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Pixel: What pixels contribute most to restoration? 

Jinjin Gu and Chao Dong. 2021. Interpreting Super-Resolution Networks With Local Attribution
Maps. In IEEE Conference on Computer Vision and Pattern Recognition. 9199–9208.

Insight into the Super-Resolution Network

Super-Resolution Networks 

SR networks build up of convolutional layers and upsampling blocks, with parameter θ.
SR networks are trained using thousands of image pairs.
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Super-Resolution Networks 

Many SR network architectures have been proposed.
What makes their different performance?
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Insight into the Super-Resolution Network

SR networks are still mysterious

Have you met these scenarios?

Ø Do you need multi-scale architecture or a larger receptive field?

Ø Does non-local attention module work as you want?

Ø Why different SR networks perform differently?

We lack understanding toward these questions
And also research tools
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Insight into the Super-Resolution Network

Attribution Analysis

Input Image

RARN

EDSR Why RNAN gives correct results 
in the center?
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Attribution Analysis

What did RNAN notice from the input that allowed it to make the 
correct prediction?

Does EDSR notice this information?



-8-

Pixel: What pixels contribute most to restoration? 

Jinjin Gu and Chao Dong. 2021. Interpreting Super-Resolution Networks With Local Attribution
Maps. In IEEE Conference on Computer Vision and Pattern Recognition. 9199–9208.

Insight into the Super-Resolution Network

Attribution Analysis

Identify input features responsible for SR results.
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Insight into the Super-Resolution Network

Attribution Analysis for High-level Networks

98% house finch
10% bird
1% People

𝑰

𝑺 𝑰
What is S(I) looking at?

The visualized attribution map

Backprop methods: gradient

𝑮rad𝑺 𝑰 =
𝝏𝑺 𝑰
𝝏𝑰
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Attribution Analysis for High-level Networks

𝑥", ⋯ , 𝑥#, ⋯ , 𝑥$ → {𝑥", ⋯ , 𝑥# + Δ𝑥,⋯ , 𝑥$}
𝑦% → 𝑦% + Δ𝑦

|
Δ𝑦
Δ𝑥 | → |

𝜕𝑦%
𝜕𝑥#

|



-12-

Pixel: What pixels contribute most to restoration? 

Jinjin Gu and Chao Dong. 2021. Interpreting Super-Resolution Networks With Local Attribution
Maps. In IEEE Conference on Computer Vision and Pattern Recognition. 9199–9208.

Insight into the Super-Resolution Network

Attribution Analysis for High-level Networks
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Insight into the Super-Resolution Network

Attribution Analysis for High-level Networks

Ø Generate the baseline input. In case of image, we generate all-zero image to as the baseline
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Attribution Analysis for High-level Networks

Ø Generate the baseline input. In case of image, we generate all-zero image to as the baseline

Ø Compute the α-blended between the baseline input and the actual input.
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Attribution Analysis for High-level Networks

Ø Generate the baseline input. In case of image, we generate all-zero image to as the baseline

Ø Compute the α-blended between the baseline input and the actual input.

Ø Compute the gradient for all α-blended images. Then estimate the attribute from the gradient and 
visualize with the original image.
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Attribution Analysis for High-level Networks

𝑰

How to calculate gradient for low-level networks?

𝑭 𝑰
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Insight into the Super-Resolution Network

Auxiliary Principles

We introduce auxiliary principles for interpreting low-level networks:

Ø Interpreting local not global

SR networks can not
be interpreted globally
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Auxiliary Principles

We introduce auxiliary principles for interpreting low-level networks:

Ø Interpreting local not global

Interpreting simple cases 
can provide limited help

Ø Interpreting hard not simple
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Auxiliary Principles

We introduce auxiliary principles for interpreting low-level networks:

Ø Interpreting local not global

Ø Interpreting hard not simple

Ø Interpreting features not pixels

We convert the problem into whether there exists edges/textures or not, 
instead of why these pixels have such intensities.
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Insight into the Super-Resolution Network

Local Attribution Maps (LAM)
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Local Attribution Maps (LAM)

LAMF,D(γ)i :=
∫ 1
0

∂D(F (γ(α))
∂γ(α)i

×
∂γ(α)i

∂α dα

We employ Path Integral Gradient

SR Network 𝐹

Feature Detector 𝐷

Path Function 𝛾 𝛼 , 𝛼 ∈ 𝑅

Baseline Input 𝛾 0 = 𝐼!

Input 𝛾 1 = 𝐼
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Insight into the Super-Resolution Network

Local Attribution Maps (LAM)

We design the Baseline Input and Path function especially for SR networks. 

Blurred image as baseline input : 𝐼! = 𝜔 𝜎 ⊗ 𝐼

Progressive blurring path function : 𝛾"# 𝛼 = 𝜔 𝜎 − 𝛼𝜎 ⊗ 𝐼



-24-

Pixel: What pixels contribute most to restoration? 

Jinjin Gu and Chao Dong. 2021. Interpreting Super-Resolution Networks With Local Attribution
Maps. In IEEE Conference on Computer Vision and Pattern Recognition. 9199–9208.

Insight into the Super-Resolution Network

Local Attribution Maps (LAM)
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Local Attribution Maps (LAM)

LAMF,D(γ)i :=
∫ 1
0

∂D(F (γ(α))
∂γ(α)i

×
∂γ(α)i

∂α dα

We employ Path Integral Gradient

SR Network 𝐹

Feature Detector 𝐷

Path Function 𝛾 𝛼 , 𝛼 ∈ 𝑅

Baseline Input 𝛾 0 = 𝐼!

Input 𝛾 1 = 𝐼
The Gradient

of interpolation
The weight

determined by
path function
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Insight into the Super-Resolution Network

Local Attribution Maps (LAM)

Why using path integral gradient: Gradient Saturation
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-28-

Pixel: What pixels contribute most to restoration? 

Jinjin Gu and Chao Dong. 2021. Interpreting Super-Resolution Networks With Local Attribution
Maps. In IEEE Conference on Computer Vision and Pattern Recognition. 9199–9208.

Insight into the Super-Resolution Network

Local Attribution Maps (LAM)
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Informative Areas

The similarities and differences  of LAM results for 
different SR networks

Ø Red areas can be used for the most preliminary 
level of SR

Ø Blue areas show the potential informative areas
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Informative Areas
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Insight into the Super-Resolution Network

SRGANs Learn More Semantics

RankSRGAN

RRDBNet
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RRDBNet
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Exploration with LAM

We use Gini Index to indicate the range of involved 𝐺 =
∑!"#
$ ∑%"#

$ |&!'&%|
()& *&

And propose Diffusion Index for quantitative analysis: 𝐷𝐼 = 1 − 𝐺 ×100
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Insight into the Super-Resolution Network

Exploration with LAM

Diffusion Index vs. Network Performances.
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Insight into the Super-Resolution Network

Exploration with LAM

Diffusion Index vs. Receptive Field.
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Insight into the Super-Resolution Network

Exploration with LAM

Diffusion Index vs. Network Scale.
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Exploration with LAM

Diffusion Index vs. Image Content.



-39-

Pixel: What pixels contribute most to restoration? 

Jinjin Gu and Chao Dong. 2021. Interpreting Super-Resolution Networks With Local Attribution
Maps. In IEEE Conference on Computer Vision and Pattern Recognition. 9199–9208.

Insight into the Super-Resolution Network

Exploration with LAM

Diffusion Index vs. Image Content.
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Diffusion Index vs. Image Content.
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Insight into the Super-Resolution Network

LAM Playground
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Pixel: What pixels contribute most to restoration? 

Insight into the Super-Resolution Network

How to activate more pixels? 

Yihao Liu, Anran Liu, Jinjin Gu, Zhipeng Zhang, Wenhao Wu, Yu Qiao and Chao Dong. 2022.
Activating More Pixels in Image Super-Resolution Transformer. arXiv preprint arXiv:2205.04437.
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Discovering "Semantics" in Super-Resolution Networks
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Feature: Where can we find semantics in SR networks? 

Yihao Liu, Anran Liu, Jinjin Gu, Zhipeng Zhang, Wenhao Wu, Yu Qiao and Chao Dong. 2021.
Discovering Distinctive" Semantics" in Super-Resolution Networks. arXiv preprint arXiv:2108.00406.

Insight into the Super-Resolution Network

Interpreting Super-Resolution Networks

No Semantics ?? Semantics Clear Semantics

Traditional Methods such 
as Interpolation methods 

Low-level Vision models 
such as Super-Resolution 

Networks 

High-level Vision models 
such as Classification 

networks 
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Warm up: An observation

Input CinCGN BM3D
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Insight into the Super-Resolution Network

Warm up: An observation
Input CinCGN BM3D

Ø CinCGAN can figure out the specific
degradation within its training data

Ø The degradation mismatch will make
the network “turn off ” its ability
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Methodology
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Methodology

“Conv1” “Conv2_4” “Conv3_4” “Conv4_4” “Conv5_4”

Figure 1: Projected feature representations extracted from different layers of ResNet18 using
t-SNE. With the network deepens, the representations become more discriminative to object
categories, which clearly shows the semantics of the representations in classification.



-55-

Feature: Where can we find semantics in SR networks? 

Yihao Liu, Anran Liu, Jinjin Gu, Zhipeng Zhang, Wenhao Wu, Yu Qiao and Chao Dong. 2021.
Discovering Distinctive" Semantics" in Super-Resolution Networks. arXiv preprint arXiv:2108.00406.

Insight into the Super-Resolution Network

Observation

Super-resolution
Networks

clean

blur

noise

Classification
Networks

deep
representations

Only trained on clean images
without exposure to other 

degraded data

Classification Super-resolution

ProjectionTest

ProjectionTest

car

plane

cat

Content-related semantics Degradation-related semantics

(a) ResNet18
(classification)

(b) SRResNet-wGR (c) SRGAN-wGR
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Observation

SR networks with global residual shows discriminability shows more obvious discriminability 
to different types.

GAN-based SR networks shows more obvious discriminability.

“Conv1”

(a) CHI: 0.00 ± 0.00

“ResBlock4”

(b) CHI: 0.00 ± 0.00

“ResBlock8”

(c) CHI: 0.04 ± 0.03

“ResBlock16”

(d) CHI: 3.55 ± 2.42

(e) CHI: 0.00 ± 0.00 (f) CHI: 0.11 ± 0.06 (g) CHI: 38.21 ± 9.25 (h) CHI:
613.77 ± 33.40
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Observation

SR networks with global residual shows discriminability shows more obvious discriminability to 
different types.

GAN-based SR networks shows more obvious discriminability.

“Conv1”

(a) CHI: 0.00 ± 0.00

“ResBlock4”

(b) CHI: 0.01 ± 0.00

“ResBlock8”

(c) CHI:
34.00 ± 22.00

“ResBlock16”

(d) CHI:
234.43 ± 30.34

(e) CHI: 0.00 ± 0.00 (f) CHI: 0.03 ± 0.02 (g) CHI: 35.68 ± 2.52 (h) CHI:
626.46 ± 31.56
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Insight into the Super-Resolution Network

Inspirations 

Ø Developing degradation-adaptive Algorithms 

Ø Disentanglement of Image Content/Degradation 

Ø Interpreting the Generalization of SR (low-level) Networks 

Ø Degradation Classification/Detection 



Rethinking Alignment in Video Super-Resolution Transformers
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1 Shenzhen International Graduate School, Tsinghua University
2 Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences

3 Shanghai AI Laboratory 4 The University of Sydney
5 University of Chinese Academy of Sciences 6 ARC Lab, Tencent PCG 
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Video Super-Resolution

Video SR exploit the complementary sub-pixel information from multiple frames.

Single Image SR

Spatial Information

Spatial Information + Multi-frame Information

Video SR
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Video Super-Resolution

SISR VSR

Video SR exploit the complementary sub-pixel information from multiple frames.
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Video Super-Resolution

Different downsampled observations of the same object across frames provide additional 
constraints/information for SR 

Sub-pixel Information
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
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Insight into the Super-Resolution Network

Framework design 

Existing methods can be roughly divided into sliding window-based and recurrent methods. 

Feature 
Extraction

Alignment
Module

(eg. Optical Flow, 
Deformable Conv)

Spatial-
temporal 
Fusion

Transformer

Upsample

…
…

Sliding-Window Recurrent
EDVR MuCAN TDAN BRCN FRVSR RSDN BasicVSR IconVSR

Propagation Local Local Local Bidirectional Unidirectional Unidirectional Bidirectional Bidirectional (coupled)
Alignment Yes (DCN) Yes (correlation) Yes (DCN) No Yes (flow) No Yes (flow) Yes (flow)
Aggregation Concatenate + TSA Concatenate Concatenate Concatenate Concatenate Concatenate Concatenate Concatenate + Refill

Upsampling Pixel-Shuffle Pixel-Shuffle Pixel-Shuffle Pixel-Shuffle Pixel-Shuffle Pixel-Shuffle Pixel-Shuffle Pixel-Shuffle
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Framework design 

Existing methods can be roughly divided into sliding window-based and recurrent methods. 
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Framework design 

Existing methods can be roughly divided into sliding window-based and recurrent methods. 
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Framework design 

Existing methods can be roughly divided into sliding window-based and recurrent methods. 
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Alignment

T1

T2 CNNs have the Locality Inductive Bias.

CNNs cannot directly process spatially misalignment.

Why we should conduct alignment in a VSR convolutional network.
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Alignment

T1

T2 CNNs have the Locality Inductive Bias.

CNNs cannot directly process spatially misalignment.

Why we should conduct alignment in a VSR convolutional network.

Warp
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Alignment

Alignment is an important module and is the core of VSR method development.
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"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

Grid Propagation
Second-Order Propagation

"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>

Bilinear Upsampling

Elementwise Addition

Residual Blocks
Pixel-Shuffle

Flow-Guided
Deformable 
Alignment

xi
<latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit>

xi�1
<latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit>

xi�2
<latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit>

f j
i�1

<latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit>

f j�1
i

<latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit>

f j
i�2

<latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit>

f̂ j
i

<latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit>

f j
i

<latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit>

f j
i

<latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit>

xi�3
<latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit>

gi
<latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit>

f j�1
i

<latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit>

f j
i

<latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit>

f j+1
i

<latexit sha1_base64="kMQJrez4q00768lapNe/aOnvZkI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CIJREBD0WvHisYD8gjWWz3bRrN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wcjPzu09UaSbFvZkmNIjxSLCIEWys5EeDjOUP2eO5lw+qdbfhzoFWiVeQOhRoDapf/aEkaUyFIRxr7XtuYoIMK8MIp3mln2qaYDLBI+pbKnBMdZDNT87RqVWGKJLKljBorv6eyHCs9TQObWeMzVgvezPxP89PTXQdZEwkqaGCLBZFKUdGotn/aMgUJYZPLcFEMXsrImOsMDE2pYoNwVt+eZV0Lhqe2/DuLuvNWhFHGU6gBmfgwRU04RZa0AYCEp7hFd4c47w4787HorXkFDPH8AfO5w8i+pEK</latexit><latexit sha1_base64="kMQJrez4q00768lapNe/aOnvZkI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CIJREBD0WvHisYD8gjWWz3bRrN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wcjPzu09UaSbFvZkmNIjxSLCIEWys5EeDjOUP2eO5lw+qdbfhzoFWiVeQOhRoDapf/aEkaUyFIRxr7XtuYoIMK8MIp3mln2qaYDLBI+pbKnBMdZDNT87RqVWGKJLKljBorv6eyHCs9TQObWeMzVgvezPxP89PTXQdZEwkqaGCLBZFKUdGotn/aMgUJYZPLcFEMXsrImOsMDE2pYoNwVt+eZV0Lhqe2/DuLuvNWhFHGU6gBmfgwRU04RZa0AYCEp7hFd4c47w4787HorXkFDPH8AfO5w8i+pEK</latexit><latexit sha1_base64="kMQJrez4q00768lapNe/aOnvZkI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CIJREBD0WvHisYD8gjWWz3bRrN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wcjPzu09UaSbFvZkmNIjxSLCIEWys5EeDjOUP2eO5lw+qdbfhzoFWiVeQOhRoDapf/aEkaUyFIRxr7XtuYoIMK8MIp3mln2qaYDLBI+pbKnBMdZDNT87RqVWGKJLKljBorv6eyHCs9TQObWeMzVgvezPxP89PTXQdZEwkqaGCLBZFKUdGotn/aMgUJYZPLcFEMXsrImOsMDE2pYoNwVt+eZV0Lhqe2/DuLuvNWhFHGU6gBmfgwRU04RZa0AYCEp7hFd4c47w4787HorXkFDPH8AfO5w8i+pEK</latexit><latexit sha1_base64="kMQJrez4q00768lapNe/aOnvZkI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CIJREBD0WvHisYD8gjWWz3bRrN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wcjPzu09UaSbFvZkmNIjxSLCIEWys5EeDjOUP2eO5lw+qdbfhzoFWiVeQOhRoDapf/aEkaUyFIRxr7XtuYoIMK8MIp3mln2qaYDLBI+pbKnBMdZDNT87RqVWGKJLKljBorv6eyHCs9TQObWeMzVgvezPxP89PTXQdZEwkqaGCLBZFKUdGotn/aMgUJYZPLcFEMXsrImOsMDE2pYoNwVt+eZV0Lhqe2/DuLuvNWhFHGU6gBmfgwRU04RZa0AYCEp7hFd4c47w4787HorXkFDPH8AfO5w8i+pEK</latexit>

Channel-wise Concatenation

C

C

"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

…
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�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>

Conv !!
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f̄i
<latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit>

gi
<latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit>

f̂i
<latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit>

C

Conv !"

DCN
masks
mi!i�1

<latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit>

oi!i�1
<latexit sha1_base64="WQlshAYPbMCBkrxqsYpzpF1ZEzc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIxlmrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4AY1GVDg==</latexit><latexit sha1_base64="WQlshAYPbMCBkrxqsYpzpF1ZEzc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIxlmrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4AY1GVDg==</latexit><latexit sha1_base64="WQlshAYPbMCBkrxqsYpzpF1ZEzc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIxlmrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4AY1GVDg==</latexit><latexit sha1_base64="WQlshAYPbMCBkrxqsYpzpF1ZEzc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIxlmrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4AY1GVDg==</latexit>

si!i�1
<latexit sha1_base64="ADHMVwR/ItooMHdI5kXYgI1Jrx4=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIx1mrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4Aaa2VEg==</latexit><latexit sha1_base64="ADHMVwR/ItooMHdI5kXYgI1Jrx4=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIx1mrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4Aaa2VEg==</latexit><latexit sha1_base64="ADHMVwR/ItooMHdI5kXYgI1Jrx4=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIx1mrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4Aaa2VEg==</latexit><latexit sha1_base64="ADHMVwR/ItooMHdI5kXYgI1Jrx4=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIx1mrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4Aaa2VEg==</latexit>
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Alignment

Alignment is an important module and is the core of VSR method development.
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"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

Grid Propagation
Second-Order Propagation

"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>

Bilinear Upsampling

Elementwise Addition

Residual Blocks
Pixel-Shuffle

Flow-Guided
Deformable 
Alignment

xi
<latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit><latexit sha1_base64="54yGSiK/xIYFJ2p37yRd1ZH/AGE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIUI8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mnAB+WqW3MXIOvEy0kVcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TcKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva55b8+6uqo1KHkcRzqACF+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH1bwjbg=</latexit>

xi�1
<latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit><latexit sha1_base64="8ZgKKml4S7NkJ5L1k2CZDgexDro=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0siBT0WvHisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nUeujYjVA04T7kd0pEQoGEUrdZ4Gmbj0ZoNy1a25C5B14uWkCjmag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W587IuVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtkQvNWX10n7qua5Ne++Xm1U8jiKcAYVuAAPrqEBd9CEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QP4II82</latexit>

xi�2
<latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit><latexit sha1_base64="RqXt+LLPBj9PRmxN5c6DObPGAlU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0tSBD0WvHisYD+gDWWznbRLN5uwuxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84hK81g+mGmCfkRHkoecUWOlztMg45f12aBcdWvuAmSdeDmpQo7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oycW2VIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP47GXKFzIipJZQpbm8lbEwVZcYmVLIheKsvr5N2vea5Ne/+qtqo5HEU4QwqcAEeXEMD7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wf5pY83</latexit>

f j
i�1

<latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit><latexit sha1_base64="JJHM/fmlMoxSmcfkWUZivgkAAYo=">AAAB8HicbVBNSwMxEJ31s9avqkcvoUXwYtmIoMeCF48V7Ie0a8mm2TY2yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdDolhgivWsNwK1k40IzIUrBWOrqd+64lpw2N1Z8cJCyQZKB5xSqyT7qOHx17Gz/CkV6r4VX8GtExwTiqQo94rfXX7MU0lU5YKYkwH+4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ04pY+iWLtSFs3U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFsjGafo/6XDNqxdgRQjV3tyI6JJpQ6zIquhDw4svLpHlexX4V315UauU8jgIcQxlOAcMl1OAG6tAAChKe4RXePO29eO/ex7x1xctnjuAPvM8fW2aQAA==</latexit>

f j�1
i

<latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit><latexit sha1_base64="Fuf2p1Br1GNsVk9s5hviwCx8zKQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qOH7PHcywcZywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcj/pEM</latexit>

f j
i�2

<latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit><latexit sha1_base64="PhyMOosCSgzABmmnrKKaU5q/v9g=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwYkmKoMeCF48V7AeksWy2m3btZjfsboQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dtbWNza3tks75d29/YPDytFxR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3Mz87hNVmklxb6YJDWI8EixiBBsr+dFD9pgPMnbRyAeVmlt350CrxCtIDQq0BpWv/lCSNKbCEI619j03MUGGlWGE07zcTzVNMJngEfUtFTimOsjmJ+fozCpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUtmG4C2/vEo6jbrn1r27y1qzWsRRglOowjl4cAVNuIUWtIGAhGd4hTfHOC/Ou/OxaF1zipkT+APn8wcni5EN</latexit>

f̂ j
i

<latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit><latexit sha1_base64="EWBmEfdUSjpq3vxbfxzChQ0QnJY=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGC/YA0ls12067dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5tG0Lx4e+5WaW3fnIKvEK0gNCjT7la/eIGFZzBUySY3xPTfFIKcaBZN8Wu5lhqeUjemQ+5YqGnMT5POTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP8zOMroNcqDRDrthiUZRJggmZ/U8GQnOGcmIJZVrYWwkbUU0Z2pTKNgRv+eVV0r6oe27du7usNapFHCU4hSqcgwdX0IBbaEILGCTwDK/w5qDz4rw7H4vWNaeYOYE/cD5/AIukkU8=</latexit>

f j
i

<latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit>

f j
i

<latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit><latexit sha1_base64="W3nA+5zpDHgtJ4x9TfX5AVE8k3Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXpUXwVBIR9Fjw4rGCaQttLJvtpF272YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzPz2EyrNE3lvJikGMR1KHnFGjZX8qM8fHvuVmlt35yCrxCtIDQo0+5Wv3iBhWYzSMEG17npuaoKcKsOZwGm5l2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n7INwVt+eZW0LuqeW/fuLmuNahFHCU6hCufgwRU04Baa4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+3P46C</latexit>

xi�3
<latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit><latexit sha1_base64="mTT3im4iVdIisQa8mLsyYVd/ulE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0uigh4LXjxWsB/QhrLZTtqlm03Y3Ygl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSwfzCRBP6JDyUPOqLFS+6mf8fPLab9cdWvuHGSVeDmpQo5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWmVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRc1za979VbVeyeMowglU4Aw8uIY63EEDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/7Ko84</latexit>

gi
<latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit>

f j�1
i

<latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit><latexit sha1_base64="UTLMbkardjZz4SR4t16SPk4ukzg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB+QxrLZbtq1m92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZn53SeqNJPi3kwTGsR4JFjECDZW8qNBxvKH7PHcywfVuttw50CrxCtIHQq0BtWv/lCSNKbCEI619j03MUGGlWGE07zSTzVNMJngEfUtFTimOsjmJ+fo1CpDFEllSxg0V39PZDjWehqHtjPGZqyXvZn4n+enJroOMiaS1FBBFouilCMj0ex/NGSKEsOnlmCimL0VkTFWmBibUsWG4C2/vEo6Fw3PbXh3l/VmrYijDCdQgzPw4AqacAstaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcmBpEM</latexit>

f j
i

<latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit><latexit sha1_base64="GxrgUZMJwL7NX9/9XGvrMWWoCUw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48VTFtpY9lsN+3a3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSecXM/8zhNVmsXyzkwTGgg8kixiBBsr3UeDjOUP2WM+qNbdhjsHWiVeQepQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjjNK/1U0wSTCR7RnqUSC6qDbH5wjk6tMkRRrGxJg+bq74kMC62nIrSdApuxXvZm4n9eLzXRVZAxmaSGSrJYFKUcmRjNvkdDpigxfGoJJorZWxEZY4WJsRlVbAje8surpH3e8NyGd3tRb9aKOMpwAjU4Aw8uoQk30AIfCAh4hld4c5Tz4rw7H4vWklPMHMMfOJ8/RjiQmg==</latexit>

f j+1
i

<latexit sha1_base64="kMQJrez4q00768lapNe/aOnvZkI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CIJREBD0WvHisYD8gjWWz3bRrN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wcjPzu09UaSbFvZkmNIjxSLCIEWys5EeDjOUP2eO5lw+qdbfhzoFWiVeQOhRoDapf/aEkaUyFIRxr7XtuYoIMK8MIp3mln2qaYDLBI+pbKnBMdZDNT87RqVWGKJLKljBorv6eyHCs9TQObWeMzVgvezPxP89PTXQdZEwkqaGCLBZFKUdGotn/aMgUJYZPLcFEMXsrImOsMDE2pYoNwVt+eZV0Lhqe2/DuLuvNWhFHGU6gBmfgwRU04RZa0AYCEp7hFd4c47w4787HorXkFDPH8AfO5w8i+pEK</latexit><latexit sha1_base64="kMQJrez4q00768lapNe/aOnvZkI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CIJREBD0WvHisYD8gjWWz3bRrN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wcjPzu09UaSbFvZkmNIjxSLCIEWys5EeDjOUP2eO5lw+qdbfhzoFWiVeQOhRoDapf/aEkaUyFIRxr7XtuYoIMK8MIp3mln2qaYDLBI+pbKnBMdZDNT87RqVWGKJLKljBorv6eyHCs9TQObWeMzVgvezPxP89PTXQdZEwkqaGCLBZFKUdGotn/aMgUJYZPLcFEMXsrImOsMDE2pYoNwVt+eZV0Lhqe2/DuLuvNWhFHGU6gBmfgwRU04RZa0AYCEp7hFd4c47w4787HorXkFDPH8AfO5w8i+pEK</latexit><latexit sha1_base64="kMQJrez4q00768lapNe/aOnvZkI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CIJREBD0WvHisYD8gjWWz3bRrN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wcjPzu09UaSbFvZkmNIjxSLCIEWys5EeDjOUP2eO5lw+qdbfhzoFWiVeQOhRoDapf/aEkaUyFIRxr7XtuYoIMK8MIp3mln2qaYDLBI+pbKnBMdZDNT87RqVWGKJLKljBorv6eyHCs9TQObWeMzVgvezPxP89PTXQdZEwkqaGCLBZFKUdGotn/aMgUJYZPLcFEMXsrImOsMDE2pYoNwVt+eZV0Lhqe2/DuLuvNWhFHGU6gBmfgwRU04RZa0AYCEp7hFd4c47w4787HorXkFDPH8AfO5w8i+pEK</latexit><latexit sha1_base64="kMQJrez4q00768lapNe/aOnvZkI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LC2CIJREBD0WvHisYD8gjWWz3bRrN7thdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wcjPzu09UaSbFvZkmNIjxSLCIEWys5EeDjOUP2eO5lw+qdbfhzoFWiVeQOhRoDapf/aEkaUyFIRxr7XtuYoIMK8MIp3mln2qaYDLBI+pbKnBMdZDNT87RqVWGKJLKljBorv6eyHCs9TQObWeMzVgvezPxP89PTXQdZEwkqaGCLBZFKUdGotn/aMgUJYZPLcFEMXsrImOsMDE2pYoNwVt+eZV0Lhqe2/DuLuvNWhFHGU6gBmfgwRU04RZa0AYCEp7hFd4c47w4787HorXkFDPH8AfO5w8i+pEK</latexit>

Channel-wise Concatenation

C

C

"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

"
<latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit><latexit sha1_base64="cvjpFk5pfdpVYDnpezH4JYajms4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTKIkS5idzCZD5rHMzCphyVd48aCIVz/Hm3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRqWa0BZRXOn7CBvKmaQtyyyn94mmWEScdqLxde53Hqk2TMk7O0loKPBQspgRbJ300EsTrLV6qvSrNb/uz4CWSVCQGhRo9qtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NKLzU0wWSMh7TrqMSCmjCbHTxFJ04ZoFhpV9Kimfp7IsPCmImIXKfAdmQWvVz8z+umNr4MMyaT1FJJ5ovilCOrUP49GjBNieUTRzDRzN2KyAhrTKzLKA8hWHx5mbTP6oFfD27Pa42rIo4yHMExnEIAF9CAG2hCCwgIeIZXePO09+K9ex/z1pJXzBzCH3ifP6XukEo=</latexit>

…
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�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>
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f̄i
<latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit>

gi
<latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit>

f̂i
<latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit>

C

Conv !"

DCN
masks
mi!i�1

<latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit>

oi!i�1
<latexit sha1_base64="WQlshAYPbMCBkrxqsYpzpF1ZEzc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIxlmrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4AY1GVDg==</latexit><latexit sha1_base64="WQlshAYPbMCBkrxqsYpzpF1ZEzc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIxlmrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4AY1GVDg==</latexit><latexit sha1_base64="WQlshAYPbMCBkrxqsYpzpF1ZEzc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIxlmrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4AY1GVDg==</latexit><latexit sha1_base64="WQlshAYPbMCBkrxqsYpzpF1ZEzc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIxlmrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4AY1GVDg==</latexit>

si!i�1
<latexit sha1_base64="ADHMVwR/ItooMHdI5kXYgI1Jrx4=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIx1mrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4Aaa2VEg==</latexit><latexit sha1_base64="ADHMVwR/ItooMHdI5kXYgI1Jrx4=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIx1mrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4Aaa2VEg==</latexit><latexit sha1_base64="ADHMVwR/ItooMHdI5kXYgI1Jrx4=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIx1mrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4Aaa2VEg==</latexit><latexit sha1_base64="ADHMVwR/ItooMHdI5kXYgI1Jrx4=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkNmZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Y6wppwJ2jDMcNpOFMVxxGkrGl1P/dY9VZpJcWfGCQ1iPBCszwg2VgrdIx1mrKvYYGiwUvIBsTN/EroVr+rNgJaJn5MK5KiH7le3J0kaU2EIx1p3fC8xQYaVYYTTSambappgMsID2rFU4JjqIJtdP0EnVumhvlS2hEEz9fdEhmOtx3FkO2NshnrRm4r/eZ3U9K+CjIkkNVSQ+aJ+ypGRaBoF6jFFieFjSzBRzN6KyBArTIwNrGRD8BdfXibN86rvVf3bi0qtnMdRhGMowyn4cAk1uIE6NIDAIzzDK7w5T86L8+58zFsLTj5zCH/gfP4Aaa2VEg==</latexit>

fi�1
<latexit sha1_base64="0UDxlsZGvYv5vbHWTTmF5zkzsVg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB/QhrLZTtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu7nffUKleSwfzSxBP6JjyUPOqLFSNxxm/NLLh9W623AXIOvEK0gdCrSG1a/BKGZphNIwQbXue25i/Iwqw5nAvDJINSaUTekY+5ZKGqH2s8W5OTm3yoiEsbIlDVmovycyGmk9iwLbGVEz0aveXPzP66cmvPUzLpPUoGTLRWEqiInJ/Hcy4gqZETNLKFPc3krYhCrKjE2oYkPwVl9eJ52rhuc2vIfrerNWxFGGM6jBBXhwA024hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH9xsjyQ=</latexit><latexit sha1_base64="0UDxlsZGvYv5vbHWTTmF5zkzsVg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB/QhrLZTtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu7nffUKleSwfzSxBP6JjyUPOqLFSNxxm/NLLh9W623AXIOvEK0gdCrSG1a/BKGZphNIwQbXue25i/Iwqw5nAvDJINSaUTekY+5ZKGqH2s8W5OTm3yoiEsbIlDVmovycyGmk9iwLbGVEz0aveXPzP66cmvPUzLpPUoGTLRWEqiInJ/Hcy4gqZETNLKFPc3krYhCrKjE2oYkPwVl9eJ52rhuc2vIfrerNWxFGGM6jBBXhwA024hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH9xsjyQ=</latexit><latexit sha1_base64="0UDxlsZGvYv5vbHWTTmF5zkzsVg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB/QhrLZTtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu7nffUKleSwfzSxBP6JjyUPOqLFSNxxm/NLLh9W623AXIOvEK0gdCrSG1a/BKGZphNIwQbXue25i/Iwqw5nAvDJINSaUTekY+5ZKGqH2s8W5OTm3yoiEsbIlDVmovycyGmk9iwLbGVEz0aveXPzP66cmvPUzLpPUoGTLRWEqiInJ/Hcy4gqZETNLKFPc3krYhCrKjE2oYkPwVl9eJ52rhuc2vIfrerNWxFGGM6jBBXhwA024hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH9xsjyQ=</latexit><latexit sha1_base64="0UDxlsZGvYv5vbHWTTmF5zkzsVg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LC2CF0sigh4LXjxWsB/QhrLZTtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu7nffUKleSwfzSxBP6JjyUPOqLFSNxxm/NLLh9W623AXIOvEK0gdCrSG1a/BKGZphNIwQbXue25i/Iwqw5nAvDJINSaUTekY+5ZKGqH2s8W5OTm3yoiEsbIlDVmovycyGmk9iwLbGVEz0aveXPzP66cmvPUzLpPUoGTLRWEqiInJ/Hcy4gqZETNLKFPc3krYhCrKjE2oYkPwVl9eJ52rhuc2vIfrerNWxFGGM6jBBXhwA024hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH9xsjyQ=</latexit>

BasicVSR++
𝐼𝑡𝐿𝑅

𝐼𝑖𝐿𝑅
Feature
Extractor

𝐹𝑡𝐿𝑅

𝐹𝑖𝐿𝑅

concat conv conv Θ

offsetsbottleneck
layer

Deformable
conv

offset
generator

conv

Reconstruction
layer concat SR

SR
Reconstruction

Net
TDAN



-72-

Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Image Restoration Transformers
Transformers refresh the state-of-the-art in Network designs.

CNNs Transformers
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Image Restoration Transformers
Transformers:

Ø Treat the input signal as tokens. In image restoration, one pixel is one token.

Ø Using self-attention to process spatial information, instead of convolutions.

Ø Self-attention is efficient for spatially long-term distributed elements.

Ø Do not assume the locality inductive bias.
Scaled Dot-Product Attention Multi-Head Attention
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Image Restoration Transformers
Transformers:

Ø Treat the input signal as tokens. In image restoration, one pixel is one token.

Ø Using self-attention to process spatial information, instead of convolutions.

Ø Self-attention is efficient for spatially long-term distributed elements.

Ø Do not assume the locality inductive bias.
CNNs' locality inductive bias

Luo, Wenjie, et al. “Understanding the Effective Receptive 
Field in Deep Convolutional Neural Networks.” NIPS2016.
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Video Restoration Transformers
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Rethinking

Question 1:

Ø The VSR model needs alignment because CNN has locality inductive bias.

Ø Transformers have no locality inductive bias.

Ø Do we still need alignment for VSR Transformers?
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Rethinking

Question 1:

Ø The VSR model needs alignment because CNN has locality inductive bias.

Ø Transformers have no locality inductive bias.

Ø Do we still need alignment for VSR Transformers?
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Rethinking

Question 1:

Ø The VSR model needs alignment because CNN has locality inductive bias.

Ø Transformers have no locality inductive bias.

Ø Do we still need alignment for VSR Transformers?

Question 2:

Ø If we do not need alignment in VSR Transformer,

Ø What will happen if we use alignment in it?
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

We build the basic VSR Transformer model using multi-frame self-attention blocks. This is an 
example basic on the sliding window strategy.

Video Super-Resolution Transformer
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

We build the basic VSR Transformer model using multi-frame self-attention blocks. This is an 
example basic on the sliding window strategy.

Input Frame Sequence

Reconstruction

Output HR Frame Sequence

Feature Extraction

Feature Propagation

Patch Alignment

MFSAB

MFSAB

N x MFSAB
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

We build the basic VSR Transformer model using multi-frame self-attention blocks. This is an 
example basic on the sliding window strategy.
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

Alignment Methods:

1. Image Alignment.

Flow estimation

Warp/Resampling supporting 
frames using flow

Obtain aligned frames
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

Alignment Methods:

1. Image Alignment.

2. Feature Alignment.

Flow estimation

Warp/Resampling the feature of  
supporting frames using flow

Obtain aligned frames features

Extract deep features for 
supporting frames
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

Alignment Methods:

1. Image Alignment.

2. Feature Alignment.

3. Flow Guided Deformable Convolution.

LR
feature

previous
feature

warping

warped
feature

optical
flow

�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>

Conv !!
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offsets

DCN
offsetsDCN block

f̄i
<latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit><latexit sha1_base64="DEfcxByx/STKO8B0obxT3mNnnhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSYy+kJotmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QP+TJBr</latexit>

gi
<latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit><latexit sha1_base64="nu90nFi8V6ibIGHIAugHUrT4b7o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIoMeCF48V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6hGwSW2DTcCe6lCGgcCu8Hkdu53n1BpnshHM03Rj2kkecgZNVZ6iIZ8WK27DXcBsk68gtShQGtY/RqMEpbFKA0TVOu+56bGz6kynAmcVQaZxpSyCY2wb6mkMWo/X5w6I+dWGZEwUbakIQv190ROY62ncWA7Y2rGetWbi/95/cyEN37OZZoZlGy5KMwEMQmZ/01GXCEzYmoJZYrbWwkbU0WZselUbAje6svrpHPZ8NyGd39Vb9aKOMpwBjW4AA+uoQl30II2MIjgGV7hzRHOi/PufCxbS04xcwp/4Hz+AD0Kjac=</latexit>

f̂i
<latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit><latexit sha1_base64="9HPUILtyD4OFEg10zmkYKn9qtvQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgTBU9gVQY8BLx4jmIckIcxOZpMhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTCanlUmjeRIGSdxLDqQolb4eT27nffuLGilg/4DThfUVHWkSCUXTSY29MMYtmAzEoV/2avwBZJ0FOqpCjMSh/9YYxSxXXyCS1thv4CfYzalAwyWelXmp5QtmEjnjXUU0Vt/1scfCMnDtlSKLYuNJIFurviYwqa6cqdJ2K4tiuenPxP6+bYnTTz4ROUuSaLRdFqSQYk/n3ZCgMZyinjlBmhLuVsDE1lKHLqORCCFZfXiety1rg14L7q2q9ksdRhDOowAUEcA11uIMGNIGBgmd4hTfPeC/eu/exbC14+cwp/IH3+QMKr5Bz</latexit>
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<latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit><latexit sha1_base64="s1LgKoDj2pdiYRUos/jo99y3jZI=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZUgQvBh2RdBjwIvHCOYBybLMTibJkJnZZWZWiUvwV7x4UMSr/+HNv3GS7EETCxqKqm66u6KEM20879sprKyurW8UN0tb2zu7e+7+QVPHqSK0QWIeq3aENeVM0oZhhtN2oigWEaetaHQ99Vv3VGkWyzszTmgg8ECyPiPYWCl0j0SYsa5ig6HBSsUPiJ35k9CteFVvBrRM/JxUIEc9dL+6vZikgkpDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x2/QSdWKWH+rGyJQ2aqb8nMiy0HovIdgpshnrRm4r/eZ3U9K+CjMkkNVSS+aJ+ypGJ0TQK1GOKEsPHlmCimL0VkSFWmBgbWMmG4C++vEya51Xfq/q3F5VaOY+jCMdQhlPw4RJqcAN1aACBR3iGV3hznpwX5935mLcWnHzmEP7A+fwBYCOVDA==</latexit>

oi!i�1
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

Alignment Methods:

1. Image Alignment.

2. Feature Alignment.

3. Flow Guided Deformable Convolution.

4. No Alignment.
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

Dataset and Benchmarks:

Ø Setting One:

Training: REDS dataset, 266 sequences

Testing: READS4 test sequences

Ø Setting Two:

Training: Vimeo-90K dataset, 64,612 sequences

Testing:

1. Vimeo-90K testing set, 7,824 video sequences

2. Vid4 testing set, 4 video sequences
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Preliminary Settings

The distribution of movement:

Large Movement Small Movement
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Rethinking

Question 1:

Ø The VSR model needs alignment because CNN has locality inductive bias.

Ø Transformers have no locality inductive bias.

Ø Do we still need alignment for VSR Transformers?

Question 2:

Ø If we do not need alignment in VSR Transformer,

Ø What will happen if we use alignment in it?
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Does alignment benefit VSR Transformers?

Differences in pixel processing effects for different movement conditions. 
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Does alignment benefit VSR Transformers?

Differences in pixel processing effects for different movement conditions. 
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Exp.
Method Alignment Remark

Vimeo90K-T REDS4
Index PSNR SSIM PSNR SSIM

1 VSR-CNN Image alignment Finetune flow 36.13 0.9342 29.81 0.8541
2 VSR-CNN No alignment 36.24 0.9359 28.95 0.8280
3 VSR Transformer Image alignment Fix flow 36.87 0.9429 30.25 0.8637
4 VSR Transformer Image alignment Finetune flow 37.44∗ 0.9472∗ 30.43 0.8677
5 VSR Transformer Feature alignment Finetune flow 37.36 0.9468 30.74 0.8740
6 VSR Transformer No alignment Window size 8 37.43 0.9470 30.56 0.8696
7 VSR Transformer No alignment Window size 16 37.46 0.9474 30.81 0.8745
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Does alignment benefit VSR Transformers?

Differences in pixel processing effects for different movement conditions. 
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Does alignment benefit VSR Transformers?

Differences in pixel processing effects for different movement conditions. 
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Does alignment benefit VSR Transformers?

Conclusions:

1. The VSR Transformer can handle misalignment within a certain range, and using alignment at

this range will bring negative effects.

2. This range is closely related to the window size of the VSR Transformer.

3. Alignment is necessary for motions beyond the VSR Transformer’s processing range.

Ø Do we still need alignment for VSR Transformers?

Ø To a certain extent, it is not necessary.
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Does Transformer implicitly track the motion between unaligned frames?

Can an alignment-like function be done inside the VSR Transformers?
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Rethinking

Question 1:

Ø The VSR model needs alignment because CNN has locality inductive bias.

Ø Transformers have no locality inductive bias.

Ø Do we still need alignment for VSR Transformers?

Question 2:

Ø If we do not need alignment in VSR Transformer,

Ø What will happen if we use alignment in it?
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Do alignment methods have negative effects? And Why?

Exp.
Method Alignment Remark

Vimeo90K-T REDS4
Index PSNR SSIM PSNR SSIM

1 VSR-CNN Image alignment Finetune flow 36.13 0.9342 29.81 0.8541
2 VSR-CNN No alignment 36.24 0.9359 28.95 0.8280
3 VSR Transformer Image alignment Fix flow 36.87 0.9429 30.25 0.8637
4 VSR Transformer Image alignment Finetune flow 37.44∗ 0.9472∗ 30.43 0.8677
5 VSR Transformer Feature alignment Finetune flow 37.36 0.9468 30.74 0.8740
6 VSR Transformer No alignment Window size 8 37.43 0.9470 30.56 0.8696
7 VSR Transformer No alignment Window size 16 37.46 0.9474 30.81 0.8745

Two Interesting Observation:

1. Optimizing the flow estimator during training will bring better results. Because the flow
estimator at this time learns the optimized flow for VSR.
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Do alignment methods have negative effects? And Why?

Exp.
Method Alignment Remark

Vimeo90K-T REDS4
Index PSNR SSIM PSNR SSIM

1 VSR-CNN Image alignment Finetune flow 36.13 0.9342 29.81 0.8541
2 VSR-CNN No alignment 36.24 0.9359 28.95 0.8280
3 VSR Transformer Image alignment Fix flow 36.87 0.9429 30.25 0.8637
4 VSR Transformer Image alignment Finetune flow 37.44∗ 0.9472∗ 30.43 0.8677
5 VSR Transformer Feature alignment Finetune flow 37.36 0.9468 30.74 0.8740
6 VSR Transformer No alignment Window size 8 37.43 0.9470 30.56 0.8696
7 VSR Transformer No alignment Window size 16 37.46 0.9474 30.81 0.8745

Two Interesting Observation:

1. Optimizing the flow estimator during training will bring better results. Because the flow 
estimator at this time learns the optimized flow for VSR.

2. We observe different results on Vimeo-90K dataset: image-alignment with flow fine-tuning is 
almost identical to no alignment.
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Do alignment methods have negative effects? And Why?

We observe different results on Vimeo-90K dataset: image-alignment with flow fine-tuning is almost 
identical to no alignment.
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Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Do alignment methods have negative effects? And Why?

At least two reasons:

1. The flow is noisy. And this noise introduces uncertainty to the mode between frames. And harm
the performance.

2. The resampling operation also causes the sub-pixel information loss.

#
Alignment Method Position Resampling Params. REDS4

No Ali. Img. Ali. Feat. Ali. FGDC Img. Feat. BI NN (M) PSNR / SSIM

1 ! 12.9 30.92 / 0.8759
2 ! ! ! 12.9 30.84 / 0.8752
3 ! ! ! 14.8 31.06 / 0.8792
4 ! ! ! 14.8 31.11 / 0.8801
5 ! ! 16.1 31.11 / 0.8804
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Does alignment benefit VSR Transformers?

Conclusions:

1. The VSR Transformer can handle misalignment within a certain range, and using alignment at

this range will bring negative effects.

2. This range is closely related to the window size of the VSR Transformer.

3. Alignment is necessary for motions beyond the VSR Transformer’s processing range.

1. Inaccurate flow

2. Resampling Operation

Why alignment hurts VSR Transformer?
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How to do better?

We want better Transformer:

1. Increasing the Transformer’s window size (Too expensive)

2. A new alignment method.
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How to do better?

We want better Transformer:

1. Increasing the Transformer’s window size (Too expensive)

2. A new alignment method.

We propose Patch Alignment, that:

1. Only rely on approximate flow information, ignoring flow inaccuracies.

2. Cut and move the target position as a whole without changing the relative relationship between

pixels.
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Patch Alignment

We propose Patch Alignment, that:

1. Only rely on approximate flow information, ignoring flow inaccuracies.

2. Cut and move the target position as a whole without changing the relative relationship between

pixels.

1 2 3 4
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Patch Alignment

We propose Patch Alignment, that:

1. Only rely on approximate flow information, ignoring flow inaccuracies.

2. Cut and move the target position as a whole without changing the relative relationship between

pixels.

Reference Frame Image Alignment Patch Alignment
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Experimental Results 

Compare to other alignment methods:

#
Alignment Method Position Resampling Params. REDS4

No Ali. Img. Ali. Feat. Ali. FGDC Img. Feat. BI NN (M) PSNR / SSIM

1 ! 12.9 30.92 / 0.8759
2 ! ! ! 12.9 30.84 / 0.8752
3 ! ! ! 14.8 31.06 / 0.8792
4 ! ! ! 14.8 31.11 / 0.8801
5 ! ! 16.1 31.11 / 0.8804

Method
Position Resampling REDS4

Img. Feat. BI NN PSNR SSIM

Patch
Alignment

! ! 31.11 0.8800
! ! 31.00 0.8781
! ! 31.17 0.8810
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Experimental Results 
Compare to state-of-the-art:

Method
Frames Params REDS4 Vimeo-90K-T Vid4

REDS/Vimeo (M) PSNR SSIM PSNR SSIM PSNR SSIM

Bicubic -/- - 26.14 0.7292 31.32 0.8684 23.78 0.6347
RCAN -/- - 28.78 0.8200 35.35 0.9251 25.46 0.7395
SwinIR -/- 11.9 29.05 0.8269 35.67 0.9287 25.68 0.7491

TOFlow 5/7 - 27.98 0.7990 33.08 0.9054 25.89 0.7651
DUF 7/7 5.8 28.63 0.8251 - - 27.33 0.8319
PFNL 7/7 3.0 29.63 0.8502 36.14 0.9363 26.73 0.8029
RBPN 7/7 12.2 30.09 0.8590 37.07 0.9435 27.12 0.8180
EDVR 5/7 20.6 31.09 0.8800 37.61 0.9489 27.35 0.8264
MuCAN 5/7 - 30.88 0.8750 37.32 0.9465 - -
VSR-T 5/7 32.6 31.19 0.8815 37.71 0.9494 27.36 0.8258
PSRT-sliding 5/- 14.8 31.32 0.8834 - - - -

VRT 6/- 30.7 31.60 0.8888 - - - -
PSRT-recurrent 6/- 10.8 31.88 0.8964 - - - -

BasicVSR 15/14 6.3 31.42 0.8909 37.18 0.9450 27.24 0.8251
IconVSR 15/14 8.7 31.67 0.8948 37.47 0.9476 27.39 0.8279
BasicVSR++ 30/14 7.3 32.39 0.9069 37.79 0.9500 27.79 0.8400
VRT 16/7 35.6 32.19 0.9006 38.20 0.9530 27.93 0.8425
RVRT 30/14 10.8 32.75 0.9113 38.15 0.9527 27.99 0.8462
PSRT-recurrent 16/14 13.4 32.72 0.9106 38.27 0.9536 28.07 0.8485
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Experimental Results 
Compare to state-of-the-art:



-110-

Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Experimental Results 
Compare to state-of-the-art:



-111-

Alignment: Which method benefit to VSR Transformer?

Shuwei Shi, Jinjin Gu, Liangbin Xie, Xintao Wang, Yujiu Yang and Chao Dong. 2022. Rethinking
Alignment in Video Super-Resolution Transformers. In Advances in Neural Information Processing
Systems.

Insight into the Super-Resolution Network

Experimental Results 
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