” 
• Explicit map (e.g. point-cloud with detected objects, or 

traversability estimated from optimal trajectories) 
• Implicit map (e.g. memory of recurrent neural net for 

motion control) 
• Maps are usually good for: 

• visualization to the operator 
• motion planning (e.g. cheapest path, travelling 

salesman, exploration) 
• reactive motion control (e.g. locomotion, predictive 

active damping)
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Meaning of a map

• Many robotic problems need to summarize captured 
knowledge about the environment in some kind of “map” 
• Explicit map (e.g. point-cloud with detected objects, or 

traversability estimated from optimal trajectories) 
• Implicit map (e.g. memory of recurrent neural net for 

motion control) 
• Maps are usually good for: 

• visualization to the operator 
• motion planning (e.g. cheapest path, travelling 

salesman, exploration) 
• reactive motion control (e.g. locomotion, predictive 

active damping)  
• In order to build maps we need to understand geometry 

of exteroceptive sensors.
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• Derive camera motion and projective transformation models 
• Prerequisite: constrained least square problem



Pinhole camera model experiment
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Outline
date wee

k
due 
to

Topic
01.10.20
18

1 T0 Outline, organization of the course.
01.10.20
18

1 Linear regression and classification + priors
08.10.20
18

2 T1 Neural nets + backprop
08.10.20
18

2 Convolutional network + backprop
15.10.20
18

3 T2 Learning (gradients, adaptive methods) + layers (activation functions, 
losses, regularization layers)15.10.20

18
3 Frameworks for learning

22.10.20
18

4 HW1 Recognition, detection, segmentation
22.10.20
18

4 Camera
29.10.20
18

5 T3 Depth sensors (stereo, kinect, time-of-flight)
29.10.20
18

5 Mapping I (basic SLAM from camera and depth sensor)
05.11.20
18

6 HW2 Mapping II (recurrent nets, learnable SLAM, stereo and monodepth)
05.11.20
18

6 Motion control from images
12.11.20
18

7 Domain transfer (GANs, time-constrastive nets, style transfer nets, 
inception score, deep dreaming)12.11.20

18
7 Semestral work assignment

19.11.20
18

8 — supervisor consultations —
19.11.20
18

8 — supervisor consultations —
26.11.20
18

9 — supervisor consultations —
26.11.20
18

9 — supervisor consultations —
03.12.20
18

10 — supervisor consultations —
03.12.20
18

10 — supervisor consultations —
10.12.20
18

11 — supervisor consultations —
10.12.20
18

11 — supervisor consultations —
17.12.20
18

12 — supervisor consultations —
17.12.20
18

12 — supervisor consultations —
07.01.20
19

15 SW Semestral work presentations
07.01.20
19

15 T4 Exam test
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Epipolar geometry: Depth from stereo, kinect and time-of-flight 
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How to build a map without learning

https://vision.in.tum.de/research/vslam/lsdslam

https://vision.in.tum.de/research/vslam/lsdslam
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How to build a map with deep recurrent learning

http://www.robots.ox.ac.uk/~joao/mapnet/
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[Heess 2017] https://arxiv.org/abs/1707.02286

https://arxiv.org/abs/1707.02286
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[Levine IJRR 2017]  https://arxiv.org/abs/1603.02199

https://arxiv.org/abs/1603.02199
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Annotations costs 10$ per image - can we get it for free? 
free semantic segmentations

free 3D bounding boxes
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Domain transfer - learning to simulate

https://people.eecs.berkeley.edu/~jhoffman/papers/2018_cycada.pdf
https://github.com/jhoffman/cycada_release

https://people.eecs.berkeley.edu/~jhoffman/papers/2018_cycada.pdf
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Semantic segmentation on cityscapes  
https://github.com/Eromera/erfnet_pytorch

https://github.com/Eromera/erfnet_pytorch
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Deep dreaming

https://deepdreamgenerator.com

https://deepdreamgenerator.com
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Semestral work

• solved by the teams of 3 students 
• topics/supervisors will be made available in the 5th week 
• limited capacity => tests and homework results considered

Tomas Petricek 
CTU 
deep slam

Teymur Azayev  
CTU 
deep motion control

Michal Reinstein  
SpaceKnow  
detection in satellite images

Karel Zimmermann 
CTU 
domain adaptation

David Coufal 
Ustav informace AV 
GANs
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• Introduction of the ViR-team 
• Outline of the course 
• Organization (homework, tests, semestral work) 
• Test0
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Semestral work presentations + Exam test

• 50 points from the semestral work 
• evaluation based on students and lecturers voting 
• it is assumed that work will correspond to at least  

3*7*6=126 hours of work 
• presentation contains explicit specification of what  

has been done by each team member 
• 50 points from test and homework 

• including the exam test 
• evaluated by Teymur and Tomas ;-) 

• minimum credit requirements is 50 points (out of 100) 
• final grade determined by the total number of points 



• Introduction of the ViR-team 
• Outline of the course 
• Organization (homework, tests, semestral work) 
• Test0



• We will be happy if you help in any possible way 
• suggesting better course logo 
• suggesting/preparing new homework 
• implementing nice demos (software or hardware) 
• giving any reasonable feedback 
• start your own research with us

Summary
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What you can do?

• We’re looking for students 
• competent in theory and practice (code 

development,work with real robotic platforms) 
• motivated to write top research papers with us 
• willing to work hard under our guidance  

• We’re offering: 
• diploma/bachelor theses, semester work or project 
• paid internships / summer jobs 
• international collaboration opportunities
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Object detection and tracking

K.Zimmermann, D.Hurych, T.Svoboda, Non-Rigid Object 
Detection with Local Interleaved Sequential Alignment 
(LISA), TPAMI (IF=5), 2014

[1]

[2] K.Zimmermann, J.Matas, T.Svoboda, Tracking by an 
Optimal Sequence of Linear Predictors,TPAMI (IF=5 
selected for II.pillar evaluation), 2009.
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Motion and compliance control of flippers

[3] Pecka, Zimmermann, Svoboda, Hlavac, et al.  
      IROS/RAL/TIE(IF=6), 2015-2018
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Traffic sign detection and 3D localization

[4] R.Timofte, K.Zimmermann, Luc van Gool, Multi-view 
traffic sign detection, recognition, and 3D localisation, 
MVA (IF=1.5, over 200 citations), 2011 

1.5 year PostDoc in Luc van Gool’s lab at  
Katholieke Universiteit Leuven
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Experiment:Active 3D mapping

Zimmermann, Petricek, Salansky, Svoboda, Learning for 
Active 3D Mapping,  ICCV oral (rank A*, AC=2%), 2017

[5]
`



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

What we want to do?

`
https://www.darpa.mil/news-events/2017-12-21

https://www.darpa.mil/news-events/2017-12-21

