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OVERVIEW

What are adversarial examples,
and what are their risks?

Are they an escapable problem?

Poison attacks 

Why is optimization so easy on neural nets?
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VISUALIZING LOSS FUNCTIONS: 
FILTER NORMALIZATION
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VISUALIZING LOSS FUNCTIONS: 
FILTER NORMALIZATION



Step 3:

Filter 
normalization
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VISUALIZING LOSS FUNCTIONS: 
FILTER NORMALIZATION

Li, Xu, Taylor, Studer, G.  “Visualizing the loss landscape of neural nets.”



Step 4

Plot

u v

Li, Xu, Taylor, Studer, G.  “Visualizing the loss landscape of neural nets.”

VISUALIZING LOSS FUNCTIONS: 
FILTER NORMALIZATION
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56 LAYER NEURAL NET
CIFAR-10



skip connections
VGG-like ResNet

56 LAYER NEURAL NET
CIFAR-10
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CHAOTIC TRANSITIONS

VGG-20 VGG-56 VGG-110

Convexity Chaos



CHAOTIC TRANSITIONS
VGG-20 VGG-56 VGG-110

ResNet-20 ResNet-56 ResNet-110



VGG-110



DENSENET
121 LAYERS



Optimization on 
neural nets is easy!

That’s great for ML.

…but bad for security.



ADVERSARIAL EXAMPLES
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ADVERSARIAL ATTACKS
“Egyptian Cat” 28% “Traffic Light” 97%



“Ox” 85% “Traffic Light” 96%

ADVERSARIAL ATTACKS



THREAT MODEL:  EVASION
Test-time attacks: 
adversary controls inputs 

Supervised security desk Phishing email/
Competitor email

Fails when…



Train-time attacks: 
adversary controls training data 

THREAT MODEL:  POISON

Does this actually happen?

Scraping images from the web

Harvesting system inputs (spam detector) 

Bad actors/inside agents



HOW POISONING WORKS
Training data

Base

Testing example
Plane Frog
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Base Poison!

+ =

CLEAN-LABEL + TARGETED

Clean label:  poisons are labeled  “correctly”
Attacks are hard to detect

Performance only changes on selected target

Poison data can be placed on the web
Attacks can be executed by outsider

Poison data can be sent/emailed to data collectors



TWO CONTEXTS
Transfer learning

• Standard, pre-trained net is used
• “Feature extraction” layers frozen
• Classification layers re-trained
• Common practice in industry

“One-shot kill” possible

End-to end re-training
• Pre-trained net is used
• All-layers are re-trained

Multiple poisons required



COLLISION ATTACK

Decision boundary
Base

Target



COLLISION ATTACK

Decision boundary
Base

Target



COLLISION ATTACK

Decision boundary
Base

Target
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END-TO-END TRAINING?

Feature extraction layers 

Feature extractors learn to ignore adversarial 
perturbation



OH NO!  POISON DOGS!
60 poison dogs cause a bird to be mis-classified



THEORY OF ADVERSARIAL 
EXAMPLES



ATTACK & DEFENSES

Szegedy et al, 2013
Biggio et al, 2013

Adversarial attacks

Goodfellow et al 2015
Adversarial training

Kurakin et al, 2016
Multi-stage attacks

Tramer et al, 2017
Distillation Papernot ‘16

Zantedeschia ‘16Bounded relu
MagNet Meng & Chen  ‘17

Optimization attacks
Carlini & Wagner ‘17 Thermometer Buckman ‘18

Detection Ma et al,  ‘18
Compression Guo,  ‘18

GANs Samangouei,  ‘18
Athalye et al, 2018
Approximation attacks

…and LOTS more



ARE ADVERSARIAL EXAMPLES 
INEVITABLE?



RELATED WORK

“Analyzing the Robustness of Nearest Neighbors to Adversarial Examples”
Wang, Jha, Chaudhuri, 2017

“Adversarial vulnerability for any classifier”
Fawzi, Fawzi, Fawzi, 2018

“Adversarial spheres”
Gilmer, Metz, Faghri, Schoenholz, Raghu, Wattenberg, Goodfellow, 2018

“The Curse of Concentration in Robust Learning”
Mahloujifar, Diochnos, Mahmoody, 2018

K-nearest neighbors classifier

Datasets produced by GAN-type generator

Classes lie on concentric spheres

Most similar to ours…



ARE ADVERSARIAL EXAMPLES 
INEVITABLE?

…and the answer is…

YES!
…if the adversary is strong enough.

**spoiler alert**



ARE ADVERSARIAL EXAMPLES 
INEVITABLE?

Common assumptions…

Human perception is not exploitable

High dimensional spaces aren’t too weird

…but computer scientists think…

NO!



THE SETUP

Adversarial example

kx� x̂kp < ✏.
<latexit sha1_base64="TBtIL7HfKrZC6dcn0ifbMndY+lY=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwaJhSrpAgNDBQtjkehDaqLIcZ3WquNEtoNapV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fcq3vvCRJGpbLtb6Owsrq2vlHcLG1t7+zumfsHTRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFg5up33ogQtKY36tRQrwI9TgNKUZKS755bFnueHju9pGCQ3fsJ1cuSSRlMa9Ylm+W7Yo9A1wmTk7KIEfdN7/cbozTiHCFGZKy49iJ8jIkFMWMTEpuKkmC8AD1SEdTjiIivWz2xQSeaqULw1jo4grO1N8TGYqkHEWB7oyQ6stFbyr+53VSFV56GeVJqgjH80VhyqCK4TQS2KWCYMVGmiAsqL4V4j4SCCsdXEmH4Cy+vEya1YpjV5y7arl2ncdRBEfgBJwBB1yAGrgFddAAGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gCxDpdm</latexit><latexit sha1_base64="TBtIL7HfKrZC6dcn0ifbMndY+lY=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwaJhSrpAgNDBQtjkehDaqLIcZ3WquNEtoNapV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fcq3vvCRJGpbLtb6Owsrq2vlHcLG1t7+zumfsHTRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFg5up33ogQtKY36tRQrwI9TgNKUZKS755bFnueHju9pGCQ3fsJ1cuSSRlMa9Ylm+W7Yo9A1wmTk7KIEfdN7/cbozTiHCFGZKy49iJ8jIkFMWMTEpuKkmC8AD1SEdTjiIivWz2xQSeaqULw1jo4grO1N8TGYqkHEWB7oyQ6stFbyr+53VSFV56GeVJqgjH80VhyqCK4TQS2KWCYMVGmiAsqL4V4j4SCCsdXEmH4Cy+vEya1YpjV5y7arl2ncdRBEfgBJwBB1yAGrgFddAAGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gCxDpdm</latexit><latexit sha1_base64="TBtIL7HfKrZC6dcn0ifbMndY+lY=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwaJhSrpAgNDBQtjkehDaqLIcZ3WquNEtoNapV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fcq3vvCRJGpbLtb6Owsrq2vlHcLG1t7+zumfsHTRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFg5up33ogQtKY36tRQrwI9TgNKUZKS755bFnueHju9pGCQ3fsJ1cuSSRlMa9Ylm+W7Yo9A1wmTk7KIEfdN7/cbozTiHCFGZKy49iJ8jIkFMWMTEpuKkmC8AD1SEdTjiIivWz2xQSeaqULw1jo4grO1N8TGYqkHEWB7oyQ6stFbyr+53VSFV56GeVJqgjH80VhyqCK4TQS2KWCYMVGmiAsqL4V4j4SCCsdXEmH4Cy+vEya1YpjV5y7arl2ncdRBEfgBJwBB1yAGrgFddAAGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gCxDpdm</latexit><latexit sha1_base64="TBtIL7HfKrZC6dcn0ifbMndY+lY=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwaJhSrpAgNDBQtjkehDaqLIcZ3WquNEtoNapV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fcq3vvCRJGpbLtb6Owsrq2vlHcLG1t7+zumfsHTRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFg5up33ogQtKY36tRQrwI9TgNKUZKS755bFnueHju9pGCQ3fsJ1cuSSRlMa9Ylm+W7Yo9A1wmTk7KIEfdN7/cbozTiHCFGZKy49iJ8jIkFMWMTEpuKkmC8AD1SEdTjiIivWz2xQSeaqULw1jo4grO1N8TGYqkHEWB7oyQ6stFbyr+53VSFV56GeVJqgjH80VhyqCK4TQS2KWCYMVGmiAsqL4V4j4SCCsdXEmH4Cy+vEya1YpjV5y7arl2ncdRBEfgBJwBB1yAGrgFddAAGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gCxDpdm</latexit>

x̂
<latexit sha1_base64="nBIYp3qMIiH8DmlrGdyknZyOw0U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJmdmaZ6RVDyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTP3mIzdWaHWPo5SHCe0rEQtG0UmNzoAieeqWyn7Fn4EskyAnZchR65a+Oj3NsoQrZJJa2w78FMMxNSiY5JNiJ7M8pWxI+7ztqKIJt+F4du2EnDqlR2JtXCkkM/X3xJgm1o6SyHUmFAd20ZuK/3ntDOOrcCxUmiFXbL4oziRBTaavk54wnKEcOUKZEe5WwgbUUIYuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp70X7937mLeuePnMEfyB9/kDQPiO5w==</latexit><latexit sha1_base64="nBIYp3qMIiH8DmlrGdyknZyOw0U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJmdmaZ6RVDyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTP3mIzdWaHWPo5SHCe0rEQtG0UmNzoAieeqWyn7Fn4EskyAnZchR65a+Oj3NsoQrZJJa2w78FMMxNSiY5JNiJ7M8pWxI+7ztqKIJt+F4du2EnDqlR2JtXCkkM/X3xJgm1o6SyHUmFAd20ZuK/3ntDOOrcCxUmiFXbL4oziRBTaavk54wnKEcOUKZEe5WwgbUUIYuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp70X7937mLeuePnMEfyB9/kDQPiO5w==</latexit><latexit sha1_base64="nBIYp3qMIiH8DmlrGdyknZyOw0U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJmdmaZ6RVDyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTP3mIzdWaHWPo5SHCe0rEQtG0UmNzoAieeqWyn7Fn4EskyAnZchR65a+Oj3NsoQrZJJa2w78FMMxNSiY5JNiJ7M8pWxI+7ztqKIJt+F4du2EnDqlR2JtXCkkM/X3xJgm1o6SyHUmFAd20ZuK/3ntDOOrcCxUmiFXbL4oziRBTaavk54wnKEcOUKZEe5WwgbUUIYuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp70X7937mLeuePnMEfyB9/kDQPiO5w==</latexit><latexit sha1_base64="nBIYp3qMIiH8DmlrGdyknZyOw0U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJmdmaZ6RVDyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTP3mIzdWaHWPo5SHCe0rEQtG0UmNzoAieeqWyn7Fn4EskyAnZchR65a+Oj3NsoQrZJJa2w78FMMxNSiY5JNiJ7M8pWxI+7ztqKIJt+F4du2EnDqlR2JtXCkkM/X3xJgm1o6SyHUmFAd20ZuK/3ntDOOrcCxUmiFXbL4oziRBTaavk54wnKEcOUKZEe5WwgbUUIYuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp70X7937mLeuePnMEfyB9/kDQPiO5w==</latexit>

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

✏
<latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit>



TOY PROBLEM

Dimension 
3

<latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit>



Surface area A
<latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit>

Dimension 
3

<latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit>

Adversarial 
examples?

50%
<latexit sha1_base64="pvxFHbxQiG2R7ENdLFc1I/UU5K0=">AAACAnicbVBNS8NAEJ34WeNX1aOXYCl4Kokoeix68VjBfkAbymY7aZduNmF3I5TQm2ev+hu8iVf/iD/Bf+GmzcG2Phh4vDfDzLwg4Uxp1/221tY3Nre2Szv27t7+wWH56Lil4lRSbNKYx7ITEIWcCWxqpjl2EokkCji2g/Fd7refUCoWi0c9SdCPyFCwkFGic+nK7VX75Ypbc2dwVolXkAoUaPTLP71BTNMIhaacKNX13ET7GZGaUY5Tu5cqTAgdkyF2DRUkQuVns1unTtUoAyeMpSmhnZn6dyIjkVKTKDCdEdEjtezl4n9eN9XhjZ8xkaQaBZ0vClPu6NjJH3cGTCLVfGIIoZKZWx06IpJQbeKx7YU9glEMjTU12XjLSayS1kXNc2vew2WlflukVIJTOINz8OAa6nAPDWgChRG8wCu8Wc/Wu/Vhfc5b16xi5gQWYH39Agdwls4=</latexit><latexit sha1_base64="pvxFHbxQiG2R7ENdLFc1I/UU5K0=">AAACAnicbVBNS8NAEJ34WeNX1aOXYCl4Kokoeix68VjBfkAbymY7aZduNmF3I5TQm2ev+hu8iVf/iD/Bf+GmzcG2Phh4vDfDzLwg4Uxp1/221tY3Nre2Szv27t7+wWH56Lil4lRSbNKYx7ITEIWcCWxqpjl2EokkCji2g/Fd7refUCoWi0c9SdCPyFCwkFGic+nK7VX75Ypbc2dwVolXkAoUaPTLP71BTNMIhaacKNX13ET7GZGaUY5Tu5cqTAgdkyF2DRUkQuVns1unTtUoAyeMpSmhnZn6dyIjkVKTKDCdEdEjtezl4n9eN9XhjZ8xkaQaBZ0vClPu6NjJH3cGTCLVfGIIoZKZWx06IpJQbeKx7YU9glEMjTU12XjLSayS1kXNc2vew2WlflukVIJTOINz8OAa6nAPDWgChRG8wCu8Wc/Wu/Vhfc5b16xi5gQWYH39Agdwls4=</latexit><latexit sha1_base64="pvxFHbxQiG2R7ENdLFc1I/UU5K0=">AAACAnicbVBNS8NAEJ34WeNX1aOXYCl4Kokoeix68VjBfkAbymY7aZduNmF3I5TQm2ev+hu8iVf/iD/Bf+GmzcG2Phh4vDfDzLwg4Uxp1/221tY3Nre2Szv27t7+wWH56Lil4lRSbNKYx7ITEIWcCWxqpjl2EokkCji2g/Fd7refUCoWi0c9SdCPyFCwkFGic+nK7VX75Ypbc2dwVolXkAoUaPTLP71BTNMIhaacKNX13ET7GZGaUY5Tu5cqTAgdkyF2DRUkQuVns1unTtUoAyeMpSmhnZn6dyIjkVKTKDCdEdEjtezl4n9eN9XhjZ8xkaQaBZ0vClPu6NjJH3cGTCLVfGIIoZKZWx06IpJQbeKx7YU9glEMjTU12XjLSayS1kXNc2vew2WlflukVIJTOINz8OAa6nAPDWgChRG8wCu8Wc/Wu/Vhfc5b16xi5gQWYH39Agdwls4=</latexit><latexit sha1_base64="pvxFHbxQiG2R7ENdLFc1I/UU5K0=">AAACAnicbVBNS8NAEJ34WeNX1aOXYCl4Kokoeix68VjBfkAbymY7aZduNmF3I5TQm2ev+hu8iVf/iD/Bf+GmzcG2Phh4vDfDzLwg4Uxp1/221tY3Nre2Szv27t7+wWH56Lil4lRSbNKYx7ITEIWcCWxqpjl2EokkCji2g/Fd7refUCoWi0c9SdCPyFCwkFGic+nK7VX75Ypbc2dwVolXkAoUaPTLP71BTNMIhaacKNX13ET7GZGaUY5Tu5cqTAgdkyF2DRUkQuVns1unTtUoAyeMpSmhnZn6dyIjkVKTKDCdEdEjtezl4n9eN9XhjZ8xkaQaBZ0vClPu6NjJH3cGTCLVfGIIoZKZWx06IpJQbeKx7YU9glEMjTU12XjLSayS1kXNc2vew2WlflukVIJTOINz8OAa6nAPDWgChRG8wCu8Wc/Wu/Vhfc5b16xi5gQWYH39Agdwls4=</latexit>

B
<latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit>

TOY PROBLEM



Surface area

Dimension 
3

<latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit><latexit sha1_base64="1aidHZBhAcXEXrXvfu5MheI9Ils=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS82pQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJu1b13KrXrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfQWMtQ==</latexit>

A
<latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit>

B
<latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit>

✏ = 0.1
<latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit>

55%
<latexit sha1_base64="eqYP5HUDwNXBb2cBNOXsPWT65Vs=">AAACAnicbVBNS8NAEJ3Ur1q/qh69BEvBU0nEoseiF48V7Ae0oWy2k3bpZhN2N0IJvXn2qr/Bm3j1j/gT/Bdu2hxs64OBx3szzMzzY86Udpxvq7CxubW9U9wt7e0fHB6Vj0/aKkokxRaNeCS7PlHImcCWZppjN5ZIQp9jx5/cZX7nCaVikXjU0xi9kIwECxglOpPq9X51UK44NWcOe524OalAjuag/NMfRjQJUWjKiVI914m1lxKpGeU4K/UThTGhEzLCnqGChKi8dH7rzK4aZWgHkTQltD1X/06kJFRqGvqmMyR6rFa9TPzP6yU6uPFSJuJEo6CLRUHCbR3Z2eP2kEmkmk8NIVQyc6tNx0QSqk08pdLSHsEoBsaamWzc1STWSfuy5jo19+Gq0rjNUyrCGZzDBbhwDQ24hya0gMIYXuAV3qxn6936sD4XrQUrnzmFJVhfvw+BltM=</latexit><latexit sha1_base64="eqYP5HUDwNXBb2cBNOXsPWT65Vs=">AAACAnicbVBNS8NAEJ3Ur1q/qh69BEvBU0nEoseiF48V7Ae0oWy2k3bpZhN2N0IJvXn2qr/Bm3j1j/gT/Bdu2hxs64OBx3szzMzzY86Udpxvq7CxubW9U9wt7e0fHB6Vj0/aKkokxRaNeCS7PlHImcCWZppjN5ZIQp9jx5/cZX7nCaVikXjU0xi9kIwECxglOpPq9X51UK44NWcOe524OalAjuag/NMfRjQJUWjKiVI914m1lxKpGeU4K/UThTGhEzLCnqGChKi8dH7rzK4aZWgHkTQltD1X/06kJFRqGvqmMyR6rFa9TPzP6yU6uPFSJuJEo6CLRUHCbR3Z2eP2kEmkmk8NIVQyc6tNx0QSqk08pdLSHsEoBsaamWzc1STWSfuy5jo19+Gq0rjNUyrCGZzDBbhwDQ24hya0gMIYXuAV3qxn6936sD4XrQUrnzmFJVhfvw+BltM=</latexit><latexit sha1_base64="eqYP5HUDwNXBb2cBNOXsPWT65Vs=">AAACAnicbVBNS8NAEJ3Ur1q/qh69BEvBU0nEoseiF48V7Ae0oWy2k3bpZhN2N0IJvXn2qr/Bm3j1j/gT/Bdu2hxs64OBx3szzMzzY86Udpxvq7CxubW9U9wt7e0fHB6Vj0/aKkokxRaNeCS7PlHImcCWZppjN5ZIQp9jx5/cZX7nCaVikXjU0xi9kIwECxglOpPq9X51UK44NWcOe524OalAjuag/NMfRjQJUWjKiVI914m1lxKpGeU4K/UThTGhEzLCnqGChKi8dH7rzK4aZWgHkTQltD1X/06kJFRqGvqmMyR6rFa9TPzP6yU6uPFSJuJEo6CLRUHCbR3Z2eP2kEmkmk8NIVQyc6tNx0QSqk08pdLSHsEoBsaamWzc1STWSfuy5jo19+Gq0rjNUyrCGZzDBbhwDQ24hya0gMIYXuAV3qxn6936sD4XrQUrnzmFJVhfvw+BltM=</latexit><latexit sha1_base64="eqYP5HUDwNXBb2cBNOXsPWT65Vs=">AAACAnicbVBNS8NAEJ3Ur1q/qh69BEvBU0nEoseiF48V7Ae0oWy2k3bpZhN2N0IJvXn2qr/Bm3j1j/gT/Bdu2hxs64OBx3szzMzzY86Udpxvq7CxubW9U9wt7e0fHB6Vj0/aKkokxRaNeCS7PlHImcCWZppjN5ZIQp9jx5/cZX7nCaVikXjU0xi9kIwECxglOpPq9X51UK44NWcOe524OalAjuag/NMfRjQJUWjKiVI914m1lxKpGeU4K/UThTGhEzLCnqGChKi8dH7rzK4aZWgHkTQltD1X/06kJFRqGvqmMyR6rFa9TPzP6yU6uPFSJuJEo6CLRUHCbR3Z2eP2kEmkmk8NIVQyc6tNx0QSqk08pdLSHsEoBsaamWzc1STWSfuy5jo19+Gq0rjNUyrCGZzDBbhwDQ24hya0gMIYXuAV3qxn6936sD4XrQUrnzmFJVhfvw+BltM=</latexit>

TOY PROBLEM



Surface area

Dimension 

A
<latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit>

B
<latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit>

✏ = 0.1
<latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit>

100
<latexit sha1_base64="mZEtrCnQOF7YHEebP5sd3aPrsQ8=">AAACAXicbVDLSgNBEOyNrxhfUY9eFoPgKcyKoMegF48RzQOSJcxOepMhs7PLzKwQlpw8e9Vv8CZe/RI/wb9wkuzBJBY0FFXddHcFieDaEPLtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPbqd96QqV5LB/NOEE/ogPJQ86osdKDR0ivXCFVMoO7SrycVCBHvVf+6fZjlkYoDRNU645HEuNnVBnOBE5K3VRjQtmIDrBjqaQRaj+bnTpxz6zSd8NY2ZLGnal/JzIaaT2OAtsZUTPUy95U/M/rpCa89jMuk9SgZPNFYSpcE7vTv90+V8iMGFtCmeL2VpcNqaLM2HRKpYU9kjMMrTWx2XjLSayS5kXVI1Xv/rJSu8lTKsIJnMI5eHAFNbiDOjSAwQBe4BXenGfn3flwPuetBSefOYYFOF+/WSKWbw==</latexit><latexit sha1_base64="mZEtrCnQOF7YHEebP5sd3aPrsQ8=">AAACAXicbVDLSgNBEOyNrxhfUY9eFoPgKcyKoMegF48RzQOSJcxOepMhs7PLzKwQlpw8e9Vv8CZe/RI/wb9wkuzBJBY0FFXddHcFieDaEPLtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPbqd96QqV5LB/NOEE/ogPJQ86osdKDR0ivXCFVMoO7SrycVCBHvVf+6fZjlkYoDRNU645HEuNnVBnOBE5K3VRjQtmIDrBjqaQRaj+bnTpxz6zSd8NY2ZLGnal/JzIaaT2OAtsZUTPUy95U/M/rpCa89jMuk9SgZPNFYSpcE7vTv90+V8iMGFtCmeL2VpcNqaLM2HRKpYU9kjMMrTWx2XjLSayS5kXVI1Xv/rJSu8lTKsIJnMI5eHAFNbiDOjSAwQBe4BXenGfn3flwPuetBSefOYYFOF+/WSKWbw==</latexit><latexit sha1_base64="mZEtrCnQOF7YHEebP5sd3aPrsQ8=">AAACAXicbVDLSgNBEOyNrxhfUY9eFoPgKcyKoMegF48RzQOSJcxOepMhs7PLzKwQlpw8e9Vv8CZe/RI/wb9wkuzBJBY0FFXddHcFieDaEPLtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPbqd96QqV5LB/NOEE/ogPJQ86osdKDR0ivXCFVMoO7SrycVCBHvVf+6fZjlkYoDRNU645HEuNnVBnOBE5K3VRjQtmIDrBjqaQRaj+bnTpxz6zSd8NY2ZLGnal/JzIaaT2OAtsZUTPUy95U/M/rpCa89jMuk9SgZPNFYSpcE7vTv90+V8iMGFtCmeL2VpcNqaLM2HRKpYU9kjMMrTWx2XjLSayS5kXVI1Xv/rJSu8lTKsIJnMI5eHAFNbiDOjSAwQBe4BXenGfn3flwPuetBSefOYYFOF+/WSKWbw==</latexit><latexit sha1_base64="mZEtrCnQOF7YHEebP5sd3aPrsQ8=">AAACAXicbVDLSgNBEOyNrxhfUY9eFoPgKcyKoMegF48RzQOSJcxOepMhs7PLzKwQlpw8e9Vv8CZe/RI/wb9wkuzBJBY0FFXddHcFieDaEPLtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPbqd96QqV5LB/NOEE/ogPJQ86osdKDR0ivXCFVMoO7SrycVCBHvVf+6fZjlkYoDRNU645HEuNnVBnOBE5K3VRjQtmIDrBjqaQRaj+bnTpxz6zSd8NY2ZLGnal/JzIaaT2OAtsZUTPUy95U/M/rpCa89jMuk9SgZPNFYSpcE7vTv90+V8iMGFtCmeL2VpcNqaLM2HRKpYU9kjMMrTWx2XjLSayS5kXVI1Xv/rJSu8lTKsIJnMI5eHAFNbiDOjSAwQBe4BXenGfn3flwPuetBSefOYYFOF+/WSKWbw==</latexit>

84%
<latexit sha1_base64="L/MXqPJY13Bs+qIvuvy1cCzMX38=">AAACAnicbVBNS8NAEJ3Urxq/qh69BEvBU0mkYI9FLx4r2A9oS9lsJ+3SzSbsboQSevPsVX+DN/HqH/En+C/ctDnY1gcDj/dmmJnnx5wp7brfVmFre2d3r7hvHxweHZ+UTs/aKkokxRaNeCS7PlHImcCWZppjN5ZIQp9jx5/eZX7nCaVikXjUsxgHIRkLFjBKdCbVa/3KsFR2q+4CzibxclKGHM1h6ac/imgSotCUE6V6nhvrQUqkZpTj3O4nCmNCp2SMPUMFCVEN0sWtc6dilJETRNKU0M5C/TuRklCpWeibzpDoiVr3MvE/r5fooD5ImYgTjYIuFwUJd3TkZI87IyaRaj4zhFDJzK0OnRBJqDbx2PbKHsEoBsaam2y89SQ2Sfu66rlV76FWbtzmKRXhAi7hCjy4gQbcQxNaQGECL/AKb9az9W59WJ/L1oKVz5zDCqyvXxK+ltU=</latexit><latexit sha1_base64="L/MXqPJY13Bs+qIvuvy1cCzMX38=">AAACAnicbVBNS8NAEJ3Urxq/qh69BEvBU0mkYI9FLx4r2A9oS9lsJ+3SzSbsboQSevPsVX+DN/HqH/En+C/ctDnY1gcDj/dmmJnnx5wp7brfVmFre2d3r7hvHxweHZ+UTs/aKkokxRaNeCS7PlHImcCWZppjN5ZIQp9jx5/eZX7nCaVikXjUsxgHIRkLFjBKdCbVa/3KsFR2q+4CzibxclKGHM1h6ac/imgSotCUE6V6nhvrQUqkZpTj3O4nCmNCp2SMPUMFCVEN0sWtc6dilJETRNKU0M5C/TuRklCpWeibzpDoiVr3MvE/r5fooD5ImYgTjYIuFwUJd3TkZI87IyaRaj4zhFDJzK0OnRBJqDbx2PbKHsEoBsaam2y89SQ2Sfu66rlV76FWbtzmKRXhAi7hCjy4gQbcQxNaQGECL/AKb9az9W59WJ/L1oKVz5zDCqyvXxK+ltU=</latexit><latexit sha1_base64="L/MXqPJY13Bs+qIvuvy1cCzMX38=">AAACAnicbVBNS8NAEJ3Urxq/qh69BEvBU0mkYI9FLx4r2A9oS9lsJ+3SzSbsboQSevPsVX+DN/HqH/En+C/ctDnY1gcDj/dmmJnnx5wp7brfVmFre2d3r7hvHxweHZ+UTs/aKkokxRaNeCS7PlHImcCWZppjN5ZIQp9jx5/eZX7nCaVikXjUsxgHIRkLFjBKdCbVa/3KsFR2q+4CzibxclKGHM1h6ac/imgSotCUE6V6nhvrQUqkZpTj3O4nCmNCp2SMPUMFCVEN0sWtc6dilJETRNKU0M5C/TuRklCpWeibzpDoiVr3MvE/r5fooD5ImYgTjYIuFwUJd3TkZI87IyaRaj4zhFDJzK0OnRBJqDbx2PbKHsEoBsaam2y89SQ2Sfu66rlV76FWbtzmKRXhAi7hCjy4gQbcQxNaQGECL/AKb9az9W59WJ/L1oKVz5zDCqyvXxK+ltU=</latexit><latexit sha1_base64="L/MXqPJY13Bs+qIvuvy1cCzMX38=">AAACAnicbVBNS8NAEJ3Urxq/qh69BEvBU0mkYI9FLx4r2A9oS9lsJ+3SzSbsboQSevPsVX+DN/HqH/En+C/ctDnY1gcDj/dmmJnnx5wp7brfVmFre2d3r7hvHxweHZ+UTs/aKkokxRaNeCS7PlHImcCWZppjN5ZIQp9jx5/eZX7nCaVikXjUsxgHIRkLFjBKdCbVa/3KsFR2q+4CzibxclKGHM1h6ac/imgSotCUE6V6nhvrQUqkZpTj3O4nCmNCp2SMPUMFCVEN0sWtc6dilJETRNKU0M5C/TuRklCpWeibzpDoiVr3MvE/r5fooD5ImYgTjYIuFwUJd3TkZI87IyaRaj4zhFDJzK0OnRBJqDbx2PbKHsEoBsaam2y89SQ2Sfu66rlV76FWbtzmKRXhAi7hCjy4gQbcQxNaQGECL/AKb9az9W59WJ/L1oKVz5zDCqyvXxK+ltU=</latexit>

TOY PROBLEM



Surface area

Dimension 

A
<latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit>

B
<latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit>

✏ = 0.1
<latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit><latexit sha1_base64="5M4IcZgNFF5bTk0gySCRsYleu0Q=">AAACCnicbZDLSsNAFIYn9VbjrerSzWARXJVEBN0IRTcuK9gLNKFMpift0MlkmJkIJfQNXLvVZ3Anbn0JH8G3cNpmYVsPHPj5/3M4hy+SnGnjed9OaW19Y3OrvO3u7O7tH1QOj1o6zRSFJk15qjoR0cCZgKZhhkNHKiBJxKEdje6mefsJlGapeDRjCWFCBoLFjBJjrSAAqRlPxY1X83uVqlfzZoVXhV+IKiqq0av8BP2UZgkIQznRuut70oQ5UYZRDhM3yDRIQkdkAF0rBUlAh/ns5wk+s04fx6myLQyeuX83cpJoPU4iO5kQM9TL2dT8L+tmJr4OcyZkZkDQ+aE449ikeAoA95kCavjYCkIVs79iOiSKUGMxue7CHcEoxDaaWDb+MolV0bqo+Rbkw2W1fltQKqMTdIrOkY+uUB3dowZqIookekGv6M15dt6dD+dzPlpyip1jtFDO1y96AJpa</latexit>

99.8%
<latexit sha1_base64="/J4Ao0ZH29EQ5oi7AoXkzv/7K68=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBVUhEsN0V3bisYB/QhjKZTtqxk0mYmQgldOvarX6DO3Hrf/gJ/oXTNgvbeuDC4Zx7ufeeIOFMadf9tgobm1vbO8Vde2//4PCodHzSUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywvp357ScqFYvFg54k1I/wULCQEayN1KrVnGqv0i+VXcedA60TLydlyNHol356g5ikERWacKxU13MT7WdYakY4ndq9VNEEkzEe0q6hAkdU+dn82imqGGWAwliaEhrN1b8TGY6UmkSB6YywHqlVbyb+53VTHVb9jIkk1VSQxaIw5UjHaPY6GjBJieYTQzCRzNyKyAhLTLQJyLaX9ghGaGisqcnGW01inbQuHc91vPurcv0mT6kIZ3AOF+DBNdThDhrQBAKP8AKv8GY9W+/Wh/W5aC1Y+cwpLMH6+gUMIJdV</latexit><latexit sha1_base64="/J4Ao0ZH29EQ5oi7AoXkzv/7K68=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBVUhEsN0V3bisYB/QhjKZTtqxk0mYmQgldOvarX6DO3Hrf/gJ/oXTNgvbeuDC4Zx7ufeeIOFMadf9tgobm1vbO8Vde2//4PCodHzSUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywvp357ScqFYvFg54k1I/wULCQEayN1KrVnGqv0i+VXcedA60TLydlyNHol356g5ikERWacKxU13MT7WdYakY4ndq9VNEEkzEe0q6hAkdU+dn82imqGGWAwliaEhrN1b8TGY6UmkSB6YywHqlVbyb+53VTHVb9jIkk1VSQxaIw5UjHaPY6GjBJieYTQzCRzNyKyAhLTLQJyLaX9ghGaGisqcnGW01inbQuHc91vPurcv0mT6kIZ3AOF+DBNdThDhrQBAKP8AKv8GY9W+/Wh/W5aC1Y+cwpLMH6+gUMIJdV</latexit><latexit sha1_base64="/J4Ao0ZH29EQ5oi7AoXkzv/7K68=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBVUhEsN0V3bisYB/QhjKZTtqxk0mYmQgldOvarX6DO3Hrf/gJ/oXTNgvbeuDC4Zx7ufeeIOFMadf9tgobm1vbO8Vde2//4PCodHzSUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywvp357ScqFYvFg54k1I/wULCQEayN1KrVnGqv0i+VXcedA60TLydlyNHol356g5ikERWacKxU13MT7WdYakY4ndq9VNEEkzEe0q6hAkdU+dn82imqGGWAwliaEhrN1b8TGY6UmkSB6YywHqlVbyb+53VTHVb9jIkk1VSQxaIw5UjHaPY6GjBJieYTQzCRzNyKyAhLTLQJyLaX9ghGaGisqcnGW01inbQuHc91vPurcv0mT6kIZ3AOF+DBNdThDhrQBAKP8AKv8GY9W+/Wh/W5aC1Y+cwpLMH6+gUMIJdV</latexit><latexit sha1_base64="/J4Ao0ZH29EQ5oi7AoXkzv/7K68=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBVUhEsN0V3bisYB/QhjKZTtqxk0mYmQgldOvarX6DO3Hrf/gJ/oXTNgvbeuDC4Zx7ufeeIOFMadf9tgobm1vbO8Vde2//4PCodHzSUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywvp357ScqFYvFg54k1I/wULCQEayN1KrVnGqv0i+VXcedA60TLydlyNHol356g5ikERWacKxU13MT7WdYakY4ndq9VNEEkzEe0q6hAkdU+dn82imqGGWAwliaEhrN1b8TGY6UmkSB6YywHqlVbyb+53VTHVb9jIkk1VSQxaIw5UjHaPY6GjBJieYTQzCRzNyKyAhLTLQJyLaX9ghGaGisqcnGW01inbQuHc91vPurcv0mT6kIZ3AOF+DBNdThDhrQBAKP8AKv8GY9W+/Wh/W5aC1Y+cwpLMH6+gUMIJdV</latexit>

1000
<latexit sha1_base64="Qg90+rL1gSC7TPMkBXD169DyksY=">AAACAnicbVBNS8NAEJ3Urxq/qh69BIvgqWxE0GPRi8cKthXaUDbbSbt0swm7G6GU3jx71d/gTbz6R/wJ/gs3bQ629cHA470ZZuaFqeDaEPLtlNbWNza3ytvuzu7e/kHl8Kilk0wxbLJEJOoxpBoFl9g03Ah8TBXSOBTYDke3ud9+QqV5Ih/MOMUgpgPJI86oySWfENKrVEmNzOCtEr8gVSjQ6FV+uv2EZTFKwwTVuuOT1AQTqgxnAqduN9OYUjaiA+xYKmmMOpjMbp16Z1bpe1GibEnjzdS/ExMaaz2OQ9sZUzPUy14u/ud1MhNdBxMu08ygZPNFUSY8k3j5416fK2RGjC2hTHF7q8eGVFFmbDyuu7BHcoaRtaY2G385iVXSuqj5pObfX1brN0VKZTiBUzgHH66gDnfQgCYwGMILvMKb8+y8Ox/O57y15BQzx7AA5+sXy8KWqQ==</latexit><latexit sha1_base64="Qg90+rL1gSC7TPMkBXD169DyksY=">AAACAnicbVBNS8NAEJ3Urxq/qh69BIvgqWxE0GPRi8cKthXaUDbbSbt0swm7G6GU3jx71d/gTbz6R/wJ/gs3bQ629cHA470ZZuaFqeDaEPLtlNbWNza3ytvuzu7e/kHl8Kilk0wxbLJEJOoxpBoFl9g03Ah8TBXSOBTYDke3ud9+QqV5Ih/MOMUgpgPJI86oySWfENKrVEmNzOCtEr8gVSjQ6FV+uv2EZTFKwwTVuuOT1AQTqgxnAqduN9OYUjaiA+xYKmmMOpjMbp16Z1bpe1GibEnjzdS/ExMaaz2OQ9sZUzPUy14u/ud1MhNdBxMu08ygZPNFUSY8k3j5416fK2RGjC2hTHF7q8eGVFFmbDyuu7BHcoaRtaY2G385iVXSuqj5pObfX1brN0VKZTiBUzgHH66gDnfQgCYwGMILvMKb8+y8Ox/O57y15BQzx7AA5+sXy8KWqQ==</latexit><latexit sha1_base64="Qg90+rL1gSC7TPMkBXD169DyksY=">AAACAnicbVBNS8NAEJ3Urxq/qh69BIvgqWxE0GPRi8cKthXaUDbbSbt0swm7G6GU3jx71d/gTbz6R/wJ/gs3bQ629cHA470ZZuaFqeDaEPLtlNbWNza3ytvuzu7e/kHl8Kilk0wxbLJEJOoxpBoFl9g03Ah8TBXSOBTYDke3ud9+QqV5Ih/MOMUgpgPJI86oySWfENKrVEmNzOCtEr8gVSjQ6FV+uv2EZTFKwwTVuuOT1AQTqgxnAqduN9OYUjaiA+xYKmmMOpjMbp16Z1bpe1GibEnjzdS/ExMaaz2OQ9sZUzPUy14u/ud1MhNdBxMu08ygZPNFUSY8k3j5416fK2RGjC2hTHF7q8eGVFFmbDyuu7BHcoaRtaY2G385iVXSuqj5pObfX1brN0VKZTiBUzgHH66gDnfQgCYwGMILvMKb8+y8Ox/O57y15BQzx7AA5+sXy8KWqQ==</latexit><latexit sha1_base64="Qg90+rL1gSC7TPMkBXD169DyksY=">AAACAnicbVBNS8NAEJ3Urxq/qh69BIvgqWxE0GPRi8cKthXaUDbbSbt0swm7G6GU3jx71d/gTbz6R/wJ/gs3bQ629cHA470ZZuaFqeDaEPLtlNbWNza3ytvuzu7e/kHl8Kilk0wxbLJEJOoxpBoFl9g03Ah8TBXSOBTYDke3ud9+QqV5Ih/MOMUgpgPJI86oySWfENKrVEmNzOCtEr8gVSjQ6FV+uv2EZTFKwwTVuuOT1AQTqgxnAqduN9OYUjaiA+xYKmmMOpjMbp16Z1bpe1GibEnjzdS/ExMaaz2OQ9sZUzPUy14u/ud1MhNdBxMu08ygZPNFUSY8k3j5416fK2RGjC2hTHF7q8eGVFFmbDyuu7BHcoaRtaY2G385iVXSuqj5pObfX1brN0VKZTiBUzgHH66gDnfQgCYwGMILvMKb8+y8Ox/O57y15BQzx7AA5+sXy8KWqQ==</latexit>

TOY PROBLEM

random 
sampling

adversarial
susceptibility



A
<latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit>

B
<latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit><latexit sha1_base64="FA6vRvnD6zdKrIypTzNAQe0JtqY=">AAACCXicbVDLSgMxFM3UVx1fVZdugkVwVWZE0GWpG5cV7APaoWTSO21oJhmSjFCGfoFrt/oN7sStX+En+Bdm2lnY1gOBwzn3ck9OmHCmjed9O6WNza3tnfKuu7d/cHhUOT5pa5kqCi0quVTdkGjgTEDLMMOhmyggccihE07ucr/zBEozKR7NNIEgJiPBIkaJsVKvHxMzpoRnjdmgUvVq3hx4nfgFqaICzUHlpz+UNI1BGMqJ1j3fS0yQEWUY5TBz+6mGhNAJGUHPUkFi0EE2jzzDF1YZ4kgq+4TBc/XvRkZiradxaCfziHrVy8X/vF5qotsgYyJJDQi6OBSlHBuJ8//jIVNADZ9aQqhiNiumY6IINbYl1126IxiFyFp5N/5qE+ukfVXzvZr/cF2tN4qWyugMnaNL5KMbVEf3qIlaiCKJXtArenOenXfnw/lcjJacYucULcH5+gXOLpqe</latexit>

Theorem (Levy & Pellegrino, 1951)

This classifier

The ✏-expansion of any set that occupies half the sphere
is at least as big as the ✏-expansion of a semi-sphere.

<latexit sha1_base64="pIuDQsVDyj5lO9wcHunaF4bm1BE="></latexit><latexit sha1_base64="pIuDQsVDyj5lO9wcHunaF4bm1BE="></latexit><latexit sha1_base64="pIuDQsVDyj5lO9wcHunaF4bm1BE="></latexit><latexit sha1_base64="pIuDQsVDyj5lO9wcHunaF4bm1BE="></latexit>

is worse than this classifier
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THE SETUP

Class
Probability density 
function on cube

Images
Points in a unit cube

(bounded by     )Uc
<latexit sha1_base64="1ZfZc1yue3oPUEUetAkEl/b+CIQ=">AAACAXicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxWNF0xbaUDbbSbt0swm7G6GEnjx71d/gTbz6S/wJ/gu3bQ629cHA470ZZuaFKWdKu+63VVpb39jcKm/bO7t7+weVw6OmSjJJ0acJT2Q7JAo5E+hrpjm2U4kkDjm2wtHt1G89oVQsEY96nGIQk4FgEaNEG+nB79FeperW3BmcVeIVpAoFGr3KT7ef0CxGoSknSnU8N9VBTqRmlOPE7mYKU0JHZIAdQwWJUQX57NSJc2aUvhMl0pTQzkz9O5GTWKlxHJrOmOihWvam4n9eJ9PRdZAzkWYaBZ0vijLu6MSZ/u30mUSq+dgQQiUztzp0SCSh2qRj2wt7BKMYGWtisvGWk1glzYua59a8+8tq/aZIqQwncArn4MEV1OEOGuADhQG8wCu8Wc/Wu/Vhfc5bS1YxcwwLsL5+ATDKlvU=</latexit><latexit sha1_base64="1ZfZc1yue3oPUEUetAkEl/b+CIQ=">AAACAXicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxWNF0xbaUDbbSbt0swm7G6GEnjx71d/gTbz6S/wJ/gu3bQ629cHA470ZZuaFKWdKu+63VVpb39jcKm/bO7t7+weVw6OmSjJJ0acJT2Q7JAo5E+hrpjm2U4kkDjm2wtHt1G89oVQsEY96nGIQk4FgEaNEG+nB79FeperW3BmcVeIVpAoFGr3KT7ef0CxGoSknSnU8N9VBTqRmlOPE7mYKU0JHZIAdQwWJUQX57NSJc2aUvhMl0pTQzkz9O5GTWKlxHJrOmOihWvam4n9eJ9PRdZAzkWYaBZ0vijLu6MSZ/u30mUSq+dgQQiUztzp0SCSh2qRj2wt7BKMYGWtisvGWk1glzYua59a8+8tq/aZIqQwncArn4MEV1OEOGuADhQG8wCu8Wc/Wu/Vhfc5bS1YxcwwLsL5+ATDKlvU=</latexit><latexit sha1_base64="1ZfZc1yue3oPUEUetAkEl/b+CIQ=">AAACAXicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxWNF0xbaUDbbSbt0swm7G6GEnjx71d/gTbz6S/wJ/gu3bQ629cHA470ZZuaFKWdKu+63VVpb39jcKm/bO7t7+weVw6OmSjJJ0acJT2Q7JAo5E+hrpjm2U4kkDjm2wtHt1G89oVQsEY96nGIQk4FgEaNEG+nB79FeperW3BmcVeIVpAoFGr3KT7ef0CxGoSknSnU8N9VBTqRmlOPE7mYKU0JHZIAdQwWJUQX57NSJc2aUvhMl0pTQzkz9O5GTWKlxHJrOmOihWvam4n9eJ9PRdZAzkWYaBZ0vijLu6MSZ/u30mUSq+dgQQiUztzp0SCSh2qRj2wt7BKMYGWtisvGWk1glzYua59a8+8tq/aZIqQwncArn4MEV1OEOGuADhQG8wCu8Wc/Wu/Vhfc5bS1YxcwwLsL5+ATDKlvU=</latexit><latexit sha1_base64="1ZfZc1yue3oPUEUetAkEl/b+CIQ=">AAACAXicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxWNF0xbaUDbbSbt0swm7G6GEnjx71d/gTbz6S/wJ/gu3bQ629cHA470ZZuaFKWdKu+63VVpb39jcKm/bO7t7+weVw6OmSjJJ0acJT2Q7JAo5E+hrpjm2U4kkDjm2wtHt1G89oVQsEY96nGIQk4FgEaNEG+nB79FeperW3BmcVeIVpAoFGr3KT7ef0CxGoSknSnU8N9VBTqRmlOPE7mYKU0JHZIAdQwWJUQX57NSJc2aUvhMl0pTQzkz9O5GTWKlxHJrOmOihWvam4n9eJ9PRdZAzkWYaBZ0vijLu6MSZ/u30mUSq+dgQQiUztzp0SCSh2qRj2wt7BKMYGWtisvGWk1glzYua59a8+8tq/aZIqQwncArn4MEV1OEOGuADhQG8wCu8Wc/Wu/Vhfc5bS1YxcwwLsL5+ATDKlvU=</latexit>



THE SETUP

Class
Probability density 
function on cube

Images
Points in a unit cube

Classifier
Partitions cube into

disjoint sets
(measurable)

(bounded by     )Uc
<latexit sha1_base64="1ZfZc1yue3oPUEUetAkEl/b+CIQ=">AAACAXicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxWNF0xbaUDbbSbt0swm7G6GEnjx71d/gTbz6S/wJ/gu3bQ629cHA470ZZuaFKWdKu+63VVpb39jcKm/bO7t7+weVw6OmSjJJ0acJT2Q7JAo5E+hrpjm2U4kkDjm2wtHt1G89oVQsEY96nGIQk4FgEaNEG+nB79FeperW3BmcVeIVpAoFGr3KT7ef0CxGoSknSnU8N9VBTqRmlOPE7mYKU0JHZIAdQwWJUQX57NSJc2aUvhMl0pTQzkz9O5GTWKlxHJrOmOihWvam4n9eJ9PRdZAzkWYaBZ0vijLu6MSZ/u30mUSq+dgQQiUztzp0SCSh2qRj2wt7BKMYGWtisvGWk1glzYua59a8+8tq/aZIqQwncArn4MEV1OEOGuADhQG8wCu8Wc/Wu/Vhfc5bS1YxcwwLsL5+ATDKlvU=</latexit><latexit sha1_base64="1ZfZc1yue3oPUEUetAkEl/b+CIQ=">AAACAXicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxWNF0xbaUDbbSbt0swm7G6GEnjx71d/gTbz6S/wJ/gu3bQ629cHA470ZZuaFKWdKu+63VVpb39jcKm/bO7t7+weVw6OmSjJJ0acJT2Q7JAo5E+hrpjm2U4kkDjm2wtHt1G89oVQsEY96nGIQk4FgEaNEG+nB79FeperW3BmcVeIVpAoFGr3KT7ef0CxGoSknSnU8N9VBTqRmlOPE7mYKU0JHZIAdQwWJUQX57NSJc2aUvhMl0pTQzkz9O5GTWKlxHJrOmOihWvam4n9eJ9PRdZAzkWYaBZ0vijLu6MSZ/u30mUSq+dgQQiUztzp0SCSh2qRj2wt7BKMYGWtisvGWk1glzYua59a8+8tq/aZIqQwncArn4MEV1OEOGuADhQG8wCu8Wc/Wu/Vhfc5bS1YxcwwLsL5+ATDKlvU=</latexit><latexit sha1_base64="1ZfZc1yue3oPUEUetAkEl/b+CIQ=">AAACAXicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxWNF0xbaUDbbSbt0swm7G6GEnjx71d/gTbz6S/wJ/gu3bQ629cHA470ZZuaFKWdKu+63VVpb39jcKm/bO7t7+weVw6OmSjJJ0acJT2Q7JAo5E+hrpjm2U4kkDjm2wtHt1G89oVQsEY96nGIQk4FgEaNEG+nB79FeperW3BmcVeIVpAoFGr3KT7ef0CxGoSknSnU8N9VBTqRmlOPE7mYKU0JHZIAdQwWJUQX57NSJc2aUvhMl0pTQzkz9O5GTWKlxHJrOmOihWvam4n9eJ9PRdZAzkWYaBZ0vijLu6MSZ/u30mUSq+dgQQiUztzp0SCSh2qRj2wt7BKMYGWtisvGWk1glzYua59a8+8tq/aZIqQwncArn4MEV1OEOGuADhQG8wCu8Wc/Wu/Vhfc5bS1YxcwwLsL5+ATDKlvU=</latexit><latexit sha1_base64="1ZfZc1yue3oPUEUetAkEl/b+CIQ=">AAACAXicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxWNF0xbaUDbbSbt0swm7G6GEnjx71d/gTbz6S/wJ/gu3bQ629cHA470ZZuaFKWdKu+63VVpb39jcKm/bO7t7+weVw6OmSjJJ0acJT2Q7JAo5E+hrpjm2U4kkDjm2wtHt1G89oVQsEY96nGIQk4FgEaNEG+nB79FeperW3BmcVeIVpAoFGr3KT7ef0CxGoSknSnU8N9VBTqRmlOPE7mYKU0JHZIAdQwWJUQX57NSJc2aUvhMl0pTQzkz9O5GTWKlxHJrOmOihWvam4n9eJ9PRdZAzkWYaBZ0vijLu6MSZ/u30mUSq+dgQQiUztzp0SCSh2qRj2wt7BKMYGWtisvGWk1glzYua59a8+8tq/aZIqQwncArn4MEV1OEOGuADhQG8wCu8Wc/Wu/Vhfc5bS1YxcwwLsL5+ATDKlvU=</latexit>



“MOST” THINGS ARE ADVERSARIAL
Theorem

Choose a class c that occupies less than half
the cube according to the classifier. Define...

<latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit>

Uc : supremum of the density function for class c
<latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit>



“MOST” THINGS ARE ADVERSARIAL
Theorem

Choose a class c that occupies less than half
the cube according to the classifier. Define...

<latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit>

Sample a random point x from the class distribution.
With probability at least

<latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit>

Uc : supremum of the density function for class c
<latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit>



“MOST” THINGS ARE ADVERSARIAL
Theorem

Choose a class c that occupies less than half
the cube according to the classifier. Define...

<latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit>

1� Uc exp(�⇡✏2)
<latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit>

Sample a random point x from the class distribution.
With probability at least

<latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit>

One of the following conditions holds:
<latexit sha1_base64="5/mvizmwWnsqYBZrwd5kvsl+qXY=">AAACD3icbVC7TsMwFHV4lvIqMLJYVCCmKukCYqpgYaNI9CG1UeU4N61Vx45sB1RF/QMWfoWFAYRYWdn4G5y2A7QcydLROefq+p4g4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Ty1RRaFDJpWoHRANnAhqGGQ7tRAGJAw6tYHiV+617UJpJcWdGCfgx6QsWMUqMlXqlkxsBWEbYDABHknP5wEQfUylClgc0Hkge6oteqexW3AnwIvFmpIxmqPdKX91Q0jQGYSgnWnc8NzF+RpRhlMO42E01JIQOSR86lgoSg/azyT1jfGyV0H5H2ScMnqi/JzISaz2KA5uMiRnoeS8X//M6qYnO/YyJJDUg6HRRlHJsJM7LwSFTQA0fWUKosg1QTAdEEWpshUVbgjd/8iJpViueW/Fuq+Xa5ayOAjpER+gUeegM1dA1qqMGougRPaNX9OY8OS/Ou/MxjS45s5kD9AfO5w+SZpxc</latexit><latexit sha1_base64="5/mvizmwWnsqYBZrwd5kvsl+qXY=">AAACD3icbVC7TsMwFHV4lvIqMLJYVCCmKukCYqpgYaNI9CG1UeU4N61Vx45sB1RF/QMWfoWFAYRYWdn4G5y2A7QcydLROefq+p4g4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Ty1RRaFDJpWoHRANnAhqGGQ7tRAGJAw6tYHiV+617UJpJcWdGCfgx6QsWMUqMlXqlkxsBWEbYDABHknP5wEQfUylClgc0Hkge6oteqexW3AnwIvFmpIxmqPdKX91Q0jQGYSgnWnc8NzF+RpRhlMO42E01JIQOSR86lgoSg/azyT1jfGyV0H5H2ScMnqi/JzISaz2KA5uMiRnoeS8X//M6qYnO/YyJJDUg6HRRlHJsJM7LwSFTQA0fWUKosg1QTAdEEWpshUVbgjd/8iJpViueW/Fuq+Xa5ayOAjpER+gUeegM1dA1qqMGougRPaNX9OY8OS/Ou/MxjS45s5kD9AfO5w+SZpxc</latexit><latexit sha1_base64="5/mvizmwWnsqYBZrwd5kvsl+qXY=">AAACD3icbVC7TsMwFHV4lvIqMLJYVCCmKukCYqpgYaNI9CG1UeU4N61Vx45sB1RF/QMWfoWFAYRYWdn4G5y2A7QcydLROefq+p4g4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Ty1RRaFDJpWoHRANnAhqGGQ7tRAGJAw6tYHiV+617UJpJcWdGCfgx6QsWMUqMlXqlkxsBWEbYDABHknP5wEQfUylClgc0Hkge6oteqexW3AnwIvFmpIxmqPdKX91Q0jQGYSgnWnc8NzF+RpRhlMO42E01JIQOSR86lgoSg/azyT1jfGyV0H5H2ScMnqi/JzISaz2KA5uMiRnoeS8X//M6qYnO/YyJJDUg6HRRlHJsJM7LwSFTQA0fWUKosg1QTAdEEWpshUVbgjd/8iJpViueW/Fuq+Xa5ayOAjpER+gUeegM1dA1qqMGougRPaNX9OY8OS/Ou/MxjS45s5kD9AfO5w+SZpxc</latexit><latexit sha1_base64="5/mvizmwWnsqYBZrwd5kvsl+qXY=">AAACD3icbVC7TsMwFHV4lvIqMLJYVCCmKukCYqpgYaNI9CG1UeU4N61Vx45sB1RF/QMWfoWFAYRYWdn4G5y2A7QcydLROefq+p4g4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Ty1RRaFDJpWoHRANnAhqGGQ7tRAGJAw6tYHiV+617UJpJcWdGCfgx6QsWMUqMlXqlkxsBWEbYDABHknP5wEQfUylClgc0Hkge6oteqexW3AnwIvFmpIxmqPdKX91Q0jQGYSgnWnc8NzF+RpRhlMO42E01JIQOSR86lgoSg/azyT1jfGyV0H5H2ScMnqi/JzISaz2KA5uMiRnoeS8X//M6qYnO/YyJJDUg6HRRlHJsJM7LwSFTQA0fWUKosg1QTAdEEWpshUVbgjd/8iJpViueW/Fuq+Xa5ayOAjpER+gUeegM1dA1qqMGougRPaNX9OY8OS/Ou/MxjS45s5kD9AfO5w+SZpxc</latexit>

• x is misclassified by the classifier
<latexit sha1_base64="VCCoqM7AnhedVcqTVQc6yue3CJ4=">AAACNHicbVBNSwMxEM36WdevqkcvwSp4Krte9Fj0InhRsFpoS8lmp20wyS7JrFiX/igv/hAvInhQxKu/wWwtxa8HgcebeZOZF6VSWAyCJ29qemZ2br604C8uLa+sltfWL2ySGQ51nsjENCJmQQoNdRQooZEaYCqScBldHRX1y2swViT6HAcptBXradEVnKGTOuWTVgQ9oXOBoMQtDP1Wwej2zTYVliphuWTWOgPENBpQ7AOdKMb3W6DjibdTrgTVYAT6l4RjUiFjnHbKD6044ZkCjaOhzTBIsZ0zg4LLYpfMQsr4FetB01HNFNh2Pjp6SHecEtNuYtzTSEfqd0fOlLUDFblOxbBvf9cK8b9aM8PuQTsXOs0QNP/6qJtJigktEqSxMMBRDhxh3Ai3K+V9ZhhHl7PvQgh/n/yXXOxVw6Aanu1VaofjOEpkk2yRXRKSfVIjx+SU1Aknd+SRvJBX79579t6896/WKW/s2SA/4H18Ats2q48=</latexit><latexit sha1_base64="VCCoqM7AnhedVcqTVQc6yue3CJ4=">AAACNHicbVBNSwMxEM36WdevqkcvwSp4Krte9Fj0InhRsFpoS8lmp20wyS7JrFiX/igv/hAvInhQxKu/wWwtxa8HgcebeZOZF6VSWAyCJ29qemZ2br604C8uLa+sltfWL2ySGQ51nsjENCJmQQoNdRQooZEaYCqScBldHRX1y2swViT6HAcptBXradEVnKGTOuWTVgQ9oXOBoMQtDP1Wwej2zTYVliphuWTWOgPENBpQ7AOdKMb3W6DjibdTrgTVYAT6l4RjUiFjnHbKD6044ZkCjaOhzTBIsZ0zg4LLYpfMQsr4FetB01HNFNh2Pjp6SHecEtNuYtzTSEfqd0fOlLUDFblOxbBvf9cK8b9aM8PuQTsXOs0QNP/6qJtJigktEqSxMMBRDhxh3Ai3K+V9ZhhHl7PvQgh/n/yXXOxVw6Aanu1VaofjOEpkk2yRXRKSfVIjx+SU1Aknd+SRvJBX79579t6896/WKW/s2SA/4H18Ats2q48=</latexit><latexit sha1_base64="VCCoqM7AnhedVcqTVQc6yue3CJ4=">AAACNHicbVBNSwMxEM36WdevqkcvwSp4Krte9Fj0InhRsFpoS8lmp20wyS7JrFiX/igv/hAvInhQxKu/wWwtxa8HgcebeZOZF6VSWAyCJ29qemZ2br604C8uLa+sltfWL2ySGQ51nsjENCJmQQoNdRQooZEaYCqScBldHRX1y2swViT6HAcptBXradEVnKGTOuWTVgQ9oXOBoMQtDP1Wwej2zTYVliphuWTWOgPENBpQ7AOdKMb3W6DjibdTrgTVYAT6l4RjUiFjnHbKD6044ZkCjaOhzTBIsZ0zg4LLYpfMQsr4FetB01HNFNh2Pjp6SHecEtNuYtzTSEfqd0fOlLUDFblOxbBvf9cK8b9aM8PuQTsXOs0QNP/6qJtJigktEqSxMMBRDhxh3Ai3K+V9ZhhHl7PvQgh/n/yXXOxVw6Aanu1VaofjOEpkk2yRXRKSfVIjx+SU1Aknd+SRvJBX79579t6896/WKW/s2SA/4H18Ats2q48=</latexit><latexit sha1_base64="VCCoqM7AnhedVcqTVQc6yue3CJ4=">AAACNHicbVBNSwMxEM36WdevqkcvwSp4Krte9Fj0InhRsFpoS8lmp20wyS7JrFiX/igv/hAvInhQxKu/wWwtxa8HgcebeZOZF6VSWAyCJ29qemZ2br604C8uLa+sltfWL2ySGQ51nsjENCJmQQoNdRQooZEaYCqScBldHRX1y2swViT6HAcptBXradEVnKGTOuWTVgQ9oXOBoMQtDP1Wwej2zTYVliphuWTWOgPENBpQ7AOdKMb3W6DjibdTrgTVYAT6l4RjUiFjnHbKD6044ZkCjaOhzTBIsZ0zg4LLYpfMQsr4FetB01HNFNh2Pjp6SHecEtNuYtzTSEfqd0fOlLUDFblOxbBvf9cK8b9aM8PuQTsXOs0QNP/6qJtJigktEqSxMMBRDhxh3Ai3K+V9ZhhHl7PvQgh/n/yXXOxVw6Aanu1VaofjOEpkk2yRXRKSfVIjx+SU1Aknd+SRvJBX79579t6896/WKW/s2SA/4H18Ats2q48=</latexit>

• x has an adversarial example x̂ with kx� x̂k2 < ✏.
<latexit sha1_base64="hna2sGEPHvOI9/wluRMFRDhEmqI="></latexit><latexit sha1_base64="hna2sGEPHvOI9/wluRMFRDhEmqI="></latexit><latexit sha1_base64="hna2sGEPHvOI9/wluRMFRDhEmqI="></latexit><latexit sha1_base64="hna2sGEPHvOI9/wluRMFRDhEmqI="></latexit>

Uc : supremum of the density function for class c
<latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit>

“Are adversarial examples inevitable?”  arXiv ‘18



“MOST” THINGS ARE ADVERSARIAL

1� Uc exp(�⇡✏2)
<latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit>

✏ = 10
<latexit sha1_base64="LS6tCfb0BkjY6pNZS63Ky92ESHs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtIu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rTEqzWP5aCYJ+hEdSB5yRo2V/C4mmotYkhviub1yxa26c5BV4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4LTUTTUmlI3oADuWShqh9rP50VNyZpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjtZ1wmqUHJFovCVBATk1kCpM8VMiMmllCmuL2VsCFVlBmbU8mG4C2/vEqaF1XPrXoPl5XabR5HEU7gFM7BgyuowT3UoQEMnuAZXuHNGTsvzrvzsWgtOPnMMfyB8/kDaIuRMA==</latexit><latexit sha1_base64="LS6tCfb0BkjY6pNZS63Ky92ESHs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtIu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rTEqzWP5aCYJ+hEdSB5yRo2V/C4mmotYkhviub1yxa26c5BV4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4LTUTTUmlI3oADuWShqh9rP50VNyZpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjtZ1wmqUHJFovCVBATk1kCpM8VMiMmllCmuL2VsCFVlBmbU8mG4C2/vEqaF1XPrXoPl5XabR5HEU7gFM7BgyuowT3UoQEMnuAZXuHNGTsvzrvzsWgtOPnMMfyB8/kDaIuRMA==</latexit><latexit sha1_base64="LS6tCfb0BkjY6pNZS63Ky92ESHs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtIu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rTEqzWP5aCYJ+hEdSB5yRo2V/C4mmotYkhviub1yxa26c5BV4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4LTUTTUmlI3oADuWShqh9rP50VNyZpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjtZ1wmqUHJFovCVBATk1kCpM8VMiMmllCmuL2VsCFVlBmbU8mG4C2/vEqaF1XPrXoPl5XabR5HEU7gFM7BgyuowT3UoQEMnuAZXuHNGTsvzrvzsWgtOPnMMfyB8/kDaIuRMA==</latexit><latexit sha1_base64="LS6tCfb0BkjY6pNZS63Ky92ESHs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtIu3Wzi7qZQQn+HFw+KePXHePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rTEqzWP5aCYJ+hEdSB5yRo2V/C4mmotYkhviub1yxa26c5BV4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4LTUTTUmlI3oADuWShqh9rP50VNyZpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjtZ1wmqUHJFovCVBATk1kCpM8VMiMmllCmuL2VsCFVlBmbU8mG4C2/vEqaF1XPrXoPl5XabR5HEU7gFM7BgyuowT3UoQEMnuAZXuHNGTsvzrvzsWgtOPnMMfyB8/kDaIuRMA==</latexit>

p
n

<latexit sha1_base64="N62PfPBjAetnrZe1f/g605cMj+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzUrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCfPJBW</latexit><latexit sha1_base64="N62PfPBjAetnrZe1f/g605cMj+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzUrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCfPJBW</latexit><latexit sha1_base64="N62PfPBjAetnrZe1f/g605cMj+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzUrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCfPJBW</latexit><latexit sha1_base64="N62PfPBjAetnrZe1f/g605cMj+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzUrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCfPJBW</latexit>



WHAT HAPPENS IN THE  ZERO NORM?
Adversarial example

An image x has an ✏-adversarial example
in the p norm if there is a point x̂ in a
di↵erent class with

<latexit sha1_base64="SUFGTsymyw/cDlrTmq8XNAvFcB8="></latexit><latexit sha1_base64="SUFGTsymyw/cDlrTmq8XNAvFcB8="></latexit><latexit sha1_base64="SUFGTsymyw/cDlrTmq8XNAvFcB8="></latexit><latexit sha1_base64="SUFGTsymyw/cDlrTmq8XNAvFcB8="></latexit>

kx� x̂kp < ✏.
<latexit sha1_base64="TBtIL7HfKrZC6dcn0ifbMndY+lY=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwaJhSrpAgNDBQtjkehDaqLIcZ3WquNEtoNapV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fcq3vvCRJGpbLtb6Owsrq2vlHcLG1t7+zumfsHTRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFg5up33ogQtKY36tRQrwI9TgNKUZKS755bFnueHju9pGCQ3fsJ1cuSSRlMa9Ylm+W7Yo9A1wmTk7KIEfdN7/cbozTiHCFGZKy49iJ8jIkFMWMTEpuKkmC8AD1SEdTjiIivWz2xQSeaqULw1jo4grO1N8TGYqkHEWB7oyQ6stFbyr+53VSFV56GeVJqgjH80VhyqCK4TQS2KWCYMVGmiAsqL4V4j4SCCsdXEmH4Cy+vEya1YpjV5y7arl2ncdRBEfgBJwBB1yAGrgFddAAGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gCxDpdm</latexit><latexit sha1_base64="TBtIL7HfKrZC6dcn0ifbMndY+lY=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwaJhSrpAgNDBQtjkehDaqLIcZ3WquNEtoNapV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fcq3vvCRJGpbLtb6Owsrq2vlHcLG1t7+zumfsHTRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFg5up33ogQtKY36tRQrwI9TgNKUZKS755bFnueHju9pGCQ3fsJ1cuSSRlMa9Ylm+W7Yo9A1wmTk7KIEfdN7/cbozTiHCFGZKy49iJ8jIkFMWMTEpuKkmC8AD1SEdTjiIivWz2xQSeaqULw1jo4grO1N8TGYqkHEWB7oyQ6stFbyr+53VSFV56GeVJqgjH80VhyqCK4TQS2KWCYMVGmiAsqL4V4j4SCCsdXEmH4Cy+vEya1YpjV5y7arl2ncdRBEfgBJwBB1yAGrgFddAAGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gCxDpdm</latexit><latexit sha1_base64="TBtIL7HfKrZC6dcn0ifbMndY+lY=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwaJhSrpAgNDBQtjkehDaqLIcZ3WquNEtoNapV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fcq3vvCRJGpbLtb6Owsrq2vlHcLG1t7+zumfsHTRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFg5up33ogQtKY36tRQrwI9TgNKUZKS755bFnueHju9pGCQ3fsJ1cuSSRlMa9Ylm+W7Yo9A1wmTk7KIEfdN7/cbozTiHCFGZKy49iJ8jIkFMWMTEpuKkmC8AD1SEdTjiIivWz2xQSeaqULw1jo4grO1N8TGYqkHEWB7oyQ6stFbyr+53VSFV56GeVJqgjH80VhyqCK4TQS2KWCYMVGmiAsqL4V4j4SCCsdXEmH4Cy+vEya1YpjV5y7arl2ncdRBEfgBJwBB1yAGrgFddAAGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gCxDpdm</latexit><latexit sha1_base64="TBtIL7HfKrZC6dcn0ifbMndY+lY=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwaJhSrpAgNDBQtjkehDaqLIcZ3WquNEtoNapV1Y+BUWBhBi5R/Y+BvcNgO0HOlKR+fcq3vvCRJGpbLtb6Owsrq2vlHcLG1t7+zumfsHTRmnApMGjlks2gGShFFOGooqRtqJICgKGGkFg5up33ogQtKY36tRQrwI9TgNKUZKS755bFnueHju9pGCQ3fsJ1cuSSRlMa9Ylm+W7Yo9A1wmTk7KIEfdN7/cbozTiHCFGZKy49iJ8jIkFMWMTEpuKkmC8AD1SEdTjiIivWz2xQSeaqULw1jo4grO1N8TGYqkHEWB7oyQ6stFbyr+53VSFV56GeVJqgjH80VhyqCK4TQS2KWCYMVGmiAsqL4V4j4SCCsdXEmH4Cy+vEya1YpjV5y7arl2ncdRBEfgBJwBB1yAGrgFddAAGDyCZ/AK3own48V4Nz7mrQUjnzkEf2B8/gCxDpdm</latexit>

kx� x̂k0 = card{i|xi 6= x̂i}
<latexit sha1_base64="k6Sk3W1DiLmfh9WgBh93D1J8sew=">AAACHXicbVDLSgMxFM34rPVVdekmWAQ3lhkp6EYounFZwVahU4ZMetuGZjJjckdapv0RN/6KGxeKuHAj/o3pY+HrQODknHNJ7gkTKQy67qczN7+wuLScW8mvrq1vbBa2tusmTjWHGo9lrG9CZkAKBTUUKOEm0cCiUMJ12Dsf+9d3oI2I1RUOEmhGrKNEW3CGVgoKZX/YP/S7DGnfHwYuPaU+Qh8zznRr5GeCDmk/EL6CWzpN2csoKBTdkjsB/Uu8GSmSGapB4d1vxTyNQCGXzJiG5ybYzJhGwSWM8n5qIGG8xzrQsFSxCEwzm2w3ovtWadF2rO1RSCfq94mMRcYMotAmI4Zd89sbi/95jRTbJ81MqCRFUHz6UDuVFGM6roq2hAaOcmAJ41rYv1LeZZpxtIXmbQne75X/kvpRyXNL3mW5WDmb1ZEju2SPHBCPHJMKuSBVUiOc3JNH8kxenAfnyXl13qbROWc2s0N+wPn4AttaocY=</latexit><latexit sha1_base64="k6Sk3W1DiLmfh9WgBh93D1J8sew=">AAACHXicbVDLSgMxFM34rPVVdekmWAQ3lhkp6EYounFZwVahU4ZMetuGZjJjckdapv0RN/6KGxeKuHAj/o3pY+HrQODknHNJ7gkTKQy67qczN7+wuLScW8mvrq1vbBa2tusmTjWHGo9lrG9CZkAKBTUUKOEm0cCiUMJ12Dsf+9d3oI2I1RUOEmhGrKNEW3CGVgoKZX/YP/S7DGnfHwYuPaU+Qh8zznRr5GeCDmk/EL6CWzpN2csoKBTdkjsB/Uu8GSmSGapB4d1vxTyNQCGXzJiG5ybYzJhGwSWM8n5qIGG8xzrQsFSxCEwzm2w3ovtWadF2rO1RSCfq94mMRcYMotAmI4Zd89sbi/95jRTbJ81MqCRFUHz6UDuVFGM6roq2hAaOcmAJ41rYv1LeZZpxtIXmbQne75X/kvpRyXNL3mW5WDmb1ZEju2SPHBCPHJMKuSBVUiOc3JNH8kxenAfnyXl13qbROWc2s0N+wPn4AttaocY=</latexit><latexit sha1_base64="k6Sk3W1DiLmfh9WgBh93D1J8sew=">AAACHXicbVDLSgMxFM34rPVVdekmWAQ3lhkp6EYounFZwVahU4ZMetuGZjJjckdapv0RN/6KGxeKuHAj/o3pY+HrQODknHNJ7gkTKQy67qczN7+wuLScW8mvrq1vbBa2tusmTjWHGo9lrG9CZkAKBTUUKOEm0cCiUMJ12Dsf+9d3oI2I1RUOEmhGrKNEW3CGVgoKZX/YP/S7DGnfHwYuPaU+Qh8zznRr5GeCDmk/EL6CWzpN2csoKBTdkjsB/Uu8GSmSGapB4d1vxTyNQCGXzJiG5ybYzJhGwSWM8n5qIGG8xzrQsFSxCEwzm2w3ovtWadF2rO1RSCfq94mMRcYMotAmI4Zd89sbi/95jRTbJ81MqCRFUHz6UDuVFGM6roq2hAaOcmAJ41rYv1LeZZpxtIXmbQne75X/kvpRyXNL3mW5WDmb1ZEju2SPHBCPHJMKuSBVUiOc3JNH8kxenAfnyXl13qbROWc2s0N+wPn4AttaocY=</latexit><latexit sha1_base64="k6Sk3W1DiLmfh9WgBh93D1J8sew=">AAACHXicbVDLSgMxFM34rPVVdekmWAQ3lhkp6EYounFZwVahU4ZMetuGZjJjckdapv0RN/6KGxeKuHAj/o3pY+HrQODknHNJ7gkTKQy67qczN7+wuLScW8mvrq1vbBa2tusmTjWHGo9lrG9CZkAKBTUUKOEm0cCiUMJ12Dsf+9d3oI2I1RUOEmhGrKNEW3CGVgoKZX/YP/S7DGnfHwYuPaU+Qh8zznRr5GeCDmk/EL6CWzpN2csoKBTdkjsB/Uu8GSmSGapB4d1vxTyNQCGXzJiG5ybYzJhGwSWM8n5qIGG8xzrQsFSxCEwzm2w3ovtWadF2rO1RSCfq94mMRcYMotAmI4Zd89sbi/95jRTbJ81MqCRFUHz6UDuVFGM6roq2hAaOcmAJ41rYv1LeZZpxtIXmbQne75X/kvpRyXNL3mW5WDmb1ZEju2SPHBCPHJMKuSBVUiOc3JNH8kxenAfnyXl13qbROWc2s0N+wPn4AttaocY=</latexit>

p = 0
<latexit sha1_base64="Je+5tMo13r90LwJxVsF/Asd0E0o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG5dvvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWRdVzq979ZaV+k8dRhBM4hXPwoAZ1uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/KQ411</latexit><latexit sha1_base64="Je+5tMo13r90LwJxVsF/Asd0E0o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG5dvvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWRdVzq979ZaV+k8dRhBM4hXPwoAZ1uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/KQ411</latexit><latexit sha1_base64="Je+5tMo13r90LwJxVsF/Asd0E0o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG5dvvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWRdVzq979ZaV+k8dRhBM4hXPwoAZ1uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/KQ411</latexit><latexit sha1_base64="Je+5tMo13r90LwJxVsF/Asd0E0o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG5dvvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWRdVzq979ZaV+k8dRhBM4hXPwoAZ1uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/KQ411</latexit>

Sparse adversarial example
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SPARSE ATTACKS
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SPARSE ADVERSARIAL EXAMPLES
Theorem

Choose a class c that occupies less than half
the cube according to the classifier. Define...

<latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit><latexit sha1_base64="UiDH5MDjtL8kuuVxDImM2gRiFYU="></latexit>

Sample a random point x from the class distribution.
With probability at least

<latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit><latexit sha1_base64="61UC3I++Z1Xu1CBd/TXptZXFaLw="></latexit>

One of the following conditions holds:
<latexit sha1_base64="5/mvizmwWnsqYBZrwd5kvsl+qXY=">AAACD3icbVC7TsMwFHV4lvIqMLJYVCCmKukCYqpgYaNI9CG1UeU4N61Vx45sB1RF/QMWfoWFAYRYWdn4G5y2A7QcydLROefq+p4g4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Ty1RRaFDJpWoHRANnAhqGGQ7tRAGJAw6tYHiV+617UJpJcWdGCfgx6QsWMUqMlXqlkxsBWEbYDABHknP5wEQfUylClgc0Hkge6oteqexW3AnwIvFmpIxmqPdKX91Q0jQGYSgnWnc8NzF+RpRhlMO42E01JIQOSR86lgoSg/azyT1jfGyV0H5H2ScMnqi/JzISaz2KA5uMiRnoeS8X//M6qYnO/YyJJDUg6HRRlHJsJM7LwSFTQA0fWUKosg1QTAdEEWpshUVbgjd/8iJpViueW/Fuq+Xa5ayOAjpER+gUeegM1dA1qqMGougRPaNX9OY8OS/Ou/MxjS45s5kD9AfO5w+SZpxc</latexit><latexit sha1_base64="5/mvizmwWnsqYBZrwd5kvsl+qXY=">AAACD3icbVC7TsMwFHV4lvIqMLJYVCCmKukCYqpgYaNI9CG1UeU4N61Vx45sB1RF/QMWfoWFAYRYWdn4G5y2A7QcydLROefq+p4g4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Ty1RRaFDJpWoHRANnAhqGGQ7tRAGJAw6tYHiV+617UJpJcWdGCfgx6QsWMUqMlXqlkxsBWEbYDABHknP5wEQfUylClgc0Hkge6oteqexW3AnwIvFmpIxmqPdKX91Q0jQGYSgnWnc8NzF+RpRhlMO42E01JIQOSR86lgoSg/azyT1jfGyV0H5H2ScMnqi/JzISaz2KA5uMiRnoeS8X//M6qYnO/YyJJDUg6HRRlHJsJM7LwSFTQA0fWUKosg1QTAdEEWpshUVbgjd/8iJpViueW/Fuq+Xa5ayOAjpER+gUeegM1dA1qqMGougRPaNX9OY8OS/Ou/MxjS45s5kD9AfO5w+SZpxc</latexit><latexit sha1_base64="5/mvizmwWnsqYBZrwd5kvsl+qXY=">AAACD3icbVC7TsMwFHV4lvIqMLJYVCCmKukCYqpgYaNI9CG1UeU4N61Vx45sB1RF/QMWfoWFAYRYWdn4G5y2A7QcydLROefq+p4g4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Ty1RRaFDJpWoHRANnAhqGGQ7tRAGJAw6tYHiV+617UJpJcWdGCfgx6QsWMUqMlXqlkxsBWEbYDABHknP5wEQfUylClgc0Hkge6oteqexW3AnwIvFmpIxmqPdKX91Q0jQGYSgnWnc8NzF+RpRhlMO42E01JIQOSR86lgoSg/azyT1jfGyV0H5H2ScMnqi/JzISaz2KA5uMiRnoeS8X//M6qYnO/YyJJDUg6HRRlHJsJM7LwSFTQA0fWUKosg1QTAdEEWpshUVbgjd/8iJpViueW/Fuq+Xa5ayOAjpER+gUeegM1dA1qqMGougRPaNX9OY8OS/Ou/MxjS45s5kD9AfO5w+SZpxc</latexit><latexit sha1_base64="5/mvizmwWnsqYBZrwd5kvsl+qXY=">AAACD3icbVC7TsMwFHV4lvIqMLJYVCCmKukCYqpgYaNI9CG1UeU4N61Vx45sB1RF/QMWfoWFAYRYWdn4G5y2A7QcydLROefq+p4g4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Ty1RRaFDJpWoHRANnAhqGGQ7tRAGJAw6tYHiV+617UJpJcWdGCfgx6QsWMUqMlXqlkxsBWEbYDABHknP5wEQfUylClgc0Hkge6oteqexW3AnwIvFmpIxmqPdKX91Q0jQGYSgnWnc8NzF+RpRhlMO42E01JIQOSR86lgoSg/azyT1jfGyV0H5H2ScMnqi/JzISaz2KA5uMiRnoeS8X//M6qYnO/YyJJDUg6HRRlHJsJM7LwSFTQA0fWUKosg1QTAdEEWpshUVbgjd/8iJpViueW/Fuq+Xa5ayOAjpER+gUeegM1dA1qqMGougRPaNX9OY8OS/Ou/MxjS45s5kD9AfO5w+SZpxc</latexit>

• x is misclassified by the classifier
<latexit sha1_base64="VCCoqM7AnhedVcqTVQc6yue3CJ4=">AAACNHicbVBNSwMxEM36WdevqkcvwSp4Krte9Fj0InhRsFpoS8lmp20wyS7JrFiX/igv/hAvInhQxKu/wWwtxa8HgcebeZOZF6VSWAyCJ29qemZ2br604C8uLa+sltfWL2ySGQ51nsjENCJmQQoNdRQooZEaYCqScBldHRX1y2swViT6HAcptBXradEVnKGTOuWTVgQ9oXOBoMQtDP1Wwej2zTYVliphuWTWOgPENBpQ7AOdKMb3W6DjibdTrgTVYAT6l4RjUiFjnHbKD6044ZkCjaOhzTBIsZ0zg4LLYpfMQsr4FetB01HNFNh2Pjp6SHecEtNuYtzTSEfqd0fOlLUDFblOxbBvf9cK8b9aM8PuQTsXOs0QNP/6qJtJigktEqSxMMBRDhxh3Ai3K+V9ZhhHl7PvQgh/n/yXXOxVw6Aanu1VaofjOEpkk2yRXRKSfVIjx+SU1Aknd+SRvJBX79579t6896/WKW/s2SA/4H18Ats2q48=</latexit><latexit sha1_base64="VCCoqM7AnhedVcqTVQc6yue3CJ4=">AAACNHicbVBNSwMxEM36WdevqkcvwSp4Krte9Fj0InhRsFpoS8lmp20wyS7JrFiX/igv/hAvInhQxKu/wWwtxa8HgcebeZOZF6VSWAyCJ29qemZ2br604C8uLa+sltfWL2ySGQ51nsjENCJmQQoNdRQooZEaYCqScBldHRX1y2swViT6HAcptBXradEVnKGTOuWTVgQ9oXOBoMQtDP1Wwej2zTYVliphuWTWOgPENBpQ7AOdKMb3W6DjibdTrgTVYAT6l4RjUiFjnHbKD6044ZkCjaOhzTBIsZ0zg4LLYpfMQsr4FetB01HNFNh2Pjp6SHecEtNuYtzTSEfqd0fOlLUDFblOxbBvf9cK8b9aM8PuQTsXOs0QNP/6qJtJigktEqSxMMBRDhxh3Ai3K+V9ZhhHl7PvQgh/n/yXXOxVw6Aanu1VaofjOEpkk2yRXRKSfVIjx+SU1Aknd+SRvJBX79579t6896/WKW/s2SA/4H18Ats2q48=</latexit><latexit sha1_base64="VCCoqM7AnhedVcqTVQc6yue3CJ4=">AAACNHicbVBNSwMxEM36WdevqkcvwSp4Krte9Fj0InhRsFpoS8lmp20wyS7JrFiX/igv/hAvInhQxKu/wWwtxa8HgcebeZOZF6VSWAyCJ29qemZ2br604C8uLa+sltfWL2ySGQ51nsjENCJmQQoNdRQooZEaYCqScBldHRX1y2swViT6HAcptBXradEVnKGTOuWTVgQ9oXOBoMQtDP1Wwej2zTYVliphuWTWOgPENBpQ7AOdKMb3W6DjibdTrgTVYAT6l4RjUiFjnHbKD6044ZkCjaOhzTBIsZ0zg4LLYpfMQsr4FetB01HNFNh2Pjp6SHecEtNuYtzTSEfqd0fOlLUDFblOxbBvf9cK8b9aM8PuQTsXOs0QNP/6qJtJigktEqSxMMBRDhxh3Ai3K+V9ZhhHl7PvQgh/n/yXXOxVw6Aanu1VaofjOEpkk2yRXRKSfVIjx+SU1Aknd+SRvJBX79579t6896/WKW/s2SA/4H18Ats2q48=</latexit><latexit sha1_base64="VCCoqM7AnhedVcqTVQc6yue3CJ4=">AAACNHicbVBNSwMxEM36WdevqkcvwSp4Krte9Fj0InhRsFpoS8lmp20wyS7JrFiX/igv/hAvInhQxKu/wWwtxa8HgcebeZOZF6VSWAyCJ29qemZ2br604C8uLa+sltfWL2ySGQ51nsjENCJmQQoNdRQooZEaYCqScBldHRX1y2swViT6HAcptBXradEVnKGTOuWTVgQ9oXOBoMQtDP1Wwej2zTYVliphuWTWOgPENBpQ7AOdKMb3W6DjibdTrgTVYAT6l4RjUiFjnHbKD6044ZkCjaOhzTBIsZ0zg4LLYpfMQsr4FetB01HNFNh2Pjp6SHecEtNuYtzTSEfqd0fOlLUDFblOxbBvf9cK8b9aM8PuQTsXOs0QNP/6qJtJigktEqSxMMBRDhxh3Ai3K+V9ZhhHl7PvQgh/n/yXXOxVw6Aanu1VaofjOEpkk2yRXRKSfVIjx+SU1Aknd+SRvJBX79579t6896/WKW/s2SA/4H18Ats2q48=</latexit>

1� 2Uc exp(�k2/n)
<latexit sha1_base64="qhqu1TkY0TaXciAuIJ1ieUW14vA=">AAAB/XicbVBNT8JAEN3iF+IXfty8bCQmeABbYqJHohePmFgggdpslwE2bLfN7taIhPhXvHjQGK/+D2/+GxfoQcGXTPLy3kxm5gUxZ0rb9reVWVpeWV3Lruc2Nre2d/K7e3UVJZKCSyMeyWZAFHAmwNVMc2jGEkgYcGgEg6uJ37gHqVgkbvUwBi8kPcG6jBJtJD9/4JQq2PUpbsNDXCwN7iqn4sTPF+yyPQVeJE5KCihFzc9/tTsRTUIQmnKiVMuxY+2NiNSMchjn2omCmNAB6UHLUEFCUN5oev0YHxulg7uRNCU0nqq/J0YkVGoYBqYzJLqv5r2J+J/XSnT3whsxEScaBJ0t6iYc6whPosAdJoFqPjSEUMnMrZj2iSRUm8ByJgRn/uVFUq+UHbvs3JwVqpdpHFl0iI5QETnoHFXRNaohF1H0iJ7RK3qznqwX6936mLVmrHRmH/2B9fkDKr+TGQ==</latexit><latexit sha1_base64="qhqu1TkY0TaXciAuIJ1ieUW14vA=">AAAB/XicbVBNT8JAEN3iF+IXfty8bCQmeABbYqJHohePmFgggdpslwE2bLfN7taIhPhXvHjQGK/+D2/+GxfoQcGXTPLy3kxm5gUxZ0rb9reVWVpeWV3Lruc2Nre2d/K7e3UVJZKCSyMeyWZAFHAmwNVMc2jGEkgYcGgEg6uJ37gHqVgkbvUwBi8kPcG6jBJtJD9/4JQq2PUpbsNDXCwN7iqn4sTPF+yyPQVeJE5KCihFzc9/tTsRTUIQmnKiVMuxY+2NiNSMchjn2omCmNAB6UHLUEFCUN5oev0YHxulg7uRNCU0nqq/J0YkVGoYBqYzJLqv5r2J+J/XSnT3whsxEScaBJ0t6iYc6whPosAdJoFqPjSEUMnMrZj2iSRUm8ByJgRn/uVFUq+UHbvs3JwVqpdpHFl0iI5QETnoHFXRNaohF1H0iJ7RK3qznqwX6936mLVmrHRmH/2B9fkDKr+TGQ==</latexit><latexit sha1_base64="qhqu1TkY0TaXciAuIJ1ieUW14vA=">AAAB/XicbVBNT8JAEN3iF+IXfty8bCQmeABbYqJHohePmFgggdpslwE2bLfN7taIhPhXvHjQGK/+D2/+GxfoQcGXTPLy3kxm5gUxZ0rb9reVWVpeWV3Lruc2Nre2d/K7e3UVJZKCSyMeyWZAFHAmwNVMc2jGEkgYcGgEg6uJ37gHqVgkbvUwBi8kPcG6jBJtJD9/4JQq2PUpbsNDXCwN7iqn4sTPF+yyPQVeJE5KCihFzc9/tTsRTUIQmnKiVMuxY+2NiNSMchjn2omCmNAB6UHLUEFCUN5oev0YHxulg7uRNCU0nqq/J0YkVGoYBqYzJLqv5r2J+J/XSnT3whsxEScaBJ0t6iYc6whPosAdJoFqPjSEUMnMrZj2iSRUm8ByJgRn/uVFUq+UHbvs3JwVqpdpHFl0iI5QETnoHFXRNaohF1H0iJ7RK3qznqwX6936mLVmrHRmH/2B9fkDKr+TGQ==</latexit><latexit sha1_base64="qhqu1TkY0TaXciAuIJ1ieUW14vA=">AAAB/XicbVBNT8JAEN3iF+IXfty8bCQmeABbYqJHohePmFgggdpslwE2bLfN7taIhPhXvHjQGK/+D2/+GxfoQcGXTPLy3kxm5gUxZ0rb9reVWVpeWV3Lruc2Nre2d/K7e3UVJZKCSyMeyWZAFHAmwNVMc2jGEkgYcGgEg6uJ37gHqVgkbvUwBi8kPcG6jBJtJD9/4JQq2PUpbsNDXCwN7iqn4sTPF+yyPQVeJE5KCihFzc9/tTsRTUIQmnKiVMuxY+2NiNSMchjn2omCmNAB6UHLUEFCUN5oev0YHxulg7uRNCU0nqq/J0YkVGoYBqYzJLqv5r2J+J/XSnT3whsxEScaBJ0t6iYc6whPosAdJoFqPjSEUMnMrZj2iSRUm8ByJgRn/uVFUq+UHbvs3JwVqpdpHFl0iI5QETnoHFXRNaohF1H0iJ7RK3qznqwX6936mLVmrHRmH/2B9fkDKr+TGQ==</latexit>

• The label of x can be changed by
modifying at most k pixels.

<latexit sha1_base64="ASeZNrXz5t0leS++MB9yYkJNzfY="></latexit><latexit sha1_base64="ASeZNrXz5t0leS++MB9yYkJNzfY="></latexit><latexit sha1_base64="ASeZNrXz5t0leS++MB9yYkJNzfY="></latexit><latexit sha1_base64="ASeZNrXz5t0leS++MB9yYkJNzfY="></latexit>

Uc : supremum of the density function for class c
<latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit><latexit sha1_base64="5eEl9e1u3TxnHSNHdFKWJnIxJxs=">AAACI3icbVA9T9xAEF0TCGAguYSSZsQdEtXJpiG66kSalESKAek4ndZ7Y27Ffli7s0gni/9Ck7+SJkUiREOR/xLbuCCQqZ7ex+7My0slPSXJY7TyZnXt7frGZry1vfPufe/DxzNvgxOYCausu8i5RyUNZiRJ4UXpkOtc4Xl+/bnRz2/QeWnNN1qWONX8yshCCk41NeuNYhhkMzGAEfhQJ3XQYAugBcIcjZe0hCIY0ZihsA6E4t7DQAzieNbrJ8OkHXgN0g70WTens9795dyKoNFQ+8wkTUqaVtyRFApv48vgseTiml/hpIaGa/TTqr3xFg5qZt6uUFhD0LLPExXX3i91Xjs1p4V/qTXk/7RJoOLTtJKmDIRGPH1UBAVkoSkM5tKhILWsARdO1ruCWHDHBdW1NiWkL09+Dc6OhmkyTL8e9ccnXR0bbI/ts0OWsmM2Zl/YKcuYYHfsB/vFfkffo5/RffTwZF2Juswu+2eiP38By/Gh5g==</latexit>

# of pixels 
changed
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BOUNDS IN HIGH 
DIMENSIONS

1� Uc exp(�⇡✏2)
<latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit>

✏ = O(
p
n)

<latexit sha1_base64="jY1L/JYS+nhc2IGAqL9/wlwdydI=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfQiFL14s4L9gCaUzXbTLt1s4u5GKLEH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1sLi0vLKamGtuL6xubVt7+w2VJxKQusk5rFsBVhRzgSta6Y5bSWS4ijgtBkMrsZ+84FKxWJxp4cJ9SPcEyxkBGsjdex9jyaK8VigC3RT9tS91JkYHXfsklNxJkDzxM1JCXLUOvaX141JGlGhCcdKtV0n0X6GpWaE01HRSxVNMBngHm0bKnBElZ9N7h+hI6N0URhLU0Kjifp7IsORUsMoMJ0R1n01643F/7x2qsNzP2MiSTUVZLooTDnSMRqHgbpMUqL50BBMJDO3ItLHEhNtIiuaENzZl+dJ46TiOhX39rRUvczjKMABHEIZXDiDKlxDDepA4BGe4RXerCfrxXq3PqatC1Y+swd/YH3+ACSYlYY=</latexit><latexit sha1_base64="jY1L/JYS+nhc2IGAqL9/wlwdydI=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfQiFL14s4L9gCaUzXbTLt1s4u5GKLEH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1sLi0vLKamGtuL6xubVt7+w2VJxKQusk5rFsBVhRzgSta6Y5bSWS4ijgtBkMrsZ+84FKxWJxp4cJ9SPcEyxkBGsjdex9jyaK8VigC3RT9tS91JkYHXfsklNxJkDzxM1JCXLUOvaX141JGlGhCcdKtV0n0X6GpWaE01HRSxVNMBngHm0bKnBElZ9N7h+hI6N0URhLU0Kjifp7IsORUsMoMJ0R1n01643F/7x2qsNzP2MiSTUVZLooTDnSMRqHgbpMUqL50BBMJDO3ItLHEhNtIiuaENzZl+dJ46TiOhX39rRUvczjKMABHEIZXDiDKlxDDepA4BGe4RXerCfrxXq3PqatC1Y+swd/YH3+ACSYlYY=</latexit><latexit sha1_base64="jY1L/JYS+nhc2IGAqL9/wlwdydI=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfQiFL14s4L9gCaUzXbTLt1s4u5GKLEH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1sLi0vLKamGtuL6xubVt7+w2VJxKQusk5rFsBVhRzgSta6Y5bSWS4ijgtBkMrsZ+84FKxWJxp4cJ9SPcEyxkBGsjdex9jyaK8VigC3RT9tS91JkYHXfsklNxJkDzxM1JCXLUOvaX141JGlGhCcdKtV0n0X6GpWaE01HRSxVNMBngHm0bKnBElZ9N7h+hI6N0URhLU0Kjifp7IsORUsMoMJ0R1n01643F/7x2qsNzP2MiSTUVZLooTDnSMRqHgbpMUqL50BBMJDO3ItLHEhNtIiuaENzZl+dJ46TiOhX39rRUvczjKMABHEIZXDiDKlxDDepA4BGe4RXerCfrxXq3PqatC1Y+swd/YH3+ACSYlYY=</latexit><latexit sha1_base64="jY1L/JYS+nhc2IGAqL9/wlwdydI=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfQiFL14s4L9gCaUzXbTLt1s4u5GKLEH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1sLi0vLKamGtuL6xubVt7+w2VJxKQusk5rFsBVhRzgSta6Y5bSWS4ijgtBkMrsZ+84FKxWJxp4cJ9SPcEyxkBGsjdex9jyaK8VigC3RT9tS91JkYHXfsklNxJkDzxM1JCXLUOvaX141JGlGhCcdKtV0n0X6GpWaE01HRSxVNMBngHm0bKnBElZ9N7h+hI6N0URhLU0Kjifp7IsORUsMoMJ0R1n01643F/7x2qsNzP2MiSTUVZLooTDnSMRqHgbpMUqL50BBMJDO3ItLHEhNtIiuaENzZl+dJ46TiOhX39rRUvczjKMABHEIZXDiDKlxDDepA4BGe4RXerCfrxXq3PqatC1Y+swd/YH3+ACSYlYY=</latexit>

p
n

<latexit sha1_base64="N62PfPBjAetnrZe1f/g605cMj+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzUrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCfPJBW</latexit><latexit sha1_base64="N62PfPBjAetnrZe1f/g605cMj+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzUrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCfPJBW</latexit><latexit sha1_base64="N62PfPBjAetnrZe1f/g605cMj+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzUrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCfPJBW</latexit><latexit sha1_base64="N62PfPBjAetnrZe1f/g605cMj+8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z++4lrI2L1iNOE+xEdKhEKRtFKnZ6ZaMzUrF+uuFV3AbJOvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CSz0q91PCEsjEd8q6likbc+Nni3hm5sMqAhLG2pZAs1N8TGY2MmUaB7YwojsyqNxf/87ophjd+JlSSIldsuShMJcGYzJ8nA6E5Qzm1hDIt7K2EjaimDG1EJRuCt/ryOmldVT236j1cV+q3eRxFOINzuAQPalCHe2hAExhIeIZXeHMmzovz7nwsWwtOPnMKf+B8/gCfPJBW</latexit>

Does this stay
the same for 

large n?

NOPE!



BIG MNIST
28 56 112



Theorem

28x28 MNIST 56x56 MNIST
For all classifiers, a random
image has an ✏-adversarial
example with probability p.

<latexit sha1_base64="Tu/uYeQNluwSB3TVj9CuSeZFzXs="></latexit><latexit sha1_base64="Tu/uYeQNluwSB3TVj9CuSeZFzXs="></latexit><latexit sha1_base64="Tu/uYeQNluwSB3TVj9CuSeZFzXs="></latexit><latexit sha1_base64="Tu/uYeQNluwSB3TVj9CuSeZFzXs="></latexit>

For all classifiers, a random
image has an 2✏-adversarial
example with probability p.

<latexit sha1_base64="Fo1Gvv4NRxEh+U0a4yhi5DcGbhs="></latexit><latexit sha1_base64="Fo1Gvv4NRxEh+U0a4yhi5DcGbhs="></latexit><latexit sha1_base64="Fo1Gvv4NRxEh+U0a4yhi5DcGbhs="></latexit><latexit sha1_base64="Fo1Gvv4NRxEh+U0a4yhi5DcGbhs="></latexit>

28 56



28x28 MNIST 56x56 MNIST
For all classifiers, a random
image has an ✏-adversarial
example with probability p.

<latexit sha1_base64="Tu/uYeQNluwSB3TVj9CuSeZFzXs="></latexit><latexit sha1_base64="Tu/uYeQNluwSB3TVj9CuSeZFzXs="></latexit><latexit sha1_base64="Tu/uYeQNluwSB3TVj9CuSeZFzXs="></latexit><latexit sha1_base64="Tu/uYeQNluwSB3TVj9CuSeZFzXs="></latexit>

For all classifiers, a random
image has an 2✏-adversarial
example with probability p.

<latexit sha1_base64="Fo1Gvv4NRxEh+U0a4yhi5DcGbhs="></latexit><latexit sha1_base64="Fo1Gvv4NRxEh+U0a4yhi5DcGbhs="></latexit><latexit sha1_base64="Fo1Gvv4NRxEh+U0a4yhi5DcGbhs="></latexit><latexit sha1_base64="Fo1Gvv4NRxEh+U0a4yhi5DcGbhs="></latexit>

There is no relation between 
dimensionality and robustness!

Theorem



ADVERSARIAL TRAINING
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MNIST hardened using PGD (30 steps)

High accuracy
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WHAT AFFECTS ROBUSTNESS?

<
susceptibility

MNIST CIFAR



WHAT AFFECTS ROBUSTNESS?
1� Uc exp(�⇡✏2)

<latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit>

pixels correlated
low-dimensional

low pixel correlations
high-dimensional

concentration 



WHAT AFFECTS THE BOUND?

56x56 MNIST CIFAR-10
3136 features

10 classes
3072 features

10 classes
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ADVERSARIAL TRAINING
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IMAGE COMPLEXITY LOWERS ROBUSTNESS

“Complex” image classes have low density
lower pixel correlations 

higher-dimensional manifolds

MNIST CIFAR ImageNet

complexity

1� Uc exp(�⇡✏2)
<latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit><latexit sha1_base64="F0E39vIO3CE5GQalWzMi3IyY0VY=">AAACBXicbZC9TsMwFIUdfkv5CzDCYFEhlaFVUiHBWMHCWCTSVmpD5LhOa9VxLNtBVFEXFl6FhQGEWHkHNt4Gt80ALUey9Once3V9TygYVdpxvq2l5ZXVtfXCRnFza3tn197bb6oklZh4OGGJbIdIEUY58TTVjLSFJCgOGWmFw6tJvXVPpKIJv9UjQfwY9TmNKEbaWIF95FagF2DYJQ+iXOkKakgoyhJ+VzsN7JJTdaaCi+DmUAK5GoH91e0lOI0J15ghpTquI7SfIakpZmRc7KaKCISHqE86BjmKifKz6RVjeGKcHowSaR7XcOr+nshQrNQoDk1njPRAzdcm5n+1TqqjCz+jXKSacDxbFKUM6gROIoE9KgnWbGQAYUnNXyEeIImwNsEVTQju/MmL0KxVXafq3pyV6pd5HAVwCI5BGbjgHNTBNWgAD2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6/MHy9uW2g==</latexit>



TAKEAWAYS

Robustness has fundamental limits

Robustness limit for neural 
nets might be far worse than 

intuition tells us!

Can’t escape by being clever

Not specific to neural nets



Are adversarial examples inevitable?
Ali Shafahi, Ronny Huang, Soheil Feize, Christoph Studer, Tom Goldstein

Poison frogs!  Targeted poisoning attacks on neural nets
Ali Shafahi, Ronny Huang, Mahyar Najibi, Octavian Suciu, 

Christoph Studer, Tudor Dimitras, Tom Goldstein

Ali Shafahi Ronny Huang

Mahyar Najibi Octavian Suciu

Visualizing the loss landscape of neural nets
Hao Li, Zheng Xu, Gavin Taylor, Christoph Studer, Tom Goldstein

Hao Li

Zheng Xu


