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Deep video models

Videos: high dimensional data


Video model:


• Difficult to generalise


• Data-hungry 




Deep video models design
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Generalisation Data efficiency

Expert labelling Real-time constraints
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Disclaimer: There are many concepts and works in this space. I will cover only a subset of them.  



01 Architecture 
inductive 
biases



Inductive biases for video modelling

Assumptions used by a learner to improve generalisation (Battaglia et al. 2018)


Design choices that constrain the solution space:


- architecture side for data efficiency


- loss function to compensate for lack of labels


- training procedure for real-time operation
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Want to learn more?


Battaglia et al. Relational inductive 
biases, deep learning, and graph 
networks (2018)



Inductive biases on the architecture side

Assumptions used by a learner to improve generalisation (Battaglia et al. 2018)


A video is a sequence of images - use spatial inductive biases
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Locality and spatial invariance Hierarchical structure 



Inductive biases on the architecture side

Assumptions used by a learner to improve generalisation (Battaglia et al. 2018)


A video is a sequence of images - use spatial inductive biases


ConvNets incorporate well such biases
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Local filters and weights sharing Hierarchical processing

Receptive field

Network depth

Receptive field size

Feature abstraction



Frame-by-frame video model
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y0 y1 y2 y3 y4

I0 I1 I2 I3 I4

time

layers

   Image model trained on isolated 
video frames   


   Test time: run image model on 
consecutive frames


   Cannot integrate temporal 
information, no motion features


   Cannot exploit temporal 
redundancy to improve efficiency




Frame-by-frame video model

12Improving Semantic Segmentation via Video Propagation and Label Relaxation, Zhu et al, 2019

https://nv-adlr.github.io/publication/2018-Segmentation


Visual Parsing After Recovery From Blindness, Ostrovsky et al, 2009

Importance of motion

Motion helps object 
recognition when learning 

to see.



Temporal inductive biases
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   Temporal locality & temporal 
invariance


   Use RNNs: Markov assumption and 
parameters shared over time  


   On top of a conv image encoder 
with spatial inductive biases 


   No hierarchical processing in time  


  

y0 y1 y2 y3 y4

I0 I1 I2 I3 I4

time

layers



Video as a volume


        stack frames T x H x W x 3


        apply 3D convolutions

H

W

T

3D convolutional models: better temporal inductive biases



      3D convolutions are

      non-causal

      masked 3D convolutions

      are causal

3D convolutional models: better temporal inductive biases



Figure from SlowFast Networks for Video Recognition, Feichtenhofer et al, 2019

Multi-resolution models

I3D - Quo Vadis, Action Recognition? A New Model and the Kinetics Dataset, Carreira and Zisserman, 2018

SlowFast Networks for Video Recognition, Feichtenhofer et al, 2019

TSM: Temporal Shift Module for Efficient Video Understanding, Lin et al, 2018

…..




Towards bias-free models

Inductive biases help generalisation 
and data efficiency.


But if we don’t care about data 
efficiency, biases may hurt 
performance.


Inductive biases reduce the 
generality of the models.
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Vision Transformer (ViT) vs. ResNet

Figure from An image is worth 16x16 words, Dosovitskiy et al. (2021)



Figures from An image is worth 16x16 words, Dosovitskiy et al, 2021

Vision Transformers — Self-attention models

No hierarchical processing, (almost) no locality, no translation invariance



Figure from Is Space-Time Attention All You Need for Video Understanding? Bertasius et al, 2021

Video Transformers — ViT extended in time



Figure from PerceiverIO - A General Architecture for Structured Inputs and Outputs, Jaegle et al (2021)

PerceiverIO — A general architecture for structured inputs & outputs 



Summary

• Spatial and temporal inductive biases in convolutional feedforward and 
recurrent models help generalisation in lower data regime, but may hurt 
performance in large data regime


• Towards models free of inductive biases:


- improved performance in large data regime


- great for multimodal processing


- promising to tackle data in domains where we don’t have good inductive 
biases



02 Task design



Challenges in video supervised learning

Labels are expensive Agreement: definition? granularity?



Learning landscape

Unsupervised 
learning

{x1, x2, …, xn}Dataset
p(X)Model

Learn the structure 

                in the data

Supervised 
learning

{(x1, y1), (x2, y2), …, (xn, yn)}Dataset
p(Y |X = x)Model

Learn mapping f ̂y = f(x)

Maximise similarity ( ̂y, y)

Reinforcement 
learning

Environment

(S, A, R, T )

Learn policy πθ : S → A

Maximise reward

MDP

Self-supervised 
learning

Evolution

Want to learn more?


Zador. A critique of pure learning and 
what artificial neural networks can 
learn from animal brains (2019)

{x1, x2, …, xn}Dataset

{(x1, z1), (x2, z2), …, (xn, zn)}Proxy task

Learn mapping g ̂z = gw(x)

Transfer learning from g

Labels generated automatically



Multimodal sensing of the environment

[...] towards the root and try to get as close to the root as possible, nice long strokes  [...]



Self-supervised learning for pre-training



Broaden your views for 
self-supervised video 
learning

Recasens et al, ICCV2021



BraVe



BraVe training loss



BraVe results



03 Operation 
mode



Efficiency challenges in video processing

Ideal model


• Accurate


• Low latency, high throughput* 
(during training and inference)


• Memory efficient


• Energy efficient
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Existing models (deep nets)


• Accurate (to some extent)


• High latency, low throughput        
(at inference)


• Large memory requirements


• Energy hungry

*During training, throughput can be improved by using distributed training with many parallel resources and 
large batches.



Latency & throughput
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Video from Davis2017 dataset @ 25fps Same video @ 5fps



Attempts to improve them

Boost efficiency of image models


• Model compression / binarisation


• Distillation


• Lighter convolutional modules


• Budget methods
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Improve efficiency of video models


• Temporal multi-scale models


• 2D temporal models


• Reuse of features (warping)


• Variable update rates
Karayev et al., Mathe et al.

Chen et al., Courbarieux et al.

Hinton et al.

MobileNet, Xception 

I3D, SlowFast, TSN 

Zhu et al.

Shelhamer et al.

TSM, R(2d+1)

All models are executed sequentially over depth



Inductive biases for the operation mode

• Training: backpropagation - general purpose algorithm


• Sequential processing along depth and time (for causal models)


• Using domain knowledge about videos, what inductive biases can be used?


• Videos are temporal sequences, not isolated frames


• Local smoothness of videos over time



Is sequential mode optimal?
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Is sequential mode optimal?
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General-purpose processors 
use pipelined instructions 
enabling parallel processing.

Maximise throughput

Efficient use of hw resources

Figure from https://en.wikipedia.org/wiki/Instruction_pipelining

https://en.wikipedia.org/wiki/Instruction_pipelining


Our proposed algorithm: Sideways

39



40

A. Depth-parallel inference



input

frame

xt2

Sequential (frame-by-frame) model
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Pipelined model

42 Computation time
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Pipelined model
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N
et

w
or

k 
de

pt
hIdle block

xt1 xt2 xt3 xt6xt4 xt5 xt7 xt8 xt9

yt2prediction yt1 yt3 yt4 yt5 yt6

xt10

High throughput

Low (custom) 
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Difficult task

Massively parallel video networks, Carreira, Patraucean, et al., ECCV2018



Any existing model can be pipelined

44

DenseNet Inception

Densely connected convolutional neural networks, Huang et al., CVPR2017 Quo Vadis, action recognition? Carreira and Zisserman, CVPR2017

Massively parallel video networks, Carreira, Patraucean, et al., ECCV2018



GPU utilisation
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Massively parallel video networks, Carreira, Patraucean, et al., ECCV2018



Human keypoint localisation

46 Massively parallel video networks, Carreira, Patraucean, et al., ECCV2018
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Fair(er) asynchronous evaluation

Towards streaming image understanding, Li et al, ECCV2020

47 Figure from Towards streaming image understanding, Li et al, ECCV2020 

Object detector: offline precision 38.0, streaming average precision 20.3
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B. Depth-parallel training



Sequential (frame-by-frame) model
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Sequential (frame-by-frame) model
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<latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit>

prediction

Gradients



Sequential (frame-by-frame) model

51 Computation time
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xt1
<latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit>

xt2
<latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit>
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yt1
<latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit>
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Pipelined backpropagation: no blocking

52 Figure from GPipe: Easy Scaling with Micro-Batch Pipeline Parallelism, Yanping et al, 2019

GPipe: Easy Scaling with Micro-Batch Pipeline Parallelism, Yanping et al, 2019


Pipelined training of image classifiers by buffering activations



Videos are temporally smooth: do we need buffering?

53

Video from Kinetics600 dataset

Sample consecutive frames extracted from the video



Sideways vs. Backprop

54
Sideways: Depth-parallel training of video models, Malinowski, Swirszcz, Carreira, Patraucean, CVPR2020



Sideways vs. Backprop

55
Sideways: Depth-parallel training of video models, Malinowski, Swirszcz, Carreira, Patraucean, CVPR2020



Mathematical correctness of gradients vs. speed

Sideways: Depth-parallel training of video models, Malinowski, Swirszcz, Carreira, Patraucean, CVPR202056



Sideways vs. Backprop

57

Sideways Backprop
60%

40%

20%

Top-1 accuracy of VGG8 on UCF101 (training from scratch)

Sideways: Depth-parallel training of video models, Malinowski, Swirszcz, Carreira, Patraucean, CVPR2020



Skip-Sideways: 2D temporal model

xt2
<latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit>

xt4
<latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit>

xt6
<latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit>

D
ep

th

xt1
<latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit>

xt3
<latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit>

xt5
<latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit> xt7

<latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit><latexit sha1_base64="8EyeF2YFnrxeRI/UfiU/qonws54=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m691eN9k1ZRxWcgjNwAVzQAm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+tHpTW</latexit>

xt9
<latexit sha1_base64="xYqMGaz4feyb9XLNef1BQ+T56BI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQiqLuiG5cV7APaGCaTSTt0MhNmJtIS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gsmt4XfeyJSUcEf9CwhXoxGnEYUI20k364PA8HCGOlxNs0fM+1f577dcJrOHHCVuCVpgBJt3/4ahgKnMeEaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhHMVEedk8ew5PjRLCSEjzuIZz9fdGhmKlZnFgJouUatkrxP+8QaqjKy+jPEk14XhxKEoZ1AIWRcCQSoI1mxmCsKQmK8RjJBHWpq6aKcFd/vIq6Z43Xafp3l80WjdlHVVwDE7AGXDBJWiBO9AGHYDBFDyDV/Bm5daL9W59LEYrVrlzBP7A+vwBsCiU2A==</latexit><latexit sha1_base64="xYqMGaz4feyb9XLNef1BQ+T56BI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQiqLuiG5cV7APaGCaTSTt0MhNmJtIS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gsmt4XfeyJSUcEf9CwhXoxGnEYUI20k364PA8HCGOlxNs0fM+1f577dcJrOHHCVuCVpgBJt3/4ahgKnMeEaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhHMVEedk8ew5PjRLCSEjzuIZz9fdGhmKlZnFgJouUatkrxP+8QaqjKy+jPEk14XhxKEoZ1AIWRcCQSoI1mxmCsKQmK8RjJBHWpq6aKcFd/vIq6Z43Xafp3l80WjdlHVVwDE7AGXDBJWiBO9AGHYDBFDyDV/Bm5daL9W59LEYrVrlzBP7A+vwBsCiU2A==</latexit><latexit sha1_base64="xYqMGaz4feyb9XLNef1BQ+T56BI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQiqLuiG5cV7APaGCaTSTt0MhNmJtIS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gsmt4XfeyJSUcEf9CwhXoxGnEYUI20k364PA8HCGOlxNs0fM+1f577dcJrOHHCVuCVpgBJt3/4ahgKnMeEaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhHMVEedk8ew5PjRLCSEjzuIZz9fdGhmKlZnFgJouUatkrxP+8QaqjKy+jPEk14XhxKEoZ1AIWRcCQSoI1mxmCsKQmK8RjJBHWpq6aKcFd/vIq6Z43Xafp3l80WjdlHVVwDE7AGXDBJWiBO9AGHYDBFDyDV/Bm5daL9W59LEYrVrlzBP7A+vwBsCiU2A==</latexit><latexit sha1_base64="xYqMGaz4feyb9XLNef1BQ+T56BI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQiqLuiG5cV7APaGCaTSTt0MhNmJtIS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QcKo0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVSKVmHSwYEL2A6QIo5x0NNWM9BNJUBww0gsmt4XfeyJSUcEf9CwhXoxGnEYUI20k364PA8HCGOlxNs0fM+1f577dcJrOHHCVuCVpgBJt3/4ahgKnMeEaM6TUwHUS7WVIaooZyWvDVJEE4QkakYGhHMVEedk8ew5PjRLCSEjzuIZz9fdGhmKlZnFgJouUatkrxP+8QaqjKy+jPEk14XhxKEoZ1AIWRcCQSoI1mxmCsKQmK8RjJBHWpq6aKcFd/vIq6Z43Xafp3l80WjdlHVVwDE7AGXDBJWiBO9AGHYDBFDyDV/Bm5daL9W59LEYrVrlzBP7A+vwBsCiU2A==</latexit>

xt8
<latexit sha1_base64="5WvLKlfv4xvrTNSRAe27tzBkMpA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi2GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOqo5WWUJ6kmHC8PRSmDWsCiCBhSSbBmc0MQltRkhXiCJMLa1FUzJbirX14nvcum6zTd+6tG+6asowpOwRm4AC64Bm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+uo5TX</latexit><latexit sha1_base64="5WvLKlfv4xvrTNSRAe27tzBkMpA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi2GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOqo5WWUJ6kmHC8PRSmDWsCiCBhSSbBmc0MQltRkhXiCJMLa1FUzJbirX14nvcum6zTd+6tG+6asowpOwRm4AC64Bm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+uo5TX</latexit><latexit sha1_base64="5WvLKlfv4xvrTNSRAe27tzBkMpA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi2GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOqo5WWUJ6kmHC8PRSmDWsCiCBhSSbBmc0MQltRkhXiCJMLa1FUzJbirX14nvcum6zTd+6tG+6asowpOwRm4AC64Bm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+uo5TX</latexit><latexit sha1_base64="5WvLKlfv4xvrTNSRAe27tzBkMpA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi2GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOqo5WWUJ6kmHC8PRSmDWsCiCBhSSbBmc0MQltRkhXiCJMLa1FUzJbirX14nvcum6zTd+6tG+6asowpOwRm4AC64Bm1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+uo5TX</latexit>

xt10
<latexit sha1_base64="t22+CvGYv6T95txtpIR/viHcXao=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMuiG5cV7APacchk0jY0kwxJRixhwF9x40IRt36HO//GTDsLbT0QOJxzL/fkRCmjSnvet7O0vLK6tl7ZqG5ube/sunv7bSUyiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofF34nQciFRX8Tk9SEiRoyOmAYqStFLqH/UiwOEF6ZB7ze6ND43t5Hro1r+5NAReJX5IaKNEM3a9+LHCWEK4xQ0r1fC/VgUFSU8xIXu1niqQIj9GQ9CzlKCEqMNP4OTyxSgwHQtrHNZyqvzcMSpSaJJGdLIKqea8Q//N6mR5cBobyNNOE49mhQcagFrDoAsZUEqzZxBKEJbVZIR4hibC2jVVtCf78lxdJ+6zue3X/9rzWuCrrqIAjcAxOgQ8uQAPcgCZoAQwMeAav4M15cl6cd+djNrrklDsH4A+czx/rp5YW</latexit><latexit sha1_base64="t22+CvGYv6T95txtpIR/viHcXao=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMuiG5cV7APacchk0jY0kwxJRixhwF9x40IRt36HO//GTDsLbT0QOJxzL/fkRCmjSnvet7O0vLK6tl7ZqG5ube/sunv7bSUyiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofF34nQciFRX8Tk9SEiRoyOmAYqStFLqH/UiwOEF6ZB7ze6ND43t5Hro1r+5NAReJX5IaKNEM3a9+LHCWEK4xQ0r1fC/VgUFSU8xIXu1niqQIj9GQ9CzlKCEqMNP4OTyxSgwHQtrHNZyqvzcMSpSaJJGdLIKqea8Q//N6mR5cBobyNNOE49mhQcagFrDoAsZUEqzZxBKEJbVZIR4hibC2jVVtCf78lxdJ+6zue3X/9rzWuCrrqIAjcAxOgQ8uQAPcgCZoAQwMeAav4M15cl6cd+djNrrklDsH4A+czx/rp5YW</latexit><latexit sha1_base64="t22+CvGYv6T95txtpIR/viHcXao=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMuiG5cV7APacchk0jY0kwxJRixhwF9x40IRt36HO//GTDsLbT0QOJxzL/fkRCmjSnvet7O0vLK6tl7ZqG5ube/sunv7bSUyiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofF34nQciFRX8Tk9SEiRoyOmAYqStFLqH/UiwOEF6ZB7ze6ND43t5Hro1r+5NAReJX5IaKNEM3a9+LHCWEK4xQ0r1fC/VgUFSU8xIXu1niqQIj9GQ9CzlKCEqMNP4OTyxSgwHQtrHNZyqvzcMSpSaJJGdLIKqea8Q//N6mR5cBobyNNOE49mhQcagFrDoAsZUEqzZxBKEJbVZIR4hibC2jVVtCf78lxdJ+6zue3X/9rzWuCrrqIAjcAxOgQ8uQAPcgCZoAQwMeAav4M15cl6cd+djNrrklDsH4A+czx/rp5YW</latexit><latexit sha1_base64="t22+CvGYv6T95txtpIR/viHcXao=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMuiG5cV7APacchk0jY0kwxJRixhwF9x40IRt36HO//GTDsLbT0QOJxzL/fkRCmjSnvet7O0vLK6tl7ZqG5ube/sunv7bSUyiUkLCyZkN0KKMMpJS1PNSDeVBCURI51ofF34nQciFRX8Tk9SEiRoyOmAYqStFLqH/UiwOEF6ZB7ze6ND43t5Hro1r+5NAReJX5IaKNEM3a9+LHCWEK4xQ0r1fC/VgUFSU8xIXu1niqQIj9GQ9CzlKCEqMNP4OTyxSgwHQtrHNZyqvzcMSpSaJJGdLIKqea8Q//N6mR5cBobyNNOE49mhQcagFrDoAsZUEqzZxBKEJbVZIR4hibC2jVVtCf78lxdJ+6zue3X/9rzWuCrrqIAjcAxOgQ8uQAPcgCZoAQwMeAav4M15cl6cd+djNrrklDsH4A+czx/rp5YW</latexit>

yt1
<latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit><latexit sha1_base64="j0FnuaTFC671JBcH4KhNhzRuW00=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFl047KCfUAbw2QyaYdOZsLMRIgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKo0o7zbS0tr6yurdc26ptb2zu79t5+V4lUYtLBggnZD5AijHLS0VQz0k8kQXHASC+YXJd+74FIRQW/01lCvBiNOI0oRtpIvn04DAQLY6THeVbc59rP3aLw7YbTdKaAi8StSANUaPv21zAUOI0J15ghpQauk2gvR1JTzEhRH6aKJAhP0IgMDOUoJsrLp+kLeGKUEEZCmsc1nKq/N3IUK5XFgZksc6p5rxT/8wapji69nPIk1YTj2aEoZVALWFYBQyoJ1iwzBGFJTVaIx0girE1hdVOCO//lRdI9a7pO0709b7Suqjpq4Agcg1PgggvQAjegDToAg0fwDF7Bm/VkvVjv1sdsdMmqdg7AH1ifP3d8ld0=</latexit>

Computation Time
xt2

<latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit><latexit sha1_base64="WoHkS7mHWtvhl7qJpYG9/msqIKw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRF0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOeq2m6zTd+8tG+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+lhZTR</latexit>

xt4
<latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit><latexit sha1_base64="JJetD4CugnS3NtKcYDiMQzko8eg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRjcsK9gFtDJPJpB06mQkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUacf5tiobm1vbO9Xd2t7+weGRfVzvKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QfT28LvPxGpqOAPep4QL0ZjTiOKkTaSb9dHgWBhjPQkm+WPmfZbuW83nKazAFwnbkkaoETHt79GocBpTLjGDCk1dJ1EexmSmmJG8tooVSRBeIrGZGgoRzFRXrbInsNzo4QwEtI8ruFC/b2RoVipeRyYySKlWvUK8T9vmOro2ssoT1JNOF4eilIGtYBFETCkkmDN5oYgLKnJCvEESYS1qatmSnBXv7xOepdN12m6961G+6asowpOwRm4AC64Am1wBzqgCzCYgWfwCt6s3Hqx3q2P5WjFKndOwB9Ynz+oj5TT</latexit>

xt6
<latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit><latexit sha1_base64="DM4g2BgfwEjhkBYEv2mm8V0339g=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIAWMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8Aq5mU1Q==</latexit>

D
ep

th

Computation Time
xt1

<latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit><latexit sha1_base64="M7oj5ce/eoFqL3C6zSW0lbhtJUo=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSiKCLotuXFawD2hjmEym7dDJTJi5kZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJE840uO63tba+sbm1Xdmp7u7tHxzaR7WOlqkitE0kl6oXYk05E7QNDDjtJYriOOS0G05uC7/7RJVmUjzALKF+jEeCDRnBYKTArg1CyaMYwzib5o8ZBF4e2HW34c7hrBKvJHVUohXYX4NIkjSmAgjHWvc9NwE/wwoY4TSvDlJNE0wmeET7hgocU+1n8+y5c2aUyBlKZZ4AZ67+3shwrPUsDs1kkVIve4X4n9dPYXjtZ0wkKVBBFoeGKXdAOkURTsQUJcBnhmCimMnqkDFWmICpq2pK8Ja/vEo6Fw3PbXj3l/XmTVlHBZ2gU3SOPHSFmugOtVAbETRFz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCkAJTQ</latexit>

xt3
<latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit><latexit sha1_base64="Tcmx+Qiyleg6D8atRLh/bMqnq0w=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCWABGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPsXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m695eN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8ApwqU0g==</latexit>

xt5
<latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit><latexit sha1_base64="eHo5Eg97cNPgk1tSUDh/ahZBr0U=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIBGMFC2OR6ENqQ+Q4TmvVsSPbQa2i/AoLAwix8iNs/A1OmwFajmTp6Jx7dY9PkDCqtON8W5W19Y3Nrep2bWd3b//APqx3lUglJh0smJD9ACnCKCcdTTUj/UQSFAeM9ILJbeH3nohUVPAHPUuIF6MRpxHFSBvJt+vDQLAwRnqcTfPHTPuXuW83nKYzB1wlbkkaoETbt7+GocBpTLjGDCk1cJ1EexmSmmJG8towVSRBeIJGZGAoRzFRXjbPnsNTo4QwEtI8ruFc/b2RoVipWRyYySKlWvYK8T9vkOro2ssoT1JNOF4cilIGtYBFETCkkmDNZoYgLKnJCvEYSYS1qatmSnCXv7xKuudN12m69xeN1k1ZRxUcgxNwBlxwBVrgDrRBB2AwBc/gFbxZufVivVsfi9GKVe4cgT+wPn8AqhSU1A==</latexit> xt7
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Skip-Sideways vs. Temporal shift modules (TSM)
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<latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit>

l � 1
<latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit><latexit sha1_base64="U+sOvp8s5mgOoyQTg4okYwbFXqU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7jw+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCtX41i</latexit>

l � 2
<latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit><latexit sha1_base64="kTKBDA2HhBwFXVV06dTChwsHU3E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg7io9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCu441j</latexit>

l + 1
<latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit><latexit sha1_base64="doHJI+M+hrXdYXBY1wyQfqEOdJo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3Hh9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCqVY1g</latexit>

l + 2
<latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit><latexit sha1_base64="z3dTzi2lQlqxzu2QD0+IhxCk3nk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB3FR65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGr2Y1h</latexit>

t� 1
<latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit><latexit sha1_base64="kLNprcXQ2yHHqmyJGgdQLfVwYQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHvDC65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SlqXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP7mPjWo=</latexit>

t+ 1
<latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit><latexit sha1_base64="2kDEg7QcjcMS1eGLsxr0L2OpKP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPeCF1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2hY1o</latexit>

t
<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit>

ht
l

<latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit><latexit sha1_base64="apYUkSbyG4gf5LMiTuk6IjpXpc8=">AAAB+3icbVC7TsMwFL0pr1JeoYwsERUSU5UgJBgrWBiLRB9SGyLHcVqrjh3ZDqKK8issDCDEyo+w8Te4bQZoOZLlo3PulY9PmDKqtOt+W5W19Y3Nrep2bWd3b//APqx3lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLJzczvPRKpqOD3epoSP0EjTmOKkTZSYNeHoWCRmibmysfFgw5YYDfcpjuHs0q8kjSgRDuwv4aRwFlCuMYMKTXw3FT7OZKaYkaK2jBTJEV4gkZkYChHCVF+Ps9eOKdGiZxYSHO4dubq740cJWoWz0wmSI/VsjcT//MGmY6v/JzyNNOE48VDccYcLZxZEU5EJcGaTQ1BWFKT1cFjJBHWpq6aKcFb/vIq6Z43Pbfp3V00WtdlHVU4hhM4Aw8uoQW30IYOYHiCZ3iFN6uwXqx362MxWrHKnSP4A+vzB9NglO8=</latexit>

ht�1
l�1

<latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit><latexit sha1_base64="zHDwu4i0TRsSc7xfWoy4Lj9U68A=">AAACA3icbVDLSgMxFL1TX7W+Rt3pZrAIbiwzIuiy6MZlBfuAdiyZTKYNzSRDkhHKMODGX3HjQhG3/oQ7/8ZM24W2HkhyOOdecu8JEkaVdt1vq7S0vLK6Vl6vbGxube/Yu3stJVKJSRMLJmQnQIowyklTU81IJ5EExQEj7WB0XfjtByIVFfxOjxPix2jAaUQx0kbq2we9QLBQjWPzZMP8PtOnXt7PWHHbVbfmTuAsEm9GqjBDo29/9UKB05hwjRlSquu5ifYzJDXFjOSVXqpIgvAIDUjXUI5iovxsskPuHBsldCIhzeHamai/OzIUq2JMUxkjPVTzXiH+53VTHV36GeVJqgnH04+ilDlaOEUgTkglwZqNDUFYUjOrg4dIIqxNbBUTgje/8iJpndU8t+bdnlfrV7M4ynAIR3ACHlxAHW6gAU3A8AjP8Apv1pP1Yr1bH9PSkjXr2Yc/sD5/AE8wl+s=</latexit>

ert
hl
l

<latexit sha1_base64="2gFJglxeQl3teTxU3VHxqyblrEs=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCyCp5KIoMeiF48V7Ae0NWw203bpZhN2J0oJOXrxr3jxoIhXf4I3/43bj4O2Phh4vDfDzLwgEVyj635bhaXlldW14nppY3Nre8fe3WvoOFUM6iwWsWoFVIPgEurIUUArUUCjQEAzGF6N/eY9KM1jeYujBLoR7Uve44yikXz7sPPAQ0AuQsg6kgaC5ncZ5n428DOR58K3y27FncBZJN6MlMkMNd/+6oQxSyOQyATVuu25CXYzqpAzAXmpk2pIKBvSPrQNlTQC3c0mj+TOsVFCpxcrUxKdifp7IqOR1qMoMJ0RxYGe98bif147xd5FN+MySREkmy7qpcLB2Bmn4oRcAUMxMoQyxc2tDhtQRRma7EomBG/+5UXSOK14bsW7OStXL2dxFMkBOSInxCPnpEquSY3UCSOP5Jm8kjfryXqx3q2PaWvBms3skz+wPn8AqIKbAg==</latexit><latexit sha1_base64="2gFJglxeQl3teTxU3VHxqyblrEs=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCyCp5KIoMeiF48V7Ae0NWw203bpZhN2J0oJOXrxr3jxoIhXf4I3/43bj4O2Phh4vDfDzLwgEVyj635bhaXlldW14nppY3Nre8fe3WvoOFUM6iwWsWoFVIPgEurIUUArUUCjQEAzGF6N/eY9KM1jeYujBLoR7Uve44yikXz7sPPAQ0AuQsg6kgaC5ncZ5n428DOR58K3y27FncBZJN6MlMkMNd/+6oQxSyOQyATVuu25CXYzqpAzAXmpk2pIKBvSPrQNlTQC3c0mj+TOsVFCpxcrUxKdifp7IqOR1qMoMJ0RxYGe98bif147xd5FN+MySREkmy7qpcLB2Bmn4oRcAUMxMoQyxc2tDhtQRRma7EomBG/+5UXSOK14bsW7OStXL2dxFMkBOSInxCPnpEquSY3UCSOP5Jm8kjfryXqx3q2PaWvBms3skz+wPn8AqIKbAg==</latexit><latexit sha1_base64="2gFJglxeQl3teTxU3VHxqyblrEs=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCyCp5KIoMeiF48V7Ae0NWw203bpZhN2J0oJOXrxr3jxoIhXf4I3/43bj4O2Phh4vDfDzLwgEVyj635bhaXlldW14nppY3Nre8fe3WvoOFUM6iwWsWoFVIPgEurIUUArUUCjQEAzGF6N/eY9KM1jeYujBLoR7Uve44yikXz7sPPAQ0AuQsg6kgaC5ncZ5n428DOR58K3y27FncBZJN6MlMkMNd/+6oQxSyOQyATVuu25CXYzqpAzAXmpk2pIKBvSPrQNlTQC3c0mj+TOsVFCpxcrUxKdifp7IqOR1qMoMJ0RxYGe98bif147xd5FN+MySREkmy7qpcLB2Bmn4oRcAUMxMoQyxc2tDhtQRRma7EomBG/+5UXSOK14bsW7OStXL2dxFMkBOSInxCPnpEquSY3UCSOP5Jm8kjfryXqx3q2PaWvBms3skz+wPn8AqIKbAg==</latexit><latexit sha1_base64="2gFJglxeQl3teTxU3VHxqyblrEs=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCyCp5KIoMeiF48V7Ae0NWw203bpZhN2J0oJOXrxr3jxoIhXf4I3/43bj4O2Phh4vDfDzLwgEVyj635bhaXlldW14nppY3Nre8fe3WvoOFUM6iwWsWoFVIPgEurIUUArUUCjQEAzGF6N/eY9KM1jeYujBLoR7Uve44yikXz7sPPAQ0AuQsg6kgaC5ncZ5n428DOR58K3y27FncBZJN6MlMkMNd/+6oQxSyOQyATVuu25CXYzqpAzAXmpk2pIKBvSPrQNlTQC3c0mj+TOsVFCpxcrUxKdifp7IqOR1qMoMJ0RxYGe98bif147xd5FN+MySREkmy7qpcLB2Bmn4oRcAUMxMoQyxc2tDhtQRRma7EomBG/+5UXSOK14bsW7OStXL2dxFMkBOSInxCPnpEquSY3UCSOP5Jm8kjfryXqx3q2PaWvBms3skz+wPn8AqIKbAg==</latexit>

ert�1
hl+1

l
<latexit sha1_base64="Lav90QCvU0x8/QdnVtc6iefDuOk=">AAACDHicbVDLSsNAFJ34rPVVdekmWARBLIkIuiy6cVnBPqCpZTK5aYdOJmHmRikhH+DGX3HjQhG3foA7/8bpY6GtBwYO55zLnXv8RHCNjvNtLSwuLa+sFtaK6xubW9ulnd2GjlPFoM5iEauWTzUILqGOHAW0EgU08gU0/cHVyG/eg9I8lrc4TKAT0Z7kIWcUjdQtlb0HHgByEUDmSeoLmt9leOLm3azfzcSxm+fCpJyKM4Y9T9wpKZMpat3SlxfELI1AIhNU67brJNjJqELOBORFL9WQUDagPWgbKmkEupONj8ntQ6MEdhgr8yTaY/X3REYjrYeRb5IRxb6e9Ubif147xfCik3GZpAiSTRaFqbAxtkfN2AFXwFAMDaFMcfNXm/WpogxNf0VTgjt78jxpnFZcp+LenJWrl9M6CmSfHJAj4pJzUiXXpEbqhJFH8kxeyZv1ZL1Y79bHJLpgTWf2yB9Ynz+GRpvk</latexit><latexit sha1_base64="Lav90QCvU0x8/QdnVtc6iefDuOk=">AAACDHicbVDLSsNAFJ34rPVVdekmWARBLIkIuiy6cVnBPqCpZTK5aYdOJmHmRikhH+DGX3HjQhG3foA7/8bpY6GtBwYO55zLnXv8RHCNjvNtLSwuLa+sFtaK6xubW9ulnd2GjlPFoM5iEauWTzUILqGOHAW0EgU08gU0/cHVyG/eg9I8lrc4TKAT0Z7kIWcUjdQtlb0HHgByEUDmSeoLmt9leOLm3azfzcSxm+fCpJyKM4Y9T9wpKZMpat3SlxfELI1AIhNU67brJNjJqELOBORFL9WQUDagPWgbKmkEupONj8ntQ6MEdhgr8yTaY/X3REYjrYeRb5IRxb6e9Ubif147xfCik3GZpAiSTRaFqbAxtkfN2AFXwFAMDaFMcfNXm/WpogxNf0VTgjt78jxpnFZcp+LenJWrl9M6CmSfHJAj4pJzUiXXpEbqhJFH8kxeyZv1ZL1Y79bHJLpgTWf2yB9Ynz+GRpvk</latexit><latexit sha1_base64="Lav90QCvU0x8/QdnVtc6iefDuOk=">AAACDHicbVDLSsNAFJ34rPVVdekmWARBLIkIuiy6cVnBPqCpZTK5aYdOJmHmRikhH+DGX3HjQhG3foA7/8bpY6GtBwYO55zLnXv8RHCNjvNtLSwuLa+sFtaK6xubW9ulnd2GjlPFoM5iEauWTzUILqGOHAW0EgU08gU0/cHVyG/eg9I8lrc4TKAT0Z7kIWcUjdQtlb0HHgByEUDmSeoLmt9leOLm3azfzcSxm+fCpJyKM4Y9T9wpKZMpat3SlxfELI1AIhNU67brJNjJqELOBORFL9WQUDagPWgbKmkEupONj8ntQ6MEdhgr8yTaY/X3REYjrYeRb5IRxb6e9Ubif147xfCik3GZpAiSTRaFqbAxtkfN2AFXwFAMDaFMcfNXm/WpogxNf0VTgjt78jxpnFZcp+LenJWrl9M6CmSfHJAj4pJzUiXXpEbqhJFH8kxeyZv1ZL1Y79bHJLpgTWf2yB9Ynz+GRpvk</latexit><latexit sha1_base64="Lav90QCvU0x8/QdnVtc6iefDuOk=">AAACDHicbVDLSsNAFJ34rPVVdekmWARBLIkIuiy6cVnBPqCpZTK5aYdOJmHmRikhH+DGX3HjQhG3foA7/8bpY6GtBwYO55zLnXv8RHCNjvNtLSwuLa+sFtaK6xubW9ulnd2GjlPFoM5iEauWTzUILqGOHAW0EgU08gU0/cHVyG/eg9I8lrc4TKAT0Z7kIWcUjdQtlb0HHgByEUDmSeoLmt9leOLm3azfzcSxm+fCpJyKM4Y9T9wpKZMpat3SlxfELI1AIhNU67brJNjJqELOBORFL9WQUDagPWgbKmkEupONj8ntQ6MEdhgr8yTaY/X3REYjrYeRb5IRxb6e9Ubif147xfCik3GZpAiSTRaFqbAxtkfN2AFXwFAMDaFMcfNXm/WpogxNf0VTgjt78jxpnFZcp+LenJWrl9M6CmSfHJAj4pJzUiXXpEbqhJFH8kxeyZv1ZL1Y79bHJLpgTWf2yB9Ynz+GRpvk</latexit>

ert�1
⌧hl+2

l
<latexit sha1_base64="3qxq0u+70gA5s624fe0IqNkAmxk=">AAACEXicbVBNSyNBEO3xY3Wju0Y9emk2LAiyYUYEPYpePCoYE8hkh5qeimns6Rm6a5QwzF/w4l/x4kERr968+W/sfBx2ow8KHu9VUVUvzpW05Pvv3tz8wuK3peXvtZXVHz/X6usbFzYrjMCWyFRmOjFYVFJjiyQp7OQGIY0VtuOr45HfvkZjZabPaZhjL4VLLftSADkpqm+HNzJBkirBMtQQK6j+lvQnqKIyJCj4ICrVzm5Vqaje8Jv+GPwzCaakwaY4jepvYZKJIkVNQoG13cDPqVeCISkUVrWwsJiDuIJL7DqqIUXbK8cfVfy3UxLez4wrTXys/jtRQmrtMI1dZwo0sLPeSPzK6xbUP+iVUucFoRaTRf1Cccr4KB6eSIOC1NAREEa6W7kYgAFBLsSaCyGYffkzudhtBn4zONtrHB5N41hmW+wX22YB22eH7ISdshYT7Jbds0f25N15D96z9zJpnfOmM5vsP3ivHzqond0=</latexit><latexit sha1_base64="3qxq0u+70gA5s624fe0IqNkAmxk=">AAACEXicbVBNSyNBEO3xY3Wju0Y9emk2LAiyYUYEPYpePCoYE8hkh5qeimns6Rm6a5QwzF/w4l/x4kERr968+W/sfBx2ow8KHu9VUVUvzpW05Pvv3tz8wuK3peXvtZXVHz/X6usbFzYrjMCWyFRmOjFYVFJjiyQp7OQGIY0VtuOr45HfvkZjZabPaZhjL4VLLftSADkpqm+HNzJBkirBMtQQK6j+lvQnqKIyJCj4ICrVzm5Vqaje8Jv+GPwzCaakwaY4jepvYZKJIkVNQoG13cDPqVeCISkUVrWwsJiDuIJL7DqqIUXbK8cfVfy3UxLez4wrTXys/jtRQmrtMI1dZwo0sLPeSPzK6xbUP+iVUucFoRaTRf1Cccr4KB6eSIOC1NAREEa6W7kYgAFBLsSaCyGYffkzudhtBn4zONtrHB5N41hmW+wX22YB22eH7ISdshYT7Jbds0f25N15D96z9zJpnfOmM5vsP3ivHzqond0=</latexit><latexit sha1_base64="3qxq0u+70gA5s624fe0IqNkAmxk=">AAACEXicbVBNSyNBEO3xY3Wju0Y9emk2LAiyYUYEPYpePCoYE8hkh5qeimns6Rm6a5QwzF/w4l/x4kERr968+W/sfBx2ow8KHu9VUVUvzpW05Pvv3tz8wuK3peXvtZXVHz/X6usbFzYrjMCWyFRmOjFYVFJjiyQp7OQGIY0VtuOr45HfvkZjZabPaZhjL4VLLftSADkpqm+HNzJBkirBMtQQK6j+lvQnqKIyJCj4ICrVzm5Vqaje8Jv+GPwzCaakwaY4jepvYZKJIkVNQoG13cDPqVeCISkUVrWwsJiDuIJL7DqqIUXbK8cfVfy3UxLez4wrTXys/jtRQmrtMI1dZwo0sLPeSPzK6xbUP+iVUucFoRaTRf1Cccr4KB6eSIOC1NAREEa6W7kYgAFBLsSaCyGYffkzudhtBn4zONtrHB5N41hmW+wX22YB22eH7ISdshYT7Jbds0f25N15D96z9zJpnfOmM5vsP3ivHzqond0=</latexit><latexit sha1_base64="3qxq0u+70gA5s624fe0IqNkAmxk=">AAACEXicbVBNSyNBEO3xY3Wju0Y9emk2LAiyYUYEPYpePCoYE8hkh5qeimns6Rm6a5QwzF/w4l/x4kERr968+W/sfBx2ow8KHu9VUVUvzpW05Pvv3tz8wuK3peXvtZXVHz/X6usbFzYrjMCWyFRmOjFYVFJjiyQp7OQGIY0VtuOr45HfvkZjZabPaZhjL4VLLftSADkpqm+HNzJBkirBMtQQK6j+lvQnqKIyJCj4ICrVzm5Vqaje8Jv+GPwzCaakwaY4jepvYZKJIkVNQoG13cDPqVeCISkUVrWwsJiDuIJL7DqqIUXbK8cfVfy3UxLez4wrTXys/jtRQmrtMI1dZwo0sLPeSPzK6xbUP+iVUucFoRaTRf1Cccr4KB6eSIOC1NAREEa6W7kYgAFBLsSaCyGYffkzudhtBn4zONtrHB5N41hmW+wX22YB22eH7ISdshYT7Jbds0f25N15D96z9zJpnfOmM5vsP3ivHzqond0=</latexit>

ert�1
⌧hl

l
<latexit sha1_base64="30QQAvusXH6QLcyGK5CXPPnwPtQ=">AAACD3icbVA9TxtBEN2DBBwTiANlmlUsojRYdygSlBY0lEbCBsnnnOb2xvbKe3un3TmQdbp/kIa/QkNBFNHS0vFvWH8UfORJIz29N6OZeXGupCXff/JWVj98XFuvfapvfN7c+tL4ut2zWWEEdkWmMnMRg0UlNXZJksKL3CCkscLzeHI8888v0ViZ6TOa5jhIYaTlUAogJ0WNH+GVTJCkSrAMNcQKqt8l7QVVVIYEBR9HpaoqFTWafsufg78nwZI02RKdqPEYJpkoUtQkFFjbD/ycBiUYkkJhVQ8LizmICYyw76iGFO2gnP9T8V2nJHyYGVea+Fx9OVFCau00jV1nCjS2b72Z+D+vX9DwcFBKnReEWiwWDQvFKeOzcHgiDQpSU0dAGOlu5WIMBgS5COsuhODty+9Jb78V+K3g9FezfbSMo8a+se/sJwvYAWuzE9ZhXSbYH3bD7thf79q79f5594vWFW85s8NewXt4BkYJnWw=</latexit><latexit sha1_base64="30QQAvusXH6QLcyGK5CXPPnwPtQ=">AAACD3icbVA9TxtBEN2DBBwTiANlmlUsojRYdygSlBY0lEbCBsnnnOb2xvbKe3un3TmQdbp/kIa/QkNBFNHS0vFvWH8UfORJIz29N6OZeXGupCXff/JWVj98XFuvfapvfN7c+tL4ut2zWWEEdkWmMnMRg0UlNXZJksKL3CCkscLzeHI8888v0ViZ6TOa5jhIYaTlUAogJ0WNH+GVTJCkSrAMNcQKqt8l7QVVVIYEBR9HpaoqFTWafsufg78nwZI02RKdqPEYJpkoUtQkFFjbD/ycBiUYkkJhVQ8LizmICYyw76iGFO2gnP9T8V2nJHyYGVea+Fx9OVFCau00jV1nCjS2b72Z+D+vX9DwcFBKnReEWiwWDQvFKeOzcHgiDQpSU0dAGOlu5WIMBgS5COsuhODty+9Jb78V+K3g9FezfbSMo8a+se/sJwvYAWuzE9ZhXSbYH3bD7thf79q79f5594vWFW85s8NewXt4BkYJnWw=</latexit><latexit sha1_base64="30QQAvusXH6QLcyGK5CXPPnwPtQ=">AAACD3icbVA9TxtBEN2DBBwTiANlmlUsojRYdygSlBY0lEbCBsnnnOb2xvbKe3un3TmQdbp/kIa/QkNBFNHS0vFvWH8UfORJIz29N6OZeXGupCXff/JWVj98XFuvfapvfN7c+tL4ut2zWWEEdkWmMnMRg0UlNXZJksKL3CCkscLzeHI8888v0ViZ6TOa5jhIYaTlUAogJ0WNH+GVTJCkSrAMNcQKqt8l7QVVVIYEBR9HpaoqFTWafsufg78nwZI02RKdqPEYJpkoUtQkFFjbD/ycBiUYkkJhVQ8LizmICYyw76iGFO2gnP9T8V2nJHyYGVea+Fx9OVFCau00jV1nCjS2b72Z+D+vX9DwcFBKnReEWiwWDQvFKeOzcHgiDQpSU0dAGOlu5WIMBgS5COsuhODty+9Jb78V+K3g9FezfbSMo8a+se/sJwvYAWuzE9ZhXSbYH3bD7thf79q79f5594vWFW85s8NewXt4BkYJnWw=</latexit><latexit sha1_base64="30QQAvusXH6QLcyGK5CXPPnwPtQ=">AAACD3icbVA9TxtBEN2DBBwTiANlmlUsojRYdygSlBY0lEbCBsnnnOb2xvbKe3un3TmQdbp/kIa/QkNBFNHS0vFvWH8UfORJIz29N6OZeXGupCXff/JWVj98XFuvfapvfN7c+tL4ut2zWWEEdkWmMnMRg0UlNXZJksKL3CCkscLzeHI8888v0ViZ6TOa5jhIYaTlUAogJ0WNH+GVTJCkSrAMNcQKqt8l7QVVVIYEBR9HpaoqFTWafsufg78nwZI02RKdqPEYJpkoUtQkFFjbD/ycBiUYkkJhVQ8LizmICYyw76iGFO2gnP9T8V2nJHyYGVea+Fx9OVFCau00jV1nCjS2b72Z+D+vX9DwcFBKnReEWiwWDQvFKeOzcHgiDQpSU0dAGOlu5WIMBgS5COsuhODty+9Jb78V+K3g9FezfbSMo8a+se/sJwvYAWuzE9ZhXSbYH3bD7thf79q79f5594vWFW85s8NewXt4BkYJnWw=</latexit>

⌧ht�1
l�2

<latexit sha1_base64="RdWzKMrsWAS8CHiD3cCA2JYXTTU=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVw05IUQZdFNy4r2Ac0MUwmk3bo5MHMjVBCdm78FTcuFHHrL7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBhyXlLKJdYMDpIBEUhx6nfW9yXfj9Byoki6M7mCbUCfEoYgEjGJTk6sc24NT2Yu7Laai+bJy7GW+08vsMGlbu6nWzac5gLBOrJHVUouPqX7YfkzSkERCOpRxaZgJOhgUwwmles1NJE0wmeESHikY4pNLJZnfkxqlSfCOIhXoRGDP1d0eGQ1msqSpDDGO56BXif94wheDSyViUpEAjMh8UpNyA2ChCMXwmKAE+VQQTwdSuBhljgQmo6GoqBGvx5GXSazUts2ndntfbV2UcVXSETtAZstAFaqMb1EFdRNAjekav6E170l60d+1jXlrRyp5D9Afa5w+Sb5m6</latexit><latexit sha1_base64="RdWzKMrsWAS8CHiD3cCA2JYXTTU=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVw05IUQZdFNy4r2Ac0MUwmk3bo5MHMjVBCdm78FTcuFHHrL7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBhyXlLKJdYMDpIBEUhx6nfW9yXfj9Byoki6M7mCbUCfEoYgEjGJTk6sc24NT2Yu7Laai+bJy7GW+08vsMGlbu6nWzac5gLBOrJHVUouPqX7YfkzSkERCOpRxaZgJOhgUwwmles1NJE0wmeESHikY4pNLJZnfkxqlSfCOIhXoRGDP1d0eGQ1msqSpDDGO56BXif94wheDSyViUpEAjMh8UpNyA2ChCMXwmKAE+VQQTwdSuBhljgQmo6GoqBGvx5GXSazUts2ndntfbV2UcVXSETtAZstAFaqMb1EFdRNAjekav6E170l60d+1jXlrRyp5D9Afa5w+Sb5m6</latexit><latexit sha1_base64="RdWzKMrsWAS8CHiD3cCA2JYXTTU=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVw05IUQZdFNy4r2Ac0MUwmk3bo5MHMjVBCdm78FTcuFHHrL7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBhyXlLKJdYMDpIBEUhx6nfW9yXfj9Byoki6M7mCbUCfEoYgEjGJTk6sc24NT2Yu7Laai+bJy7GW+08vsMGlbu6nWzac5gLBOrJHVUouPqX7YfkzSkERCOpRxaZgJOhgUwwmles1NJE0wmeESHikY4pNLJZnfkxqlSfCOIhXoRGDP1d0eGQ1msqSpDDGO56BXif94wheDSyViUpEAjMh8UpNyA2ChCMXwmKAE+VQQTwdSuBhljgQmo6GoqBGvx5GXSazUts2ndntfbV2UcVXSETtAZstAFaqMb1EFdRNAjekav6E170l60d+1jXlrRyp5D9Afa5w+Sb5m6</latexit><latexit sha1_base64="RdWzKMrsWAS8CHiD3cCA2JYXTTU=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVw05IUQZdFNy4r2Ac0MUwmk3bo5MHMjVBCdm78FTcuFHHrL7jzb5y0WWjrgWEO59zLvfd4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBhyXlLKJdYMDpIBEUhx6nfW9yXfj9Byoki6M7mCbUCfEoYgEjGJTk6sc24NT2Yu7Laai+bJy7GW+08vsMGlbu6nWzac5gLBOrJHVUouPqX7YfkzSkERCOpRxaZgJOhgUwwmles1NJE0wmeESHikY4pNLJZnfkxqlSfCOIhXoRGDP1d0eGQ1msqSpDDGO56BXif94wheDSyViUpEAjMh8UpNyA2ChCMXwmKAE+VQQTwdSuBhljgQmo6GoqBGvx5GXSazUts2ndntfbV2UcVXSETtAZstAFaqMb1EFdRNAjekav6E170l60d+1jXlrRyp5D9Afa5w+Sb5m6</latexit>

⌧ht
l

<latexit sha1_base64="fy5dfqEZS3UwK3x4jRdLaqMYyLQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjcsK9gFNDJPJpB06mYSZG6GEuPFX3LhQxK1/4c6/cdJmoa0Hhjmccy/33hOknCmw7W9jaXlldW29tlHf3Nre2TX39rsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvF16fceqFQsEXcwSakX46FgESMYtOSbhy7gzA0SHqpJrL98VPg5L+7BNxt2057CWiRORRqoQts3v9wwIVlMBRCOlRo4dgpejiUwwmlRdzNFU0zGeEgHmgocU+Xl0wsK60QroRUlUj8B1lT93ZHjWJUL6soYw0jNe6X4nzfIILr0cibSDKggs0FRxi1IrDIOK2SSEuATTTCRTO9qkRGWmIAOra5DcOZPXiTds6ZjN53b80brqoqjho7QMTpFDrpALXSD2qiDCHpEz+gVvRlPxovxbnzMSpeMqucA/YHx+QPdXJfJ</latexit><latexit sha1_base64="fy5dfqEZS3UwK3x4jRdLaqMYyLQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjcsK9gFNDJPJpB06mYSZG6GEuPFX3LhQxK1/4c6/cdJmoa0Hhjmccy/33hOknCmw7W9jaXlldW29tlHf3Nre2TX39rsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvF16fceqFQsEXcwSakX46FgESMYtOSbhy7gzA0SHqpJrL98VPg5L+7BNxt2057CWiRORRqoQts3v9wwIVlMBRCOlRo4dgpejiUwwmlRdzNFU0zGeEgHmgocU+Xl0wsK60QroRUlUj8B1lT93ZHjWJUL6soYw0jNe6X4nzfIILr0cibSDKggs0FRxi1IrDIOK2SSEuATTTCRTO9qkRGWmIAOra5DcOZPXiTds6ZjN53b80brqoqjho7QMTpFDrpALXSD2qiDCHpEz+gVvRlPxovxbnzMSpeMqucA/YHx+QPdXJfJ</latexit><latexit sha1_base64="fy5dfqEZS3UwK3x4jRdLaqMYyLQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjcsK9gFNDJPJpB06mYSZG6GEuPFX3LhQxK1/4c6/cdJmoa0Hhjmccy/33hOknCmw7W9jaXlldW29tlHf3Nre2TX39rsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvF16fceqFQsEXcwSakX46FgESMYtOSbhy7gzA0SHqpJrL98VPg5L+7BNxt2057CWiRORRqoQts3v9wwIVlMBRCOlRo4dgpejiUwwmlRdzNFU0zGeEgHmgocU+Xl0wsK60QroRUlUj8B1lT93ZHjWJUL6soYw0jNe6X4nzfIILr0cibSDKggs0FRxi1IrDIOK2SSEuATTTCRTO9qkRGWmIAOra5DcOZPXiTds6ZjN53b80brqoqjho7QMTpFDrpALXSD2qiDCHpEz+gVvRlPxovxbnzMSpeMqucA/YHx+QPdXJfJ</latexit><latexit sha1_base64="fy5dfqEZS3UwK3x4jRdLaqMYyLQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjcsK9gFNDJPJpB06mYSZG6GEuPFX3LhQxK1/4c6/cdJmoa0Hhjmccy/33hOknCmw7W9jaXlldW29tlHf3Nre2TX39rsqySShHZLwRPYDrChngnaAAaf9VFIcB5z2gvF16fceqFQsEXcwSakX46FgESMYtOSbhy7gzA0SHqpJrL98VPg5L+7BNxt2057CWiRORRqoQts3v9wwIVlMBRCOlRo4dgpejiUwwmlRdzNFU0zGeEgHmgocU+Xl0wsK60QroRUlUj8B1lT93ZHjWJUL6soYw0jNe6X4nzfIILr0cibSDKggs0FRxi1IrDIOK2SSEuATTTCRTO9qkRGWmIAOra5DcOZPXiTds6ZjN53b80brqoqjho7QMTpFDrpALXSD2qiDCHpEz+gVvRlPxovxbnzMSpeMqucA/YHx+QPdXJfJ</latexit>

Temporal shift modules

TSM: Temporal Shift Module for Efficient Video Understanding

Lin et al, 2019

Gradient forward propagation for large-scale temporal video modelling, Malinowski et al, CVPR2021



Skip-Sideways: 2D temporal model

60 Gradient forward propagation for large-scale temporal video modelling, Malinowski et al, CVPR2021



(Skip-)Sideways vs. GPipe vs. Backprop

61

Inputs Uses Blocking Requires 
buffering

Correct 
gradients

BP any chain rule yes yes yes

GPipe any pipelining of 
operations partial yes yes

(Skip-)Sideways
temporally 

smooth 
sequences

pipelining and 
smoothness of 

inputs
no no approximate



Biological (im)plausibility of backprop

62 Figure from Direct Feedback Alignment Provides Learning in Deep Neural Networks, Nokland, 2016



Sideways: more biologically plausible

63

BP: instantaneous computation 
(blocking)


BPTT: sends gradients back in time


RTRL: sends gradients forward, but 
computationally intractable


Sideways: sends approximate 
gradients forward



Backprop as diffusion

64 Backprop Diffusion is Biologically Plausible, Betti and Gori, 2020, hal-02878574



04 Conclusion



Summary

• Inductive biases in video modelling


• Architecture side


• Training objective 


• Training algorithm


• Improve generalisation, data efficiency, and latency for real-time operation
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Future work

Towards embodied perception

67

Self-supervised 
learning

Self-supervised 
multimodal 

learning

Active 
perception 

Interaction and 
intervention

Rough model of the 
visual observations

Grounding across senses 
(common-sense)

Causal perceptual 
model of the world



Future work

Embodied perception - Towards learning in the wild (CORL2021)

68 HAGI



Future work

Generalised perception — going beyond human senses
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Genomics

Quantum physics
Geology



70

Thank you!

Questions?

Viorica Pătrăucean, viorica@google.com

mailto:viorica@google.com

