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Abstract

We present ClothFlow, an appearance-flow-based gen-

erative model to synthesize clothed persons for posed-

guided person image generation and virtual try-on. By esti-

mating a dense flow between source and target clothing re-

gions, ClothFlow effectively models the geometric changes

and naturally transfers the appearance to synthesize novel

images as shown in Figure 1. We achieve this with a three-

stage framework: 1) Conditioned on a target pose, we first

estimate a person semantic layout to provide richer guid-

ance to the generation process. 2) Built on two feature pyra-

mid networks, a cascaded flow estimation network then ac-

curately estimates the appearance matching between corre-

sponding clothing regions. The resulting dense flow warps

the source image to flexibly account for deformations. 3)

Finally, a generative network takes the warped clothing re-

gions as inputs and renders the target view. We conduct

extensive experiments on the DeepFashion dataset for pose-

guided person image generation and on the VITON dataset

for the virtual try-on task. Strong qualitative and quantita-

tive results validate the effectiveness of our method.

1. Introduction

Pose-guided person generation [28] is of great impor-

tance in a plethora of real-world applications, especially for

fashion industry where customers or stylists wish to trans-

fer clothing from one person to another. Recent advances

in generative networks for image-to-image translation in-

spired researchers to tackle this problem by feeding a source

image and a target pose as input, and then synthesizing

the target image [28, 31, 29]. Yet, the non-rigid nature of

clothes might cause drastic deformations and severe occlu-

sions which cannot be properly handled [18], thus limiting

their performance on rendering clothing details (e.g., pat-

terns, graphics, logos) in the target view.

To overcome this issue, methods of two different
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paradigms are used to take the geometric deformation

into consideration for better appearance transfer, namely

deformation-based methods and DensePose-based meth-

ods. Deformation-based methods [14, 39, 36, 4] estimate

a transformation, either affine or thin plate spine (TPS),

to deform the source image pixels or CNN feature maps

to deal with the misalignment introduced by pose differ-

ences. However, despite great improvements have been

achieved by these two geometric modeling techniques, they

only have limited degrees of freedom (e.g., 6 for affine and

2× 5× 5 for TPS as in [39]), which leads to inaccurate and

unnatural transformation estimations when large geometric

changes occur.

Recently, a few approaches [30, 12, 42] take DensePose

[1] descriptor as inputs instead of tradition 2D keypoints for

pose-guided person generation. DensePose is able to map

human pixels of a 2D image to the 3D human body sur-

face, allowing it to convey 3D geometry information of the

body. This makes it much easier to obtain the texture cor-

respondence between source and target images even with

large spatial deformation. However, warping 2D image tex-

tures to the predefined surface-based coordinate system fur-

ther introduces artifacts. For example, holes can be pro-

duced in positions that are invisible in the source image,

which need to be addressed by complicated texture inpaint-

ing algorithms. At the same time, as estimating DensePose

is highly challenging, the synthesized results are usually af-

fected by the performance of a DensePose estimator. Thus

the DensePose transferred results might look less photore-

alistic than the deformation-based methods [30] .

To address the problems in existing methods, we propose

ClothFlow, a flow-based generative model to accurately es-

timate the clothing deformation between source and target

images for better synthesizing clothed person. Specifically,

ClothFlow consists of 3 stages as shown in Figure 2:

(1) A conditional layout generator first predicts the tar-

get human body segmentation layout conditioned on the

target pose. This disentangles the generation of shape and

appearance, allowing ClothFlow to generate more spatially

coherent results.
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Figure 1: Results of ClothFlow. Left: pose-guided person image generation. Right: virtual try-on. ClothFlow warps

the source clothing regions conditioned on the desired pose. The warped clothing accurately accounts for the geometric

changes between the source and target image, and also addresses the occlusion (e.g., when arm and hair occlude the clothes)

and partial observability (e.g., stretching pants region in the first example and dress in the second example). As a result,

photorealistic images with detailed clothing patterns can be generated with the warped clothes as input.

(2) The generated layout serves as an input to our cloth-

ing flow estimation stage, which predicts the appearance

flow [45] (i.e., 2D coordinate vectors indicating which pix-

els in the source image can be used to synthesize the target)

from the source clothes to those of the target. Source cloth-

ing regions are then warped according to this estimated flow

to account for geometric deformation. The predicted ap-

pearance flow offers accurate estimation of the visual corre-

spondences and helps seamlessly transfer the source cloth-

ing regions to synthesize the target image.

(3) Finally, a clothing preserving rendering stage syn-

thesizes the target image with a generative network [34]

while trying to preserve details from the warped source

clothing regions.

Our method can be regarded as a deformation-based

method. However, in contrast to most deformation-based

methods utilizing a geometric transformation with few de-

grees of freedom, ClothFlow estimates a dense flow field

(e.g., 2 × 256 × 256) allowing for high flexibility and ac-

curacy when capturing the spatial deformations. Differing

from DensePose-based methods that explicitly utilize 3D

body surface to transfer textures, we implicitly capture the

geometric transformation through approximating the target

clothing regions by warping that of the source image.

ClothFlow makes the following main contributions:

• We precisely predict an appearance flow field that

aligns the source and target clothing regions in a cascaded

manner. In each cascaded stage, a feature warping module

progressively improves the estimation from previous stages

and better approximates the desired spatial deformation.

• Evaluated on DeepFashion [27] dataset, ClothFlow

synthesizes more realistic pose-guided images by better

preserving detailed clothing textures compared to state-of-

the-art methods. We further demonstrate the effectiveness

of ClothFlow with promising results achieved on VITON

dataset [14] for virtual try-on task.

2. Related Work

Warping-based Image Matching and Synthesis. Spatial

transformer networks [19], allowing CNNs to predict a spa-

tial transformation, have inspired many recent works to se-

mantically warp one object to another [23, 33] or warp an
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Gshape
<latexit sha1_base64="u7KGZzR5EkrSJu83TBVBDnaflWk=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AIPZVdEfRY8KDHCvZD2qVk02kbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7397a+sbm1nZhp7i7t39wWDo6bpo41QwbLBaxbkfUoOAKG5Zbge1EI5WRwFY0vpnVW0+oDY/Vg50kGEo6VHzAGbXOerztZWZEE5z2SmW/6s9FViHIoQy56r3SV7cfs1SiskxQYzqBn9gwo9pyJnBa7KYGE8rGdIgdh4pKNGE2X3hKzp3TJ4NYu6csmbu/JzIqjZnIyHVKakdmuTYz/6t1Uju4DjOuktSiYouPBqkgNiaz60mfa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzYtq4Pj+slyr5HEU4BTOoAIBXEEN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AHzcZBp</latexit><latexit sha1_base64="u7KGZzR5EkrSJu83TBVBDnaflWk=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AIPZVdEfRY8KDHCvZD2qVk02kbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7397a+sbm1nZhp7i7t39wWDo6bpo41QwbLBaxbkfUoOAKG5Zbge1EI5WRwFY0vpnVW0+oDY/Vg50kGEo6VHzAGbXOerztZWZEE5z2SmW/6s9FViHIoQy56r3SV7cfs1SiskxQYzqBn9gwo9pyJnBa7KYGE8rGdIgdh4pKNGE2X3hKzp3TJ4NYu6csmbu/JzIqjZnIyHVKakdmuTYz/6t1Uju4DjOuktSiYouPBqkgNiaz60mfa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzYtq4Pj+slyr5HEU4BTOoAIBXEEN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AHzcZBp</latexit><latexit sha1_base64="u7KGZzR5EkrSJu83TBVBDnaflWk=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AIPZVdEfRY8KDHCvZD2qVk02kbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7397a+sbm1nZhp7i7t39wWDo6bpo41QwbLBaxbkfUoOAKG5Zbge1EI5WRwFY0vpnVW0+oDY/Vg50kGEo6VHzAGbXOerztZWZEE5z2SmW/6s9FViHIoQy56r3SV7cfs1SiskxQYzqBn9gwo9pyJnBa7KYGE8rGdIgdh4pKNGE2X3hKzp3TJ4NYu6csmbu/JzIqjZnIyHVKakdmuTYz/6t1Uju4DjOuktSiYouPBqkgNiaz60mfa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzYtq4Pj+slyr5HEU4BTOoAIBXEEN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AHzcZBp</latexit><latexit sha1_base64="u7KGZzR5EkrSJu83TBVBDnaflWk=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AIPZVdEfRY8KDHCvZD2qVk02kbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyWCG+v7397a+sbm1nZhp7i7t39wWDo6bpo41QwbLBaxbkfUoOAKG5Zbge1EI5WRwFY0vpnVW0+oDY/Vg50kGEo6VHzAGbXOerztZWZEE5z2SmW/6s9FViHIoQy56r3SV7cfs1SiskxQYzqBn9gwo9pyJnBa7KYGE8rGdIgdh4pKNGE2X3hKzp3TJ4NYu6csmbu/JzIqjZnIyHVKakdmuTYz/6t1Uju4DjOuktSiYouPBqkgNiaz60mfa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzYtq4Pj+slyr5HEU4BTOoAIBXEEN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AHzcZBp</latexit>

Grender
<latexit sha1_base64="CKi87PVfz+jz71DC4ugYqgWcX8w=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEIPZVEBD0WPOixgv3ANpTNZtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOsLCw/vzLAzb5AKro3rfjtr6xubW9ulnfLu3v7BYeXouK2TTDFssUQkqhtQjYJLbBluBHZThTQOBHaC8c2s3nlCpXkiH8wkRT+mQ8kjzqix1uPtIFcoQ1TTQaXq1t25yCp4BVShUHNQ+eqHCctilIYJqnXPc1Pj51QZzgROy/1MY0rZmA6xZ1HSGLWfzzeeknPrhCRKlH3SkLn7eyKnsdaTOLCdMTUjvVybmf/VepmJrv2cyzQzKNnioygTxCRkdj4JuUJmxMQCZYrbXQkbUUWZsSGVbQje8smr0L6oe5bvL6uNWhFHCU7hDGrgwRU04A6a0AIGEp7hFd4c7bw4787HonXNKWZO4I+czx/ET5Di</latexit><latexit sha1_base64="CKi87PVfz+jz71DC4ugYqgWcX8w=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEIPZVEBD0WPOixgv3ANpTNZtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOsLCw/vzLAzb5AKro3rfjtr6xubW9ulnfLu3v7BYeXouK2TTDFssUQkqhtQjYJLbBluBHZThTQOBHaC8c2s3nlCpXkiH8wkRT+mQ8kjzqix1uPtIFcoQ1TTQaXq1t25yCp4BVShUHNQ+eqHCctilIYJqnXPc1Pj51QZzgROy/1MY0rZmA6xZ1HSGLWfzzeeknPrhCRKlH3SkLn7eyKnsdaTOLCdMTUjvVybmf/VepmJrv2cyzQzKNnioygTxCRkdj4JuUJmxMQCZYrbXQkbUUWZsSGVbQje8smr0L6oe5bvL6uNWhFHCU7hDGrgwRU04A6a0AIGEp7hFd4c7bw4787HonXNKWZO4I+czx/ET5Di</latexit><latexit sha1_base64="CKi87PVfz+jz71DC4ugYqgWcX8w=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEIPZVEBD0WPOixgv3ANpTNZtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOsLCw/vzLAzb5AKro3rfjtr6xubW9ulnfLu3v7BYeXouK2TTDFssUQkqhtQjYJLbBluBHZThTQOBHaC8c2s3nlCpXkiH8wkRT+mQ8kjzqix1uPtIFcoQ1TTQaXq1t25yCp4BVShUHNQ+eqHCctilIYJqnXPc1Pj51QZzgROy/1MY0rZmA6xZ1HSGLWfzzeeknPrhCRKlH3SkLn7eyKnsdaTOLCdMTUjvVybmf/VepmJrv2cyzQzKNnioygTxCRkdj4JuUJmxMQCZYrbXQkbUUWZsSGVbQje8smr0L6oe5bvL6uNWhFHCU7hDGrgwRU04A6a0AIGEp7hFd4c7bw4787HonXNKWZO4I+czx/ET5Di</latexit><latexit sha1_base64="CKi87PVfz+jz71DC4ugYqgWcX8w=">AAAB8XicbZBNS8NAEIYnftb6VfXoZbEIPZVEBD0WPOixgv3ANpTNZtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOsLCw/vzLAzb5AKro3rfjtr6xubW9ulnfLu3v7BYeXouK2TTDFssUQkqhtQjYJLbBluBHZThTQOBHaC8c2s3nlCpXkiH8wkRT+mQ8kjzqix1uPtIFcoQ1TTQaXq1t25yCp4BVShUHNQ+eqHCctilIYJqnXPc1Pj51QZzgROy/1MY0rZmA6xZ1HSGLWfzzeeknPrhCRKlH3SkLn7eyKnsdaTOLCdMTUjvVybmf/VepmJrv2cyzQzKNnioygTxCRkdj4JuUJmxMQCZYrbXQkbUUWZsSGVbQje8smr0L6oe5bvL6uNWhFHCU7hDGrgwRU04A6a0AIGEp7hFd4c7bw4787HonXNKWZO4I+czx/ET5Di</latexit>

Source Img Is
<latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit><latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit><latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="EDciboy3t+tgJBl1F/deeG2qutg=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScKO7irYW2qFk0jttaCYzJHeEMvQR3LhQxLdy59uY/iy09UDg45yE3HuiTElLvv/tlTY2t7Z3yruVver+wWHtqNq2aW4EtkSqUtOJuEUlNbZIksJOZpAnkcKnaHwzy5+e0ViZ6keaZBgmfKhlLAUnZz3c9W2/Vvcb/lxsHYIl1GGpZr/21RukIk9Qk1Dc2m7gZxQW3JAUCqeVXm4x42LMh9h1qHmCNizmo07ZmXMGLE6NO5rY3P39ouCJtZMkcjcTTiO7ms3M/7JuTvFVWEid5YRaLD6Kc8UoZbO92UAaFKQmDrgw0s3KxIgbLsi1U3ElBKsrr0P7ohE4vvehDCdwCucQwCVcwy00oQUChvACb/DuKe/V+1jUVfKWvR3DH3mfPwv5jF4=</latexit><latexit sha1_base64="EDciboy3t+tgJBl1F/deeG2qutg=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScKO7irYW2qFk0jttaCYzJHeEMvQR3LhQxLdy59uY/iy09UDg45yE3HuiTElLvv/tlTY2t7Z3yruVver+wWHtqNq2aW4EtkSqUtOJuEUlNbZIksJOZpAnkcKnaHwzy5+e0ViZ6keaZBgmfKhlLAUnZz3c9W2/Vvcb/lxsHYIl1GGpZr/21RukIk9Qk1Dc2m7gZxQW3JAUCqeVXm4x42LMh9h1qHmCNizmo07ZmXMGLE6NO5rY3P39ouCJtZMkcjcTTiO7ms3M/7JuTvFVWEid5YRaLD6Kc8UoZbO92UAaFKQmDrgw0s3KxIgbLsi1U3ElBKsrr0P7ohE4vvehDCdwCucQwCVcwy00oQUChvACb/DuKe/V+1jUVfKWvR3DH3mfPwv5jF4=</latexit><latexit sha1_base64="IGrAFBQ0WGPOyRJvTRDvkSqCRQI=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF6KkkXvRY8KK3ivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHP+3ZKG5tb2zvl3cre/sHhkXt80jZJphlvsUQmuhtSw6VQvIUCJe+mmtM4lLwTTm7m9c4T10Yk6hGnKQ9iOlIiEoyitR7uBmbgVr26txBZB7+AKhRqDtyv/jBhWcwVMkmN6fleikFONQom+azSzwxPKZvQEe9ZVDTmJsgXq87IhXWGJEq0fQrJwv09kdPYmGkc2s6Y4tis1ubmf7VehtF1kAuVZsgVW34UZZJgQuZ3k6HQnKGcWqBMC7srYWOqKUObTsWG4K+evA7ty7pv+d6rNmpFHGU4g3OogQ9X0IBbaEILGIzgGV7hzZHOi/PufCxbS04xcwp/5Hz+AB8OjZU=</latexit><latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit><latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit><latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit><latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit><latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit><latexit sha1_base64="M9BGG27veJ3BQXLvIZ5u2kVrNJw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYveKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHIzr3eeuDYiVo84Tbgf0ZESoWAUrfVwNzCDcsWtuQuRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVnzLN9fVRrVPI4inME5VMGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPyBOjZk=</latexit>

Target Pose

c0s
<latexit sha1_base64="QQrpCGaExypoIqI26ZFHSdx8JeA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTIw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AapXjeg=</latexit><latexit sha1_base64="QQrpCGaExypoIqI26ZFHSdx8JeA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTIw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AapXjeg=</latexit><latexit sha1_base64="QQrpCGaExypoIqI26ZFHSdx8JeA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTIw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AapXjeg=</latexit><latexit sha1_base64="QQrpCGaExypoIqI26ZFHSdx8JeA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTIw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AapXjeg=</latexit>

Warped Cloth

pt
<latexit sha1_base64="i/l7WGgloIdEJlcKbVaIpvoBEp4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0QmuhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pAAfVmttwFyLr4BVQg0KtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFqjNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPndZCg0ZyinFijTwu5K2JhqytCmU7EheKsnr0P7suFZvr+qNetFHGU4g3OogwfX0IQ7aIEPDEbwDK/w5kjnxXl3PpatJaeYOYU/cj5/AF08jcE=</latexit><latexit sha1_base64="i/l7WGgloIdEJlcKbVaIpvoBEp4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0QmuhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pAAfVmttwFyLr4BVQg0KtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFqjNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPndZCg0ZyinFijTwu5K2JhqytCmU7EheKsnr0P7suFZvr+qNetFHGU4g3OogwfX0IQ7aIEPDEbwDK/w5kjnxXl3PpatJaeYOYU/cj5/AF08jcE=</latexit><latexit sha1_base64="i/l7WGgloIdEJlcKbVaIpvoBEp4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0QmuhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pAAfVmttwFyLr4BVQg0KtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFqjNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPndZCg0ZyinFijTwu5K2JhqytCmU7EheKsnr0P7suFZvr+qNetFHGU4g3OogwfX0IQ7aIEPDEbwDK/w5kjnxXl3PpatJaeYOYU/cj5/AF08jcE=</latexit><latexit sha1_base64="i/l7WGgloIdEJlcKbVaIpvoBEp4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0QmuhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pAAfVmttwFyLr4BVQg0KtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFqjNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPndZCg0ZyinFijTwu5K2JhqytCmU7EheKsnr0P7suFZvr+qNetFHGU4g3OogwfX0IQ7aIEPDEbwDK/w5kjnxXl3PpatJaeYOYU/cj5/AF08jcE=</latexit>

pt
<latexit sha1_base64="i/l7WGgloIdEJlcKbVaIpvoBEp4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0QmuhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pAAfVmttwFyLr4BVQg0KtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFqjNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPndZCg0ZyinFijTwu5K2JhqytCmU7EheKsnr0P7suFZvr+qNetFHGU4g3OogwfX0IQ7aIEPDEbwDK/w5kjnxXl3PpatJaeYOYU/cj5/AF08jcE=</latexit><latexit sha1_base64="i/l7WGgloIdEJlcKbVaIpvoBEp4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0QmuhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pAAfVmttwFyLr4BVQg0KtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFqjNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPndZCg0ZyinFijTwu5K2JhqytCmU7EheKsnr0P7suFZvr+qNetFHGU4g3OogwfX0IQ7aIEPDEbwDK/w5kjnxXl3PpatJaeYOYU/cj5/AF08jcE=</latexit><latexit sha1_base64="i/l7WGgloIdEJlcKbVaIpvoBEp4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0QmuhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pAAfVmttwFyLr4BVQg0KtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFqjNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPndZCg0ZyinFijTwu5K2JhqytCmU7EheKsnr0P7suFZvr+qNetFHGU4g3OogwfX0IQ7aIEPDEbwDK/w5kjnxXl3PpatJaeYOYU/cj5/AF08jcE=</latexit><latexit sha1_base64="i/l7WGgloIdEJlcKbVaIpvoBEp4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4MVjRdMW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZKG5tb2zvl3cre/sHhUfX4pG2STDPus0QmuhtSw6VQ3EeBkndTzWkcSt4JJ7fzeueJayMS9YjTlAcxHSkRCUbRWg/pAAfVmttwFyLr4BVQg0KtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFqjNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPndZCg0ZyinFijTwu5K2JhqytCmU7EheKsnr0P7suFZvr+qNetFHGU4g3OogwfX0IQ7aIEPDEbwDK/w5kjnxXl3PpatJaeYOYU/cj5/AF08jcE=</latexit>

st
<latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="ImOnal6ETWM1D8qZVd6XfXsCWxw=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGUnBy1qMd0KBW9xv+QmwTghXUYaXmoPbVH6YiT1CTUNzaXuBnFBbckBQKZ5V+bjHjYsJH2HOoeYI2LBajztiFc4YsTo07mtjC/f2i4Im10yRyNxNOY7uezc3/sl5O8U1YSJ3lhFosP4pzxShl873ZUBoUpKYOuDDSzcrEmBsuyLVTcSUE6ytvQvuqETh+8KEMZ3AOlxDANdzCPTShBQJG8AJv8O4p79X7WNZV8la9ncIfeZ8/S6CMiQ==</latexit><latexit sha1_base64="ImOnal6ETWM1D8qZVd6XfXsCWxw=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGUnBy1qMd0KBW9xv+QmwTghXUYaXmoPbVH6YiT1CTUNzaXuBnFBbckBQKZ5V+bjHjYsJH2HOoeYI2LBajztiFc4YsTo07mtjC/f2i4Im10yRyNxNOY7uezc3/sl5O8U1YSJ3lhFosP4pzxShl873ZUBoUpKYOuDDSzcrEmBsuyLVTcSUE6ytvQvuqETh+8KEMZ3AOlxDANdzCPTShBQJG8AJv8O4p79X7WNZV8la9ncIfeZ8/S6CMiQ==</latexit><latexit sha1_base64="Gvn3xFAdJsVv/hbgTeu9dVGfdYY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8CBl14seC148VrS10C4lm2bb0GyyJLNCWfoTvHhQxKu/yJv/xrTdg7a+EHh4Z4bMvFEqhUXf//ZKa+sbm1vl7crO7t7+QfXwqG11ZhhvMS216UTUcikUb6FAyTup4TSJJH+Mxjez+uMTN1Zo9YCTlIcJHSoRC0bRWfe2j/1qza/7c5FVCAqoQaFmv/rVG2iWJVwhk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DRRNuw3y+6pScOWdAYm3cU0jm7u+JnCbWTpLIdSYUR3a5NjP/q3UzjK/DXKg0Q67Y4qM4kwQ1md1NBsJwhnLigDIj3K6EjaihDF06FRdCsHzyKrQv64HjO7/WuCjiKMMJnMI5BHAFDbiFJrSAwRCe4RXePOm9eO/ex6K15BUzx/BH3ucPYcKNxA==</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit>

Target Seg

Stage 1: Conditional Layout Generation (Sec. 3.1)
Stage 3: Rendering (Sec. 3.3)

Ît
<latexit sha1_base64="3ap/sMlahNiJavdExpOZPhlsn+Y=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4EVvFewHtKFstpt26WaT7k6EEvonvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHw7r7efuDYiVo84Tbgf0aESoWAUrdXpjSiS+z72yxW35i5E1sHLoQK5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xW6qWGJ5SN6ZB3LSoaceNni31n5MI6AxLG2j6FZOH+nshoZMw0CmxnRHFkVmtz879aN8Xwxs+ESlLkii0/ClNJMCbz48lAaM5QTi1QpoXdlbAR1ZShjahkQ/BWT16H1mXNs/xwValX8ziKcAbnUAUPrqEOd9CAJjCQ8Ayv8OZMnBfn3flYthacfOYU/sj5/AGACI+F</latexit><latexit sha1_base64="3ap/sMlahNiJavdExpOZPhlsn+Y=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4EVvFewHtKFstpt26WaT7k6EEvonvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHw7r7efuDYiVo84Tbgf0aESoWAUrdXpjSiS+z72yxW35i5E1sHLoQK5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xW6qWGJ5SN6ZB3LSoaceNni31n5MI6AxLG2j6FZOH+nshoZMw0CmxnRHFkVmtz879aN8Xwxs+ESlLkii0/ClNJMCbz48lAaM5QTi1QpoXdlbAR1ZShjahkQ/BWT16H1mXNs/xwValX8ziKcAbnUAUPrqEOd9CAJjCQ8Ayv8OZMnBfn3flYthacfOYU/sj5/AGACI+F</latexit><latexit sha1_base64="3ap/sMlahNiJavdExpOZPhlsn+Y=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4EVvFewHtKFstpt26WaT7k6EEvonvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHw7r7efuDYiVo84Tbgf0aESoWAUrdXpjSiS+z72yxW35i5E1sHLoQK5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xW6qWGJ5SN6ZB3LSoaceNni31n5MI6AxLG2j6FZOH+nshoZMw0CmxnRHFkVmtz879aN8Xwxs+ESlLkii0/ClNJMCbz48lAaM5QTi1QpoXdlbAR1ZShjahkQ/BWT16H1mXNs/xwValX8ziKcAbnUAUPrqEOd9CAJjCQ8Ayv8OZMnBfn3flYthacfOYU/sj5/AGACI+F</latexit><latexit sha1_base64="3ap/sMlahNiJavdExpOZPhlsn+Y=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF6KkkIuix4EVvFewHtKFstpt26WaT7k6EEvonvHhQxKt/x5v/xm2bg7a+sPDwzgw78waJFAZd99spbGxube8Ud0t7+weHR+Xjk5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHw7r7efuDYiVo84Tbgf0aESoWAUrdXpjSiS+z72yxW35i5E1sHLoQK5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xW6qWGJ5SN6ZB3LSoaceNni31n5MI6AxLG2j6FZOH+nshoZMw0CmxnRHFkVmtz879aN8Xwxs+ESlLkii0/ClNJMCbz48lAaM5QTi1QpoXdlbAR1ZShjahkQ/BWT16H1mXNs/xwValX8ziKcAbnUAUPrqEOd9CAJjCQ8Ayv8OZMnBfn3flYthacfOYU/sj5/AGACI+F</latexit>

Result

E1
<latexit sha1_base64="mYXB+lIrBWyRoFPn6aXQbXd8ubY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45tZvf2ESvNYPppJgn5Eh5KHnFFjrYfbvtcvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwC98Y1t</latexit><latexit sha1_base64="mYXB+lIrBWyRoFPn6aXQbXd8ubY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45tZvf2ESvNYPppJgn5Eh5KHnFFjrYfbvtcvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwC98Y1t</latexit><latexit sha1_base64="mYXB+lIrBWyRoFPn6aXQbXd8ubY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45tZvf2ESvNYPppJgn5Eh5KHnFFjrYfbvtcvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwC98Y1t</latexit><latexit sha1_base64="mYXB+lIrBWyRoFPn6aXQbXd8ubY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxKILHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45tZvf2ESvNYPppJgn5Eh5KHnFFjrYfbvtcvV9yqOxdZBS+HCuRq9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzVafkzDoDEsbKPmnI3P09kdFI60kU2M6ImpFers3M/2rd1IRXfsZlkhqUbPFRmApiYjK7mwy4QmbExAJlittdCRtRRZmx6ZRsCN7yyavQuqh6lu8vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwC98Y1t</latexit>

E2
<latexit sha1_base64="OwX9ceo2s/6t++EjuhqN2Y4L4lk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjQQSPFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UNja3tneKu6W9/YPDo/LxSdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLmZ1ztPXBsRq0ecJtyP6EiJUDCK1nq4HdQH5Ypbcxci6+DlUIFczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7FhWNuPGzxaozcmGdIQljbZ9CsnB/T2Q0MmYaBbYzojg2q7W5+V+tl2J47WdCJSlyxZYfhakkGJP53WQoNGcopxYo08LuStiYasrQplOyIXirJ69Du17zLN9fVhrVPI4inME5VMGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwC3o41U</latexit><latexit sha1_base64="OwX9ceo2s/6t++EjuhqN2Y4L4lk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjQQSPFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UNja3tneKu6W9/YPDo/LxSdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLmZ1ztPXBsRq0ecJtyP6EiJUDCK1nq4HdQH5Ypbcxci6+DlUIFczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7FhWNuPGzxaozcmGdIQljbZ9CsnB/T2Q0MmYaBbYzojg2q7W5+V+tl2J47WdCJSlyxZYfhakkGJP53WQoNGcopxYo08LuStiYasrQplOyIXirJ69Du17zLN9fVhrVPI4inME5VMGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwC3o41U</latexit><latexit sha1_base64="OwX9ceo2s/6t++EjuhqN2Y4L4lk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjQQSPFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UNja3tneKu6W9/YPDo/LxSdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLmZ1ztPXBsRq0ecJtyP6EiJUDCK1nq4HdQH5Ypbcxci6+DlUIFczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7FhWNuPGzxaozcmGdIQljbZ9CsnB/T2Q0MmYaBbYzojg2q7W5+V+tl2J47WdCJSlyxZYfhakkGJP53WQoNGcopxYo08LuStiYasrQplOyIXirJ69Du17zLN9fVhrVPI4inME5VMGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwC3o41U</latexit><latexit sha1_base64="OwX9ceo2s/6t++EjuhqN2Y4L4lk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjQQSPFe0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UNja3tneKu6W9/YPDo/LxSdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLmZ1ztPXBsRq0ecJtyP6EiJUDCK1nq4HdQH5Ypbcxci6+DlUIFczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7FhWNuPGzxaozcmGdIQljbZ9CsnB/T2Q0MmYaBbYzojg2q7W5+V+tl2J47WdCJSlyxZYfhakkGJP53WQoNGcopxYo08LuStiYasrQplOyIXirJ69Du17zLN9fVhrVPI4inME5VMGDK2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3I+fwC3o41U</latexit>

E3
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Target Feature Pyramid Network

Source Feature Pyramid Network

S1
<latexit sha1_base64="GkEL2/MopOfbKiZicCERjptfQGo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYvHSu0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWIZ615ADZdC8TYKlLyXaE6jQPJuML1b1LtPXBsRq0ecJdyP6FiJUDCK1mq1ht6wXHFr7lJkE7wcKpCrOSx/DUYxSyOukElqTN9zE/QzqlEwyeelQWp4QtmUjnnfoqIRN362XHVOrqwzImGs7VNIlu7viYxGxsyiwHZGFCdmvbYw/6v1Uwxv/UyoJEWu2OqjMJUEY7K4m4yE5gzlzAJlWthdCZtQTRnadEo2BG/95E3oXNc8yw83lUY1j6MIF3AJVfCgDg24hya0gcEYnuEV3hzpvDjvzseqteDkM+fwR87nD8tzjWE=</latexit><latexit sha1_base64="GkEL2/MopOfbKiZicCERjptfQGo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYvHSu0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWIZ615ADZdC8TYKlLyXaE6jQPJuML1b1LtPXBsRq0ecJdyP6FiJUDCK1mq1ht6wXHFr7lJkE7wcKpCrOSx/DUYxSyOukElqTN9zE/QzqlEwyeelQWp4QtmUjnnfoqIRN362XHVOrqwzImGs7VNIlu7viYxGxsyiwHZGFCdmvbYw/6v1Uwxv/UyoJEWu2OqjMJUEY7K4m4yE5gzlzAJlWthdCZtQTRnadEo2BG/95E3oXNc8yw83lUY1j6MIF3AJVfCgDg24hya0gcEYnuEV3hzpvDjvzseqteDkM+fwR87nD8tzjWE=</latexit><latexit sha1_base64="GkEL2/MopOfbKiZicCERjptfQGo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYvHSu0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWIZ615ADZdC8TYKlLyXaE6jQPJuML1b1LtPXBsRq0ecJdyP6FiJUDCK1mq1ht6wXHFr7lJkE7wcKpCrOSx/DUYxSyOukElqTN9zE/QzqlEwyeelQWp4QtmUjnnfoqIRN362XHVOrqwzImGs7VNIlu7viYxGxsyiwHZGFCdmvbYw/6v1Uwxv/UyoJEWu2OqjMJUEY7K4m4yE5gzlzAJlWthdCZtQTRnadEo2BG/95E3oXNc8yw83lUY1j6MIF3AJVfCgDg24hya0gcEYnuEV3hzpvDjvzseqteDkM+fwR87nD8tzjWE=</latexit><latexit sha1_base64="GkEL2/MopOfbKiZicCERjptfQGo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYvHSu0HtKFstpt26WYTdidCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNECoOu++0UtrZ3dveK+6WDw6Pjk/LpWcfEqWa8zWIZ615ADZdC8TYKlLyXaE6jQPJuML1b1LtPXBsRq0ecJdyP6FiJUDCK1mq1ht6wXHFr7lJkE7wcKpCrOSx/DUYxSyOukElqTN9zE/QzqlEwyeelQWp4QtmUjnnfoqIRN362XHVOrqwzImGs7VNIlu7viYxGxsyiwHZGFCdmvbYw/6v1Uwxv/UyoJEWu2OqjMJUEY7K4m4yE5gzlzAJlWthdCZtQTRnadEo2BG/95E3oXNc8yw83lUY1j6MIF3AJVfCgDg24hya0gcEYnuEV3hzpvDjvzseqteDkM+fwR87nD8tzjWE=</latexit>

S2
<latexit sha1_base64="HlPfPOKqPmxcW2e3r9pVkg80ux8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjwYvHSu0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDSzBP2IjiUPOaPGWq3WsD4sV9yauxTZBC+HCuRqDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xblDRC7WfLVefkyjojEsbKPmnI0v09kdFI61kU2M6Imolery3M/2r91IS3fsZlkhqUbPVRmApiYrK4m4y4QmbEzAJlittdCZtQRZmx6ZRsCN76yZvQqdc8yw/XlUY1j6MIF3AJVfDgBhpwD01oA4MxPMMrvDnCeXHenY9Va8HJZ87hj5zPH8z3jWI=</latexit><latexit sha1_base64="HlPfPOKqPmxcW2e3r9pVkg80ux8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjwYvHSu0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDSzBP2IjiUPOaPGWq3WsD4sV9yauxTZBC+HCuRqDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xblDRC7WfLVefkyjojEsbKPmnI0v09kdFI61kU2M6Imolery3M/2r91IS3fsZlkhqUbPVRmApiYrK4m4y4QmbEzAJlittdCZtQRZmx6ZRsCN76yZvQqdc8yw/XlUY1j6MIF3AJVfDgBhpwD01oA4MxPMMrvDnCeXHenY9Va8HJZ87hj5zPH8z3jWI=</latexit><latexit sha1_base64="HlPfPOKqPmxcW2e3r9pVkg80ux8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjwYvHSu0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDSzBP2IjiUPOaPGWq3WsD4sV9yauxTZBC+HCuRqDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xblDRC7WfLVefkyjojEsbKPmnI0v09kdFI61kU2M6Imolery3M/2r91IS3fsZlkhqUbPVRmApiYrK4m4y4QmbEzAJlittdCZtQRZmx6ZRsCN76yZvQqdc8yw/XlUY1j6MIF3AJVfDgBhpwD01oA4MxPMMrvDnCeXHenY9Va8HJZ87hj5zPH8z3jWI=</latexit><latexit sha1_base64="HlPfPOKqPmxcW2e3r9pVkg80ux8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjwYvHSu0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDSzBP2IjiUPOaPGWq3WsD4sV9yauxTZBC+HCuRqDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xblDRC7WfLVefkyjojEsbKPmnI0v09kdFI61kU2M6Imolery3M/2r91IS3fsZlkhqUbPVRmApiYrK4m4y4QmbEzAJlittdCZtQRZmx6ZRsCN76yZvQqdc8yw/XlUY1j6MIF3AJVfDgBhpwD01oA4MxPMMrvDnCeXHenY9Va8HJZ87hj5zPH8z3jWI=</latexit>

S3
<latexit sha1_base64="ZBAQ2an1F1048ZUQdF+ZwjAqcKw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkKuix4MVjpfYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFazWbg6tBueLW3IXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+plQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqx5lh+uK/VqHkcRzuAcquDBDdThHhrQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP857jWM=</latexit><latexit sha1_base64="ZBAQ2an1F1048ZUQdF+ZwjAqcKw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkKuix4MVjpfYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFazWbg6tBueLW3IXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+plQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqx5lh+uK/VqHkcRzuAcquDBDdThHhrQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP857jWM=</latexit><latexit sha1_base64="ZBAQ2an1F1048ZUQdF+ZwjAqcKw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkKuix4MVjpfYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFazWbg6tBueLW3IXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+plQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqx5lh+uK/VqHkcRzuAcquDBDdThHhrQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP857jWM=</latexit><latexit sha1_base64="ZBAQ2an1F1048ZUQdF+ZwjAqcKw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkKuix4MVjpfYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzN650nro2I1SNOE+5HdKREKBhFazWbg6tBueLW3IXIOng5VCBXY1D+6g9jlkZcIZPUmJ7nJuhnVKNgks9K/dTwhLIJHfGeRUUjbvxsseqMXFhnSMJY26eQLNzfExmNjJlGge2MKI7Nam1u/lfrpRje+plQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqx5lh+uK/VqHkcRzuAcquDBDdThHhrQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfP857jWM=</latexit>

S4
<latexit sha1_base64="QySHEGJPkDvwR6R2xzmiQrKaZwM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkUtBjwYvHSu0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDSzBP2IjiUPOaPGWq3WsD4sV9yauxTZBC+HCuRqDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xblDRC7WfLVefkyjojEsbKPmnI0v09kdFI61kU2M6Imolery3M/2r91IS3fsZlkhqUbPVRmApiYrK4m4y4QmbEzAJlittdCZtQRZmx6ZRsCN76yZvQua55lh/qlUY1j6MIF3AJVfDgBhpwD01oA4MxPMMrvDnCeXHenY9Va8HJZ87hj5zPH8//jWQ=</latexit><latexit sha1_base64="QySHEGJPkDvwR6R2xzmiQrKaZwM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkUtBjwYvHSu0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDSzBP2IjiUPOaPGWq3WsD4sV9yauxTZBC+HCuRqDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xblDRC7WfLVefkyjojEsbKPmnI0v09kdFI61kU2M6Imolery3M/2r91IS3fsZlkhqUbPVRmApiYrK4m4y4QmbEzAJlittdCZtQRZmx6ZRsCN76yZvQua55lh/qlUY1j6MIF3AJVfDgBhpwD01oA4MxPMMrvDnCeXHenY9Va8HJZ87hj5zPH8//jWQ=</latexit><latexit sha1_base64="QySHEGJPkDvwR6R2xzmiQrKaZwM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkUtBjwYvHSu0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDSzBP2IjiUPOaPGWq3WsD4sV9yauxTZBC+HCuRqDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xblDRC7WfLVefkyjojEsbKPmnI0v09kdFI61kU2M6Imolery3M/2r91IS3fsZlkhqUbPVRmApiYrK4m4y4QmbEzAJlittdCZtQRZmx6ZRsCN76yZvQua55lh/qlUY1j6MIF3AJVfDgBhpwD01oA4MxPMMrvDnCeXHenY9Va8HJZ87hj5zPH8//jWQ=</latexit><latexit sha1_base64="QySHEGJPkDvwR6R2xzmiQrKaZwM=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkUtBjwYvHSu0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpneLevcJleaxfDSzBP2IjiUPOaPGWq3WsD4sV9yauxTZBC+HCuRqDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xblDRC7WfLVefkyjojEsbKPmnI0v09kdFI61kU2M6Imolery3M/2r91IS3fsZlkhqUbPVRmApiYrK4m4y4QmbEzAJlittdCZtQRZmx6ZRsCN76yZvQua55lh/qlUY1j6MIF3AJVfDgBhpwD01oA4MxPMMrvDnCeXHenY9Va8HJZ87hj5zPH8//jWQ=</latexit>

T1
<latexit sha1_base64="lSvy7Ot3YVu7QbrYQP9oO6f9KMA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dgaesNyxa25S5FN8HKoQK7msPw1GMUsjVAaJqjWfc9NjJ9RZTgTOC8NUo0JZVM6xr5FSSPUfrZcdU6urDMiYazsk4Ys3d8TGY20nkWB7Yyomej12sL8r9ZPTXjrZ1wmqUHJVh+FqSAmJou7yYgrZEbMLFCmuN2VsAlVlBmbTsmG4K2fvAmd65pn+eGm0qjmcRThAi6hCh7UoQH30IQ2MBjDM7zCmyOcF+fd+Vi1Fpx85hz+yPn8Acz5jWI=</latexit><latexit sha1_base64="lSvy7Ot3YVu7QbrYQP9oO6f9KMA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dgaesNyxa25S5FN8HKoQK7msPw1GMUsjVAaJqjWfc9NjJ9RZTgTOC8NUo0JZVM6xr5FSSPUfrZcdU6urDMiYazsk4Ys3d8TGY20nkWB7Yyomej12sL8r9ZPTXjrZ1wmqUHJVh+FqSAmJou7yYgrZEbMLFCmuN2VsAlVlBmbTsmG4K2fvAmd65pn+eGm0qjmcRThAi6hCh7UoQH30IQ2MBjDM7zCmyOcF+fd+Vi1Fpx85hz+yPn8Acz5jWI=</latexit><latexit sha1_base64="lSvy7Ot3YVu7QbrYQP9oO6f9KMA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dgaesNyxa25S5FN8HKoQK7msPw1GMUsjVAaJqjWfc9NjJ9RZTgTOC8NUo0JZVM6xr5FSSPUfrZcdU6urDMiYazsk4Ys3d8TGY20nkWB7Yyomej12sL8r9ZPTXjrZ1wmqUHJVh+FqSAmJou7yYgrZEbMLFCmuN2VsAlVlBmbTsmG4K2fvAmd65pn+eGm0qjmcRThAi6hCh7UoQH30IQ2MBjDM7zCmyOcF+fd+Vi1Fpx85hz+yPn8Acz5jWI=</latexit><latexit sha1_base64="lSvy7Ot3YVu7QbrYQP9oO6f9KMA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkItRjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dgaesNyxa25S5FN8HKoQK7msPw1GMUsjVAaJqjWfc9NjJ9RZTgTOC8NUo0JZVM6xr5FSSPUfrZcdU6urDMiYazsk4Ys3d8TGY20nkWB7Yyomej12sL8r9ZPTXjrZ1wmqUHJVh+FqSAmJou7yYgrZEbMLFCmuN2VsAlVlBmbTsmG4K2fvAmd65pn+eGm0qjmcRThAi6hCh7UoQH30IQ2MBjDM7zCmyOcF+fd+Vi1Fpx85hz+yPn8Acz5jWI=</latexit>

T2
<latexit sha1_base64="sLk51CGHga2Yi7ubEt6G5EN8kVA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dga1ofliltzlyKb4OVQgVzNYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH2Lkkao/Wy56pxcWWdEwljZJw1Zur8nMhppPYsC2xlRM9HrtYX5X62fmvDWz7hMUoOSrT4KU0FMTBZ3kxFXyIyYWaBMcbsrYROqKDM2nZINwVs/eRM69Zpn+eG60qjmcRThAi6hCh7cQAPuoQltYDCGZ3iFN0c4L86787FqLTj5zDn8kfP5A859jWM=</latexit><latexit sha1_base64="sLk51CGHga2Yi7ubEt6G5EN8kVA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dga1ofliltzlyKb4OVQgVzNYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH2Lkkao/Wy56pxcWWdEwljZJw1Zur8nMhppPYsC2xlRM9HrtYX5X62fmvDWz7hMUoOSrT4KU0FMTBZ3kxFXyIyYWaBMcbsrYROqKDM2nZINwVs/eRM69Zpn+eG60qjmcRThAi6hCh7cQAPuoQltYDCGZ3iFN0c4L86787FqLTj5zDn8kfP5A859jWM=</latexit><latexit sha1_base64="sLk51CGHga2Yi7ubEt6G5EN8kVA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dga1ofliltzlyKb4OVQgVzNYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH2Lkkao/Wy56pxcWWdEwljZJw1Zur8nMhppPYsC2xlRM9HrtYX5X62fmvDWz7hMUoOSrT4KU0FMTBZ3kxFXyIyYWaBMcbsrYROqKDM2nZINwVs/eRM69Zpn+eG60qjmcRThAi6hCh7cQAPuoQltYDCGZ3iFN0c4L86787FqLTj5zDn8kfP5A859jWM=</latexit><latexit sha1_base64="sLk51CGHga2Yi7ubEt6G5EN8kVA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkRdBjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dga1ofliltzlyKb4OVQgVzNYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH2Lkkao/Wy56pxcWWdEwljZJw1Zur8nMhppPYsC2xlRM9HrtYX5X62fmvDWz7hMUoOSrT4KU0FMTBZ3kxFXyIyYWaBMcbsrYROqKDM2nZINwVs/eRM69Zpn+eG60qjmcRThAi6hCh7cQAPuoQltYDCGZ3iFN0c4L86787FqLTj5zDn8kfP5A859jWM=</latexit>

T3
<latexit sha1_base64="vxHwtBOHDaIkccUZiiCecvbJC7Y=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkKuix4MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzcDUoV9yauxBZBy+HCuRqDMpf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zqGjEjZ8tVp2RC+sMSRhr+xSShft7IqORMdMosJ0RxbFZrc3N/2q9FMNbPxMqSZErtvwoTCXBmMzvJkOhOUM5tUCZFnZXwsZUU4Y2nZINwVs9eR3alzXP8sN1pV7N4yjCGZxDFTy4gTrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ABjWQ=</latexit><latexit sha1_base64="vxHwtBOHDaIkccUZiiCecvbJC7Y=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkKuix4MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzcDUoV9yauxBZBy+HCuRqDMpf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zqGjEjZ8tVp2RC+sMSRhr+xSShft7IqORMdMosJ0RxbFZrc3N/2q9FMNbPxMqSZErtvwoTCXBmMzvJkOhOUM5tUCZFnZXwsZUU4Y2nZINwVs9eR3alzXP8sN1pV7N4yjCGZxDFTy4gTrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ABjWQ=</latexit><latexit sha1_base64="vxHwtBOHDaIkccUZiiCecvbJC7Y=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkKuix4MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzcDUoV9yauxBZBy+HCuRqDMpf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zqGjEjZ8tVp2RC+sMSRhr+xSShft7IqORMdMosJ0RxbFZrc3N/2q9FMNbPxMqSZErtvwoTCXBmMzvJkOhOUM5tUCZFnZXwsZUU4Y2nZINwVs9eR3alzXP8sN1pV7N4yjCGZxDFTy4gTrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ABjWQ=</latexit><latexit sha1_base64="vxHwtBOHDaIkccUZiiCecvbJC7Y=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkKuix4MVjxX5BG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPWFhYd3ZtiZN0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek7t5vfPEtRGxauI04X5ER0qEglG01mNzcDUoV9yauxBZBy+HCuRqDMpf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zqGjEjZ8tVp2RC+sMSRhr+xSShft7IqORMdMosJ0RxbFZrc3N/2q9FMNbPxMqSZErtvwoTCXBmMzvJkOhOUM5tUCZFnZXwsZUU4Y2nZINwVs9eR3alzXP8sN1pV7N4yjCGZxDFTy4gTrcQwNawGAEz/AKb450Xpx352PZWnDymVP4I+fzB9ABjWQ=</latexit>

T4
<latexit sha1_base64="h0FB5RKVrOO78N6LZnAsFWWX5vw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkUtBjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dga1ofliltzlyKb4OVQgVzNYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH2Lkkao/Wy56pxcWWdEwljZJw1Zur8nMhppPYsC2xlRM9HrtYX5X62fmvDWz7hMUoOSrT4KU0FMTBZ3kxFXyIyYWaBMcbsrYROqKDM2nZINwVs/eRM61zXP8kO90qjmcRThAi6hCh7cQAPuoQltYDCGZ3iFN0c4L86787FqLTj5zDn8kfP5A9GFjWU=</latexit><latexit sha1_base64="h0FB5RKVrOO78N6LZnAsFWWX5vw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkUtBjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dga1ofliltzlyKb4OVQgVzNYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH2Lkkao/Wy56pxcWWdEwljZJw1Zur8nMhppPYsC2xlRM9HrtYX5X62fmvDWz7hMUoOSrT4KU0FMTBZ3kxFXyIyYWaBMcbsrYROqKDM2nZINwVs/eRM61zXP8kO90qjmcRThAi6hCh7cQAPuoQltYDCGZ3iFN0c4L86787FqLTj5zDn8kfP5A9GFjWU=</latexit><latexit sha1_base64="h0FB5RKVrOO78N6LZnAsFWWX5vw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkUtBjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dga1ofliltzlyKb4OVQgVzNYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH2Lkkao/Wy56pxcWWdEwljZJw1Zur8nMhppPYsC2xlRM9HrtYX5X62fmvDWz7hMUoOSrT4KU0FMTBZ3kxFXyIyYWaBMcbsrYROqKDM2nZINwVs/eRM61zXP8kO90qjmcRThAi6hCh7cQAPuoQltYDCGZ3iFN0c4L86787FqLTj5zDn8kfP5A9GFjWU=</latexit><latexit sha1_base64="h0FB5RKVrOO78N6LZnAsFWWX5vw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF6KkkUtBjwYvHiv2CNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFre2d3b3ifung8Oj4pHx61tFxqhi2WSxi1QuoRsEltg03AnuJQhoFArvB9G5R7z6h0jyWLTNL0I/oWPKQM2qs9dga1ofliltzlyKb4OVQgVzNYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH2Lkkao/Wy56pxcWWdEwljZJw1Zur8nMhppPYsC2xlRM9HrtYX5X62fmvDWz7hMUoOSrT4KU0FMTBZ3kxFXyIyYWaBMcbsrYROqKDM2nZINwVs/eRM61zXP8kO90qjmcRThAi6hCh7cQAPuoQltYDCGZ3iFN0c4L86787FqLTj5zDn8kfP5A9GFjWU=</latexit>

Warp
<latexit sha1_base64="dpG7q3biFBMi0eZR+JaprOoLGQk=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBG6KokIuiy4cVnBPqCN5WY6aYdOJmFmopTQ/3DjQhG3/os7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTm9zvPDKleSzvzTRhfoQjyUNO0VjpoR+hGVMUWWeGKhlUqm7dnYOsEq8gVSjQHFS++sOYphGThgrUuue5ifEzVIZTwWblfqpZgnSCI9azVGLEtJ/NU8/IuVWGJIyVfdKQufp7I8NI62kU2Mk8pV72cvE/r5ea8NrPuExSwyRdHApTQUxM8grIkCtGjZhaglRxm5XQMSqkxhZVtiV4y19eJe2Lumf53WW1USvqKMEpnEENPLiCBtxCE1pAQcEzvMKb8+S8OO/Ox2J0zSl2TuAPnM8f8UeStA==</latexit><latexit sha1_base64="dpG7q3biFBMi0eZR+JaprOoLGQk=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBG6KokIuiy4cVnBPqCN5WY6aYdOJmFmopTQ/3DjQhG3/os7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTm9zvPDKleSzvzTRhfoQjyUNO0VjpoR+hGVMUWWeGKhlUqm7dnYOsEq8gVSjQHFS++sOYphGThgrUuue5ifEzVIZTwWblfqpZgnSCI9azVGLEtJ/NU8/IuVWGJIyVfdKQufp7I8NI62kU2Mk8pV72cvE/r5ea8NrPuExSwyRdHApTQUxM8grIkCtGjZhaglRxm5XQMSqkxhZVtiV4y19eJe2Lumf53WW1USvqKMEpnEENPLiCBtxCE1pAQcEzvMKb8+S8OO/Ox2J0zSl2TuAPnM8f8UeStA==</latexit><latexit sha1_base64="dpG7q3biFBMi0eZR+JaprOoLGQk=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBG6KokIuiy4cVnBPqCN5WY6aYdOJmFmopTQ/3DjQhG3/os7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTm9zvPDKleSzvzTRhfoQjyUNO0VjpoR+hGVMUWWeGKhlUqm7dnYOsEq8gVSjQHFS++sOYphGThgrUuue5ifEzVIZTwWblfqpZgnSCI9azVGLEtJ/NU8/IuVWGJIyVfdKQufp7I8NI62kU2Mk8pV72cvE/r5ea8NrPuExSwyRdHApTQUxM8grIkCtGjZhaglRxm5XQMSqkxhZVtiV4y19eJe2Lumf53WW1USvqKMEpnEENPLiCBtxCE1pAQcEzvMKb8+S8OO/Ox2J0zSl2TuAPnM8f8UeStA==</latexit><latexit sha1_base64="dpG7q3biFBMi0eZR+JaprOoLGQk=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBG6KokIuiy4cVnBPqCN5WY6aYdOJmFmopTQ/3DjQhG3/os7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTm9zvPDKleSzvzTRhfoQjyUNO0VjpoR+hGVMUWWeGKhlUqm7dnYOsEq8gVSjQHFS++sOYphGThgrUuue5ifEzVIZTwWblfqpZgnSCI9azVGLEtJ/NU8/IuVWGJIyVfdKQufp7I8NI62kU2Mk8pV72cvE/r5ea8NrPuExSwyRdHApTQUxM8grIkCtGjZhaglRxm5XQMSqkxhZVtiV4y19eJe2Lumf53WW1USvqKMEpnEENPLiCBtxCE1pAQcEzvMKb8+S8OO/Ox2J0zSl2TuAPnM8f8UeStA==</latexit>

Warp
<latexit sha1_base64="dpG7q3biFBMi0eZR+JaprOoLGQk=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBG6KokIuiy4cVnBPqCN5WY6aYdOJmFmopTQ/3DjQhG3/os7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTm9zvPDKleSzvzTRhfoQjyUNO0VjpoR+hGVMUWWeGKhlUqm7dnYOsEq8gVSjQHFS++sOYphGThgrUuue5ifEzVIZTwWblfqpZgnSCI9azVGLEtJ/NU8/IuVWGJIyVfdKQufp7I8NI62kU2Mk8pV72cvE/r5ea8NrPuExSwyRdHApTQUxM8grIkCtGjZhaglRxm5XQMSqkxhZVtiV4y19eJe2Lumf53WW1USvqKMEpnEENPLiCBtxCE1pAQcEzvMKb8+S8OO/Ox2J0zSl2TuAPnM8f8UeStA==</latexit><latexit sha1_base64="dpG7q3biFBMi0eZR+JaprOoLGQk=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBG6KokIuiy4cVnBPqCN5WY6aYdOJmFmopTQ/3DjQhG3/os7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTm9zvPDKleSzvzTRhfoQjyUNO0VjpoR+hGVMUWWeGKhlUqm7dnYOsEq8gVSjQHFS++sOYphGThgrUuue5ifEzVIZTwWblfqpZgnSCI9azVGLEtJ/NU8/IuVWGJIyVfdKQufp7I8NI62kU2Mk8pV72cvE/r5ea8NrPuExSwyRdHApTQUxM8grIkCtGjZhaglRxm5XQMSqkxhZVtiV4y19eJe2Lumf53WW1USvqKMEpnEENPLiCBtxCE1pAQcEzvMKb8+S8OO/Ox2J0zSl2TuAPnM8f8UeStA==</latexit><latexit sha1_base64="dpG7q3biFBMi0eZR+JaprOoLGQk=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBG6KokIuiy4cVnBPqCN5WY6aYdOJmFmopTQ/3DjQhG3/os7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTm9zvPDKleSzvzTRhfoQjyUNO0VjpoR+hGVMUWWeGKhlUqm7dnYOsEq8gVSjQHFS++sOYphGThgrUuue5ifEzVIZTwWblfqpZgnSCI9azVGLEtJ/NU8/IuVWGJIyVfdKQufp7I8NI62kU2Mk8pV72cvE/r5ea8NrPuExSwyRdHApTQUxM8grIkCtGjZhaglRxm5XQMSqkxhZVtiV4y19eJe2Lumf53WW1USvqKMEpnEENPLiCBtxCE1pAQcEzvMKb8+S8OO/Ox2J0zSl2TuAPnM8f8UeStA==</latexit><latexit sha1_base64="dpG7q3biFBMi0eZR+JaprOoLGQk=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBG6KokIuiy4cVnBPqCN5WY6aYdOJmFmopTQ/3DjQhG3/os7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqylo0FrHqBqiZ4JK1DDeCdRPFMAoE6wSTm9zvPDKleSzvzTRhfoQjyUNO0VjpoR+hGVMUWWeGKhlUqm7dnYOsEq8gVSjQHFS++sOYphGThgrUuue5ifEzVIZTwWblfqpZgnSCI9azVGLEtJ/NU8/IuVWGJIyVfdKQufp7I8NI62kU2Mk8pV72cvE/r5ea8NrPuExSwyRdHApTQUxM8grIkCtGjZhaglRxm5XQMSqkxhZVtiV4y19eJe2Lumf53WW1USvqKMEpnEENPLiCBtxCE1pAQcEzvMKb8+S8OO/Ox2J0zSl2TuAPnM8f8UeStA==</latexit>

Warp
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F2
<latexit sha1_base64="TaykhgXqWTEQ4n4CiyDEFdpT4tg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8VSSIuixIIjHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/M6u0nro2I1SNOEu5HdKhEKBhFaz3c9mv9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehVat6lu8vK/XzPI4inMApXIAHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gC4j41T</latexit><latexit sha1_base64="TaykhgXqWTEQ4n4CiyDEFdpT4tg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8VSSIuixIIjHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/M6u0nro2I1SNOEu5HdKhEKBhFaz3c9mv9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehVat6lu8vK/XzPI4inMApXIAHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gC4j41T</latexit><latexit sha1_base64="TaykhgXqWTEQ4n4CiyDEFdpT4tg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8VSSIuixIIjHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/M6u0nro2I1SNOEu5HdKhEKBhFaz3c9mv9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehVat6lu8vK/XzPI4inMApXIAHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gC4j41T</latexit><latexit sha1_base64="TaykhgXqWTEQ4n4CiyDEFdpT4tg=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8VSSIuixIIjHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/M6u0nro2I1SNOEu5HdKhEKBhFaz3c9mv9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehVat6lu8vK/XzPI4inMApXIAHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+R8/gC4j41T</latexit> F1

<latexit sha1_base64="3KAM7GGulkwqACGa3NCQ8hgaPro=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8VQSKeixIIjHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/M6u0nro2I1SNOEu5HdKhEKBhFaz3c9r1+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqx6lu9rlfp5HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwC3C41S</latexit><latexit sha1_base64="3KAM7GGulkwqACGa3NCQ8hgaPro=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8VQSKeixIIjHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/M6u0nro2I1SNOEu5HdKhEKBhFaz3c9r1+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqx6lu9rlfp5HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwC3C41S</latexit><latexit sha1_base64="3KAM7GGulkwqACGa3NCQ8hgaPro=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8VQSKeixIIjHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/M6u0nro2I1SNOEu5HdKhEKBhFaz3c9r1+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqx6lu9rlfp5HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwC3C41S</latexit><latexit sha1_base64="3KAM7GGulkwqACGa3NCQ8hgaPro=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8VQSKeixIIjHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKa+sbm1vF7dLO7t7+QfnwqGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/M6u0nro2I1SNOEu5HdKhEKBhFaz3c9r1+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqx6lu9rlfp5HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwC3C41S</latexit>

cs
<latexit sha1_base64="EiA734Ackmts3asJSBSCyLazq3k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfXABmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB0kejbc=</latexit><latexit sha1_base64="EiA734Ackmts3asJSBSCyLazq3k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfXABmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB0kejbc=</latexit><latexit sha1_base64="EiA734Ackmts3asJSBSCyLazq3k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfXABmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB0kejbc=</latexit><latexit sha1_base64="EiA734Ackmts3asJSBSCyLazq3k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfXABmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB0kejbc=</latexit>

c0s
<latexit sha1_base64="QQrpCGaExypoIqI26ZFHSdx8JeA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTIw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AapXjeg=</latexit><latexit sha1_base64="QQrpCGaExypoIqI26ZFHSdx8JeA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTIw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AapXjeg=</latexit><latexit sha1_base64="QQrpCGaExypoIqI26ZFHSdx8JeA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTIw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AapXjeg=</latexit><latexit sha1_base64="QQrpCGaExypoIqI26ZFHSdx8JeA=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTIw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AapXjeg=</latexit>

s0s
<latexit sha1_base64="XQnnVFYSddWnsnh6eQ+vLNBn5Og=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTMw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AcLHjfg=</latexit><latexit sha1_base64="XQnnVFYSddWnsnh6eQ+vLNBn5Og=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTMw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AcLHjfg=</latexit><latexit sha1_base64="XQnnVFYSddWnsnh6eQ+vLNBn5Og=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTMw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AcLHjfg=</latexit><latexit sha1_base64="XQnnVFYSddWnsnh6eQ+vLNBn5Og=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiupAyI4IuC25cVrAXaIeSSTNtaC5DkhHK0Fdw40IRt76QO9/GTDsLbf0h8PGfc8g5f5RwZqzvf3ultfWNza3ydmVnd2//oHp41DYq1YS2iOJKdyNsKGeStiyznHYTTbGIOO1Ek7u83nmi2jAlH+00oaHAI8liRrDNLTMw54Nqza/7c6FVCAqoQaHmoPrVHyqSCiot4diYXuAnNsywtoxwOqv0U0MTTCZ4RHsOJRbUhNl81xk6c84QxUq7Jy2au78nMiyMmYrIdQpsx2a5lpv/1XqpjW/DjMkktVSSxUdxypFVKD8cDZmmxPKpA0w0c7siMsYaE+viqbgQguWTV6F9VQ8cP1zXGpdFHGU4gVO4gABuoAH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+yPv8AcLHjfg=</latexit>

ss
<latexit sha1_base64="k1ZJFKBOth/yYOlVuS1K3E6/09k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB2F+jcc=</latexit><latexit sha1_base64="k1ZJFKBOth/yYOlVuS1K3E6/09k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB2F+jcc=</latexit><latexit sha1_base64="k1ZJFKBOth/yYOlVuS1K3E6/09k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB2F+jcc=</latexit><latexit sha1_base64="k1ZJFKBOth/yYOlVuS1K3E6/09k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB2F+jcc=</latexit>

st
<latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="ImOnal6ETWM1D8qZVd6XfXsCWxw=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGUnBy1qMd0KBW9xv+QmwTghXUYaXmoPbVH6YiT1CTUNzaXuBnFBbckBQKZ5V+bjHjYsJH2HOoeYI2LBajztiFc4YsTo07mtjC/f2i4Im10yRyNxNOY7uezc3/sl5O8U1YSJ3lhFosP4pzxShl873ZUBoUpKYOuDDSzcrEmBsuyLVTcSUE6ytvQvuqETh+8KEMZ3AOlxDANdzCPTShBQJG8AJv8O4p79X7WNZV8la9ncIfeZ8/S6CMiQ==</latexit><latexit sha1_base64="ImOnal6ETWM1D8qZVd6XfXsCWxw=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGUnBy1qMd0KBW9xv+QmwTghXUYaXmoPbVH6YiT1CTUNzaXuBnFBbckBQKZ5V+bjHjYsJH2HOoeYI2LBajztiFc4YsTo07mtjC/f2i4Im10yRyNxNOY7uezc3/sl5O8U1YSJ3lhFosP4pzxShl873ZUBoUpKYOuDDSzcrEmBsuyLVTcSUE6ytvQvuqETh+8KEMZ3AOlxDANdzCPTShBQJG8AJv8O4p79X7WNZV8la9ncIfeZ8/S6CMiQ==</latexit><latexit sha1_base64="Gvn3xFAdJsVv/hbgTeu9dVGfdYY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8CBl14seC148VrS10C4lm2bb0GyyJLNCWfoTvHhQxKu/yJv/xrTdg7a+EHh4Z4bMvFEqhUXf//ZKa+sbm1vl7crO7t7+QfXwqG11ZhhvMS216UTUcikUb6FAyTup4TSJJH+Mxjez+uMTN1Zo9YCTlIcJHSoRC0bRWfe2j/1qza/7c5FVCAqoQaFmv/rVG2iWJVwhk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DRRNuw3y+6pScOWdAYm3cU0jm7u+JnCbWTpLIdSYUR3a5NjP/q3UzjK/DXKg0Q67Y4qM4kwQ1md1NBsJwhnLigDIj3K6EjaihDF06FRdCsHzyKrQv64HjO7/WuCjiKMMJnMI5BHAFDbiFJrSAwRCe4RXePOm9eO/ex6K15BUzx/BH3ucPYcKNxA==</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit><latexit sha1_base64="Dak8qk7yr66A0fvjWjnin7cN7HQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfVgBjio1ty6m4usgldADQo1B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZVDTixs/yVWfkzDpDEsbaPoUkd39PZDQyZhoFtjOiODbLtbn5X62XYnjjZ0IlKXLFFh+FqSQYk/ndZCg0ZyinFijTwu5K2JhqytCmU7EheMsnr0L7su5Zvr+qNS6KOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8kfP5A2MCjcg=</latexit>

Target Seg

Source Cloth Source Seg

cs
<latexit sha1_base64="EiA734Ackmts3asJSBSCyLazq3k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfXABmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB0kejbc=</latexit><latexit sha1_base64="EiA734Ackmts3asJSBSCyLazq3k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfXABmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB0kejbc=</latexit><latexit sha1_base64="EiA734Ackmts3asJSBSCyLazq3k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfXABmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB0kejbc=</latexit><latexit sha1_base64="EiA734Ackmts3asJSBSCyLazq3k=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPBS8eK9oPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVo84Tbgf0ZESoWAUrfXABmZQrbl1NxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/lq87ImXWGJIy1fQpJ7v6eyGhkzDQKbGdEcWyWa3Pzv1ovxfDGz4RKUuSKLT4KU0kwJvO7yVBozlBOLVCmhd2VsDHVlKFNp2JD8JZPXoX2Zd2zfH9Va1wUcZThBE7hHDy4hgbcQRNawGAEz/AKb450Xpx352PRWnKKmWP4I+fzB0kejbc=</latexit>

ss
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Clothing Flow

Stage 2: Clothing Flow Estimation (Sec. 3.2)

Figure 2: Framework of ClothFlow for pose-guided person image generation. ClothFlow has three stages: Stage 1:

A conditional layout generator hallucinates the target segmentation map. Stage 2: 1 Two feature pyramid networks encode

geometric information and progressively refine the estimation of clothing flow (the color of arrowed lines indicates its clothing

category) between the source and the target in a cascaded warping manner. The resulting flow is then used to warp the source

clothes to eliminate the misalignment. Stage 3: The warped source clothing together with other guidances synthesize the

final result. Note that in Stage 2 and 3 we use the target segmentation map st for training, while during inference, we use the

synthesized target segmentation ŝt since st is not available.

image to synthesize novel views [45, 46]. In this paper, we

also aim to learn an appearance flow [45] to warp a source

clothing to the corresponding regions in a target view. It

is worth noting that existing methods [21, 46, 45] are usu-

ally applied to rigid objects where dense correspondences

and visibilities are easy to estimate, while the problem we

are addressing is more challenging: clothing regions are of-

ten highly non-rigid, and there is no clear correspondence

between source and target.

Pose-guided Person Generation. Originally introduced

by [28], pose-guided person image generation has spurred

a growing interest. Ma et al. utilized a two-stage image-

to-image translation network [18] to generate target image

with the guidance of the source appearance and the tar-

get pose in a coarse-to-fine fashion. The authors further

improved the results by separating the process of generat-

ing pose, foreground and background [29]. Recently, Esser

et al. [8] disentangled the pose and appearance generation

with a variational U-NET. However, these methods are un-

aware of the spatial deformation between the source and the

target, and thus fail to generate perceptually convincing re-

sults with large pose discrepancies.

Recent work [36, 4, 2, 12, 44] transformed the pixels

or feature maps of the source image to align with the tar-

get view, which, to some extent, eliminates the appearance

discrepancy and enhances the synthesizing quality. Simi-

larly, our method also warps the source clothing pixels, but

by predicting a highly refined appearance flow for clothing

regions and thus is capable of accurately modeling large ge-

ometric changes as well as occlusions. On the other hand,

DensePose [1] descriptor contains much richer information

than 2D keypoints, and can mitigate the challenge of mod-

eling such spatial deformation [30, 12, 42]. In the experi-

ments, we show that our method achieves better qualitative

transfer results, which can be further improved when com-

bined with DensePose.

Virtual Try-On. Utilizing deep generative models for vir-

tual try-on or garment transfer [14, 20, 39, 31, 5] also re-

quires modeling the deformation between the clothing re-

gion in the source image (e.g., a product image) and the

corresponding region in the target person. However, most

existing methods like [14, 39] assume this deformation can

be modeled by a thin plate spine (TPS) transformation.

But TPS transformation can only models limited geometric
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changes and might unnaturally deform the source clothing;

instead, we show that our method can be easily modified to

take the clothing product image as input and warp it more

naturally and seamlessly onto the target person.

Optical Flow Estimation. Our clothing flow estima-

tion is also related to optical flow estimation for videos

[17, 16, 32, 38, 7], where they usually learn a Siamese net-

work, by taking two consecutive video frames as inputs,

and then warp the raw pixels or features of the first frame

to the second one. We draw inspirations from optical flow

estimation to predict the clothing flow between the source

and target images. There are two main differences between

ClothFlow and optical flow estimation. First, we use two

separate feature pyramid networks—one for modeling the

source clothing appearance and the other one to capture the

target information that guides the prediction of appearance

flow. Further, we propose a different loss that uses the con-

ditional parsing generated in the first stage to ensure struc-

tural and visual coherence of the synthesized image.

3. ClothFlow

Given a source person image Is and a target pose pt, the

goal of ClothFlow is to synthesize an image of target per-

son It, whose pose is pt with the same appearance as Is.

One key desideratum of a pose-guided image synthesis sys-

tem is to preserve the texture details in the source image. A

straightforward approach is to feed Is and pt in an image-

to-image translation network like pix2pix [18] or PG2 [28]

to reconstruct It. Such approach, although can synthesize

realistic skin regions, fails to preserve clothing details due

to the lack of considering the spatial deformation induced

by pose changes. Driven by this observation, we aim to ex-

plicitly estimate an appearance flow [45] for all clothing re-

gions, which we term as clothing flow. The clothing flow is

a 2D dense flow field specifying which pixels in the source

image could be redirected to reconstruct the target image.

Figure 2 summarizes our framework. First, in the con-

ditional layout generation stage (Sec 3.1), we generate the

target semantic layout conditioned on the source image, the

source semantic map and the target pose. The target seman-

tic layout is then used to guide the warping of the source

clothing region in a cascaded network for clothing flow esti-

mation (Sec 3.2). Finally, in the rendering stage, we use the

warped source clothes together with other conditions (i.e.,

source image, target poses and target semantic layout) to

synthesize the image of target person (Sec 3.3).

3.1. Conditional Layout Generation

To synthesize a person image, a good practice is to first

predict a semantic layout that poses structural constraints

for the generation of appearance [4, 47, 13, 25]. We follow

this line of work to synthesize the target layout, followed by

the generation of clothing details.

To obtain the person pose and layout representations

used for training our target layout generator, we utilize

an off-the-shelf pose estimator [3] and human parser [11].

More specifically, the pose estimator predicts a set of 2D

coordinates of person keypoints, which are then converted

to a heatmap where each channel captures the spatial infor-

mation of a keypoint [29]. For the person layout representa-

tions, we follow [47, 6, 13] and encode the layout informa-

tion as a multi-channel binary map, such that each channel

indicates a semantic segmentation of a specific human part.

We denote the segmentation map of the source image and

the target image as ss and st, respectively.

As shown in Figure 2, the target layout generation net-

work Glayout has an encoder-decoder architecture, which

takes the source image Is, the source semantic layout ss,

and the target pose pt as input, and estimates the target

semantic layout ŝt = Glayout(Is, ss, pt) by minimizing

the pixel-wise cross entropy loss between st and ŝt. Note

that directly generating texture details, which often requires

one to explicitly model geometric transformation, is more

challenging than estimation of the target layout. We solve

the problem of person image generation in a coarse-to-fine

manner by first predicting the target layout, which severs

as an intermediate guidance that is helpful in obtaining a

more accurate appearance flow, and also enforces structural

constraints during the generation of clothing textures.

3.2. Cascaded Clothing Flow Estimation

The predicted target layout provides important clues on

understanding the spatial transform of each clothing item in

the target domain. Thus we explore this information to es-

timate a dense appearance flow (with size of 2 × H × W

where H and W denote the image size) between the cloth-

ing regions in the source and target images. Directly esti-

mating this appearance flow is difficult due to the fact that

clothes are highly deformable with large misalignment ex-

isting between the source and target images. Inspired by

recent approaches that employ pyramidal architectures for

gradually refining the estimation of optical flow for videos

[16, 17, 32], we propose a cascaded warping network whose

framework is summarized at the bottom of Figure 2. Note

that in this work, we only focus on modeling the flow

of clothing regions (e.g., hats, pants, tops, dresses), while

modeling the skin regions is more straightforward and has

already been handled by a vanilla generative model.

Dual Feature Pyramid Networks. The cascaded clothing

flow estimation model contains two feature pyramid net-

works (FPN) [26]—a source FPN and a target FPN. More

specifically, taking the source clothing regions cs and the

source clothing segmentation map ss
1 as inputs, the source

FPN consists of N encoding layers where each layer has

1In stage 2, we redefine the notation ss and st to represent the clothing

semantic map instead of the whole image.
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a downsample convolution with a stride of 2 followed by

one residual block [15]. The features output by these en-

coding layers are used to build the source feature pyramid

in the same fashion as in [26], resulting a set of features

{S1, S2, ..., SN}. We set N = 5 in our experiments but

illustrate the case when N = 4 in Figure 2 for simplicity.

Similarly, the target FPN has the same network architecture

except that the input is the target semantic layout st, and

yields pyramidal features {T1, T2, ..., TN}. Note that two

FPNs do not share weights because they encode features

from different modalities, which is different from the way

to estimate optical flow [38] or object matching [23]. Then

the extracted pyramidal features will be used to estimate the

clothing flow from source clothes cs to target clothes ct in a

cascaded manner.

Clothing Flow Estimation. The estimation of clothing

flow starts from the pyramidal features with the lowest reso-

lution. We feed the concatenated SN and TN into a convolu-

tional layer (denoted as EN ), to produce the initial clothing

flow FN . Then, for the features in a higher-level pyramid,

we warp the source features conditioned on FN and refine

FN by predicting the residual flow with a subsequent con-

volutional layer EN−1. Formally,

FN = EN ([SN , TN ]), (1)

Fn−1 = U(Fn) + En−1([W(Sn−1, U(Fn)), Tn−1]), (2)

where n = N,N − 1, ..., 2. U(·) is a ×2 nearest-neighbor

upsampling and W(S, F ) denotes warping feature map S

according to flow F using bilinear interpolation, which en-

ables optimization with back-propagation during training

[19]. Finally, the last clothing flow F1 is used to generate

a warped source clothing image c′s = W(cs,U(F1)). In-

tuitively, the network first learns a rough clothing flow be-

tween the source and target with high-level CNN features.

Then, warping the source features at each pyramid level

eases the process of directly modeling large misalignment

and significant deformation that usually occur in clothing

transfer. The warped source features are used to estimate

a residual flow for refinement of the rough flow in the pre-

vious level. This process continues until the network gen-

erates the finest flow that helps align small displacements

(e.g., logos or graphics) between source and target clothes.

Since we encourage the visual appearance of warped

clothing c′s to be the same as the target one ct, a percep-

tual loss [22] between c′s and ct can be minimized as:

Lperc(c
′

s, ct) =

5∑

l=0

λl||φl(c
′

s)− φl(ct)||1, (3)

where φl(I) is the l-th feature map of image I in a VGG-

19 [37] network pre-trained on ImageNet with φ0(x) = x

denoting pixel L1 loss.

However, only minimizing Lperc(c
′

s, ct) may produce

inaccurate warping when different clothing items have sim-

ilar visual patterns, making it hard for the network to deter-

mine their boundaries and introducing undesired misalign-

ment. To address this issue, we further design a structure

loss to enforce structural constraints of the warped clothing

regions. More specifically, the source semantic segmenta-

tion map is also warped according to the estimated clothing

flow: s′s = W(ss,U(F1)) and we minimize:

Lstruct(s
′

s, st) =
∑

i

✶(ss,i)✶(st,i)||s
′

s,i − st,i||1, (4)

where the subscript i denotes the channel index of a seg-

mentation map (i.e., a specific clothing category). ✶ is an

indicator function, and ✶(ss,i)✶(st,i) specifies if a cloth-

ing category i exists both in the source and target images.

We modify the perceptual loss to be aware of each clothing

region-of-interest (ROI):

Lroi perc(c
′

s, ct, s
′

s, st) =

5∑

l=0

λl

∑

i

✶(ss,i)✶(st,i)||φl(s
′

s,i ⊙ c′s)− φl(st,i ⊙ ct)||1,

(5)

which guides our model to focus on warping the texture spe-

cific for each ROI. Consequently, each warped clothing will

not be affected by other regions or background, yielding a

more coherent warping result.

Flow Regularization. Since appearance flow is dense and

has a high dimension of freedom, our clothing flow esti-

mation network allows pixel-to-pixel matching between the

source and target clothing regions, leading to a better es-

timation of geometric changes, which is the key to gener-

ate photorealistic results. However, using dense flows usu-

ally presents unappealing artifacts without proper regular-

ization, thus we further introduce a total variation loss that

regularizes the estimated flow field to enforce smoothness:

Lsmt =
N∑

n=1

||∇Fn||1, (6)

which is similar in spirit to the regularization term in TV-

L1 method [43, 9] for estimating optical flow. Finally, the

whole objective function of our cascaded warping network

is presented as:

Lflow = Lroi perc + λstructLstruct + λsmtLsmt (7)

with λ balancing different losses. On the left of Figure

1, we illustrate some examples of the warped clothing re-

gions. The results demonstrate strong robustness to occlu-

sions, partial observability and large deformations.
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Discussion. Our flow estimation network predicts more ac-

curate deformations than existing methods [39, 4, 33] which

compute a thin plane spline (TPS) transformation. On one

hand, the TPS transformation has much fewer transforma-

tion parameters and fails to model highly non-rigid transfor-

mations. On the other hand, they estimate the transforma-

tion in a late stage of a feature encoder (e.g., 4 × 4 feature

map in the 6th conv. layer), and hence discard the low-level

information in the early stages which is essential to align

clothing fine details. Besides, several recent works estimate

the transformations in a non-learnable fashion [2, 14, 36]—

they use keypoints or clothing masks to compute the param-

eters of a transformation, which is unaware of the appear-

ance correspondence and can only roughly align textures.

Moreover, unlike most optical flow estimation methods

[17, 16, 7, 38] that need to search matching features in a

local range, ClothFlow estimates the clothing flow with the

feature extracted on the whole image and does not struggle

to model long-range correspondence or partial observabil-

ity. Also, they usually require to obtain a computationally

expensive cost volume, but ClothFlow achieves satisfactory

performance with one conv layer Ei to predict the flow at

each pyramid level.

3.3. Clothing Preserving Rendering

At the final stage of ClothFlow, we simply take the

warped clothes c′s with other guidances, including source

image Is, target semantic layout st, and target pose pt, to

produce our final result Ît using an encoder-decoder gen-

erative network [34], as shown in Figure 2. Two standard

losses are combined for generating a high-quality result Ît:

Lrender = Lperc + Lstyle. (8)

where Lperc is the perceptual loss between It and Ît as de-

fined in Eqn. 3. Lstyle =
∑

5

l=1
γl||Gl(Ît) − Gl(It)||1, is

the style loss [10, 22] widely used in style transfer tasks

to match the style information between two images. Gl is

the Gram matrix [10] for the l-th layer in the pre-trained

VGG network. We do not use an adversarial loss because

we found that adding the style loss guides the rendering net-

work to directly learn texture details in the warped clothes,

which is good enough to generate reasonable results.

Note that during training, we use the ground truth target

semantic map st to train the second and third stages of our

ClothFlow (i.e., input to target feature pyramid network and

rendering network). At test time, as st is not accessible, the

synthesized conditional semantic map ŝt will serve as input

to the two networks.

3.4. Virtual Try­on

Given a product clothing image and a person wearing

different garments, the goal of virtual try-on [14] is to syn-

thesize the product item onto the target person with his/her

pose and identity preserved as shown on the right of Figure

1. Note that the virtual try-on [14] task is essentially very

similar to pose-guide person image generation—they both

target to synthesize a novel image that has the appearance

of a source image with the pose of a target person. There-

fore, we demonstrate that ClothFlow, with a small modi-

fication, can tackle this problem. In specific, we treat the

product image as the source image and the person’s pose as

the target pose in ClothFlow, and obtain the clothing flow

between the product image and the corresponding region

on that person. Following CP-VTON [39], a composition

mask is applied with an L1 loss encouraging the synthe-

sized virtual try-on image to preserve clothing details in the

warped product image, and the style loss in ClothFlow is

removed for fair comparison. We keep the original pants

regions as suggested in the supplementary material of VI-

TON [14]. Experiments illustrate that ClothFlow warps the

product image more seamlessly on the target person, and

renders try-on results with fewer artifacts.

4. Experiments

4.1. Data and Experiment Setup

Datasets. We evaluate ClothFlow on DeepFashion dataset

[27] for pose-guided person image generation and the VI-

TON [14] dataset for virtual try-on task. The DeepFashion

In-shop Clothes Retrieval Benchmark contains 52,712 fash-

ion images of resolution 256× 256. Image pairs containing

the same person in the same outfit with different poses are

used for pose-guided person image generation. Following

the original protocol in [28, 36], we use 89,262 pairs for

training and 12,000 pairs for testing, making sure there is

no overlap between two sets. For VITON, we follow [40] to

remove duplicates and clean the train/test splits in the orig-

inal dataset. As in real-world scenarios, each testing pair

contains a product image and a person wearing a clothing

item different from the one in the product image.

Implementation Details. We use Adam [24] as optimizer

with β1 = 0.5, β2 = 0.999 and a fixed learning rate of

0.0002. We train our 3 stages for 50K, 200K, 200K iter-

ations, all with a batch size of 12. The conditional lay-

out generator and the rendering generator are U-Net [34]

type networks with skip connections. The backbones of two

FPNs have similar structure to the encoder of a U-Net. We

set the dimension of the pyramidal features to 256 as in [26].

The detailed network structures can be found in the supple-

mentary material. We set λstruct = 10 and λsmooth = 2,

such that losses in Eqn. 7 are in similar scales.

Evaluation Metrics. We adopt Structural Similarity

(SSIM) [41] to measure the patch-wise synthesis accuracy,

and Inception Score (IS) [35] to measure the realism. Fur-

ther, we perform a user study to evaluate the perceptual

quality of generated images. Resulted Images of the com-
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Methods Deform Dense SSIM IS

PG2 [28] ✗ ✗ 0.762 3.09

DSC [36] ✓ ✗ 0.761 3.35

VUNET [8] ✗ ✗ 0.786 3.09

BodyROI7 [29] ✗ ✗ 0.614 3.23

DPT [30] ✗ ✓ 0.785 3.61

Soft-Gated [4] ✓ ✗ 0.793 3.31

CBI [12] ✓ ✓ 0.835 2.92

w/o Layout ✓ ✗ 0.758 3.63

w/o Flow ✗ ✗ 0.757 3.71

w/o Flow + TPS ✓ ✗ 0.758 3.74

w/o Cascade ✓ ✗ 0.759 3.74

w/o Style ✓ ✗ 0.756 3.56

ClothFlow ✓ ✗ 0.760 3.75

ClothFlowDense ✓ ✓ 0.771 3.88

Table 1: Comparisons in terms of SSIM and IS on Deep-

Fashion. Deform and Dense denote if the method models

deformation and uses DensePose descriptor, respectively.

DSC [36] VUNET [8] DPT [30] CBI [12] Soft-Gated [4]

80.9% 63.4% 90.2% 69.7% 57.9%

Table 2: Human preference of ClothFlow against other

methods on DeepFashion. Chance is 50%, higher is better.

pared methods are kindly provided by the original authors

or generated using publicly available codes.

4.2. Pose­guided Image Generation

Quantitative Results. We compare ClothFlow with state-

of-the-art pose-guided image generators by reporting SSIM

and IS in Table 1. We show results of ClothFlow by lever-

aging a DensePose descriptor [1] (ClothFlowDense). We

replace the 2D keypoint heatmap pt with the DensePose de-

scriptor encoded as a heatmap (UV + one-hot I [30]) in our

conditional layout generator and rendering network. We

find that ClothFlow achieves comparable quantitative per-

formance to other methods, while ClothFlowDense can fur-

ther improve the performance by injecting more accurate

clues about the target person.

User Study. Since SSIM and IS may not correlate well with

image visual quality, we conduct a perceptual study by fol-

lowing [12, 1]. Given two generated images, human raters

are asked to choose the one transferring source appearance

more realistically. Table 2 shows the percentage of trials

where our method is preferred over the others. The results

verify the ability of ClothFlow to generate realistic images.

Qualitative Results. Figure 3 demonstrates that Cloth-

Flow generates more perceptually convincing results com-

pared to state-of-the-art methods. In particular, we precisely

model the clothing deformation between different views,

Figure 3: Visual comparisons on pose-guided person im-

age generation. Please zoom in for details.

Source 

Target

w/o Layout warp w/o FlowTPS warp

w/o Style

Ours Full warp w/o Cascade warp

Ours Full render w/o Layout render TPS render w/o Cascade render

Figure 4: Visual results when removing different compo-

nent in ClothFlow. Please zoom in for details.

and transfers clothing details more naturally. ClothFlow is

free of the adversarial artifacts appeared in most of adver-

sarial methods [1, 12, 4, 36].

Ablation Study. To evaluate the contributions of key com-

ponents, we compare ClothFlow with the following abla-

tions: w/o Layout: removing the conditional layout genera-

tor and replacing target semantic layout in the input of the

other stages with the target keypoint heatmap; w/o Flow:

removing stage 2 in ClothFlow and the warped clothing re-

gion in the rendering stage; w/o Flow + TPS: predicting a

TPS transformation instead of clothing flow in stage 2 as

[4, 39, 6]; w/o Cascade: estimating clothing flow only with

T1 and S1 without cascades; w/o Style: removing style loss

in stage 3. From Table 1, we can find that, firstly, all these

baselines have similar SSIM which is also observed in re-

lated papers [4, 36, 12] as SSIM only roughly measures lo-

cal similarities. Secondly, adding layout as an intermediate

guidance and style loss slightly improve the realism.

In Figure 4, we further illustrate the importance of these

components with a visual example with a large non-rigid

deformation. We observe that (1) compared to w/o Layout,

our method generates structurally realistic warping and ren-

dering results by predicting a conditional semantic layout;

(2) without our cascaded clothing flow estimation, predict-
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Methods Warp-SSIM Mask-SSIM Human

VITON [14] 0.779 0.786 87.3%

CP-VTON [39] 0.806 0.792 81.2%

w/o Cascade 0.833 0.802 69.6%

ClothFlow 0.841 0.803 -

Table 3: Quantitative comparisons in terms of Warp-

SSIM, Mask-SSIM and how often ClothFlow is preferred

in the user study (Human) on the VITON dataset.

ing a TPS transformation and directly estimating a dense

flow field both fail to warp textures on two legs; (3) detailed

textures are missing if we do not warp the clothing region

(w/o Flow) or remove the style loss (w/o Style), which is

consistent with their quantitative performance.

4.3. Virtual Try­on

We further evaluate ClothFlow on virtual try-on task.

In contrast to pose-guided image generation that mainly

focuses on transferring textures, finer details like logos,

graphics are desired in virtual try-on applications, making

it more important to obtain an accurate estimation of spatial

deformations. We present experimental results in Table 3

and Figure 5 by comparing with state-of-the-art virtual try-

on networks [14, 39], as well as our w/o Cascaded baseline.

The other baselines are not considered because 1) Layout

and Flow have been well studied in [14, 39] and are neces-

sary recipes to realistic synthesis; 2) w/o Flow + TPS is very

similar to CP-VTON and has almost identical performance;

3) we do not use style loss for virtual try-on.

As test image pairs are shuffled to ensure that the tar-

get person wears a different item from the source product

image, we do not have the ground truth to conduct quan-

titative comparisons. Instead, we take matched pairs (i.e.,

a product image and a person wearing the product) to ob-

tain evaluation metrics as in [6]. Moreover, inspired by

[29, 36] that only compute SSIM for human pixels to iso-

late the influence of generating various backgrounds, we

compute the SSIM between the warped product image and

the ground truth clothing region (Warp-SSIM), as well as

the SSIM between clothing regions in the real and gener-

ated images (Mask-SSIM), rather than computing SSIM for

the whole image since we focus on clothing regions. As

a result, Warp-SSIM measures how accurate the warping

is, while Mask-SSIM measures how well a method recon-

structs the clothing. However, for visual comparisons and

the user study, we stick to the original evaluation protocol.

Results presented in Table 3 indicate that ClothFlow

(1) significantly improves the warping accuracy, with 0.03

higher Warp-SSIM score than CP-VTON, and (2) is better

at synthesizing the desired clothing with the highest Mask-

SSIM score. Compared to its own variant, ClothFlow ob-

Figure 5: Virtual try-on comparisons. We compare Cloth-

Flow to VITON [14] and CP-VTON [39] by visualizing the

warping (overlaid on the target person) and try-on results.

ClothFlow estimates a more natural and accurate clothing

deformation. Interestingly, ClothFlow warps the occluded

regions (e.g., unwanted inner collars, regions behind hair

and arms) to avoid artifacts that usually occur in other meth-

ods. Please zoom in for details.

tains higher performance by gradually warping the pyrami-

dal features and predicting the residual flow in a cascaded

fashion. Figure 5 qualitatively compares these methods,

from which we can see that our method naturally deforms

the clothing image conditioned on the target person and ren-

ders try-on results with clothing details preserved.

5. Conclusion

We introduce ClothFlow to model the appearance flow

between source and target clothing regions for pose-guided

person image generation and virtual try-on. At the core of

ClothFlow is a cascaded appearance flow estimation net-

work with a two-stream architecture to progressively warp

the source image features and refine the flow prediction.

The estimated flow properly handles the geometric defor-

mation as well as occlusions/invisibility between the source

and target image, making ClothFlow favorable to other

state-of-the-art methods on two standard image synthesiz-

ing tasks. We believe the encouraging qualitative results

of ClothFlow will inspire computer vision researchers to

explore more effective means for capturing the geometric

changes in generative models.
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