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Overview

• Hardness results on adversarial training. Key result applicable to a learner: 
• optimising any loss satisfying a mild statistical requirement, and 
• learning a classifier from any class satisfying a mild continuity assumption 

• Implementation disentangles adversarial training: 
1. generate adversarial data (Key result solves the compression of an OT plan) 

2. training as usual 

• Toy experiments against “weakly activated” adversarial data 
reveal generalisation improves on clean data as well
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Four levels of technical results

These slides

Poster

Paper (main body)

Paper (appendix)

⇢
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(   in inf)

`(H,A, D) � (1� ") · `�
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Key players: Bayes
1- Classifiers

2- Adversaries

3- (differentiable) Loss

4- general adversarial loss

H ✓ RX
<latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit><latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit><latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit><latexit sha1_base64="y/X+mwtLHdmxJVWkVChziF17a+Y="></latexit><latexit sha1_base64="xHHBXakyeWexkOwlFgGS7DW/vq0="></latexit><latexit sha1_base64="xHHBXakyeWexkOwlFgGS7DW/vq0="></latexit><latexit sha1_base64="dPP82qwO9Z1IK957u0zqoLJVd4Q="></latexit><latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit><latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit><latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit><latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit><latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit><latexit sha1_base64="R2oIf9g7NZKmruE3mt1vPpkxCxE="></latexit>

domain

sign = class

A ✓ XX
<latexit sha1_base64="fju/3iixBt5jtqPZYvxpt6Lc20Y="></latexit><latexit sha1_base64="fju/3iixBt5jtqPZYvxpt6Lc20Y="></latexit><latexit sha1_base64="fju/3iixBt5jtqPZYvxpt6Lc20Y="></latexit><latexit sha1_base64="fju/3iixBt5jtqPZYvxpt6Lc20Y="></latexit>

domain

` : {�1, 1}⇥ [0, 1] ! R
<latexit sha1_base64="wrbVR+vAdE/f5KxnqT9ZxmHiFKM="></latexit><latexit sha1_base64="wrbVR+vAdE/f5KxnqT9ZxmHiFKM="></latexit><latexit sha1_base64="wrbVR+vAdE/f5KxnqT9ZxmHiFKM="></latexit><latexit sha1_base64="wrbVR+vAdE/f5KxnqT9ZxmHiFKM="></latexit>

(conditional) Bayes risk 

properL(⇡)
.
= infc EY⇠⇡`(Y, c)

<latexit sha1_base64="CfgOfj0FJug3oodQdOQ0JIf3J2A="></latexit><latexit sha1_base64="CfgOfj0FJug3oodQdOQ0JIf3J2A="></latexit><latexit sha1_base64="CfgOfj0FJug3oodQdOQ0JIf3J2A="></latexit><latexit sha1_base64="CfgOfj0FJug3oodQdOQ0JIf3J2A="></latexit>

)
<latexit sha1_base64="dnPsM3VkWFXhwOO+WeyTn9bOeFs="></latexit><latexit sha1_base64="dnPsM3VkWFXhwOO+WeyTn9bOeFs="></latexit><latexit sha1_base64="dnPsM3VkWFXhwOO+WeyTn9bOeFs="></latexit><latexit sha1_base64="dnPsM3VkWFXhwOO+WeyTn9bOeFs="></latexit>

⇡
<latexit sha1_base64="L9+ZPceyhzbahWj3wpGT6nBa0c0="></latexit><latexit sha1_base64="L9+ZPceyhzbahWj3wpGT6nBa0c0="></latexit><latexit sha1_base64="L9+ZPceyhzbahWj3wpGT6nBa0c0="></latexit><latexit sha1_base64="L9+ZPceyhzbahWj3wpGT6nBa0c0="></latexit>

`� = `�
<latexit sha1_base64="0y6L3Odxy4eIhTLGlhpNI0rSkzQ="></latexit><latexit sha1_base64="0y6L3Odxy4eIhTLGlhpNI0rSkzQ="></latexit><latexit sha1_base64="0y6L3Odxy4eIhTLGlhpNI0rSkzQ="></latexit><latexit sha1_base64="0y6L3Odxy4eIhTLGlhpNI0rSkzQ="></latexit>

composite loss

link  : [0, 1] ! R
<latexit sha1_base64="eUXmsClgur7BYC+oFqx8qgUHjlQ="></latexit><latexit sha1_base64="eUXmsClgur7BYC+oFqx8qgUHjlQ="></latexit><latexit sha1_base64="eUXmsClgur7BYC+oFqx8qgUHjlQ="></latexit><latexit sha1_base64="eUXmsClgur7BYC+oFqx8qgUHjlQ="></latexit>

` (y, v)
.
= `(y, �1(v))

<latexit sha1_base64="FQWi2BII0lPpPhRICTTC9xur37Y="></latexit><latexit sha1_base64="FQWi2BII0lPpPhRICTTC9xur37Y="></latexit><latexit sha1_base64="FQWi2BII0lPpPhRICTTC9xur37Y="></latexit><latexit sha1_base64="FQWi2BII0lPpPhRICTTC9xur37Y="></latexit>

canonical loss

 
.
= �L0

<latexit sha1_base64="l6huu/y32eQZrbtosN/wuz7uocw="></latexit><latexit sha1_base64="l6huu/y32eQZrbtosN/wuz7uocw="></latexit><latexit sha1_base64="l6huu/y32eQZrbtosN/wuz7uocw="></latexit><latexit sha1_base64="l6huu/y32eQZrbtosN/wuz7uocw="></latexit>

blunt predictor

h� .
=  

�
1
2

�
<latexit sha1_base64="gptT/ebG3IuSyk0t7WX4hheiafE="></latexit><latexit sha1_base64="gptT/ebG3IuSyk0t7WX4hheiafE="></latexit><latexit sha1_base64="gptT/ebG3IuSyk0t7WX4hheiafE="></latexit><latexit sha1_base64="gptT/ebG3IuSyk0t7WX4hheiafE="></latexit>

= 0
<latexit sha1_base64="KdhJD46RQujLwUPIEn2mTEhbZlA="></latexit><latexit sha1_base64="KdhJD46RQujLwUPIEn2mTEhbZlA="></latexit><latexit sha1_base64="KdhJD46RQujLwUPIEn2mTEhbZlA="></latexit><latexit sha1_base64="KdhJD46RQujLwUPIEn2mTEhbZlA="></latexit>

(often)

corresponding loss:

`(H,A, D)
.
= min

h2H

E(X,Y)⇠D


max
a2A

`(Y, h � a(X))
�

<latexit sha1_base64="77JboIx635P7dUEXfb0sb2QEebM="></latexit><latexit sha1_base64="77JboIx635P7dUEXfb0sb2QEebM="></latexit><latexit sha1_base64="77JboIx635P7dUEXfb0sb2QEebM="></latexit><latexit sha1_base64="77JboIx635P7dUEXfb0sb2QEebM="></latexit>

(    “hidden”) 
<latexit sha1_base64="iWga5ZXxIOqjq99iJGKhQVoq+qk="></latexit><latexit sha1_base64="iWga5ZXxIOqjq99iJGKhQVoq+qk="></latexit><latexit sha1_base64="iWga5ZXxIOqjq99iJGKhQVoq+qk="></latexit><latexit sha1_base64="iWga5ZXxIOqjq99iJGKhQVoq+qk="></latexit>

k�k  �⇤
<latexit sha1_base64="N801/Fgd9SeWocT49UR5Je4XdcI="></latexit><latexit sha1_base64="N801/Fgd9SeWocT49UR5Je4XdcI="></latexit><latexit sha1_base64="N801/Fgd9SeWocT49UR5Je4XdcI="></latexit><latexit sha1_base64="N801/Fgd9SeWocT49UR5Je4XdcI="></latexit>

particular case, Madry et al.’18:

s.t.x
a! x+ �

<latexit sha1_base64="0UjQ21UiAexwvrn/dqj7IxXdD58="></latexit><latexit sha1_base64="0UjQ21UiAexwvrn/dqj7IxXdD58="></latexit><latexit sha1_base64="0UjQ21UiAexwvrn/dqj7IxXdD58="></latexit><latexit sha1_base64="0UjQ21UiAexwvrn/dqj7IxXdD58="></latexit>

"
<latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit>

  -defeated by     on    iff   H
<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

A
<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit>

`
<latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit>

!
<latexit sha1_base64="m+PVbZjTx2L2th7tHcKc1S7OuyA="></latexit><latexit sha1_base64="m+PVbZjTx2L2th7tHcKc1S7OuyA="></latexit><latexit sha1_base64="m+PVbZjTx2L2th7tHcKc1S7OuyA="></latexit><latexit sha1_base64="m+PVbZjTx2L2th7tHcKc1S7OuyA="></latexit>

" ! 0
<latexit sha1_base64="G4O3LJd+M3Pl5BO1E+eczfAZJ5M="></latexit><latexit sha1_base64="G4O3LJd+M3Pl5BO1E+eczfAZJ5M="></latexit><latexit sha1_base64="G4O3LJd+M3Pl5BO1E+eczfAZJ5M="></latexit><latexit sha1_base64="G4O3LJd+M3Pl5BO1E+eczfAZJ5M="></latexit>



• For any proper composite loss   , classifiers    , adversaries     (+integrability 
assumptions),

 5blunts               — Cranko et al.

Main negative result

`
<latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit> H

<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

A
<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit>

`(H,A, D) �
✓
`� � 1

2
·min
a2A

�a

◆

+
<latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit>

�a
.
= max

h2H

{'(P, f,⇡, 2L(1))� '(N, f, 1� ⇡,�2L(0))}
<latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit>

f
.
= (�L0) �  �1 � h � a

<latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit>

with

and

'(Q, f, u, v)
.
=

Z

X

u · (f(x) + v)dQ(x)
<latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit>

“+” ex. “-” ex.

Example: if                  and            , then     is     Integral Probability Metric for classL(0) = L(1)
<latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit>

⇡ = 1/2
<latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit>

�a
<latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit>

{(�L0) �  �1 � h � a : h 2 H}
<latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit>

(more in paper / poster)

/
<latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit>



Example: if                  and            , then     is     Integral Probability Metric for class/
<latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit>

• For any proper composite loss   , classifiers    , adversaries     (+integrability 
assumptions),

 6blunts               — Cranko et al.

Main negative result — consequence #1

`
<latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit> H

<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

A
<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit>

`(H,A, D) �
✓
`� � 1

2
·min
a2A

�a

◆

+
<latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit>

�a
.
= max

h2H

{'(P, f,⇡, 2L(1))� '(N, f, 1� ⇡,�2L(0))}
<latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit>

f
.
= (�L0) �  �1 � h � a

<latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit>

with

and

'(Q, f, u, v)
.
=

Z

X

u · (f(x) + v)dQ(x)
<latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit>

“+” ex.

L(0) = L(1)
<latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit>

⇡ = 1/2
<latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit>

�a
<latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit>

{(�L0) �  �1 � h � a : h 2 H}
<latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit>

Hence, if              such that                then �a  2"`�
<latexit sha1_base64="GWNNdRzzKbOG4pjpxx+/KTaP3Bc="></latexit><latexit sha1_base64="GWNNdRzzKbOG4pjpxx+/KTaP3Bc="></latexit><latexit sha1_base64="GWNNdRzzKbOG4pjpxx+/KTaP3Bc="></latexit><latexit sha1_base64="GWNNdRzzKbOG4pjpxx+/KTaP3Bc="></latexit>

"
<latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit>H

<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

A
<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit>

`
<latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit>

9a 2 A
<latexit sha1_base64="VujGZ9LdLlO7WrfpRKopjewxa24="></latexit><latexit sha1_base64="VujGZ9LdLlO7WrfpRKopjewxa24="></latexit><latexit sha1_base64="VujGZ9LdLlO7WrfpRKopjewxa24="></latexit><latexit sha1_base64="VujGZ9LdLlO7WrfpRKopjewxa24="></latexit>

 is  -defeated by    on



Example: if                  and            , then     is     Integral Probability Metric for class/
<latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit><latexit sha1_base64="2xeUZTcFDv7AbuSyq4+9ebYO5ug="></latexit>

• For any proper composite loss   , classifiers    , adversaries     (+integrability 
assumptions),
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Main negative result — consequence #2

`
<latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit> H

<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

A
<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit>

`(H,A, D) �
✓
`� � 1

2
·min
a2A

�a

◆

+
<latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit><latexit sha1_base64="g6/w4GLNiRwPs1Lm9mephVxyjfk="></latexit>

�a
.
= max

h2H

{'(P, f,⇡, 2L(1))� '(N, f, 1� ⇡,�2L(0))}
<latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit><latexit sha1_base64="KnIpapXZGpTXBwu5h4ly+97T0n8="></latexit>

f
.
= (�L0) �  �1 � h � a

<latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit><latexit sha1_base64="yEn3Y1VioexjzPuKb/E3szQW1OM="></latexit>

with

and

'(Q, f, u, v)
.
=

Z

X

u · (f(x) + v)dQ(x)
<latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit><latexit sha1_base64="ZqaZKvj2E2tnsDZGZTQtTFOX1SY="></latexit>

“+” ex.

L(0) = L(1)
<latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit>

⇡ = 1/2
<latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit>

�a
<latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit><latexit sha1_base64="3HAsMguSPk3GQQ/+xe9TMts00uQ="></latexit>

{(�L0) �  �1 � h � a : h 2 H}
<latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit><latexit sha1_base64="tccN9wKvJZoNTUg2dml+F0LfCtA="></latexit>

RHS: roles permuted — adversary in outer optimisation 

suggests 2-stages optimisation to train classifier: 

  (i) (build adversary) craft adversarial training data  

  (ii) train from adversarial data

min
h2H

E(X,Y)⇠D


max
a2A

`(Y, h � a(X))
�

<latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit><latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit><latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit><latexit sha1_base64="Cvqkqb5SlGJaD+UDAqRY8aoYNzQ="></latexit><latexit sha1_base64="no99EuaKQrN2TUFsft6Kzcenpg8="></latexit><latexit sha1_base64="no99EuaKQrN2TUFsft6Kzcenpg8="></latexit><latexit sha1_base64="Dep5qubXeERSdLU41qdvuZpNkBM="></latexit><latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit><latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit><latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit><latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit><latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit><latexit sha1_base64="8PRlexwIjKY9xU8ZK4tfNY7ypK4="></latexit>

=<latexit sha1_base64="t6qT9hV1yXUYEG8jMYl0TNrh4Xw="></latexit><latexit sha1_base64="t6qT9hV1yXUYEG8jMYl0TNrh4Xw="></latexit><latexit sha1_base64="t6qT9hV1yXUYEG8jMYl0TNrh4Xw="></latexit><latexit sha1_base64="t6qT9hV1yXUYEG8jMYl0TNrh4Xw="></latexit>
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Adversaries



• Direct link with Maximum Mean Discrepancy (MMD)  
• Let    be the unit ball of a RKHS w/ reproducing kernel   . 
Adversarial mean embedding of   on        (Adversarial) MMD between    and 

mmd[P,N |a] .
= kµa,P � µa,NkH

<latexit sha1_base64="Xmb2RrU6vmUdMbzY9eoNpTPdT24="></latexit><latexit sha1_base64="Xmb2RrU6vmUdMbzY9eoNpTPdT24="></latexit><latexit sha1_base64="Xmb2RrU6vmUdMbzY9eoNpTPdT24="></latexit><latexit sha1_base64="Xmb2RrU6vmUdMbzY9eoNpTPdT24="></latexit>
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Adversaries 1/3: MMD

H
<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>


<latexit sha1_base64="TVSqQIu59y0ZKKr2w6HlqK2MT8c="></latexit><latexit sha1_base64="TVSqQIu59y0ZKKr2w6HlqK2MT8c="></latexit><latexit sha1_base64="TVSqQIu59y0ZKKr2w6HlqK2MT8c="></latexit><latexit sha1_base64="TVSqQIu59y0ZKKr2w6HlqK2MT8c="></latexit>

µa,Q
.
=

Z

X

(a(x), .)dQ(x)
<latexit sha1_base64="5bvHb2JOo7eCEkooQgAeq34mCn4="></latexit><latexit sha1_base64="5bvHb2JOo7eCEkooQgAeq34mCn4="></latexit><latexit sha1_base64="5bvHb2JOo7eCEkooQgAeq34mCn4="></latexit><latexit sha1_base64="5bvHb2JOo7eCEkooQgAeq34mCn4="></latexit>

a
<latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit><latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit><latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit><latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit>

Q
<latexit sha1_base64="xC1qjwebKJmxipDs0ZfP4pbLjKY="></latexit><latexit sha1_base64="xC1qjwebKJmxipDs0ZfP4pbLjKY="></latexit><latexit sha1_base64="xC1qjwebKJmxipDs0ZfP4pbLjKY="></latexit><latexit sha1_base64="xC1qjwebKJmxipDs0ZfP4pbLjKY="></latexit>

P<latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit>

     is   -defeated by    on    if

L(0) = L(1)
<latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit>

⇡ = 1/2
<latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit>

"
<latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit>

H
<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

A
<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit>

`
<latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit><latexit sha1_base64="oFXi7J9YjZLxf17eZQBPYxeGBOw="></latexit>

�a =
1

4
·mmd[P,N |a]

<latexit sha1_base64="tYR8+RSkib6EjYBCOGQBaS9o1IQ="></latexit><latexit sha1_base64="tYR8+RSkib6EjYBCOGQBaS9o1IQ="></latexit><latexit sha1_base64="tYR8+RSkib6EjYBCOGQBaS9o1IQ="></latexit><latexit sha1_base64="tYR8+RSkib6EjYBCOGQBaS9o1IQ="></latexit>

9a 2 A
<latexit sha1_base64="VujGZ9LdLlO7WrfpRKopjewxa24="></latexit><latexit sha1_base64="VujGZ9LdLlO7WrfpRKopjewxa24="></latexit><latexit sha1_base64="VujGZ9LdLlO7WrfpRKopjewxa24="></latexit><latexit sha1_base64="VujGZ9LdLlO7WrfpRKopjewxa24="></latexit>

s.t.mmd[P,N |a]  8"`�
<latexit sha1_base64="VqfgwZN9UH/l4WZPo57tX24BSN8="></latexit><latexit sha1_base64="VqfgwZN9UH/l4WZPo57tX24BSN8="></latexit><latexit sha1_base64="VqfgwZN9UH/l4WZPo57tX24BSN8="></latexit><latexit sha1_base64="VqfgwZN9UH/l4WZPo57tX24BSN8="></latexit>

(more in paper / poster)

N<latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit>

(if                  and            )



• Allows to build efficient adversaries when classifiers are Lipschitz 
• Compresses an optimal transport plan using Lipschitz function as cost

  -Monge efficient for    on   ,     iff   
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Adversaries 2/3: Monge

C(a, P,N)
.
= inf

µ2⇧(P,N)

Z
c(a(x), a(x0))dµ(x,x0)

<latexit sha1_base64="9l3BXncsrektu9uVgWBNRveYIiY="></latexit><latexit sha1_base64="9l3BXncsrektu9uVgWBNRveYIiY="></latexit><latexit sha1_base64="9l3BXncsrektu9uVgWBNRveYIiY="></latexit><latexit sha1_base64="9l3BXncsrektu9uVgWBNRveYIiY="></latexit>

(Adversarial) OT plan between   andP<latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit> N<latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit>

Monge efficiency (for cost                   )c : X⇥ X ! R
<latexit sha1_base64="EPuOoE01JpZuPgcoVOj2LJJmAX0="></latexit><latexit sha1_base64="EPuOoE01JpZuPgcoVOj2LJJmAX0="></latexit><latexit sha1_base64="EPuOoE01JpZuPgcoVOj2LJJmAX0="></latexit><latexit sha1_base64="EPuOoE01JpZuPgcoVOj2LJJmAX0="></latexit>

(more general statement in paper / poster)

�
<latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit>A

<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit>

c
<latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit> P<latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit> N<latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit>

9a 2 A : C(a, P,N)  �
<latexit sha1_base64="ofk96BsRNAcMEb9eFTzSsEOxn6E="></latexit><latexit sha1_base64="ofk96BsRNAcMEb9eFTzSsEOxn6E="></latexit><latexit sha1_base64="ofk96BsRNAcMEb9eFTzSsEOxn6E="></latexit><latexit sha1_base64="ofk96BsRNAcMEb9eFTzSsEOxn6E="></latexit>

Suppose     is   -Lipschitz with respect to   ,     is    -Monge efficient for   on   ,    . Suppose                  ,            .H
<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

c
<latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit>

A
<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit> �

<latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit>

c
<latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit><latexit sha1_base64="J4BihPVftAhpX0rHOD5TEyvZaSA="></latexit>

P<latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit> N<latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit>

L(0) = L(1)
<latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit><latexit sha1_base64="pN93QRCEQ14U6yZZNRgS9Hl3cXY="></latexit>

⇡ = 1/2
<latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit><latexit sha1_base64="lpRbjnh7ef6etoac2akIs7J9HZk="></latexit>

K<latexit sha1_base64="DTNGrspWMfQe8U18XlAYdZoN298="></latexit><latexit sha1_base64="DTNGrspWMfQe8U18XlAYdZoN298="></latexit><latexit sha1_base64="DTNGrspWMfQe8U18XlAYdZoN298="></latexit><latexit sha1_base64="DTNGrspWMfQe8U18XlAYdZoN298="></latexit>

�  8"`�/K
<latexit sha1_base64="NdZlL8WrgAArcw+xmZFfZ8guVUQ="></latexit><latexit sha1_base64="NdZlL8WrgAArcw+xmZFfZ8guVUQ="></latexit><latexit sha1_base64="NdZlL8WrgAArcw+xmZFfZ8guVUQ="></latexit><latexit sha1_base64="NdZlL8WrgAArcw+xmZFfZ8guVUQ="></latexit>

If                    , then    is   -defeated by    on H
<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

"
<latexit sha1_base64="p211/A21BZI+4dftWmai+409844="></latexit><latexit sha1_base64="p211/A21BZI+4dftWmai+409844="></latexit><latexit sha1_base64="p211/A21BZI+4dftWmai+409844="></latexit><latexit sha1_base64="p211/A21BZI+4dftWmai+409844="></latexit>

A
<latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit><latexit sha1_base64="GfnSMoilIDvD8Xq/YrOmTjjyUo0="></latexit> `

<latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit><latexit sha1_base64="Yksds9VKdKa1m+boQLFzqqgDhbQ="></latexit>

vs



A. It is possible to  -defeat     simultaneously on a whole set    of symmetric losses  
 
Simple way to defeat strategies learning/tuning the loss  
— important case because common losses fit in (log, square, Matsushita, etc.) 

B. It is possible to craft very strong adversaries from very weak ones  
 
RKHS example — suppose there exists a weakly contractive adversary    in a 
feature map    of the RKHS: 
Then        ,composing just                     adversaries yields  -Monge efficiency

 11blunts               — Cranko et al.

Adversaries 3/3: Broader strategies + Boosting

(complete statements in paper / poster)

"
<latexit sha1_base64="p211/A21BZI+4dftWmai+409844="></latexit><latexit sha1_base64="p211/A21BZI+4dftWmai+409844="></latexit><latexit sha1_base64="p211/A21BZI+4dftWmai+409844="></latexit><latexit sha1_base64="p211/A21BZI+4dftWmai+409844="></latexit>

H
<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>

a
<latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit><latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit><latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit>

L
<latexit sha1_base64="09Ryf+8xVXxwirJW4tr5Dj5HME8="></latexit><latexit sha1_base64="09Ryf+8xVXxwirJW4tr5Dj5HME8="></latexit><latexit sha1_base64="09Ryf+8xVXxwirJW4tr5Dj5HME8="></latexit><latexit sha1_base64="09Ryf+8xVXxwirJW4tr5Dj5HME8="></latexit>

�<latexit sha1_base64="8J0zzRXTgnUNbgTq68cwM+kFFPM="></latexit><latexit sha1_base64="8J0zzRXTgnUNbgTq68cwM+kFFPM="></latexit><latexit sha1_base64="8J0zzRXTgnUNbgTq68cwM+kFFPM="></latexit><latexit sha1_base64="8J0zzRXTgnUNbgTq68cwM+kFFPM="></latexit>

k� � a(x)� � � a(x0)kH  (1� ⌘) · k�(x)� �(x0)kH, 8x,x0 2 X
<latexit sha1_base64="I1tjEEoO4koEPw2K2tGESbShJXw="></latexit><latexit sha1_base64="I1tjEEoO4koEPw2K2tGESbShJXw="></latexit><latexit sha1_base64="I1tjEEoO4koEPw2K2tGESbShJXw="></latexit><latexit sha1_base64="I1tjEEoO4koEPw2K2tGESbShJXw="></latexit>

�
<latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit><latexit sha1_base64="EcVRDfaiEBRRb+lqGId+40w3Y4I="></latexit>8� > 0

<latexit sha1_base64="NbbgJqqzjUTiGqN/62iOvwCQs+U="></latexit><latexit sha1_base64="NbbgJqqzjUTiGqN/62iOvwCQs+U="></latexit><latexit sha1_base64="NbbgJqqzjUTiGqN/62iOvwCQs+U="></latexit><latexit sha1_base64="NbbgJqqzjUTiGqN/62iOvwCQs+U="></latexit>

W�
1

<latexit sha1_base64="UGkyC1EpvhsU7g54Bl7SK8v857Y="></latexit><latexit sha1_base64="UGkyC1EpvhsU7g54Bl7SK8v857Y="></latexit><latexit sha1_base64="UGkyC1EpvhsU7g54Bl7SK8v857Y="></latexit><latexit sha1_base64="UGkyC1EpvhsU7g54Bl7SK8v857Y="></latexit>

= 1-Wasserstein distance between    and    in P<latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit><latexit sha1_base64="dARCFw0VlxiF+xNDvOPcSHblgpQ="></latexit> N<latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit><latexit sha1_base64="CiPwV5ltRlafin1tx86CiSAAYts="></latexit> �<latexit sha1_base64="8J0zzRXTgnUNbgTq68cwM+kFFPM="></latexit><latexit sha1_base64="8J0zzRXTgnUNbgTq68cwM+kFFPM="></latexit><latexit sha1_base64="8J0zzRXTgnUNbgTq68cwM+kFFPM="></latexit><latexit sha1_base64="8J0zzRXTgnUNbgTq68cwM+kFFPM="></latexit>

(1/⌘) · log(W�
1 /�)

<latexit sha1_base64="bouXruMB/P4KnGwIVAgXJb8NOfo="></latexit><latexit sha1_base64="bouXruMB/P4KnGwIVAgXJb8NOfo="></latexit><latexit sha1_base64="bouXruMB/P4KnGwIVAgXJb8NOfo="></latexit><latexit sha1_base64="bouXruMB/P4KnGwIVAgXJb8NOfo="></latexit>



A. Replace adversarial training by training from adversarial data 

B. If loss in specific classes, incl. popular losses, adversary can be loss agnostic 

C. If learner’s     is Lipschitz, use Lipschitz cost in an OT compression problem 

D. Adversarial boosting: craft strong adversaries from weak adversaries
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Take home theoretical messages vs

H
<latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit><latexit sha1_base64="nd2cRi3nktQdJE/3DMJZUGaclSQ="></latexit>



A. Mixup adversaries (named after Zhang, Cissé, Dauphin & Lopez-Paz ’18) 
 
 
general transformation:  
 

B. Monge adversary — for a tight control on Monge efficiency, focus on 
 
 
min Wasserstein-OT s.t. 

a(x)
.
= (1� �) · x+ � · x0

<latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit><latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit><latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit><latexit sha1_base64="bi5p5wFQiBwIual10nuKUJEj3L8="></latexit><latexit sha1_base64="GPudB22ZgaNCOXp22wcRatCNHwM="></latexit><latexit sha1_base64="GPudB22ZgaNCOXp22wcRatCNHwM="></latexit><latexit sha1_base64="VjZlRdY0FjOOfn5ShbpcFOHRYsw="></latexit><latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit><latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit><latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit><latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit><latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit><latexit sha1_base64="d60dccGcSxsFJycSC9e2exAGrVk="></latexit>
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Some Monge efficient adversaries

neighbour in other class

cluster / class centroid

sample centroid, etc.

(more in paper / poster)

d(a(x),x)  ↵, 8x
<latexit sha1_base64="t2PHTFUi+LDLwRNdTJoMK3oFKaw="></latexit><latexit sha1_base64="t2PHTFUi+LDLwRNdTJoMK3oFKaw="></latexit><latexit sha1_base64="t2PHTFUi+LDLwRNdTJoMK3oFKaw="></latexit><latexit sha1_base64="t2PHTFUi+LDLwRNdTJoMK3oFKaw="></latexit>a

<latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit><latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit><latexit sha1_base64="cbzgkA9SlVLhQKlcUm8Id0jM+hw="></latexit>

“budget”
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Toy experiments 1/2 — data & transformations

A. Mixup-to-sample-centroid  
 
 
 
 

B. Monge adversary for Wasserstein =      and              (cvx)  
 
 

 14

x0 = ED[X]
<latexit sha1_base64="3Rn9NL6tJ8W3HuFEP74BHjPQK7A="></latexit><latexit sha1_base64="3Rn9NL6tJ8W3HuFEP74BHjPQK7A="></latexit><latexit sha1_base64="3Rn9NL6tJ8W3HuFEP74BHjPQK7A="></latexit><latexit sha1_base64="3Rn9NL6tJ8W3HuFEP74BHjPQK7A="></latexit>

W 2
2

<latexit sha1_base64="3s884CYUzpwlL2IOx9/BCBgdVhw="></latexit><latexit sha1_base64="3s884CYUzpwlL2IOx9/BCBgdVhw="></latexit><latexit sha1_base64="3s884CYUzpwlL2IOx9/BCBgdVhw="></latexit><latexit sha1_base64="3s884CYUzpwlL2IOx9/BCBgdVhw="></latexit>

USPS data

1D normal classes

classes 1 & 3

�
<latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit>

↵
W1<latexit sha1_base64="bGJ6Qq0RU8L06ye6Zv8uwf9O9l8="></latexit><latexit sha1_base64="bGJ6Qq0RU8L06ye6Zv8uwf9O9l8="></latexit><latexit sha1_base64="bGJ6Qq0RU8L06ye6Zv8uwf9O9l8="></latexit><latexit sha1_base64="bGJ6Qq0RU8L06ye6Zv8uwf9O9l8="></latexit>

d = k.k1
<latexit sha1_base64="rRDz5IwjBVWZKXG3D/Y+ubc5fTc="></latexit><latexit sha1_base64="rRDz5IwjBVWZKXG3D/Y+ubc5fTc="></latexit><latexit sha1_base64="rRDz5IwjBVWZKXG3D/Y+ubc5fTc="></latexit><latexit sha1_base64="rRDz5IwjBVWZKXG3D/Y+ubc5fTc="></latexit>
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Toy experiments 2/2 — findings

A. Mixup-to-sample-centroid  
 
 
 
 

B. Monge adversary for Wasserstein =      and              (cvx)  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x0 = ED[X]
<latexit sha1_base64="3Rn9NL6tJ8W3HuFEP74BHjPQK7A="></latexit><latexit sha1_base64="3Rn9NL6tJ8W3HuFEP74BHjPQK7A="></latexit><latexit sha1_base64="3Rn9NL6tJ8W3HuFEP74BHjPQK7A="></latexit><latexit sha1_base64="3Rn9NL6tJ8W3HuFEP74BHjPQK7A="></latexit>

W 2
2

<latexit sha1_base64="3s884CYUzpwlL2IOx9/BCBgdVhw="></latexit><latexit sha1_base64="3s884CYUzpwlL2IOx9/BCBgdVhw="></latexit><latexit sha1_base64="3s884CYUzpwlL2IOx9/BCBgdVhw="></latexit><latexit sha1_base64="3s884CYUzpwlL2IOx9/BCBgdVhw="></latexit>

USPS data

1D normal classes

classes 1 & 3

�
<latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit>

↵
W1<latexit sha1_base64="bGJ6Qq0RU8L06ye6Zv8uwf9O9l8="></latexit><latexit sha1_base64="bGJ6Qq0RU8L06ye6Zv8uwf9O9l8="></latexit><latexit sha1_base64="bGJ6Qq0RU8L06ye6Zv8uwf9O9l8="></latexit><latexit sha1_base64="bGJ6Qq0RU8L06ye6Zv8uwf9O9l8="></latexit>

�
<latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit><latexit sha1_base64="UzCdF4Ku6XELzGh5tZ4wX+9pJOI="></latexit>

lo
gi

st
ic

 lo
ss

train test

c = clean 
a = adversarial

worst trains on c !

best trains on (weak) a 
(even tested on c) !

d = k.k1
<latexit sha1_base64="rRDz5IwjBVWZKXG3D/Y+ubc5fTc="></latexit><latexit sha1_base64="rRDz5IwjBVWZKXG3D/Y+ubc5fTc="></latexit><latexit sha1_base64="rRDz5IwjBVWZKXG3D/Y+ubc5fTc="></latexit><latexit sha1_base64="rRDz5IwjBVWZKXG3D/Y+ubc5fTc="></latexit>
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Conclusion

• Replacement of adversarial training by training from adversarial data 
• Adversaries that can be effective against wide ranges of  

• Adversarial strategy against Lipschitz classifiers: compression of OT plans 
(between class marginals)  

• Toy experiments reveal that training from sufficiently weak adversarial data 
can improve generalisation on clean data 
 
 
 

• Next step: explain such a “vaccination phenomenon”

 16

(H, `)
<latexit sha1_base64="Uc2RyaizLp4OTk7hYFl1F3j+yZk="></latexit><latexit sha1_base64="Uc2RyaizLp4OTk7hYFl1F3j+yZk="></latexit><latexit sha1_base64="Uc2RyaizLp4OTk7hYFl1F3j+yZk="></latexit><latexit sha1_base64="Uc2RyaizLp4OTk7hYFl1F3j+yZk="></latexit>

da
ta

 sh
ot
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Thank you
(get your data shot at poster # 191)

“This is not a pipe”

“The treachery of images”, René Magritte


