
Lecture 13: Video and temporal models
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• PS6 due next Weds.

• Project proposal information out

• Rolling deadline, due Nov. 13


• Discussion section: project office hours + 
GANs
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Announcements



• Due November 13th

• Rolling deadline

• What we want: 1 page summary of what you’d like to do.

• Not worth much of total grade. Graded pass/fail. We just 

want to know whether it’s an acceptable project.
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Project proposal
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Project proposal



Source: A. Torralba5



kindergarten classroom
6 Source: A. Torralba



person
television

chair
7 Source: A. Torralba



“What will the girl do next?”

8 Source: A. Torralba
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Simple video task: action recognition
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Examples from the Kinetics dataset [Carreira et al. 2017 - 2019]

700 human activity classes, 650K 10-sec videos

Making latte art Jaywalking Grooming dog

Analogous to image recognition. Useful testbed for designing video models.



Simple model: averaging
p(making latte art | I1)

1
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p(making latte art | I2)1
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p(making latte art | I3)1
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+ +
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Can’t analyze motion.



Temporal filtering
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Temporal filtering

Source: Freeman, Torralba, Isola



Videos

time

Source: Freeman, Torralba, Isola



Cube size = 128x128x90

Videos

Source: Freeman, Torralba, Isola



Videos

Cube size = 128x128x90

Source: Freeman, Torralba, Isola



Examples of temporal filtering
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Temporal median filtering

18 Source: Alexei Efros



Background subtraction
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Source: Alexei Efros



Finding subtle color variations
• The face gets slightly redder when blood flows

Input frame Luminance trace (zero 
mean)
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Source: D. Hoiem



Amplifying Subtle Color Variations

Result

⊗

Temporal filter

=

Spatially averaged luminance
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Source: D. Hoiem



Heart Rate Extraction

Temporally bandpassed trace

(one pixel)

Peak detection Pulse locations
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Source: D. Hoiem



Recall: sharpening filter

Original
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Source: D. Lowe
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Magnifying tiny motions
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Laplacian 
Pyramid 

Bandpass filter 
intensity at each 
pixel over time

Amplify 
bandpassed 
signal and add 
back to original

Source: D. Hoiem



Color amplification

Source: [Wadhwa et al., Phase-based Video Motion Processing. SIGGRAPH 2013, Wu et al. SIGGRAPH 2012]



Original Motion magnified

Motion magnification

[Wu et al., SIGGRAPH 2012]



Original Motion magnified

[Wadhwa et al., SIGGRAPH 2013]



Space-time convolutions
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Source: Torralba, Freeman, Isola
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3D space-time convolution



[Source: FeatureNet: Machining feature recognition based on 3D Convolution Neural Network]

Source: Torralba, Freeman, Isola
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3D space-time CNN



Designing a 3D CNN architecture

Starting point: 2D image CNNs

ResNet [Kaiming He et al. 2016]



Inflated convolutions
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3x3 conv

3x3 conv
+

2D ResNet block

3x3x3 conv

3x3x3 conv
+

3D ResNet block

• Can reuse 2D architectures. [Carreira et al. 2017]

• Pretrain with 2D nets (“inflating” 2D filter to 3D)



Separable convolutions
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3x3x3 conv

Separate space/time

1x3x3 conv

3x1x1 conv

3D convolution

Often works well. Faster and fewer parameters.

             vs.           3 × 3 × 3 = 27 3 × 3 + 3 = 12

[Tran et al., 2018], [Xie et al., 2018]



  I3D conv1 filters, [Carreira & Zisserman 2017](7 × 7 × 7)

Learned space-time filters



When do we actually need motion?

Adapted from David Fouhey

70.1%
74.1%

Single-frame average

(25 frames)

I3D CNN

[Carreira & Zisserman 2017]
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When do we actually need motion?

Making latte art Jaywalking Grooming dog

Let’s look at these again:
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• Single-frame models usually don’t work well. 

• But single-image model + temporal pooling often is 
surprisingly competitive. 

• In many tasks that use video, time often provides 
extra samples, rather than motion. 

• Later in the course, we’ll see tasks where motion is 
essential, such as 3D reconstruction.

Photo by H. Edgerton 

When do we actually need motion?
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Recurrent networks



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

Source: Torralba, Freeman, Isola
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time

Rufus

Source: Torralba, Freeman, Isola
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time

Douglas

Source: Torralba, Freeman, Isola
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time

Rufus

Memory 
unit

Source: Torralba, Freeman, Isola
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time

Rufus

Memory 
unit

Rufus!

Source: Torralba, Freeman, Isola
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Recurrent Neural Networks (RNNs)

w
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Hidden

Outputs

Inputs

44

Source: Torralba, Freeman, Isola



Recurrent Neural Networks (RNNs)

Hidden

Outputs

Inputs

time

h
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Source: Torralba, Freeman, Isola
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Recurrent Neural Networks (RNNs)

time

Hidden

Outputs

Inputs

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>

Source: Torralba, Freeman, Isola
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Recurrent Neural Networks (RNNs)

Hidden

Outputs

Inputs

Recurrent!

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>

Source: Torralba, Freeman, Isola
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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>

Source: Torralba, Freeman, Isola

48



Deep Recurrent Neural Networks (RNNs)

time

Hidden

Outputs

Inputs

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>

…

Source: Torralba, Freeman, Isola
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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>

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>

Unrolling an RNN

Equivalent to 
"unrolled" network 
with shared weights

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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Backprop in RNNs

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>

=
@ŷ(t)

@h(t)

@h(t)

@h(t�1)
· · · @h

(1)

@h(0)

@h(0)

@x(0)
<latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit>

Source: Torralba, Freeman, Isola
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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
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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>

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>

@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)

@h(t)

@h(t)

@h(t�1)
· · · @h

(1)

@h(0)

@h(0)

@x(0)
<latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit><latexit sha1_base64="FAgyqpaBWPlgvscmPzom4fa8AuQ="></latexit>

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


•  Old observations are forgotten

•  Stochastic gradients become high variance (noisy), and gradients may 

vanish or explode
Source: Torralba, Freeman, Isola
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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!

Source: Torralba, Freeman, Isola
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• Bit of a complex design. Works well but simpler methods like Gated 
Recurrent Unit (GRU) are competitive [Jozefowicz et al. 2015].

LSTMs

Long Short Term Memory

• A special kind of RNN designed to avoid forgetting [Hochreiter & 
Schmidhuber 1995].

• Related to ResNets’ 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.

Source: Torralba, Freeman, Isola54



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

55

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


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

56

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/]
Source: Torralba, Freeman, Isola
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http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Decide what information to throw away from the cell state. 


Forget gate: each element of cell state is multiplied by:  
~1 (remember) or ~0 (forget).

�(x)
<latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit><latexit sha1_base64="bgjK4L/ypkIbk3dpFx43QToSONU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZsWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc9dA0bCFx5OuuVyn7VnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2O3iCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vgqzJhMUkslmS+KU46sQtPvUZ9pSiwfO4KJZu5WRIZYY2JdRkUXQrD48jJpnlcDvxrcXZRr13kcBTiGE6hAAJdQg1uoQwMICHiGV3jztPfivXsf89YVL585gj/wPn8ARACQCg==</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

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

58

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


Forget selected old information, write selected new information. 

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
Source: Torralba, Freeman, Isola
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Forget New values to write

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


Decide what new information to add to the cell state.

which components to write to

what to write into those components

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


Forget selected old information, write selected new information. 

[Slide derived from Chris Olah: http://colah.github.io/posts/2015-08-Understanding-LSTMs/]
Source: Torralba, Freeman, Isola
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Forget Write new values

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/]
Source: Torralba, Freeman, Isola
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http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Some uses for RNNs

Figure from [Donahue et al. 2016]
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Problems with RNNs

64

• Hard to obtain motion information.


• Results in very deep networks (often slow, hard to train)


• Doesn’t parallelize well


• Depth of network = length of the sequence



Basic transformer model
• Do we really need these sequence models?

• Sequence-to-sequence architecture using only point-wise 

processing and attention (no recurrent units or convolutions)

Encoder: receives entire input 
sequence and outputs encoded 

sequence of the same length

Decoder: predicts next token 
conditioned on encoder output and 

previously predicted tokens

Image source
A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones, A. Gomez, L. Kaiser,  

I. Polosukhin, Attention is all you need, NeurIPS 2017
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1

http://jalammar.github.io/illustrated-transformer/
https://papers.nips.cc/paper/7181-attention-is-all-you-need.pdf


Self-attention

Image source

• Used to capture context within the sequence

As we are encoding “it”, we 
should focus on “the animal”

As we are encoding “it”, we 
should focus on “the street”

Source: S. Lazebnik
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https://ai.googleblog.com/2017/08/transformer-novel-neural-network.html


Self-attention layer
• Query vectors: 

• Key vectors: 


• Value vectors: 


• Similarities: scaled dot-product attention
  or  


(  is the dimensionality of the keys) 


• Attn. weights: 

• Output vectors: 


  or  

𝑄 =  𝑋𝑊𝑄

𝐾  =  𝑋𝑊𝐾

𝑉  =  𝑋𝑊𝑉

𝐸𝑖,𝑗  = (𝑄𝑖 ·  𝐾𝑗)
𝐷

𝐸  =  𝑄𝐾𝑇 / 𝐷

𝐷

𝐴  =  softmax(𝐸,  dim = 1)

𝑌𝑖 = ∑𝑗
𝐴𝑖,𝑗𝑉𝑗 𝑌  =  𝐴𝑉

One query per input vector

𝑄1 𝑄2 𝑄3

𝐾3

𝐾2

𝐾1

𝐸1,3

𝐸1,2

𝐸1,1

𝐸2,3

𝐸2,2

𝐸2,1

𝐸3,3

𝐸3,2

𝐸3,1

𝐴1,3

𝐴1,2

𝐴1,1

𝐴2,3

𝐴2,2

𝐴2,1

𝐴3,3

𝐴3,2

𝐴3,1

𝑉 3

𝑉 2

𝑉 1

Product(→),   Sum(↑)

Softmax(↑)

𝑌 1 𝑌 2 𝑌 3

𝑋1 𝑋2 𝑋3

Adapted from J. Johnson and S. Lazebnik.
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Multi-head attention
• Run  attention models in parallel 

on top of different linearly 
projected versions of ; 
concatenate and linearly project 
the results


• Intuition: enables model to attend 
to different kinds of information at 
different positions

h

𝑄,  𝐾,  𝑉

Source: S. Lazebnik
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Transformer blocks
• A Transformer is a sequence 

of transformer blocks

• Vaswani et al.: N=12 blocks, 

embedding dimension = 512,  
6 attention heads


• Add & Norm: residual connection 
followed by layer normalization


• Feedforward: two linear layers 
with ReLUs in between, applied 
independently to each vector


• Attention is the only interaction 
between inputs!

Source: S. Lazebnik
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https://arxiv.org/pdf/1607.06450.pdf


Positional encoding
• To give transformer information about ordering of tokens, add 

function of position (based on sines and cosines) to every input

Image source

position

Embedding dimension
70

https://distill.pub/2016/augmented-rnns/


Transformer architecture: Zooming back out

A. Vaswani et al., Attention is all you need, NeurIPS 2017

Encoder

Decoder

Source: S. Lazebnik
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https://papers.nips.cc/paper/7181-attention-is-all-you-need.pdf


Language translation results

https://ai.googleblog.com/2017/08/transformer-novel-neural-network.html
Source: S. Lazebnik
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https://ai.googleblog.com/2017/08/transformer-novel-neural-network.html
https://ai.googleblog.com/2017/08/transformer-novel-neural-network.html
https://ai.googleblog.com/2017/08/transformer-novel-neural-network.html
https://ai.googleblog.com/2017/08/transformer-novel-neural-network.html


Different ways of processing sequences

x1 x2 x3

h1

x4

h4

Q1 Q2 Q3

K3

K2

K1

E1,3

E1,2

E1,1

E2,3

E2,2

E2,1

E3,3

E3,2

E3,1

A1,3

A1,2

A1,1

A2,3

A2,2

A2,1

A3,3

A3,2

A3,1

V3

V2

V1

Product(→),   Sum(↑)

Softmax(↑)

Y1 Y2 Y3

X1 X2 X3

RNN

x1 x2 x3 x4

h1 h2 h3 h4

Convolutional network Transformer

Works on ordered sequences

• Pros: Good for long sequences: 

After one RNN layer, hT ”sees” 
the whole sequence


• Con: Not parallelizable: need to 
compute hidden states 
sequentially. Very deep.


• Con: Hidden states have 
limited expressive capacity


Works on multidimensional grids

• Pro: Each output can be 

computed in parallel (at training 
time)


• Con: Bad at long sequences: 
Need to stack many conv layers 
for outputs to “see” the whole 
sequence

• Works on sets of vectors

• Pro: Good at long sequences: 

after one self-attention layer, 
each output “sees” all inputs!


• Pro: Each output can be 
computed in parallel (at training 
time)


• Con: Memory-intensive. O(N^2)  
without modifications.

Source: S. Lazebnik

h2 h3
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• Split an image into patches, feed linearly projected patches into 
standard transformer encoder


• With patches of 14x14 pixels, you need 16x16=256 patches to represent 224x224 images

Preview for later in the course: Vision transformer (ViT)

A. Dosovitskiy et al. An image is worth 16x16 words: Transformers for image recognition at scale. ICLR 2021
Source: S. Lazebnik
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https://arxiv.org/pdf/2010.11929.pdf


Next class: representation learning
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