
Efficient Uncertainty 
Quantification Using High 
Performance Computing and 
Scientific Machine Learning 

Jim Warner1 & Patrick Leser1

Team: Theodore Lewitt2, Julian Cuevas3, Geoff Bomarito1, Paul Leser1,
Luke Morrill4, Samantha Niemoeller5

1. NASA LaRC D309
2. University of Southern California (NIFS)
3. University of Puerto Rico (NIFS)
4. Georgia Tech (NIFS), NASA LaRC E302
5. UCLA (NIFS)

1



• Overview: Uncertainty quantification (UQ) under HPCI
• Scientific Machine Learning for UQ
• Physics-informed generative adversarial networks (PI-GANs) for 

virtual mechanical testing
• Conclusion
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UQ as an HPCI Discipline

• Goal of UQ: Produce reliable model predictions with associated confidence in the presence of uncertainty
Ø Risk reduction; decreased margins/costs; enable reliability-based design; confidence for decision makers
Ø Effective UQ is a prerequisite for NASA paradigms like Digital Twin and certification by analysis
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• Traditional UQ methods are intractable for expensive, physics-based simulations; Faster but less accurate 
data-driven surrogate models are used
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HPCI UQ Overview
Goals: 
• Develop state-of-the-art UQ algorithms with HPC implementations released as open source software
• Demonstrate effectiveness & generality of software on test cases across HPCI disciplines
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Stochastic Reduced Order 
Models with Python

SROMPy

github.com/nasa/SROMPy

Multi-Model Monte 
Carlo with Python

MXMCPy

github.com/nasa/MXMCPy

Sequential Monte Carlo 
with Python

SMCPy

github.com/nasa/SMCPy

Symbolic Regression 
with Python

bingo

github.com/nasa/bingo
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Trajectory Simulation (EDL)
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Design Under Uncertainty (CM)
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4

Damage Diagnosis (CNDE) Frangible Joint Reliability (CM)Structural Health Management (CM)

End of Life

Pr
ob

ab
ili

ty

Digital Twin

~50X speedup 
predicting landing 

location with MXMCPy

~20X speedup generating 
optimal robust designs 

with SROMPy



• Overview: Uncertainty quantification (UQ) under HPCI
• Scientific Machine Learning for UQ
• Physics-informed generative adversarial networks (PI-GANs) for 

virtual mechanical testing
• Conclusion

Outline
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Scientific Machine Learning

*Karen Willcox, Supercomputing 2019

Inputs Physics 
Simulation PredictionMachine 

LearningInputs

Data

Prediction

Scientific Machine Learning (ML)

Ø Interpretable predictions
Ø Theoretically rigorous
Ø Historically-proven legacy 

codes

Ø Efficient predictions
Ø Fast deployment
Ø Widely accessible from 

open-source libraries

Big decisions need more than big data, they need big models too*

6
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Scientific ML: Two Approaches
1. Fuse predictions from ML and 

physics-based models

Ø Method: Multi-model Monte Carlo 
simulation [1,2,3]

1. Multilevel Monte Carlo. Giles et al. 2015
2. Multifidelity Monte Carlo. Peherstorfer et al. 2016
3. Approximate Control Variates. Gorodetsky et al. 2019

Machine 
LearningInputs

Physics 
Simulation

Data

Prediction

2. Integrate physical laws into the 
training of ML models

Machine 
LearningInputs

Data

Physics 
Equations

Prediction

Ø Method: Physics-informed deep 
learning [4,5]

4. Physics-informed neural networks. Raissi et al. 2019.
5. Physics-informed generative adversarial networks Yang 
et. al. 2018 7

Focus of this talk



Scientific ML: Two HPC Strategies

Repeatedly evaluates a suite of models 
with disparate run times

Inputs Prediction

Trains a deep fully-connected neural 
network with complex loss function

Inputs Prediction…Low-Fidelity 
Model 1…

Low-Fidelity 
Model M

High-Fidelity 
Model

Ø Approach: Parallelize model evaluations 
with MPI

Ø Challenge: load balancing to ensure all 
processes have similar amount of work

Ø Approach: GPU accelerated training using 
Tensorflow

Ø Challenge: selecting optimal network  
hyperparameters requires multiple training runs 

8

Multi-model Monte Carlo simulation Physics-informed deep learning

Focus of this talk



• Overview: Uncertainty quantification (UQ) under HPCI
• Scientific Machine Learning for UQ
• Physics-informed generative adversarial networks (PI-GANs) for 

virtual mechanical testing
• Conclusion

Outline
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Training Data1
Real Sample

Fake Sample2

Generator

G✓
<latexit sha1_base64="BNXdazf5CR4jUFQyzPZynqcEKUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgQY8V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqPt72sSyMkNu2VK17Vm8NdJX5OKpCj3it/dfsxTyNUxCUzpuN7CQUZ0yS4xGmpmxpMGB+zIXYsVSxCE2Tzi6fumVX67iDWthS5c/X3RMYiYyZRaDsjRiOz7M3E/7xOSoPrIBMqSQkVXywapNKl2J297/aFRk5yYgnjWthbXT5imnGyIZVsCP7yy6ukeVH1vap/f1mpXeZxFOEETuEcfLiCGtxBHRrAQcEzvMKbY5wX5935WLQWnHzmGP7A+fwBsnCQ4A==</latexit><latexit sha1_base64="BNXdazf5CR4jUFQyzPZynqcEKUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgQY8V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqPt72sSyMkNu2VK17Vm8NdJX5OKpCj3it/dfsxTyNUxCUzpuN7CQUZ0yS4xGmpmxpMGB+zIXYsVSxCE2Tzi6fumVX67iDWthS5c/X3RMYiYyZRaDsjRiOz7M3E/7xOSoPrIBMqSQkVXywapNKl2J297/aFRk5yYgnjWthbXT5imnGyIZVsCP7yy6ukeVH1vap/f1mpXeZxFOEETuEcfLiCGtxBHRrAQcEzvMKbY5wX5935WLQWnHzmGP7A+fwBsnCQ4A==</latexit><latexit sha1_base64="BNXdazf5CR4jUFQyzPZynqcEKUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgQY8V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqPt72sSyMkNu2VK17Vm8NdJX5OKpCj3it/dfsxTyNUxCUzpuN7CQUZ0yS4xGmpmxpMGB+zIXYsVSxCE2Tzi6fumVX67iDWthS5c/X3RMYiYyZRaDsjRiOz7M3E/7xOSoPrIBMqSQkVXywapNKl2J297/aFRk5yYgnjWthbXT5imnGyIZVsCP7yy6ukeVH1vap/f1mpXeZxFOEETuEcfLiCGtxBHRrAQcEzvMKbY5wX5935WLQWnHzmGP7A+fwBsnCQ4A==</latexit><latexit sha1_base64="BNXdazf5CR4jUFQyzPZynqcEKUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgQY8V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqPt72sSyMkNu2VK17Vm8NdJX5OKpCj3it/dfsxTyNUxCUzpuN7CQUZ0yS4xGmpmxpMGB+zIXYsVSxCE2Tzi6fumVX67iDWthS5c/X3RMYiYyZRaDsjRiOz7M3E/7xOSoPrIBMqSQkVXywapNKl2J297/aFRk5yYgnjWthbXT5imnGyIZVsCP7yy6ukeVH1vap/f1mpXeZxFOEETuEcfLiCGtxBHRrAQcEzvMKbY5wX5935WLQWnHzmGP7A+fwBsnCQ4A==</latexit>

Discriminator

D�
<latexit sha1_base64="pmhQO/+C5nwEHOn3EEcR6THxzP0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrde76WS8ZiVm/XHGr7gJknXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+VeqnhCWVjOuRdSxWNuPGzxb0zcmGVAQljbUshWai/JzIaGTONAtsZURyZVW8u/ud1Uwxv/EyoJEWu2HJRmEqCMZk/TwZCc4ZyagllWthbCRtRTRnaiEo2BG/15XXSuqp6btV7qFXqtTyOIpzBOVyCB9dQh3toQBMYSHiGV3hzJs6L8+58LFsLTj5zCn/gfP4AGjmP9A==</latexit><latexit sha1_base64="pmhQO/+C5nwEHOn3EEcR6THxzP0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrde76WS8ZiVm/XHGr7gJknXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+VeqnhCWVjOuRdSxWNuPGzxb0zcmGVAQljbUshWai/JzIaGTONAtsZURyZVW8u/ud1Uwxv/EyoJEWu2HJRmEqCMZk/TwZCc4ZyagllWthbCRtRTRnaiEo2BG/15XXSuqp6btV7qFXqtTyOIpzBOVyCB9dQh3toQBMYSHiGV3hzJs6L8+58LFsLTj5zCn/gfP4AGjmP9A==</latexit><latexit sha1_base64="pmhQO/+C5nwEHOn3EEcR6THxzP0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrde76WS8ZiVm/XHGr7gJknXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+VeqnhCWVjOuRdSxWNuPGzxb0zcmGVAQljbUshWai/JzIaGTONAtsZURyZVW8u/ud1Uwxv/EyoJEWu2HJRmEqCMZk/TwZCc4ZyagllWthbCRtRTRnaiEo2BG/15XXSuqp6btV7qFXqtTyOIpzBOVyCB9dQh3toQBMYSHiGV3hzJs6L8+58LFsLTj5zCn/gfP4AGjmP9A==</latexit><latexit sha1_base64="pmhQO/+C5nwEHOn3EEcR6THxzP0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrde76WS8ZiVm/XHGr7gJknXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+VeqnhCWVjOuRdSxWNuPGzxb0zcmGVAQljbUshWai/JzIaGTONAtsZURyZVW8u/ud1Uwxv/EyoJEWu2HJRmEqCMZk/TwZCc4ZyagllWthbCRtRTRnaiEo2BG/15XXSuqp6btV7qFXqtTyOIpzBOVyCB9dQh3toQBMYSHiGV3hzJs6L8+58LFsLTj5zCn/gfP4AGjmP9A==</latexit>

Real

Fake

Generative Adversarial Networks (GANs)

10

Random 
Noise

Internet search

argmin✓,� LD(D�) + LG(G✓)
<latexit sha1_base64="a/oWRJJhSXe7qg1UTDBGFF+HQEc="></latexit><latexit sha1_base64="a/oWRJJhSXe7qg1UTDBGFF+HQEc="></latexit><latexit sha1_base64="a/oWRJJhSXe7qg1UTDBGFF+HQEc="></latexit><latexit sha1_base64="a/oWRJJhSXe7qg1UTDBGFF+HQEc="></latexit>

Train GAN via:Measures how well the 
discriminator can distinguish 

between real and fake samples

Measures how well the generator 
can “trick” the discriminator into 
classifying fake samples as real

(Huge)

1. https://www.kaggle.com/crawford/cat-dataset

2. https://thiscatdoesnotexist.com/`

GOAL:

(Free)

https://www.kaggle.com/crawford/cat-dataset
https://thiscatdoesnotexist.com/


argmin✓,� LD(D�) + LG(G✓) + LPDE(G✓) + LBC(G✓)
<latexit sha1_base64="iR/YovKOvcmnra015O8sj8PZBgM="></latexit><latexit sha1_base64="iR/YovKOvcmnra015O8sj8PZBgM="></latexit><latexit sha1_base64="iR/YovKOvcmnra015O8sj8PZBgM="></latexit><latexit sha1_base64="iR/YovKOvcmnra015O8sj8PZBgM="></latexit>

Physics-Informed GANs (PI-GANs)

11

Generator

G✓
<latexit sha1_base64="BNXdazf5CR4jUFQyzPZynqcEKUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgQY8V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqPt72sSyMkNu2VK17Vm8NdJX5OKpCj3it/dfsxTyNUxCUzpuN7CQUZ0yS4xGmpmxpMGB+zIXYsVSxCE2Tzi6fumVX67iDWthS5c/X3RMYiYyZRaDsjRiOz7M3E/7xOSoPrIBMqSQkVXywapNKl2J297/aFRk5yYgnjWthbXT5imnGyIZVsCP7yy6ukeVH1vap/f1mpXeZxFOEETuEcfLiCGtxBHRrAQcEzvMKbY5wX5935WLQWnHzmGP7A+fwBsnCQ4A==</latexit><latexit sha1_base64="BNXdazf5CR4jUFQyzPZynqcEKUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgQY8V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqPt72sSyMkNu2VK17Vm8NdJX5OKpCj3it/dfsxTyNUxCUzpuN7CQUZ0yS4xGmpmxpMGB+zIXYsVSxCE2Tzi6fumVX67iDWthS5c/X3RMYiYyZRaDsjRiOz7M3E/7xOSoPrIBMqSQkVXywapNKl2J297/aFRk5yYgnjWthbXT5imnGyIZVsCP7yy6ukeVH1vap/f1mpXeZxFOEETuEcfLiCGtxBHRrAQcEzvMKbY5wX5935WLQWnHzmGP7A+fwBsnCQ4A==</latexit><latexit sha1_base64="BNXdazf5CR4jUFQyzPZynqcEKUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgQY8V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqPt72sSyMkNu2VK17Vm8NdJX5OKpCj3it/dfsxTyNUxCUzpuN7CQUZ0yS4xGmpmxpMGB+zIXYsVSxCE2Tzi6fumVX67iDWthS5c/X3RMYiYyZRaDsjRiOz7M3E/7xOSoPrIBMqSQkVXywapNKl2J297/aFRk5yYgnjWthbXT5imnGyIZVsCP7yy6ukeVH1vap/f1mpXeZxFOEETuEcfLiCGtxBHRrAQcEzvMKbY5wX5935WLQWnHzmGP7A+fwBsnCQ4A==</latexit><latexit sha1_base64="BNXdazf5CR4jUFQyzPZynqcEKUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgQY8V7Ae2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhhyPO+ncLa+sbmVnG7tLO7t39QPjxqmjjVHBs8lrFuh8ygFAobJEhiO9HIolBiKxzfzPzWE2ojYvVAkwSDiA2VGAjOyEqPt72sSyMkNu2VK17Vm8NdJX5OKpCj3it/dfsxTyNUxCUzpuN7CQUZ0yS4xGmpmxpMGB+zIXYsVSxCE2Tzi6fumVX67iDWthS5c/X3RMYiYyZRaDsjRiOz7M3E/7xOSoPrIBMqSQkVXywapNKl2J297/aFRk5yYgnjWthbXT5imnGyIZVsCP7yy6ukeVH1vap/f1mpXeZxFOEETuEcfLiCGtxBHRrAQcEzvMKbY5wX5935WLQWnHzmGP7A+fwBsnCQ4A==</latexit>

Discriminator

D�
<latexit sha1_base64="pmhQO/+C5nwEHOn3EEcR6THxzP0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrde76WS8ZiVm/XHGr7gJknXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+VeqnhCWVjOuRdSxWNuPGzxb0zcmGVAQljbUshWai/JzIaGTONAtsZURyZVW8u/ud1Uwxv/EyoJEWu2HJRmEqCMZk/TwZCc4ZyagllWthbCRtRTRnaiEo2BG/15XXSuqp6btV7qFXqtTyOIpzBOVyCB9dQh3toQBMYSHiGV3hzJs6L8+58LFsLTj5zCn/gfP4AGjmP9A==</latexit><latexit sha1_base64="pmhQO/+C5nwEHOn3EEcR6THxzP0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrde76WS8ZiVm/XHGr7gJknXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+VeqnhCWVjOuRdSxWNuPGzxb0zcmGVAQljbUshWai/JzIaGTONAtsZURyZVW8u/ud1Uwxv/EyoJEWu2HJRmEqCMZk/TwZCc4ZyagllWthbCRtRTRnaiEo2BG/15XXSuqp6btV7qFXqtTyOIpzBOVyCB9dQh3toQBMYSHiGV3hzJs6L8+58LFsLTj5zCn/gfP4AGjmP9A==</latexit><latexit sha1_base64="pmhQO/+C5nwEHOn3EEcR6THxzP0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrde76WS8ZiVm/XHGr7gJknXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+VeqnhCWVjOuRdSxWNuPGzxb0zcmGVAQljbUshWai/JzIaGTONAtsZURyZVW8u/ud1Uwxv/EyoJEWu2HJRmEqCMZk/TwZCc4ZyagllWthbCRtRTRnaiEo2BG/15XXSuqp6btV7qFXqtTyOIpzBOVyCB9dQh3toQBMYSHiGV3hzJs6L8+58LFsLTj5zCn/gfP4AGjmP9A==</latexit><latexit sha1_base64="pmhQO/+C5nwEHOn3EEcR6THxzP0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrde76WS8ZiVm/XHGr7gJknXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+VeqnhCWVjOuRdSxWNuPGzxb0zcmGVAQljbUshWai/JzIaGTONAtsZURyZVW8u/ud1Uwxv/EyoJEWu2HJRmEqCMZk/TwZCc4ZyagllWthbCRtRTRnaiEo2BG/15XXSuqp6btV7qFXqtTyOIpzBOVyCB9dQh3toQBMYSHiGV3hzJs6L8+58LFsLTj5zCn/gfP4AGjmP9A==</latexit>

Real

Fake

Laboratory 
Testing

Real Data

Generated Data

Training Dataset

1
Nb

PNb

i=1 kũ✓(x(i))� vk2
<latexit sha1_base64="YyKkbr1TptL0UKpE4nPJcSNLHJM="></latexit><latexit sha1_base64="YyKkbr1TptL0UKpE4nPJcSNLHJM="></latexit><latexit sha1_base64="YyKkbr1TptL0UKpE4nPJcSNLHJM="></latexit><latexit sha1_base64="YyKkbr1TptL0UKpE4nPJcSNLHJM="></latexit>

û(x)
<latexit sha1_base64="Np7/l4jnJJHktIXMJ/9qB47Ymxw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD8gDWWz3bZLN9mwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ26hUM95iSirdDanhUsS8hQIl7yaa0yiUvBNObud+55FrI1T8gNOEBxEdxWIoGEUr+b0xxSydVZ8uSb9ccWvuAmSdeDmpQI5mv/zVGyiWRjxGJqkxvucmGGRUo2CSz0q91PCEsgkdcd/SmEbcBNni5Bm5sMqADJW2FSNZqL8nMhoZM41C2xlRHJtVby7+5/kpDm+CTMRJijxmy0XDVBJUZP4/GQjNGcqpJZRpYW8lbEw1ZWhTKtkQvNWX10n7qua5Ne++XmnU8ziKcAbnUAUPrqEBd9CEFjBQ8Ayv8Oag8+K8Ox/L1oKTz5zCHzifP6oukMk=</latexit><latexit sha1_base64="Np7/l4jnJJHktIXMJ/9qB47Ymxw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD8gDWWz3bZLN9mwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ26hUM95iSirdDanhUsS8hQIl7yaa0yiUvBNObud+55FrI1T8gNOEBxEdxWIoGEUr+b0xxSydVZ8uSb9ccWvuAmSdeDmpQI5mv/zVGyiWRjxGJqkxvucmGGRUo2CSz0q91PCEsgkdcd/SmEbcBNni5Bm5sMqADJW2FSNZqL8nMhoZM41C2xlRHJtVby7+5/kpDm+CTMRJijxmy0XDVBJUZP4/GQjNGcqpJZRpYW8lbEw1ZWhTKtkQvNWX10n7qua5Ne++XmnU8ziKcAbnUAUPrqEBd9CEFjBQ8Ayv8Oag8+K8Ox/L1oKTz5zCHzifP6oukMk=</latexit><latexit sha1_base64="Np7/l4jnJJHktIXMJ/9qB47Ymxw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD8gDWWz3bZLN9mwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ26hUM95iSirdDanhUsS8hQIl7yaa0yiUvBNObud+55FrI1T8gNOEBxEdxWIoGEUr+b0xxSydVZ8uSb9ccWvuAmSdeDmpQI5mv/zVGyiWRjxGJqkxvucmGGRUo2CSz0q91PCEsgkdcd/SmEbcBNni5Bm5sMqADJW2FSNZqL8nMhoZM41C2xlRHJtVby7+5/kpDm+CTMRJijxmy0XDVBJUZP4/GQjNGcqpJZRpYW8lbEw1ZWhTKtkQvNWX10n7qua5Ne++XmnU8ziKcAbnUAUPrqEBd9CEFjBQ8Ayv8Oag8+K8Ox/L1oKTz5zCHzifP6oukMk=</latexit><latexit sha1_base64="Np7/l4jnJJHktIXMJ/9qB47Ymxw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD8gDWWz3bZLN9mwOxFL6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ26hUM95iSirdDanhUsS8hQIl7yaa0yiUvBNObud+55FrI1T8gNOEBxEdxWIoGEUr+b0xxSydVZ8uSb9ccWvuAmSdeDmpQI5mv/zVGyiWRjxGJqkxvucmGGRUo2CSz0q91PCEsgkdcd/SmEbcBNni5Bm5sMqADJW2FSNZqL8nMhoZM41C2xlRHJtVby7+5/kpDm+CTMRJijxmy0XDVBJUZP4/GQjNGcqpJZRpYW8lbEw1ZWhTKtkQvNWX10n7qua5Ne++XmnU8ziKcAbnUAUPrqEBd9CEFjBQ8Ayv8Oag8+K8Ox/L1oKTz5zCHzifP6oukMk=</latexit>

ũ✓(x) = G✓(x, ~z)
<latexit sha1_base64="AFEBW0hzXVUdfCa4c6c4hJ9D6Rs=">AAACF3icbVBNS8NAEN34bf2KevSyWAQFKYkU9CIIHvRYwbZCE8pmO7WLmw92J8Ua8i+8+Fe8eFDEq978N27bHLT1wcDb92bYmRckUmh0nG9rZnZufmFxabm0srq2vmFvbjV0nCoOdR7LWN0ETIMUEdRRoISbRAELAwnN4O586Df7oLSIo2scJOCH7DYSXcEZGqltVzwUsgNZmrczD3uALN+/P6Cn9OLX+5B6feDZQ37QtstOxRmBThO3IGVSoNa2v7xOzNMQIuSSad1ynQT9jCkUXEJe8lINCeN37BZahkYsBO1no7tyumeUDu3GylSEdKT+nshYqPUgDExnyLCnJ72h+J/XSrF74mciSlKEiI8/6qaSYkyHIdGOUMBRDgxhXAmzK+U9phhHE2XJhOBOnjxNGkcV16m4V9XyWbWIY4nskF2yT1xyTM7IJamROuHkkTyTV/JmPVkv1rv1MW6dsYqZbfIH1ucPpvafhA==</latexit><latexit sha1_base64="AFEBW0hzXVUdfCa4c6c4hJ9D6Rs=">AAACF3icbVBNS8NAEN34bf2KevSyWAQFKYkU9CIIHvRYwbZCE8pmO7WLmw92J8Ua8i+8+Fe8eFDEq978N27bHLT1wcDb92bYmRckUmh0nG9rZnZufmFxabm0srq2vmFvbjV0nCoOdR7LWN0ETIMUEdRRoISbRAELAwnN4O586Df7oLSIo2scJOCH7DYSXcEZGqltVzwUsgNZmrczD3uALN+/P6Cn9OLX+5B6feDZQ37QtstOxRmBThO3IGVSoNa2v7xOzNMQIuSSad1ynQT9jCkUXEJe8lINCeN37BZahkYsBO1no7tyumeUDu3GylSEdKT+nshYqPUgDExnyLCnJ72h+J/XSrF74mciSlKEiI8/6qaSYkyHIdGOUMBRDgxhXAmzK+U9phhHE2XJhOBOnjxNGkcV16m4V9XyWbWIY4nskF2yT1xyTM7IJamROuHkkTyTV/JmPVkv1rv1MW6dsYqZbfIH1ucPpvafhA==</latexit><latexit sha1_base64="AFEBW0hzXVUdfCa4c6c4hJ9D6Rs=">AAACF3icbVBNS8NAEN34bf2KevSyWAQFKYkU9CIIHvRYwbZCE8pmO7WLmw92J8Ua8i+8+Fe8eFDEq978N27bHLT1wcDb92bYmRckUmh0nG9rZnZufmFxabm0srq2vmFvbjV0nCoOdR7LWN0ETIMUEdRRoISbRAELAwnN4O586Df7oLSIo2scJOCH7DYSXcEZGqltVzwUsgNZmrczD3uALN+/P6Cn9OLX+5B6feDZQ37QtstOxRmBThO3IGVSoNa2v7xOzNMQIuSSad1ynQT9jCkUXEJe8lINCeN37BZahkYsBO1no7tyumeUDu3GylSEdKT+nshYqPUgDExnyLCnJ72h+J/XSrF74mciSlKEiI8/6qaSYkyHIdGOUMBRDgxhXAmzK+U9phhHE2XJhOBOnjxNGkcV16m4V9XyWbWIY4nskF2yT1xyTM7IJamROuHkkTyTV/JmPVkv1rv1MW6dsYqZbfIH1ucPpvafhA==</latexit><latexit sha1_base64="AFEBW0hzXVUdfCa4c6c4hJ9D6Rs=">AAACF3icbVBNS8NAEN34bf2KevSyWAQFKYkU9CIIHvRYwbZCE8pmO7WLmw92J8Ua8i+8+Fe8eFDEq978N27bHLT1wcDb92bYmRckUmh0nG9rZnZufmFxabm0srq2vmFvbjV0nCoOdR7LWN0ETIMUEdRRoISbRAELAwnN4O586Df7oLSIo2scJOCH7DYSXcEZGqltVzwUsgNZmrczD3uALN+/P6Cn9OLX+5B6feDZQ37QtstOxRmBThO3IGVSoNa2v7xOzNMQIuSSad1ynQT9jCkUXEJe8lINCeN37BZahkYsBO1no7tyumeUDu3GylSEdKT+nshYqPUgDExnyLCnJ72h+J/XSrF74mciSlKEiI8/6qaSYkyHIdGOUMBRDgxhXAmzK+U9phhHE2XJhOBOnjxNGkcV16m4V9XyWbWIY4nskF2yT1xyTM7IJamROuHkkTyTV/JmPVkv1rv1MW6dsYqZbfIH1ucPpvafhA==</latexit>

~z
<latexit sha1_base64="kO2pwfoHYlwAoG7uo7WxFKDLr80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsJ+3SzSbsbgo19Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu4XfmaLSPJaPZpagH9GR5CFn1Fip058iy57mg3LFrbpLkE3i5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgvNRPNSaUTegIe5ZKGqH2s+W5c3JllSEJY2VLGrJUf09kNNJ6FgW2M6JmrNe9hfif10tNeOtnXCapQclWi8JUEBOTxe9kyBUyI2aWUKa4vZWwMVWUGZtQyYbgrb+8Sdo3Vc+teg+1SqOWx1GEC7iEa/CgDg24hya0gMEEnuEV3pzEeXHenY9Va8HJZ87hD5zPH7C3j74=</latexit><latexit sha1_base64="kO2pwfoHYlwAoG7uo7WxFKDLr80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsJ+3SzSbsbgo19Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu4XfmaLSPJaPZpagH9GR5CFn1Fip058iy57mg3LFrbpLkE3i5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgvNRPNSaUTegIe5ZKGqH2s+W5c3JllSEJY2VLGrJUf09kNNJ6FgW2M6JmrNe9hfif10tNeOtnXCapQclWi8JUEBOTxe9kyBUyI2aWUKa4vZWwMVWUGZtQyYbgrb+8Sdo3Vc+teg+1SqOWx1GEC7iEa/CgDg24hya0gMEEnuEV3pzEeXHenY9Va8HJZ87hD5zPH7C3j74=</latexit><latexit sha1_base64="kO2pwfoHYlwAoG7uo7WxFKDLr80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsJ+3SzSbsbgo19Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu4XfmaLSPJaPZpagH9GR5CFn1Fip058iy57mg3LFrbpLkE3i5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgvNRPNSaUTegIe5ZKGqH2s+W5c3JllSEJY2VLGrJUf09kNNJ6FgW2M6JmrNe9hfif10tNeOtnXCapQclWi8JUEBOTxe9kyBUyI2aWUKa4vZWwMVWUGZtQyYbgrb+8Sdo3Vc+teg+1SqOWx1GEC7iEa/CgDg24hya0gMEEnuEV3pzEeXHenY9Va8HJZ87hD5zPH7C3j74=</latexit><latexit sha1_base64="kO2pwfoHYlwAoG7uo7WxFKDLr80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsJ+3SzSbsbgo19Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu4XfmaLSPJaPZpagH9GR5CFn1Fip058iy57mg3LFrbpLkE3i5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgvNRPNSaUTegIe5ZKGqH2s+W5c3JllSEJY2VLGrJUf09kNNJ6FgW2M6JmrNe9hfif10tNeOtnXCapQclWi8JUEBOTxe9kyBUyI2aWUKa4vZWwMVWUGZtQyYbgrb+8Sdo3Vc+teg+1SqOWx1GEC7iEa/CgDg24hya0gMEEnuEV3pzEeXHenY9Va8HJZ87hD5zPH7C3j74=</latexit>

r(x) = Nx[u(x)]� f(x) = 0
<latexit sha1_base64="t7Gc537x9SrlBXZg7WLvo/KutpY=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSF5ZECroRCm5cSQX7gDaEyXTSDp08mJlIS+gfuPFX3LhQxK1bd/6NkzYLrR64cDjnXu69x4s5k8qyvozC0vLK6lpxvbSxubW9Y+7utWSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11lfvueCsmi8E5NYuoEeBAynxGstOSax6IyPkGXqBdgNSSYpzdTd9xNtOigU+TPTQu5ZtmqWjOgv8TOSRlyNFzzs9ePSBLQUBGOpezaVqycFAvFCKfTUi+RNMZkhAe0q2mIAyqddPbPFB1ppY/8SOgKFZqpPydSHEg5CTzdmZ0tF71M/M/rJsq/cFIWxomiIZkv8hOOVISycFCfCUoUn2iCiWD6VkSGWGCidIQlHYK9+PJf0jqr2lbVvq2V67U8jiIcwCFUwIZzqMM1NKAJBB7gCV7g1Xg0no03433eWjDymX34BePjGzQomYM=</latexit><latexit sha1_base64="t7Gc537x9SrlBXZg7WLvo/KutpY=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSF5ZECroRCm5cSQX7gDaEyXTSDp08mJlIS+gfuPFX3LhQxK1bd/6NkzYLrR64cDjnXu69x4s5k8qyvozC0vLK6lpxvbSxubW9Y+7utWSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11lfvueCsmi8E5NYuoEeBAynxGstOSax6IyPkGXqBdgNSSYpzdTd9xNtOigU+TPTQu5ZtmqWjOgv8TOSRlyNFzzs9ePSBLQUBGOpezaVqycFAvFCKfTUi+RNMZkhAe0q2mIAyqddPbPFB1ppY/8SOgKFZqpPydSHEg5CTzdmZ0tF71M/M/rJsq/cFIWxomiIZkv8hOOVISycFCfCUoUn2iCiWD6VkSGWGCidIQlHYK9+PJf0jqr2lbVvq2V67U8jiIcwCFUwIZzqMM1NKAJBB7gCV7g1Xg0no03433eWjDymX34BePjGzQomYM=</latexit><latexit sha1_base64="t7Gc537x9SrlBXZg7WLvo/KutpY=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSF5ZECroRCm5cSQX7gDaEyXTSDp08mJlIS+gfuPFX3LhQxK1bd/6NkzYLrR64cDjnXu69x4s5k8qyvozC0vLK6lpxvbSxubW9Y+7utWSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11lfvueCsmi8E5NYuoEeBAynxGstOSax6IyPkGXqBdgNSSYpzdTd9xNtOigU+TPTQu5ZtmqWjOgv8TOSRlyNFzzs9ePSBLQUBGOpezaVqycFAvFCKfTUi+RNMZkhAe0q2mIAyqddPbPFB1ppY/8SOgKFZqpPydSHEg5CTzdmZ0tF71M/M/rJsq/cFIWxomiIZkv8hOOVISycFCfCUoUn2iCiWD6VkSGWGCidIQlHYK9+PJf0jqr2lbVvq2V67U8jiIcwCFUwIZzqMM1NKAJBB7gCV7g1Xg0no03433eWjDymX34BePjGzQomYM=</latexit><latexit sha1_base64="t7Gc537x9SrlBXZg7WLvo/KutpY=">AAACD3icbVDLSsNAFL2pr1pfUZduBotSF5ZECroRCm5cSQX7gDaEyXTSDp08mJlIS+gfuPFX3LhQxK1bd/6NkzYLrR64cDjnXu69x4s5k8qyvozC0vLK6lpxvbSxubW9Y+7utWSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11lfvueCsmi8E5NYuoEeBAynxGstOSax6IyPkGXqBdgNSSYpzdTd9xNtOigU+TPTQu5ZtmqWjOgv8TOSRlyNFzzs9ePSBLQUBGOpezaVqycFAvFCKfTUi+RNMZkhAe0q2mIAyqddPbPFB1ppY/8SOgKFZqpPydSHEg5CTzdmZ0tF71M/M/rJsq/cFIWxomiIZkv8hOOVISycFCfCUoUn2iCiWD6VkSGWGCidIQlHYK9+PJf0jqr2lbVvq2V67U8jiIcwCFUwIZzqMM1NKAJBB7gCV7g1Xg0no03433eWjDymX34BePjGzQomYM=</latexit>

Governing PDE (             ):x 2 ⌦
<latexit sha1_base64="RTf6fyqVUW3gRnL+tdUNY+EDqfs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBizcr2A9oQtlsJ+3SzSbsbsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLxzczvPKLSPJEPZpJiENOh5BFn1FjJfyI+l8S/i3FI+9WaW3fnIKvEK0gNCjT71S9/kLAsRmmYoFr3PDc1QU6V4UzgtOJnGlPKxnSIPUsljVEH+fzmKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62Umug5yLtPMoGSLRVEmiEnILAAy4AqZERNLKFPc3krYiCrKjI2pYkPwll9eJe2LuufWvfvLWuOyiKMMJ3AK5+DBFTTgFprQAgYpPMMrvDmZ8+K8Ox+L1pJTzBzDHzifPzHDkRQ=</latexit><latexit sha1_base64="RTf6fyqVUW3gRnL+tdUNY+EDqfs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBizcr2A9oQtlsJ+3SzSbsbsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLxzczvPKLSPJEPZpJiENOh5BFn1FjJfyI+l8S/i3FI+9WaW3fnIKvEK0gNCjT71S9/kLAsRmmYoFr3PDc1QU6V4UzgtOJnGlPKxnSIPUsljVEH+fzmKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62Umug5yLtPMoGSLRVEmiEnILAAy4AqZERNLKFPc3krYiCrKjI2pYkPwll9eJe2LuufWvfvLWuOyiKMMJ3AK5+DBFTTgFprQAgYpPMMrvDmZ8+K8Ox+L1pJTzBzDHzifPzHDkRQ=</latexit><latexit sha1_base64="RTf6fyqVUW3gRnL+tdUNY+EDqfs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBizcr2A9oQtlsJ+3SzSbsbsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLxzczvPKLSPJEPZpJiENOh5BFn1FjJfyI+l8S/i3FI+9WaW3fnIKvEK0gNCjT71S9/kLAsRmmYoFr3PDc1QU6V4UzgtOJnGlPKxnSIPUsljVEH+fzmKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62Umug5yLtPMoGSLRVEmiEnILAAy4AqZERNLKFPc3krYiCrKjI2pYkPwll9eJe2LuufWvfvLWuOyiKMMJ3AK5+DBFTTgFprQAgYpPMMrvDmZ8+K8Ox+L1pJTzBzDHzifPzHDkRQ=</latexit><latexit sha1_base64="RTf6fyqVUW3gRnL+tdUNY+EDqfs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBizcr2A9oQtlsJ+3SzSbsbsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLxzczvPKLSPJEPZpJiENOh5BFn1FjJfyI+l8S/i3FI+9WaW3fnIKvEK0gNCjT71S9/kLAsRmmYoFr3PDc1QU6V4UzgtOJnGlPKxnSIPUsljVEH+fzmKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62Umug5yLtPMoGSLRVEmiEnILAAy4AqZERNLKFPc3krYiCrKjI2pYkPwll9eJe2LuufWvfvLWuOyiKMMJ3AK5+DBFTTgFprQAgYpPMMrvDmZ8+K8Ox+L1pJTzBzDHzifPzHDkRQ=</latexit>

Physics

u(x) = v
<latexit sha1_base64="tU+DO/Ku5+TTCZl8QsbzJcSdyXU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9CwIvHCOaByRJmJ73JkNnZZWY2GEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE18Z1v5219Y3Nre3cTn53b//gsHB03NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbmN0eoNI/lgxkn6Ee0L3nIGTVWekxLTxfkhowI6RaKbtmdg6wSLyNFyFDrFr46vZilEUrDBNW67bmJ8SdUGc4ETvOdVGNC2ZD2sW2ppBFqfzK/eErOrdIjYaxsSUPm6u+JCY20HkeB7YyoGehlbyb+57VTE177Ey6T1KBki0VhKoiJyex90uMKmRFjSyhT3N5K2IAqyowNKW9D8JZfXiWNy7Lnlr37SrFayeLIwSmcQQk8uIIq3EEN6sBAwjO8wpujnRfn3flYtK452cwJ/IHz+QM4mY9B</latexit><latexit sha1_base64="tU+DO/Ku5+TTCZl8QsbzJcSdyXU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9CwIvHCOaByRJmJ73JkNnZZWY2GEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE18Z1v5219Y3Nre3cTn53b//gsHB03NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbmN0eoNI/lgxkn6Ee0L3nIGTVWekxLTxfkhowI6RaKbtmdg6wSLyNFyFDrFr46vZilEUrDBNW67bmJ8SdUGc4ETvOdVGNC2ZD2sW2ppBFqfzK/eErOrdIjYaxsSUPm6u+JCY20HkeB7YyoGehlbyb+57VTE177Ey6T1KBki0VhKoiJyex90uMKmRFjSyhT3N5K2IAqyowNKW9D8JZfXiWNy7Lnlr37SrFayeLIwSmcQQk8uIIq3EEN6sBAwjO8wpujnRfn3flYtK452cwJ/IHz+QM4mY9B</latexit><latexit sha1_base64="tU+DO/Ku5+TTCZl8QsbzJcSdyXU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9CwIvHCOaByRJmJ73JkNnZZWY2GEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE18Z1v5219Y3Nre3cTn53b//gsHB03NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbmN0eoNI/lgxkn6Ee0L3nIGTVWekxLTxfkhowI6RaKbtmdg6wSLyNFyFDrFr46vZilEUrDBNW67bmJ8SdUGc4ETvOdVGNC2ZD2sW2ppBFqfzK/eErOrdIjYaxsSUPm6u+JCY20HkeB7YyoGehlbyb+57VTE177Ey6T1KBki0VhKoiJyex90uMKmRFjSyhT3N5K2IAqyowNKW9D8JZfXiWNy7Lnlr37SrFayeLIwSmcQQk8uIIq3EEN6sBAwjO8wpujnRfn3flYtK452cwJ/IHz+QM4mY9B</latexit><latexit sha1_base64="tU+DO/Ku5+TTCZl8QsbzJcSdyXU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9CwIvHCOaByRJmJ73JkNnZZWY2GEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0gE18Z1v5219Y3Nre3cTn53b//gsHB03NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbmN0eoNI/lgxkn6Ee0L3nIGTVWekxLTxfkhowI6RaKbtmdg6wSLyNFyFDrFr46vZilEUrDBNW67bmJ8SdUGc4ETvOdVGNC2ZD2sW2ppBFqfzK/eErOrdIjYaxsSUPm6u+JCY20HkeB7YyoGehlbyb+57VTE177Ey6T1KBki0VhKoiJyex90uMKmRFjSyhT3N5K2IAqyowNKW9D8JZfXiWNy7Lnlr37SrFayeLIwSmcQQk8uIIq3EEN6sBAwjO8wpujnRfn3flYtK452cwJ/IHz+QM4mY9B</latexit>

Boundary Condition (            ):x 2 �
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Train PI-GAN via:

(Limited)

1
Nr

PNr

i=1 kNx[ũ✓(x(i))]� f(x(i))k2
<latexit sha1_base64="MRij0ULGrWDo08ZUACUU3/i8yY8="></latexit><latexit sha1_base64="MRij0ULGrWDo08ZUACUU3/i8yY8="></latexit><latexit sha1_base64="MRij0ULGrWDo08ZUACUU3/i8yY8="></latexit><latexit sha1_base64="MRij0ULGrWDo08ZUACUU3/i8yY8="></latexit>

(Expensive)

`

Pu
<latexit sha1_base64="ujbl/c6uzTws9q8pUERGF77ufZU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A2lsl00g6dTMLMjVJC/8ONC0Xc+i/u/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTm9zvPHJtRKzucZpwP6IjJULBKFrpoR9RHAdB1pwNsnQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ56Rs6sMiRhrO1TSObq742MRsZMo8BO5inNspeL/3m9FMNrPxMqSZErtjgUppJgTPIKyFBozlBOLaFMC5uVsDHVlKEtqmJL8Ja/vEraF3XPrXt3l7XGZVFHGU7gFM7BgytowC00oQUMNDzDK7w5T86L8+58LEZLTrFzDH/gfP4AFj+S1g==</latexit><latexit sha1_base64="ujbl/c6uzTws9q8pUERGF77ufZU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A2lsl00g6dTMLMjVJC/8ONC0Xc+i/u/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTm9zvPHJtRKzucZpwP6IjJULBKFrpoR9RHAdB1pwNsnQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ56Rs6sMiRhrO1TSObq742MRsZMo8BO5inNspeL/3m9FMNrPxMqSZErtjgUppJgTPIKyFBozlBOLaFMC5uVsDHVlKEtqmJL8Ja/vEraF3XPrXt3l7XGZVFHGU7gFM7BgytowC00oQUMNDzDK7w5T86L8+58LEZLTrFzDH/gfP4AFj+S1g==</latexit><latexit sha1_base64="ujbl/c6uzTws9q8pUERGF77ufZU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A2lsl00g6dTMLMjVJC/8ONC0Xc+i/u/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTm9zvPHJtRKzucZpwP6IjJULBKFrpoR9RHAdB1pwNsnQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ56Rs6sMiRhrO1TSObq742MRsZMo8BO5inNspeL/3m9FMNrPxMqSZErtjgUppJgTPIKyFBozlBOLaFMC5uVsDHVlKEtqmJL8Ja/vEraF3XPrXt3l7XGZVFHGU7gFM7BgytowC00oQUMNDzDK7w5T86L8+58LEZLTrFzDH/gfP4AFj+S1g==</latexit><latexit sha1_base64="ujbl/c6uzTws9q8pUERGF77ufZU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A2lsl00g6dTMLMjVJC/8ONC0Xc+i/u/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTm9zvPHJtRKzucZpwP6IjJULBKFrpoR9RHAdB1pwNsnQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ56Rs6sMiRhrO1TSObq742MRsZMo8BO5inNspeL/3m9FMNrPxMqSZErtjgUppJgTPIKyFBozlBOLaFMC5uVsDHVlKEtqmJL8Ja/vEraF3XPrXt3l7XGZVFHGU7gFM7BgytowC00oQUMNDzDK7w5T86L8+58LEZLTrFzDH/gfP4AFj+S1g==</latexit>

GOAL: Random 
Noise



PI-GANs for Virtual Testing
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PI-GAN

Digital Image 
Correlation (DIC)

Data

r(x)

Governing PDE 
Residual

u(xi)

Deep Neural 
Networks

Virtual Tests
(generated from spatially 

varying material distribution 
learned by PI-GAN)

u(xi)

+

…
(Additional Tests)

Training

Ø Goal: learn distribution of material stiffness,          , using only DIC deformation data,             
Ø Approach: define two generators,                                  and                                    , and relate through PDE:

{û(x)}
<latexit sha1_base64="F/gz7e+Xwo+zgCDYbKxXPbIJZ4E=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSDES9iVgB4DXjxGMA/ILmF2MkmGzD6Y6Q2GZf/EiwdFvPon3vwbJ8keNLGgoajqprsrSKTQ6Djf1sbm1vbObmmvvH9weHRsn5y2dZwqxlsslrHqBlRzKSLeQoGSdxPFaRhI3gkmd3O/M+VKizh6xFnC/ZCOIjEUjKKR+rbtZcQbU8zSvPp0Rby8b1ecmrMAWSduQSpQoNm3v7xBzNKQR8gk1brnOgn6GVUomOR52Us1Tyib0BHvGRrRkGs/W1yek0ujDMgwVqYiJAv190RGQ61nYWA6Q4pjverNxf+8XorDWz8TUZIij9hy0TCVBGMyj4EMhOIM5cwQypQwtxI2pooyNGGVTQju6svrpH1dc52a+1CvNOpFHCU4hwuoggs30IB7aEILGEzhGV7hzcqsF+vd+li2bljFzBn8gfX5A7Bikvw=</latexit><latexit sha1_base64="F/gz7e+Xwo+zgCDYbKxXPbIJZ4E=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSDES9iVgB4DXjxGMA/ILmF2MkmGzD6Y6Q2GZf/EiwdFvPon3vwbJ8keNLGgoajqprsrSKTQ6Djf1sbm1vbObmmvvH9weHRsn5y2dZwqxlsslrHqBlRzKSLeQoGSdxPFaRhI3gkmd3O/M+VKizh6xFnC/ZCOIjEUjKKR+rbtZcQbU8zSvPp0Rby8b1ecmrMAWSduQSpQoNm3v7xBzNKQR8gk1brnOgn6GVUomOR52Us1Tyib0BHvGRrRkGs/W1yek0ujDMgwVqYiJAv190RGQ61nYWA6Q4pjverNxf+8XorDWz8TUZIij9hy0TCVBGMyj4EMhOIM5cwQypQwtxI2pooyNGGVTQju6svrpH1dc52a+1CvNOpFHCU4hwuoggs30IB7aEILGEzhGV7hzcqsF+vd+li2bljFzBn8gfX5A7Bikvw=</latexit><latexit sha1_base64="F/gz7e+Xwo+zgCDYbKxXPbIJZ4E=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSDES9iVgB4DXjxGMA/ILmF2MkmGzD6Y6Q2GZf/EiwdFvPon3vwbJ8keNLGgoajqprsrSKTQ6Djf1sbm1vbObmmvvH9weHRsn5y2dZwqxlsslrHqBlRzKSLeQoGSdxPFaRhI3gkmd3O/M+VKizh6xFnC/ZCOIjEUjKKR+rbtZcQbU8zSvPp0Rby8b1ecmrMAWSduQSpQoNm3v7xBzNKQR8gk1brnOgn6GVUomOR52Us1Tyib0BHvGRrRkGs/W1yek0ujDMgwVqYiJAv190RGQ61nYWA6Q4pjverNxf+8XorDWz8TUZIij9hy0TCVBGMyj4EMhOIM5cwQypQwtxI2pooyNGGVTQju6svrpH1dc52a+1CvNOpFHCU4hwuoggs30IB7aEILGEzhGV7hzcqsF+vd+li2bljFzBn8gfX5A7Bikvw=</latexit><latexit sha1_base64="F/gz7e+Xwo+zgCDYbKxXPbIJZ4E=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSDES9iVgB4DXjxGMA/ILmF2MkmGzD6Y6Q2GZf/EiwdFvPon3vwbJ8keNLGgoajqprsrSKTQ6Djf1sbm1vbObmmvvH9weHRsn5y2dZwqxlsslrHqBlRzKSLeQoGSdxPFaRhI3gkmd3O/M+VKizh6xFnC/ZCOIjEUjKKR+rbtZcQbU8zSvPp0Rby8b1ecmrMAWSduQSpQoNm3v7xBzNKQR8gk1brnOgn6GVUomOR52Us1Tyib0BHvGRrRkGs/W1yek0ujDMgwVqYiJAv190RGQ61nYWA6Q4pjverNxf+8XorDWz8TUZIij9hy0TCVBGMyj4EMhOIM5cwQypQwtxI2pooyNGGVTQju6svrpH1dc52a+1CvNOpFHCU4hwuoggs30IB7aEILGEzhGV7hzcqsF+vd+li2bljFzBn8gfX5A7Bikvw=</latexit>

E(x)
<latexit sha1_base64="Rkd7bIdCtTW6vDIfVzJIGdtQp9U=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFOqxIILHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNpjeZ332kSrNIPphZTH2Bx5KFjGCTSbfVp8thueLW3AXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExNe+ymTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnaua59a8+3qlWc/jKMIZnEMVPGhAE+6gBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDNcKNog==</latexit><latexit sha1_base64="Rkd7bIdCtTW6vDIfVzJIGdtQp9U=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFOqxIILHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNpjeZ332kSrNIPphZTH2Bx5KFjGCTSbfVp8thueLW3AXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExNe+ymTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnaua59a8+3qlWc/jKMIZnEMVPGhAE+6gBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDNcKNog==</latexit><latexit sha1_base64="Rkd7bIdCtTW6vDIfVzJIGdtQp9U=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFOqxIILHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNpjeZ332kSrNIPphZTH2Bx5KFjGCTSbfVp8thueLW3AXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExNe+ymTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnaua59a8+3qlWc/jKMIZnEMVPGhAE+6gBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDNcKNog==</latexit><latexit sha1_base64="Rkd7bIdCtTW6vDIfVzJIGdtQp9U=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFOqxIILHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSUKELbJOKR6gVYU84kbRtmOO3FimIRcNoNpjeZ332kSrNIPphZTH2Bx5KFjGCTSbfVp8thueLW3AXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExNe+ymTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnaua59a8+3qlWc/jKMIZnEMVPGhAE+6gBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kDNcKNog==</latexit>

Ẽ (x) = G (x, z)
<latexit sha1_base64="XXWKQ1v9MTpPknxzfzW0xpUpXcU=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XQgpRECroRCiK6rGAf0IQwmUzaoZNJmJmINfQL3Pgrblwo4ta1O//GpA2irQcunDnnXube40aMSmUYX1phaXllda24XtrY3Nre0Xf3OjKMBSZtHLJQ9FwkCaOctBVVjPQiQVDgMtJ1R+eZ370lQtKQ36hxROwADTj1KUYqlRy9YinKPJJcTJzEiiSdVO9q8Axe/ryO4H2t5Ohlo25MAReJmZMyyNFy9E/LC3EcEK4wQ1L2TSNSdoKEopiRScmKJYkQHqEB6aeUo4BIO5meM4GVVPGgH4q0uIJT9fdEggIpx4GbdgZIDeW8l4n/ef1Y+ad2QnkUK8Lx7CM/ZlCFMMsGelQQrNg4JQgLmu4K8RAJhFWaYBaCOX/yIukc102jbl43ys1GHkcRHIBDUAUmOAFNcAVaoA0weABP4AW8ao/as/amvc9aC1o+sw/+QPv4BkFhmt4=</latexit><latexit sha1_base64="XXWKQ1v9MTpPknxzfzW0xpUpXcU=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XQgpRECroRCiK6rGAf0IQwmUzaoZNJmJmINfQL3Pgrblwo4ta1O//GpA2irQcunDnnXube40aMSmUYX1phaXllda24XtrY3Nre0Xf3OjKMBSZtHLJQ9FwkCaOctBVVjPQiQVDgMtJ1R+eZ370lQtKQ36hxROwADTj1KUYqlRy9YinKPJJcTJzEiiSdVO9q8Axe/ryO4H2t5Ohlo25MAReJmZMyyNFy9E/LC3EcEK4wQ1L2TSNSdoKEopiRScmKJYkQHqEB6aeUo4BIO5meM4GVVPGgH4q0uIJT9fdEggIpx4GbdgZIDeW8l4n/ef1Y+ad2QnkUK8Lx7CM/ZlCFMMsGelQQrNg4JQgLmu4K8RAJhFWaYBaCOX/yIukc102jbl43ys1GHkcRHIBDUAUmOAFNcAVaoA0weABP4AW8ao/as/amvc9aC1o+sw/+QPv4BkFhmt4=</latexit><latexit sha1_base64="XXWKQ1v9MTpPknxzfzW0xpUpXcU=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XQgpRECroRCiK6rGAf0IQwmUzaoZNJmJmINfQL3Pgrblwo4ta1O//GpA2irQcunDnnXube40aMSmUYX1phaXllda24XtrY3Nre0Xf3OjKMBSZtHLJQ9FwkCaOctBVVjPQiQVDgMtJ1R+eZ370lQtKQ36hxROwADTj1KUYqlRy9YinKPJJcTJzEiiSdVO9q8Axe/ryO4H2t5Ohlo25MAReJmZMyyNFy9E/LC3EcEK4wQ1L2TSNSdoKEopiRScmKJYkQHqEB6aeUo4BIO5meM4GVVPGgH4q0uIJT9fdEggIpx4GbdgZIDeW8l4n/ef1Y+ad2QnkUK8Lx7CM/ZlCFMMsGelQQrNg4JQgLmu4K8RAJhFWaYBaCOX/yIukc102jbl43ys1GHkcRHIBDUAUmOAFNcAVaoA0weABP4AW8ao/as/amvc9aC1o+sw/+QPv4BkFhmt4=</latexit><latexit sha1_base64="XXWKQ1v9MTpPknxzfzW0xpUpXcU=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XQgpRECroRCiK6rGAf0IQwmUzaoZNJmJmINfQL3Pgrblwo4ta1O//GpA2irQcunDnnXube40aMSmUYX1phaXllda24XtrY3Nre0Xf3OjKMBSZtHLJQ9FwkCaOctBVVjPQiQVDgMtJ1R+eZ370lQtKQ36hxROwADTj1KUYqlRy9YinKPJJcTJzEiiSdVO9q8Axe/ryO4H2t5Ohlo25MAReJmZMyyNFy9E/LC3EcEK4wQ1L2TSNSdoKEopiRScmKJYkQHqEB6aeUo4BIO5meM4GVVPGgH4q0uIJT9fdEggIpx4GbdgZIDeW8l4n/ef1Y+ad2QnkUK8Lx7CM/ZlCFMMsGelQQrNg4JQgLmu4K8RAJhFWaYBaCOX/yIukc102jbl43ys1GHkcRHIBDUAUmOAFNcAVaoA0weABP4AW8ao/as/amvc9aC1o+sw/+QPv4BkFhmt4=</latexit>

ũ✓(x) = G✓(x, z)
<latexit sha1_base64="N3N3CPstVCcRrvVfENFseEAF2sM=">AAACEXicbVDJSgNBEO2JW4zbqEcvjUFIQMKMBPQiBDzoMYJZIAmhp1NJmvQsdNeIccgvePFXvHhQxKs3b/6NneUQEx8UvH6viq56XiSFRsf5sVIrq2vrG+nNzNb2zu6evX9Q1WGsOFR4KENV95gGKQKooEAJ9UgB8z0JNW9wNfZr96C0CIM7HEbQ8lkvEF3BGRqpbeeaKGQHknjUTprYB2Sj3EOeXtLrufcpfcy37axTcCagy8SdkSyZody2v5udkMc+BMgl07rhOhG2EqZQcAmjTDPWEDE+YD1oGBowH3QrmVw0oidG6dBuqEwFSCfq/ETCfK2Hvmc6fYZ9veiNxf+8Rozdi1YigihGCPj0o24sKYZ0HA/tCAUc5dAQxpUwu1LeZ4pxNCFmTAju4snLpHpWcJ2Ce1vMloqzONLkiByTHHHJOSmRG1ImFcLJE3khb+TderZerQ/rc9qasmYzh+QPrK9fgsactg==</latexit><latexit sha1_base64="N3N3CPstVCcRrvVfENFseEAF2sM=">AAACEXicbVDJSgNBEO2JW4zbqEcvjUFIQMKMBPQiBDzoMYJZIAmhp1NJmvQsdNeIccgvePFXvHhQxKs3b/6NneUQEx8UvH6viq56XiSFRsf5sVIrq2vrG+nNzNb2zu6evX9Q1WGsOFR4KENV95gGKQKooEAJ9UgB8z0JNW9wNfZr96C0CIM7HEbQ8lkvEF3BGRqpbeeaKGQHknjUTprYB2Sj3EOeXtLrufcpfcy37axTcCagy8SdkSyZody2v5udkMc+BMgl07rhOhG2EqZQcAmjTDPWEDE+YD1oGBowH3QrmVw0oidG6dBuqEwFSCfq/ETCfK2Hvmc6fYZ9veiNxf+8Rozdi1YigihGCPj0o24sKYZ0HA/tCAUc5dAQxpUwu1LeZ4pxNCFmTAju4snLpHpWcJ2Ce1vMloqzONLkiByTHHHJOSmRG1ImFcLJE3khb+TderZerQ/rc9qasmYzh+QPrK9fgsactg==</latexit><latexit sha1_base64="N3N3CPstVCcRrvVfENFseEAF2sM=">AAACEXicbVDJSgNBEO2JW4zbqEcvjUFIQMKMBPQiBDzoMYJZIAmhp1NJmvQsdNeIccgvePFXvHhQxKs3b/6NneUQEx8UvH6viq56XiSFRsf5sVIrq2vrG+nNzNb2zu6evX9Q1WGsOFR4KENV95gGKQKooEAJ9UgB8z0JNW9wNfZr96C0CIM7HEbQ8lkvEF3BGRqpbeeaKGQHknjUTprYB2Sj3EOeXtLrufcpfcy37axTcCagy8SdkSyZody2v5udkMc+BMgl07rhOhG2EqZQcAmjTDPWEDE+YD1oGBowH3QrmVw0oidG6dBuqEwFSCfq/ETCfK2Hvmc6fYZ9veiNxf+8Rozdi1YigihGCPj0o24sKYZ0HA/tCAUc5dAQxpUwu1LeZ4pxNCFmTAju4snLpHpWcJ2Ce1vMloqzONLkiByTHHHJOSmRG1ImFcLJE3khb+TderZerQ/rc9qasmYzh+QPrK9fgsactg==</latexit><latexit sha1_base64="N3N3CPstVCcRrvVfENFseEAF2sM=">AAACEXicbVDJSgNBEO2JW4zbqEcvjUFIQMKMBPQiBDzoMYJZIAmhp1NJmvQsdNeIccgvePFXvHhQxKs3b/6NneUQEx8UvH6viq56XiSFRsf5sVIrq2vrG+nNzNb2zu6evX9Q1WGsOFR4KENV95gGKQKooEAJ9UgB8z0JNW9wNfZr96C0CIM7HEbQ8lkvEF3BGRqpbeeaKGQHknjUTprYB2Sj3EOeXtLrufcpfcy37axTcCagy8SdkSyZody2v5udkMc+BMgl07rhOhG2EqZQcAmjTDPWEDE+YD1oGBowH3QrmVw0oidG6dBuqEwFSCfq/ETCfK2Hvmc6fYZ9veiNxf+8Rozdi1YigihGCPj0o24sKYZ0HA/tCAUc5dAQxpUwu1LeZ4pxNCFmTAju4snLpHpWcJ2Ce1vMloqzONLkiByTHHHJOSmRG1ImFcLJE3khb+TderZerQ/rc9qasmYzh+QPrK9fgsactg==</latexit>

LPDE(G✓, G ) =
1
Nr

PNr

i=1 kr · �(ũ✓(x(i)), Ẽ (x(i)))k2
<latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="8BBxQPMsFL0PQZmoRmOhMfUrxo0="></latexit><latexit sha1_base64="8BBxQPMsFL0PQZmoRmOhMfUrxo0="></latexit><latexit sha1_base64="ZBhNz+ubLN9T3NNO9T+J3ouQHDE="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit><latexit sha1_base64="6hhXUJF16+AmVLPdapwMDk83Siw="></latexit>r · �(u, E) = 0

<latexit sha1_base64="imTi9xyXgLuWNSBXyZYqAdOesEA=">AAACJnicbVDLSgMxFM3UV62vqks3waIoSJmRgm4EQQSXFWwVOqXcyWTa0EwyJBmhDPM1bvwVNy4qIu78FDNtBV8XQg7n3Ms99wQJZ9q47rtTmptfWFwqL1dWVtfWN6qbW20tU0Voi0gu1V0AmnImaMsww+ldoijEAae3wfCi0G/vqdJMihszSmg3hr5gESNgLNWrnvkCAg7YJ6E02A8kD/Uotl/ma9aPIT/wYzCDIMrS/AhfHuL9M/zFuHmvWnPr7qTwX+DNQA3Nqtmrjv1QkjSmwhAOWnc8NzHdDJRhhNO84qeaJkCG0KcdCwXEVHezyZk53rNMiCOp7BMGT9jvExnEujBvOwuH+rdWkP9pndREp92MiSQ1VJDpoijl2EhcZIZDpigxfGQBEMWsV0wGoIAYm2zFhuD9PvkvaB/XPbfuXTdq541ZHGW0g3bRAfLQCTpHV6iJWoigB/SExujFeXSenVfnbdpacmYz2+hHOR+f3XylTQ==</latexit><latexit sha1_base64="imTi9xyXgLuWNSBXyZYqAdOesEA=">AAACJnicbVDLSgMxFM3UV62vqks3waIoSJmRgm4EQQSXFWwVOqXcyWTa0EwyJBmhDPM1bvwVNy4qIu78FDNtBV8XQg7n3Ms99wQJZ9q47rtTmptfWFwqL1dWVtfWN6qbW20tU0Voi0gu1V0AmnImaMsww+ldoijEAae3wfCi0G/vqdJMihszSmg3hr5gESNgLNWrnvkCAg7YJ6E02A8kD/Uotl/ma9aPIT/wYzCDIMrS/AhfHuL9M/zFuHmvWnPr7qTwX+DNQA3Nqtmrjv1QkjSmwhAOWnc8NzHdDJRhhNO84qeaJkCG0KcdCwXEVHezyZk53rNMiCOp7BMGT9jvExnEujBvOwuH+rdWkP9pndREp92MiSQ1VJDpoijl2EhcZIZDpigxfGQBEMWsV0wGoIAYm2zFhuD9PvkvaB/XPbfuXTdq541ZHGW0g3bRAfLQCTpHV6iJWoigB/SExujFeXSenVfnbdpacmYz2+hHOR+f3XylTQ==</latexit><latexit sha1_base64="imTi9xyXgLuWNSBXyZYqAdOesEA=">AAACJnicbVDLSgMxFM3UV62vqks3waIoSJmRgm4EQQSXFWwVOqXcyWTa0EwyJBmhDPM1bvwVNy4qIu78FDNtBV8XQg7n3Ms99wQJZ9q47rtTmptfWFwqL1dWVtfWN6qbW20tU0Voi0gu1V0AmnImaMsww+ldoijEAae3wfCi0G/vqdJMihszSmg3hr5gESNgLNWrnvkCAg7YJ6E02A8kD/Uotl/ma9aPIT/wYzCDIMrS/AhfHuL9M/zFuHmvWnPr7qTwX+DNQA3Nqtmrjv1QkjSmwhAOWnc8NzHdDJRhhNO84qeaJkCG0KcdCwXEVHezyZk53rNMiCOp7BMGT9jvExnEujBvOwuH+rdWkP9pndREp92MiSQ1VJDpoijl2EhcZIZDpigxfGQBEMWsV0wGoIAYm2zFhuD9PvkvaB/XPbfuXTdq541ZHGW0g3bRAfLQCTpHV6iJWoigB/SExujFeXSenVfnbdpacmYz2+hHOR+f3XylTQ==</latexit><latexit sha1_base64="imTi9xyXgLuWNSBXyZYqAdOesEA=">AAACJnicbVDLSgMxFM3UV62vqks3waIoSJmRgm4EQQSXFWwVOqXcyWTa0EwyJBmhDPM1bvwVNy4qIu78FDNtBV8XQg7n3Ms99wQJZ9q47rtTmptfWFwqL1dWVtfWN6qbW20tU0Voi0gu1V0AmnImaMsww+ldoijEAae3wfCi0G/vqdJMihszSmg3hr5gESNgLNWrnvkCAg7YJ6E02A8kD/Uotl/ma9aPIT/wYzCDIMrS/AhfHuL9M/zFuHmvWnPr7qTwX+DNQA3Nqtmrjv1QkjSmwhAOWnc8NzHdDJRhhNO84qeaJkCG0KcdCwXEVHezyZk53rNMiCOp7BMGT9jvExnEujBvOwuH+rdWkP9pndREp92MiSQ1VJDpoijl2EhcZIZDpigxfGQBEMWsV0wGoIAYm2zFhuD9PvkvaB/XPbfuXTdq541ZHGW0g3bRAfLQCTpHV6iJWoigB/SExujFeXSenVfnbdpacmYz2+hHOR+f3XylTQ==</latexit>

Governing PDE:



Numerical Proof-of-Concept
Ø Train a PI-GAN to generate realistic samples of a lognormally-distributed, spatially-

varying material stiffness and corresponding deformations under load using only
deformation data

Ø Synthetic measurement data generated via the finite element method

Domain Deformation Data (Real) Samples PI-GAN Generated (Fake) Samples
Sample 1 Sample 2 Sample 3
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(1, 1)
<latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit><latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit><latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3pi+UDhPJCPVbBkyooCGeDIjJmc=">AAAB4nicbZBLSwMxFIXv+Ky1anXrJliEClImbnQpuHFZwT6gHUomzbSxmWRI7gil9D+4caGIP8qd/8b0sdDWA4GPcxJy74kzJR2G4Xewsbm1vbNb2Cvulw4Oj8rHpaYzueWiwY0yth0zJ5TUooESlWhnVrA0VqIVj+5meetZWCeNfsRxJqKUDbRMJGforWaVXhJ60StXwlo4F1kHuoQKLFXvlb+6fcPzVGjkijnXoWGG0YRZlFyJabGbO5ExPmID0fGoWSpcNJlPOyXn3umTxFh/NJK5+/vFhKXOjdPY30wZDt1qNjP/yzo5JjfRROosR6H54qMkVwQNma1O+tIKjmrsgXEr/ayED5llHH1BRV8CXV15HZpXNRrW6EMIBTiFM6gChWu4hXuoQwM4PMELvMF7YILX4GNR10aw7O0E/ij4/AFSSYxd</latexit><latexit sha1_base64="3pi+UDhPJCPVbBkyooCGeDIjJmc=">AAAB4nicbZBLSwMxFIXv+Ky1anXrJliEClImbnQpuHFZwT6gHUomzbSxmWRI7gil9D+4caGIP8qd/8b0sdDWA4GPcxJy74kzJR2G4Xewsbm1vbNb2Cvulw4Oj8rHpaYzueWiwY0yth0zJ5TUooESlWhnVrA0VqIVj+5meetZWCeNfsRxJqKUDbRMJGforWaVXhJ60StXwlo4F1kHuoQKLFXvlb+6fcPzVGjkijnXoWGG0YRZlFyJabGbO5ExPmID0fGoWSpcNJlPOyXn3umTxFh/NJK5+/vFhKXOjdPY30wZDt1qNjP/yzo5JjfRROosR6H54qMkVwQNma1O+tIKjmrsgXEr/ayED5llHH1BRV8CXV15HZpXNRrW6EMIBTiFM6gChWu4hXuoQwM4PMELvMF7YILX4GNR10aw7O0E/ij4/AFSSYxd</latexit><latexit sha1_base64="B9V9bOYlT/sPxPmjKqqbWuCs8g0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNCHosePFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntar4AuHzfrni1/w50CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdBNkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXNezX8L1fqV/lcRThBE6hChiuoQ530IAmUHiEZ3iFN095L96797FoLXj5zDH8gff5A2iGjaM=</latexit><latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit><latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit><latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit><latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit><latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit><latexit sha1_base64="LgZSl6NW+KbknW+BXMgveNMamhQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpSNFPRY8OKxgq2FdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/2yusrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qV3FFwif98sVv+bPgVYJzkkFcjT75a/eQNE0ZtJSQYzpYj+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO0VnThmgSGlX0qK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbIKzV5HA64ZtWLiCKGau1sRHRFNqHUBlVwIePnlVdK+rGG/hu/qlUY9j6MIJ3AKVcBwBQ24hSa0gMIjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH2nGjac=</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
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<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
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⇥
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⇥
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⇥
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⇥
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⇥
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⇥
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⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
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⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
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⇥
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⇥
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⇥
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⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
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⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
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⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
<latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit><latexit sha1_base64="KRRu/99ooO6UDZwbeZbpGI2hcLw=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcFUSKeiy4MZlBfuANpTJ5KYdOnkwcyOWkI2/4saFIm79DHf+jdM0C209MHA45945M8dLBFdo299GZW19Y3Orul3b2d3bPzAPj7oqTiWDDotFLPseVSB4BB3kKKCfSKChJ6DnTW/mfu8BpOJxdI+zBNyQjiMecEZRSyPzZIjwiMU9mQQ/z4bIQ1D5yKzbDbuAtUqcktRJifbI/Br6MUtDiJAJqtTAsRN0MyqRMwF5bZgqSCib0jEMNI2oTnGzIji3zrXiW0Es9YnQKtTfGxkNlZqFnp4MKU7UsjcX//MGKQbXbsajJEWI2CIoSIWFsTVvw/K5BIZipgllkuu3WmxCJWWoO6vpEpzlL6+S7mXDsRvOXbPeapZ1VMkpOSMXxCFXpEVuSZt0CCM5eSav5M14Ml6Md+NjMVoxyp1j8gfG5w9Eg5ds</latexit>

⇥
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Ø Train a PI-GAN to generate realistic samples of a lognormally-distributed, spatially-
varying material stiffness and corresponding deformations under load using only
deformation data

Ø Synthetic measurement data generated via the finite element method



Numerical Proof-of-Concept
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Ø GPU speedup is critical for scaling the approach to more realistic problems

CPU: Dual socket 8 core 2.6 GHz 
Intel E5-2640v3 Haswell Node
GPUs:
• NVIDIA Tesla K40
• NVIDIA Tesla V100

Performance of training PI-GANs on GPUs with the LaRC K Cluster 
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Conclusion
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• PIGANs for Virtual Mechanical Testing made possible through HPCI support

• More compute means more confidence with UQ for predictive science at NASA
• Scientific machine learning is an emerging paradigm that provides the advantages of 

physics-based & data-driven modeling for UQ
• PI-GAN IRAD under consideration for Phase II continuation; aiming for TRL   + infusion

Spring 2019
Summer/Fall 2019
Fall 2019-Fall 2020

Spring 2020

SIAM CSE Conference  (HPCI sponsored travel/training)
Summer/Fall 2019 – NIFS Intern Software Development  (HPCI funded internship)
Fall 2019 - Fall 2020 – NASA IRAD Project awarded (Project infusion)
Spring 2020 – NASA TM Published; Software Released (Community impact)

Acknowledgments
Cara Leckey

HPCI Team/Community
LaRC K-Cluster

LaRC Training Office
NIFS Coordinators



• Software:
• Multi-Model Monte Carlo with Python (MXMCPy): github.com/nasa/MXMCPy
• Sequential Monte Carlo with Python (SMCPy): github.com/nasa/SMCPy
• Stochastic Reduced Order Models with Python (SROMPy): github.com/nasa/SROMPy
• Symbolic Regression with Python (bingo): github.com/nasa/bingo
• PIGANs for material identification: github.com/nasa/pigans-material-id

• Publications:
• Stochastic reduced order models with Python (SROMPy). NASA/TM-2018-219824
• Sequential Monte Carlo: Enabling real-time and high-fidelity prognostics. Proceedings of the Annual 

Conference of the PHM Society 2019.
• Rapid uncertainty propagation for high-fidelity prognostics using SROMPy and Python. Proceedings of 

the Annual Conference of the PHM Society 2019.
• Multi-model Monte Carlo with Python (MXMCPy). NASA/TM-2020-220585
• Inverse estimation of elastic modulus using physics-informed generative adversarial networks. 

NASA/TM-2020-5001300

Questions?
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