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Techniques from data science could 
lead to interesting physics results in 

many areas, and already have. 

Even in string theory, one could use 
data science to study formal systems. 

Instead, applications here will tend to 
focus one important big data problem:  

the string landscape.



Many “Landscapes”
Boldness / 

Controversy
“Although string theory clearly pointed towards an “anthropic ensemble” of 
solutions since 1985, mentioning this in public was “not done”. Even nowadays, 
one can attend an entire conference on “string phenomenology” without any 
mention of anthropic arguments, except occasionally in a derogatory way.” 
    - Schellekens, The Emperor’s Last Clothes

Mostly Anthropic  
Multiverse

Partially Anthropic  
Multiverse

Many Pockets:  
Multiverse

Many Vacua

Many Possibilities

} KEY POINT:
regardless of which one each of us 
currently thinks is correct, many of us 
probably agree that this problem is 
very important and difficult,  
and involves enormous datasets. 

(probably) so big we will never be 
able to process them on any 
conceivable classical computer. 

what do we do!?



FORMAL THEORY
is clearly required to  

better understand the landscape, 
the swampland, and  

what they mean for the real world. 

but will it be enough on its own? (no?)



Can we make progress using the suite of  
techniques from data science? (finding out . . .) 

 

Can this progress include rigorous results? (yes) 
 

But can data science handle sets that will  
never fit on a computer!? (sometimes) 

 

Can results obtained from data science provide  
motivation for formal theory? (yes)



Connections 
(Jim)

• Graph Theory 
• Network Science

Data Generation 
(Fabian)

• Generative Adversarial 
Networks (GANs)

Search / Explore 
(Jim)

• Reinforcement 
Learning (RL)

Predict / Classify 
(Fabian)

• Neural Networks 
(super- / unsupervised)

Data Structure 
(Fabian)

• Persistent Homology

Areas of Application

Make Rigorous 
(Jim)

• Intelligible AI
• Conjecture Generation 



Predict / Classify 
w/ Neural Networks

[Krefl,Seong`17], [He`17], [Ruehle `17], [Liu`17]



Some Textbooks
• Explains backpropagating NNs and train via genetic alg. 

Good textbook explaining standard techniques 

• Also gives intuition for NN from to actual neurons (bio) 

• Standard textbook


• Online textbook (animated examples)

Neural Networks for Pattern Recognition 
Christopher M. Bishop 
Oxford press, 1995

An Introduction To Neural Networks 
James A Anderson 
MIT Press, 1995.

Neural Smithing: Supervised Learning in Feedforward Artificial Neural Networks 
Reed, Marks 
MIT Press, 1999

Neural Networks and Deep Learning 
Michael Nielsen 
[http://neuralnetworksanddeeplearning.com], 2017



Some Libraries
• Tensorflow: Python library for neural networks  

(and much more in fact) 

• Mathematica: 11.1 onward comes with NN functionality 

[tensorflow.com]

+ Most-used in CS community      tons of examples (check github.com))
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+ Comes with CUDA / GPU support (in principle)

- Some things are cumbersome (e.g. storing trained NNs,  
Tensorboard takes some getting used to, …)

+ Comes with tensor board (visualize flow, NN, …)

+ Most of us are familiar with mathematica (more than Python)
+ Comes with CUDA / GPU support (in principle)
+ Comes with tons of high-level layers and functionality (e.g. you can do 
NetTrain[myNN, trainSet], …)

- Slower than Python
- Less examples than for e.g. Tensorflow [mathematica.com]

http://tensorflow.com
http://github.com
http://mathematica.com


Some Libraries
• Keras: Python library on top of Tensorflow /  

           Theano 
 

 
 
 

• Chainer: Yet another Python Library 

Uses Tensorflow or Keras in the back to do the computations  
(wrapper for these libraries)
If you want to do things that are not implemented in eras need to know 
Tensorflow anyways [keras.io]

+ Provides higher level functions for NN creation and training
+

-

+ ChainerRL library provides Reinforcement Learning

+ Examples on GitHub how to connect this to OpenAI Gym

- Less used than Tensorflow
[chainer.org]

http://keras.io
http://chainer.org


Neural Networks - Idea
• Based on information processing in human brain


• Perceptrons / Axons get activated by electric pulses


• Neurons connect the axons to create a neural network


• Artificial NNs: 


‣ Axons (connections)     Matrix multiplication


‣ Perceptrons/ Neurons  (nodes)     Activation / response 
function (Ramp, Sigmoid, Tanh, …) 

$
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$
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Input 
Layer

Hidden 
Layers

Output 
Layer

Neural Networks - Idea



‣ Connections: Matrix Multiplication 

‣ Nodes: Apply some activation function f
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Neural Networks - Idea



‣ Connections: Matrix Multiplication 

‣ Nodes: Apply some activation function f
<latexit sha1_base64="uvgPwRVoT5hu781LUI9h3BbpTcA=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipGfUqVbfmzkCWiVeQKhRo9Cpf3X7CshilYYJq3fHc1AQ5VYYzgZNyN9OYUjaiA+xYKmmMOshnh07IqVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FVkHOZZgYlmy+KMkFMQqZfkz5XyIwYW0KZ4vZWwoZUUWZsNmUbgrf48jLxz2vXNa95Ua3fFGmU4BhO4Aw8uIQ63EEDfGCA8Ayv8OY8Oi/Ou/Mxb11xipkj+APn8wc4NYy6</latexit><latexit sha1_base64="uvgPwRVoT5hu781LUI9h3BbpTcA=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipGfUqVbfmzkCWiVeQKhRo9Cpf3X7CshilYYJq3fHc1AQ5VYYzgZNyN9OYUjaiA+xYKmmMOshnh07IqVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FVkHOZZgYlmy+KMkFMQqZfkz5XyIwYW0KZ4vZWwoZUUWZsNmUbgrf48jLxz2vXNa95Ua3fFGmU4BhO4Aw8uIQ63EEDfGCA8Ayv8OY8Oi/Ou/Mxb11xipkj+APn8wc4NYy6</latexit><latexit sha1_base64="uvgPwRVoT5hu781LUI9h3BbpTcA=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipGfUqVbfmzkCWiVeQKhRo9Cpf3X7CshilYYJq3fHc1AQ5VYYzgZNyN9OYUjaiA+xYKmmMOshnh07IqVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FVkHOZZgYlmy+KMkFMQqZfkz5XyIwYW0KZ4vZWwoZUUWZsNmUbgrf48jLxz2vXNa95Ua3fFGmU4BhO4Aw8uIQ63EEDfGCA8Ayv8OY8Oi/Ou/Mxb11xipkj+APn8wc4NYy6</latexit><latexit sha1_base64="uvgPwRVoT5hu781LUI9h3BbpTcA=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysHhg04yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7dRvPaHSPJH3ZpxiENOB5BFn1FipGfUqVbfmzkCWiVeQKhRo9Cpf3X7CshilYYJq3fHc1AQ5VYYzgZNyN9OYUjaiA+xYKmmMOshnh07IqVX6JEqULWnITP09kdNY63Ec2s6YmqFe9Kbif14nM9FVkHOZZgYlmy+KMkFMQqZfkz5XyIwYW0KZ4vZWwoZUUWZsNmUbgrf48jLxz2vXNa95Ua3fFGmU4BhO4Aw8uIQ63EEDfGCA8Ayv8OY8Oi/Ou/Mxb11xipkj+APn8wc4NYy6</latexit>

Neural Networks - Idea



NNs - When to use
• NNs are in most ML applications (RL, GANs, …)


• Classical areas of applications for NNs
Universal approximation theorem:

A sufficiently complex ANN can approximate any function to  
an (in principle) arbitrarily high precision. [Cybenko ’89; Hornik ’91]
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NNs - When to use
• Analyse prediction


‣ Divide data into train set + validation set


‣ Check performance on validation set


✦ If machine performs much better on training set than 
on validation set      overtraining


✦ If machine performs equally bad on both     NN not 
powerful enough


✦ If machine performs equally well on both     NN well 
designed      

)
<latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit>

)
<latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit>

)
<latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit>



NNs - When to use
• Analyse classification: Confusion matrix, Matthews 

correlation coefficient
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c2
c2{

<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>
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<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Predicted class

X
row 1

<latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit>

X
row 2

<latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit>

X
col 1

<latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit>

X
col 2

<latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit>



NNs - When to use
• Analyse classification: Confusion matrix, Matthews 

correlation coefficient


• Example: Discriminator

Real
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ea
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Fake
Fa

ke{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Ac
tu

al
 c

la
ss

{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Predicted class

X
row 1

<latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit>

X
row 2

<latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit>

X
col 1

<latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit>

X
col 2

<latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit>



NNs - When to use

Real
R

ea
l

Fake
Fa

ke{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Ac
tu

al
 c

la
ss

{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Predicted class

X
row 1

<latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit>

X
row 2

<latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit>

X
col 1

<latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit>

X
col 2

<latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit>

Discriminator wins

• Analyse classification: Confusion matrix, Matthews 
correlation coefficient


• Example: Discriminator



NNs - When to use

Real
R

ea
l

Fake
Fa

ke{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Ac
tu

al
 c

la
ss

{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Predicted class

X
row 1

<latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit>

X
row 2

<latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit>

X
col 1

<latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit>

X
col 2

<latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit>

Discriminator wins

• Analyse classification: Confusion matrix, Matthews 
correlation coefficient


• Example: Discriminator



NNs - When to use

Real
R

ea
l

Fake
Fa

ke{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Ac
tu

al
 c

la
ss

{
<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Predicted class

X
row 1

<latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit>

X
row 2

<latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit>

X
col 1

<latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit>

X
col 2

<latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit>

Discriminator loses

• Analyse classification: Confusion matrix, Matthews 
correlation coefficient


• Example: Discriminator



NNs - When to use
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<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>
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<latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit><latexit sha1_base64="KgrMITu/TfHzK9+lSxLwLUqxUFQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxirGFNpTNdtMu3WzC7kQoof/AiwcVr/4kb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7rt5r1pz6+4MZJl4BalBgWav+tXtJyyLuUImqTEdz00xyKlGwSSfVLqZ4SllIzrgHUsVjbkJ8tmlE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMLoNcqDRDrth8UZRJggmZvk36QnOGcmwJZVrYWwkbUk0Z2nAqNgRv8eVl4p/Vr+re3XmtcV2kUYYjOIZT8OACGnALTfCBQQTP8Apvzsh5cd6dj3lrySlmDuEPnM8fCFaNNQ==</latexit>

Predicted class

X
row 1

<latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit><latexit sha1_base64="Mj+rYIB47Lr/9aSD49KbVP4A+LU=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoF6k4MVjBWMLTSib7aZdusmG3Ym1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaWV1b3yhvVra2d3b37Or+vZaZosyjUkjVDolmgifMAw6CtVPFSBwK1gqH11O/9cCU5jK5g3HKgpj0Ex5xSsBIXbvq6yzGPrBHyJUcYXfStWtO3ZkBLxO3IDVUoNm1v/yepFnMEqCCaN1xnRSCnCjgVLBJxc80Swkdkj7rGJqQmOkgn50+wcdG6eFIKlMJ4Jn6eyInsdbjODSdMYGBXvSm4n9eJ4PoIsh5kmbAEjpfFGUCg8TTHHCPK0ZBjA0hVHFzK6YDoggFk1bFhOAuvrxMvNP6Zd29Pas1roo0yugQHaET5KJz1EA3qIk8RNEIPaNX9GY9WS/Wu/Uxby1ZxcwB+gPr8weLc5O4</latexit>

X
row 2

<latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit><latexit sha1_base64="gdZx8KT3azCpddiHTsDJ57P68s0=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVJIiqBcpePFYwdhCE8pmu2mXbjZhd2ItsT/FiwcVr/4Tb/4bt20O2vpg4PHeDDPzwlRwDY7zba2srq1vbJa2yts7u3v7duXgXieZosyjiUhUOySaCS6ZBxwEa6eKkTgUrBUOr6d+64EpzRN5B+OUBTHpSx5xSsBIXbvi6yzGPrBHyFUywvVJ1646NWcGvEzcglRRgWbX/vJ7Cc1iJoEKonXHdVIIcqKAU8EmZT/TLCV0SPqsY6gkMdNBPjt9gk+M0sNRokxJwDP190ROYq3HcWg6YwIDvehNxf+8TgbRRZBzmWbAJJ0vijKBIcHTHHCPK0ZBjA0hVHFzK6YDoggFk1bZhOAuvrxMvHrtsubenlUbV0UaJXSEjtEpctE5aqAb1EQeomiEntErerOerBfr3fqYt65Yxcwh+gPr8weM95O5</latexit>

X
col 1

<latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit><latexit sha1_base64="nxXST2lHqR5yjBAsyNxXhw7uaik=">AAAB+XicbVBNSwMxEM36WevXVo9egkXwVHZFUC9S8OKxgmsL7VKyabYNTbJLMquWtT/FiwcVr/4Tb/4b03YP2vpg4PHeTDLzolRwA5737Swtr6yurZc2yptb2zu7bmXvziSZpiygiUh0KyKGCa5YABwEa6WaERkJ1oyGVxO/ec+04Ym6hVHKQkn6isecErBS1610TCZxB9gj5PY17I+7btWreVPgReIXpIoKNLruV6eX0EwyBVQQY9q+l0KYEw2cCjYudzLDUkKHpM/alioimQnz6epjfGSVHo4TbUsBnqq/J3IijRnJyHZKAgMz703E/7x2BvF5mHOVZsAUnX0UZwJDgic54B7XjIIYWUKo5nZXTAdEEwo2rbINwZ8/eZEEJ7WLmn9zWq1fFmmU0AE6RMfIR2eojq5RAwWIogf0jF7Rm/PkvDjvzsesdckpZvbRHzifP2O5k54=</latexit>

X
col 2

<latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit><latexit sha1_base64="4paPuJKfQSW/e+kjU0d0FG33j/Y=">AAAB+XicbVBNS8NAEN3Ur1q/Uj16WSyCp5IUQb1IwYvHCsYWmlA22027dLMJuxO1xP4ULx5UvPpPvPlv3LY5aOuDgcd7M7szL0wF1+A431ZpZXVtfaO8Wdna3tnds6v7dzrJFGUeTUSiOiHRTHDJPOAgWCdVjMShYO1wdDX12/dMaZ7IWxinLIjJQPKIUwJG6tlVX2cx9oE9Qm5ew41Jz645dWcGvEzcgtRQgVbP/vL7Cc1iJoEKonXXdVIIcqKAU8EmFT/TLCV0RAasa6gkMdNBPlt9go+N0sdRokxJwDP190ROYq3HcWg6YwJDvehNxf+8bgbReZBzmWbAJJ1/FGUCQ4KnOeA+V4yCGBtCqOJmV0yHRBEKJq2KCcFdPHmZeI36Rd29Oa01L4s0yugQHaET5KIz1ETXqIU8RNEDekav6M16sl6sd+tj3lqyipkD9AfW5w9lPZOf</latexit>

Generator wins 
Discriminator loses

• Analyse classification: Confusion matrix, Matthews 
correlation coefficient


• Example: Discriminator



Intelligible AI & 
Conjecture Generation

Industry: e.g. [Weld, Bansal, 1803.04263]

Physics: [Carifio, Halverson, Krioukov, Nelson] [Halverson, Long, Ruehle, Tian to appear]



Intelligible AI: Idea
• Algorithms learned from our data. Can we learn from them? 

• Via simplifications of an otherwise complex system?


• Pros and cons:  
neural nets are accurate, harder to understand (?). 
simpler algorithms can be less accurate, easier to understand.


• “Understanding” and theorems are different things. 
 
Strongest form of intelligble AI?      
                 Conjecture generation —> theorem. 
                 Rigorous results.


• Recommended packages: scikit-learn, TensorFlow

[Carifio, Halverson, Krioukov, Nelson]



Example One: A ML-motivated Theorem
• Full slide set in extra slides, punchline in interest of time. 

• Use info from ML, think a bit, write down conjecture.


• Key point: ML-inspired focus on one particular variable, led 
quickly (< 24 hours) to a theorem once identified. 
 
“Back and forth” process, could be of broad applicability.



Example 1: Probability and Checks
• Probability computation:  

 
 
 
 
computed using # appropriate edge trees relative theorem. 
 
Result:  
 
 

• Check: with 5 batches, 2 million random samples each.



Similar, but intuitive push-pull game. Intercept -7, trees with 
coefs > 0 pull to right. Only need to add a few trees with  
coefficient > 5 to be in serious danger of no Sen Limit.

Data: 
413264 First No Sen


407487 Last Sen 

Accuracy: 98.5%

Example 2: From Yesterday 
Histogram of Dangerous Trees



Example 2: From Yesterday 
Visualizing Dangerous Trees

• Red edges: any trees there or 
on triangle wraparounds are in 
the set of dangerous trees. 
 
i.e. 12 bad ones associated 
with red edges.


• 25 other bad: 18 of which are 
connected to vertices.


• remaining dangerous trees 
are of understandable type. 
 
intuitive, but ML —> linchpins.



Pause: This is about taking promising trends in 
data and trying to understand it better.  

Moving from accurate pattern recognition  
to a theory for the pattern, to how the theory 
might make further predictions about the system. 

This is in our bones as theoretical physicists.  
It is what we do.



• Where it might be good: theorems with lots of test cases.


• Alternatively: theorems where patterns in examples are very 
complicated, hard to figure out  
(machine figures out pattern, we prove it’s the right pattern).

Conjecture Generation - When to 
Use

Other thoughts or questions? 
Ideas about where to apply it specifically, 

or under what circumstances it might 
generally be applicable?



Data Generation 
GANs

So far no literature on the topic in string theory  
as far as we know, but [Halverson, Long, Ruehle] to appear



Some CS/Math Literature
• Original paper 

 

• More accesible intro (also by Goodfellow) 

• Example of GANs faking images of celebrities 
 

• Overview of different GANs

Generative Adversarial Networks 
Ian J. Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing Xu,  
David Warde-Farley, Sherjil Ozair, Aaron Courville, Yoshua Bengio 
https://arxiv.org/abs/1406.2661 (statistics)

NIPS 2016 Tutorial: Generative Adversarial Networks 
Ian Goodfellow 
https://arxiv.org/abs/1701.00160 (CS)

Are GANs Created Equal? A Large-Scale Study 
Mario Lucic, Karol Kurach, Marcin Michalski, Sylvain Gelly, Olivier Bousquet 
https://arxiv.org/abs/1711.10337 (statistics)

Progressive Growing of GANs for Improved Quality, Stability, and Variation 
Tero Karras, Timo Aila, Samuli Laine, Jaakko Lehtinen 
https://arxiv.org/abs/1710.10196 (CS)

https://arxiv.org/abs/1406.2661
https://arxiv.org/abs/1701.00160
https://arxiv.org/abs/1711.10337
https://arxiv.org/abs/1710.10196


GeneratorDiscriminator vs

‣ Learns to 
discriminate real/
fake models

• Discriminator trained to identify “forged” models 
• Generator trained to generate realistic “forgeries” 
• The two compete against each other: 

‣ If discriminator catches fraud of generator: Generator loses 

‣ If discriminator does not catch the fraud: Discriminator loses

GANs - Idea

‣ Learns to fake 
models that look real 
to the discriminator



Noise Generator Fake data

Real data Discriminator Output

GANs - Idea



Influence GAN results
• Each machine tries to minimise its losses individually

• The game ends in a Nash equilibrium: No machine can 

improve without changing the parameters of the others

• Initial paper: Minmax game, but now much more GAN 

loss functions have been explored
Table 1: Generator and discriminator loss functions. The main difference whether the discriminator outputs a probability (MM GAN, NS
GAN, DRAGAN) or its output is unbounded (WGAN, WGAN GP, LS GAN, BEGAN), whether the gradient penalty is present (WGAN GP,
DRAGAN) and where is it evaluated. We chose those models based on their popularity.

GAN DISCRIMINATOR LOSS GENERATOR LOSS

MM GAN LGAN
D = �Ex⇠pd [log(D(x))]� Ex̂⇠pg [log(1�D(x̂))] LGAN

G = Ex̂⇠pg [log(1�D(x̂))]

NS GAN LNSGAN
D = �Ex⇠pd [log(D(x))]� Ex̂⇠pg [log(1�D(x̂))] LNSGAN

G = �Ex̂⇠pg [log(D(x̂))]

WGAN LWGAN
D = �Ex⇠pd [D(x)] + Ex̂⇠pg [D(x̂)] LWGAN

G = �Ex̂⇠pg [D(x̂)]

WGAN GP LWGANGP
D = LWGAN

D + �Ex̂⇠pg [(||rD(↵x+ (1� ↵x̂)||2 � 1)2] LWGANGP
G = �Ex̂⇠pg [D(x̂)]

LS GAN LLSGAN
D = �Ex⇠pd [(D(x)� 1)2] + Ex̂⇠pg [D(x̂)2] LLSGAN

G = �Ex̂⇠pg [(D(x̂� 1)2]

DRAGAN LDRAGAN
D = LGAN

D + �Ex̂⇠pd+N (0,c)[(||rD(x̂)||2 � 1)2] LDRAGAN
G = Ex̂⇠pg [log(1�D(x̂))]

BEGAN LBEGAN
D = Ex⇠pd [||x� AE(x)||1]� ktEx̂⇠pg [||x̂� AE(x̂)||1] LBEGAN

G = Ex̂⇠pg [||x̂� AE(x̂)||1]

norm of the gradient which encourages the discriminator to
be 1-Lipschitz. The gradient norm is evaluated on points
obtained by linear interpolation between data points and
generated samples where the optimal discriminator should
have unit gradient norm [9].

Gradient norm penalty can also be added to both MM
GAN and NS GAN and evaluated around the data manifold
(DRAGAN [14] in Table 1 based on NS GAN). This encour-
ages the discriminator to be piecewise linear around the data
manifold. Note that the gradient norm can also be evaluated
between fake and real points, similarly to WGAN GP, and
added to either MM GAN or NS GAN [6].

Mao et al. [16] propose a least-squares loss for the dis-
criminator and show that minimizing the corresponding ob-
jective (LS GAN in Table 1) implicitly minimizes the Pear-
son �2 divergence. The idea is to provide smooth loss which
saturates slower than the sigmoid cross-entropy loss of the
original MM GAN.

Finally, Berthelot et al. [4] propose to use an autoen-
coder as a discriminator and optimize a lower bound of the
Wasserstein distance between auto-encoder loss distribu-

tions on real and fake data. They introduce an additional
hyperparameter � to control the equilibrium between the
generator and discriminator.

4. Challenges of a Fair Comparison
There are several interesting dimensions to this problem,

and there is no single right way to compare these models
(i.e. the loss function used in each GAN). Unfortunately,
due to the combinatorial explosion in the number of choices
and their ordering, not all relevant options can be explored.
While there is no definite answer on how to best compare
two models, in this work we have made several pragmatic

choices which were motivated by two practical concerns:
providing a neutral and fair comparison, and a hard limit on
the computational budget.

Which metric to use? Comparing models implies ac-
cess to some metric. As discussed in Section 2, classic mea-
sures, such as model likelihood cannot be applied. We will
argue for and study two sets of evaluation metrics in Sec-
tion 5: FID, which can be computed on all data sets, and
precision, recall, and F1, which we can compute for the
proposed tasks.

How to compare models? Even when the metric is
fixed, a given algorithm can achieve very different scores,
when varying the architecture, hyperparameters, random
initialization (i.e. random seed for initial network weights),
or the data set. Sensible targets include best score across
all dimensions (e.g. to claim the best performance on a
fixed data set), average or median score (rewarding models
which are good in expectation), or even the worst score (re-
warding models with worst-case robustness). These choices
can even be combined — for example, one might train the
model multiple times using the best hyperparameters, and
average the score over random initializations).

For each of these dimensions, we took several pragmatic
choices to reduce the number of possible configurations,
while still exploring the most relevant options.

1. Architecture: We use the same architecture for all
models. The architecture is rich enough to achieve
good performance.

2. Hyperparameters: For both training hyperparameters
(e.g. the learning rate), as well as model specific ones
(e.g. gradient penalty multiplier), there are two valid
approaches: (i) perform the hyperparameter optimiza-
tion for each data set, or (ii) perform the hyperparame-

[Lucic et al `17]



Influence GAN results
• Different loss functions lead to different GAN priorities:

‣ Minmax: generated models have low probability of 

being fake

‣ Non-saturating: generated models have large 

probability of being real

‣ Wasserstein: generated models minimise the 

Wasserstein distance 
Distance = amount of data to be changed x    
                  distance from original distribution


• These are not the same thing!



GANs - When to use
• Great to generate more models that are “like others”


• But several drawbacks


‣ Rather sophisticated (need a good background in NNs)


‣ Train for a veeeery long time (need to use CUDA / GPUs)


‣ Need parameters chosen consistently


✦ No NN should over-power the other


✦ Both should advance at the same speed (learning rate)



Search or Explore 
(Reinforcement Learning)

Physics to appear: [Halverson, Nelson, Ruehle] [Halverson, Long, Ruehle, Tian], 
[Halverson, Nilles, Ruehle, Vaudrevange], [Harries et al]



Reinforcement Learning: Idea

• an agent interacts in an environment.


• it perceives a state from state space.


• its policy picks and executes an action, given the state.


• agent arrives in new state, receives a reward.


• succesive rewards accumulate into return. 

• return may penalize future rewards via discount factor.


• policy optimized to maximize reward, i.e. agent learns how to act!

supervised ML predicts, RL (AI) explores / searches 
most famous examples: (?) AlphaGo & AlphaGo Zero



Example: AlphaGo Zero

A long-standing goal of artificial intelligence is an algorithm that learns, tabula 
rasa, superhuman proficiency in challenging domains. Recently, AlphaGo became 
the first program to defeat a world champion in the game of Go. The tree search in 
AlphaGo evaluated positions and selected moves using deep neural networks. These 
neural networks were trained by supervised learning from human expert moves, and by 
reinforcement learning from self-play. Here we introduce an algorithm based solely on 
reinforcement learning, without human data, guidance or domain knowledge 
beyond game rules. AlphaGo becomes its own teacher: a neural network is trained to 
predict AlphaGo’s own move selections and also the winner of AlphaGo’s games. This 
neural network improves the strength of the tree search, resulting in higher quality move 
selection and stronger self-play in the next iteration. Starting tabula rasa, our new 
program AlphaGo Zero achieved superhuman performance, winning 100–0 against 
the previously published, champion-defeating AlphaGo.

“Mastering the game of Go without human knowledge.”  
      Silver et al. (Google DeepMind), Nature Oct. 2017.

Fact: Go has 10172 states, a “big” number, but for the task of playing 
excellently, superhuman progress achieved tabula rasa.



AlphaGo Zero: The Money Plot

stronger than AlphaGo Lee in under 48 hrs, beat 100-0. 

Silver et al, Nature 2017. 

here:  

supervised learning = 
training on human 
expert games.


AlphaGo Lee = 
previous version from 
2016 that beat world 
Champ Lee Sedol.



AlphaZero for Chess

stronger than Stockfish in under 4 hrs, beat thoroughly. 

similar architecture, arXiv preprint.       Silver, Hubert, Schrittwieser et al



Implementation

algorithm: asynchronous advantage actor-critic (A3C) [Minh et al 2016] 
                  (parallel CPU, not GPU)

three modules:     
- Open AI (Musk) defines what an environ is and how to interface. 
- ChainerRL provides RL algorithms and NN architecture. 
- Physicists provide: the environment. two envs so far. ~50 new lines? 

model-free RL: want algorithms to work well regardless of environ. 
                                   means we can use CS-implemented algs!   



Asynchronous Advantage  
Actor-Critic (A3C)

• Actor-Critic Methods: NN for determining both 
policy (actor) and value (critic).


• Asynchronous: many worker bees explore, report 
back to king (critic) and queen (actor) bee. 
 
    i.e. use communal knowledge.


• > some 2016 GPU algs. Simple to run. Learns strat.

“Our parallel reinforcement learning paradigm also offers practical benefits. Whereas previous 
approaches to deep reinforcement learning rely heavily on specialized hardware such as GPUs (Mnih 
et al., 2015; Van Hasselt et al., 2015; Schaul et al., 2015) or massively distributed architectures (Nair 
et al., 2015), our experiments run on a single machine with a standard multi-core CPU. When 
applied to a variety of Atari 2600 domains, on many games asynchronous reinforcement learning 
achieves better results, in far less time than previous GPU-based algorithms, using far less 
resource than massively distributed approached” - Mnih et al, Asynchronous Methods for Deep RL 

[Mnih et al, DeepMind 2016]



Tell it how to step



RL: Possible Use Cases
• IIa orbifolds for consistency and particle physics. (Ruehle, Nov talk)


• Studying the IIb lamppost. (Halverson’s talk)


• Heterotic orbifolds. (Vaudrevange’s talk)


• Heterotic free fermions. (Harries’ talk)

We have robots that can learn to 
explore spaces intelligently.  

What should we do?  
What questions do you have?



Data Structure 
Persistent Homology

[Cirafici`15 - 1512.01170 (hep-th)], [Cole, Shiu`17 - 1712.08159]



Some Literature
• Physics paper w/ applications to Kreuzer-Skarke, CICYs, 

Landau-Ginzburg, flux vacua  
 

• Math paper that explains basics and compares libraries 

Persistent Homology and String Vacua 
Michele Cirafici  
https://arxiv.org/abs/1512.01170 (hep-th)

A roadmap for the computation of persistent homology 
Nina Otter, Mason A. Porter, Ulrike Tillmann, Peter Grindrod, Heather A. Harrington 
https://arxiv.org/abs/1506.08903 (Math/Algebraic Topology)

https://arxiv.org/abs/1512.01170
https://arxiv.org/abs/1506.08903


Some Libraries
• Javaplex (used in physics paper) 

 

• Perseus 

[http://appliedtopology.github.io/javaplex]

+ Written in JAVA     platform independent)
<latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit><latexit sha1_base64="ePv/VWVdQ6rRFSy1LxuoHz/5oDQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWMbbQhrLZbtqlm2zYnSgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YFSmGfeZkkq3Qmq4FAn3UaDkrVRzGoeSN8Ph9cRvPnJthErucZTyIKb9RESCUbRSu3Mn+gOkWqunbqXq1twpyCLxClKFAo1u5avTUyyLeYJMUmPanptikFONgkk+Lncyw1PKhrTP25YmNOYmyKcnj8mxVXokUtpWgmSq/p7IaWzMKA5tZ0xxYOa9ifif184wughykaQZ8oTNFkWZJKjI5H/SE5ozlCNLKNPC3krYgGrK0KZUtiF48y8vEv+0dlnzbs+q9asijRIcwhGcgAfnUIcbaIAPDBQ8wyu8Oei8OO/Ox6x1ySlmDuAPnM8f+ieRPQ==</latexit>

+ Easy to use

- Slower than others

+ C++ (but versions for all platforms available)
+ Easy to use
- Slower than others

- Had a bug (as of 2015) that caused some wrong results

[1506.08903]

[http://www.sas.upenn.edu/~vnanda/perseus]

+ Implements a variety of complexes / algorithms

http://appliedtopology.github.io/javaplex
http://www.sas.upenn.edu/~vnanda/perseus


Some Libraries
• GUHDI 

 

• DIPHA 
 
 

• Ripser 

[https://project.inria.fr/gudhi/software/]

+ Much faster than Javaplex / Perseus

- Slightly slower than DIPHA

+ Fastest
+ Newest code

[1506.08903]

[https://github.com/Ripser/ripser]

+ Needs less memory than DIPHA

[https://code.google.com/p/dipha]

+ Much faster than Javaplex / Perseus

- Needs more memory than GUHDI
+ Slightly faster than DIPHA

- Least tested (since newest)

https://project.inria.fr/gudhi/software/
https://github.com/Ripser/ripser
https://code.google.com/p/dipha


Persistent Homology - Idea
• Way to assign homology to discrete data / points



Persistent Homology - Idea
• Way to assign homology to discrete data / points


• Idea: 

‣ Replace data points by balls (several disconnected components)



Persistent Homology - Idea
• Way to assign homology to discrete data / points


• Idea: 

‣ Replace data points by balls (several disconnected components)


‣ As radius of points grow, components connect / form cycles / …



Persistent Homology - Idea
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Persistent Homology - Idea
• Way to assign homology to discrete data / points


• Idea: 

‣ Replace data points by balls (several disconnected components)


‣ As radius of points grow, components connect / form cycles / …


‣ When radius grows further, cycles can disappear again


• For each   -cycle determine how long it exists as a function 
of the sphere radius      barcode (Betti number vs radius)


• The longer a cycle persists the more likely it is to be a true 
feature

k

)



Persistent Homology - Idea
• Covering of metric space     with balls of radius 

      Cech complex


• Checking all overlaps/intersections too expensive      approx.


‣ Vietoris-Rips complex: Approximates Chech complex but 
requires only pairwise comparisons


‣ Inclusion of spaces                          Filtration of simplices 
                                                         Inclusion of Homologies 
                                                         Barcode


‣ Delauny complex: Limits #(complexes) in high dim


‣ Alpha-complex: Subcomplex of Delauny whose dim is at 
most that of 


‣ Witness-complex: Subcomplex of Delauny constructed 
from a subset of all points in

"
<latexit sha1_base64="fOYXkmHkvrp8fn1851UjRjIx9LM=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2k3bpZjfsTgol9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MirTDAKmhNLtiBoQXEKAHAW0Uw00iQS0otHdzG+NQRuu5CNOUggTOpA85oyilTrdMdWQGi6U7FVrXt2bw10lfkFqpECzV/3q9hXLEpDIBDWm43sphjnVyJmAaaWbGUgpG9EBdCyVNAET5vOTp+6ZVfpurLQtie5c/T2R08SYSRLZzoTi0Cx7M/E/r5NhfB3mXKYZgmSLRXEmXFTu7H+3zzUwFBNLKNPc3uqyIdWUoU2pYkPwl19eJcFF/abuP1zWGrdFGmVyQk7JOfHJFWmQe9IkAWFEkWfySt4cdF6cd+dj0Vpyiplj8gfO5w8kBJFb</latexit><latexit sha1_base64="fOYXkmHkvrp8fn1851UjRjIx9LM=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2k3bpZjfsTgol9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MirTDAKmhNLtiBoQXEKAHAW0Uw00iQS0otHdzG+NQRuu5CNOUggTOpA85oyilTrdMdWQGi6U7FVrXt2bw10lfkFqpECzV/3q9hXLEpDIBDWm43sphjnVyJmAaaWbGUgpG9EBdCyVNAET5vOTp+6ZVfpurLQtie5c/T2R08SYSRLZzoTi0Cx7M/E/r5NhfB3mXKYZgmSLRXEmXFTu7H+3zzUwFBNLKNPc3uqyIdWUoU2pYkPwl19eJcFF/abuP1zWGrdFGmVyQk7JOfHJFWmQe9IkAWFEkWfySt4cdF6cd+dj0Vpyiplj8gfO5w8kBJFb</latexit><latexit sha1_base64="fOYXkmHkvrp8fn1851UjRjIx9LM=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2k3bpZjfsTgol9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MirTDAKmhNLtiBoQXEKAHAW0Uw00iQS0otHdzG+NQRuu5CNOUggTOpA85oyilTrdMdWQGi6U7FVrXt2bw10lfkFqpECzV/3q9hXLEpDIBDWm43sphjnVyJmAaaWbGUgpG9EBdCyVNAET5vOTp+6ZVfpurLQtie5c/T2R08SYSRLZzoTi0Cx7M/E/r5NhfB3mXKYZgmSLRXEmXFTu7H+3zzUwFBNLKNPc3uqyIdWUoU2pYkPwl19eJcFF/abuP1zWGrdFGmVyQk7JOfHJFWmQe9IkAWFEkWfySt4cdF6cd+dj0Vpyiplj8gfO5w8kBJFb</latexit><latexit sha1_base64="fOYXkmHkvrp8fn1851UjRjIx9LM=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2k3bpZjfsTgol9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MirTDAKmhNLtiBoQXEKAHAW0Uw00iQS0otHdzG+NQRuu5CNOUggTOpA85oyilTrdMdWQGi6U7FVrXt2bw10lfkFqpECzV/3q9hXLEpDIBDWm43sphjnVyJmAaaWbGUgpG9EBdCyVNAET5vOTp+6ZVfpurLQtie5c/T2R08SYSRLZzoTi0Cx7M/E/r5NhfB3mXKYZgmSLRXEmXFTu7H+3zzUwFBNLKNPc3uqyIdWUoU2pYkPwl19eJcFF/abuP1zWGrdFGmVyQk7JOfHJFWmQe9IkAWFEkWfySt4cdF6cd+dj0Vpyiplj8gfO5w8kBJFb</latexit>

)
<latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit>

Čech"(X)
<latexit sha1_base64="UAYmJ+XG9Hz+p3JtMTp+U/CtqNo=">AAACCHicbZA9SwNBEIb34leMX1FLm8UgxCbciaB2wTSWEYwJJCHsbSbJkr29Y3cuGI5rbfwrNhYqtv4EO/+Nm49CE19YeHhnhtl5/UgKg6777WRWVtfWN7Kbua3tnd29/P7BvQljzaHGQxnqhs8MSKGghgIlNCINLPAl1P1hZVKvj0AbEao7HEfQDlhfiZ7gDK3VydMWwgMmrVFSSYEP0o5FpiEyQoYqLTZOO/mCW3KnosvgzaFA5qp28l+tbsjjABRyyYxpem6E7YRpFFxCmmvFBiLGh6wPTYuKBWDayfSSlJ5Yp0t7obZPIZ26vycSFhgzDnzbGTAcmMXaxPyv1oyxd9lOhIpiBMVni3qxpBjSSSy0KzRwlGMLjGth/0r5gGnG0YaXsyF4iycvQ+2sdFXybs8L5et5GllyRI5JkXjkgpTJDamSGuHkkTyTV/LmPDkvzrvzMWvNOPOZQ/JHzucP/D+atA==</latexit><latexit sha1_base64="UAYmJ+XG9Hz+p3JtMTp+U/CtqNo=">AAACCHicbZA9SwNBEIb34leMX1FLm8UgxCbciaB2wTSWEYwJJCHsbSbJkr29Y3cuGI5rbfwrNhYqtv4EO/+Nm49CE19YeHhnhtl5/UgKg6777WRWVtfWN7Kbua3tnd29/P7BvQljzaHGQxnqhs8MSKGghgIlNCINLPAl1P1hZVKvj0AbEao7HEfQDlhfiZ7gDK3VydMWwgMmrVFSSYEP0o5FpiEyQoYqLTZOO/mCW3KnosvgzaFA5qp28l+tbsjjABRyyYxpem6E7YRpFFxCmmvFBiLGh6wPTYuKBWDayfSSlJ5Yp0t7obZPIZ26vycSFhgzDnzbGTAcmMXaxPyv1oyxd9lOhIpiBMVni3qxpBjSSSy0KzRwlGMLjGth/0r5gGnG0YaXsyF4iycvQ+2sdFXybs8L5et5GllyRI5JkXjkgpTJDamSGuHkkTyTV/LmPDkvzrvzMWvNOPOZQ/JHzucP/D+atA==</latexit><latexit sha1_base64="UAYmJ+XG9Hz+p3JtMTp+U/CtqNo=">AAACCHicbZA9SwNBEIb34leMX1FLm8UgxCbciaB2wTSWEYwJJCHsbSbJkr29Y3cuGI5rbfwrNhYqtv4EO/+Nm49CE19YeHhnhtl5/UgKg6777WRWVtfWN7Kbua3tnd29/P7BvQljzaHGQxnqhs8MSKGghgIlNCINLPAl1P1hZVKvj0AbEao7HEfQDlhfiZ7gDK3VydMWwgMmrVFSSYEP0o5FpiEyQoYqLTZOO/mCW3KnosvgzaFA5qp28l+tbsjjABRyyYxpem6E7YRpFFxCmmvFBiLGh6wPTYuKBWDayfSSlJ5Yp0t7obZPIZ26vycSFhgzDnzbGTAcmMXaxPyv1oyxd9lOhIpiBMVni3qxpBjSSSy0KzRwlGMLjGth/0r5gGnG0YaXsyF4iycvQ+2sdFXybs8L5et5GllyRI5JkXjkgpTJDamSGuHkkTyTV/LmPDkvzrvzMWvNOPOZQ/JHzucP/D+atA==</latexit><latexit sha1_base64="UAYmJ+XG9Hz+p3JtMTp+U/CtqNo=">AAACCHicbZA9SwNBEIb34leMX1FLm8UgxCbciaB2wTSWEYwJJCHsbSbJkr29Y3cuGI5rbfwrNhYqtv4EO/+Nm49CE19YeHhnhtl5/UgKg6777WRWVtfWN7Kbua3tnd29/P7BvQljzaHGQxnqhs8MSKGghgIlNCINLPAl1P1hZVKvj0AbEao7HEfQDlhfiZ7gDK3VydMWwgMmrVFSSYEP0o5FpiEyQoYqLTZOO/mCW3KnosvgzaFA5qp28l+tbsjjABRyyYxpem6E7YRpFFxCmmvFBiLGh6wPTYuKBWDayfSSlJ5Yp0t7obZPIZ26vycSFhgzDnzbGTAcmMXaxPyv1oyxd9lOhIpiBMVni3qxpBjSSSy0KzRwlGMLjGth/0r5gGnG0YaXsyF4iycvQ+2sdFXybs8L5et5GllyRI5JkXjkgpTJDamSGuHkkTyTV/LmPDkvzrvzMWvNOPOZQ/JHzucP/D+atA==</latexit>

X
<latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit>

)
<latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit>

X"i ⇢ X"i+1
<latexit sha1_base64="Y59u+J2XRmSpNNXAuSiy2sYNuE4=">AAACFnicbVBNS8NAEN3Ur1q/oh69LBZBEEIignorePFYwdhCE8JmO2mXbj7Y3RRKyL/w4l/x4kHFq3jz37htc9DWBwOP92aYmRdmnEll299GbWV1bX2jvtnY2t7Z3TP3Dx5kmgsKLk15KrohkcBZAq5iikM3E0DikEMnHN1M/c4YhGRpcq8mGfgxGSQsYpQoLQWm1Q0Kb0wEZJJxLbDSk3koQeEFo2BnTlkGZtO27BnwMnEq0kQV2oH55fVTmseQKMqJlD3HzpRfEKEY5VA2vFxCRuiIDKCnaUJikH4x+6vEJ1rp4ygVuhKFZ+rviYLEUk7iUHfGRA3lojcV//N6uYqu/IIlWa4gofNFUc6xSvE0JNxnAqjiE00IFUzfiumQCEKVjrKhQ3AWX14m7rl1bTl3F81Wq0qjjo7QMTpFDrpELXSL2shFFD2iZ/SK3own48V4Nz7mrTWjmjlEf2B8/gBY36Db</latexit><latexit sha1_base64="Y59u+J2XRmSpNNXAuSiy2sYNuE4=">AAACFnicbVBNS8NAEN3Ur1q/oh69LBZBEEIignorePFYwdhCE8JmO2mXbj7Y3RRKyL/w4l/x4kHFq3jz37htc9DWBwOP92aYmRdmnEll299GbWV1bX2jvtnY2t7Z3TP3Dx5kmgsKLk15KrohkcBZAq5iikM3E0DikEMnHN1M/c4YhGRpcq8mGfgxGSQsYpQoLQWm1Q0Kb0wEZJJxLbDSk3koQeEFo2BnTlkGZtO27BnwMnEq0kQV2oH55fVTmseQKMqJlD3HzpRfEKEY5VA2vFxCRuiIDKCnaUJikH4x+6vEJ1rp4ygVuhKFZ+rviYLEUk7iUHfGRA3lojcV//N6uYqu/IIlWa4gofNFUc6xSvE0JNxnAqjiE00IFUzfiumQCEKVjrKhQ3AWX14m7rl1bTl3F81Wq0qjjo7QMTpFDrpELXSL2shFFD2iZ/SK3own48V4Nz7mrTWjmjlEf2B8/gBY36Db</latexit><latexit sha1_base64="Y59u+J2XRmSpNNXAuSiy2sYNuE4=">AAACFnicbVBNS8NAEN3Ur1q/oh69LBZBEEIignorePFYwdhCE8JmO2mXbj7Y3RRKyL/w4l/x4kHFq3jz37htc9DWBwOP92aYmRdmnEll299GbWV1bX2jvtnY2t7Z3TP3Dx5kmgsKLk15KrohkcBZAq5iikM3E0DikEMnHN1M/c4YhGRpcq8mGfgxGSQsYpQoLQWm1Q0Kb0wEZJJxLbDSk3koQeEFo2BnTlkGZtO27BnwMnEq0kQV2oH55fVTmseQKMqJlD3HzpRfEKEY5VA2vFxCRuiIDKCnaUJikH4x+6vEJ1rp4ygVuhKFZ+rviYLEUk7iUHfGRA3lojcV//N6uYqu/IIlWa4gofNFUc6xSvE0JNxnAqjiE00IFUzfiumQCEKVjrKhQ3AWX14m7rl1bTl3F81Wq0qjjo7QMTpFDrpELXSL2shFFD2iZ/SK3own48V4Nz7mrTWjmjlEf2B8/gBY36Db</latexit><latexit sha1_base64="Y59u+J2XRmSpNNXAuSiy2sYNuE4=">AAACFnicbVBNS8NAEN3Ur1q/oh69LBZBEEIignorePFYwdhCE8JmO2mXbj7Y3RRKyL/w4l/x4kHFq3jz37htc9DWBwOP92aYmRdmnEll299GbWV1bX2jvtnY2t7Z3TP3Dx5kmgsKLk15KrohkcBZAq5iikM3E0DikEMnHN1M/c4YhGRpcq8mGfgxGSQsYpQoLQWm1Q0Kb0wEZJJxLbDSk3koQeEFo2BnTlkGZtO27BnwMnEq0kQV2oH55fVTmseQKMqJlD3HzpRfEKEY5VA2vFxCRuiIDKCnaUJikH4x+6vEJ1rp4ygVuhKFZ+rviYLEUk7iUHfGRA3lojcV//N6uYqu/IIlWa4gofNFUc6xSvE0JNxnAqjiE00IFUzfiumQCEKVjrKhQ3AWX14m7rl1bTl3F81Wq0qjjo7QMTpFDrpELXSL2shFFD2iZ/SK3own48V4Nz7mrTWjmjlEf2B8/gBY36Db</latexit>

)
<latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit>

VR"i(X) ⇢ VR"i+1(X)
<latexit sha1_base64="WVr/rgHCywrMrGXRpQCXNd5w+Z4=">AAACLHicdVDJSgNBFOxxjXGLevTSGISIEGZEUG8BPXiMYhbIhNDTeUma9Cx0vwmGYX7Ii78igocoXv0OO8tBEy1oKKrq8fqVF0mh0bZH1tLyyuraemYju7m1vbOb29uv6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Hvu1ASgtwuABhxE0fdYNREdwhkZq5W5chEdMqvdpK3EHTEGkhTSGSAv1E1fHngak/2QSceqk41wrl7eL9gR0kTgzkiczlFu5V7cd8tiHALlkWjccO8JmwhQKLiHNurGGiPE+60LD0ID5oJvJ5NqUHhulTTuhMi9AOlF/TiTM13roeybpM+zpeW8s/uU1YuxcNhMRRDFCwKeLOrGkGNJxdbQtFHCUQ0MYV8L8lfIeU4yjKThrSnDmT14klbPiVdG5O8+XSrM2MuSQHJECccgFKZFbUiYVwskTeSEj8m49W2/Wh/U5jS5Zs5kD8gvW1zfPlKnb</latexit><latexit sha1_base64="WVr/rgHCywrMrGXRpQCXNd5w+Z4=">AAACLHicdVDJSgNBFOxxjXGLevTSGISIEGZEUG8BPXiMYhbIhNDTeUma9Cx0vwmGYX7Ii78igocoXv0OO8tBEy1oKKrq8fqVF0mh0bZH1tLyyuraemYju7m1vbOb29uv6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Hvu1ASgtwuABhxE0fdYNREdwhkZq5W5chEdMqvdpK3EHTEGkhTSGSAv1E1fHngak/2QSceqk41wrl7eL9gR0kTgzkiczlFu5V7cd8tiHALlkWjccO8JmwhQKLiHNurGGiPE+60LD0ID5oJvJ5NqUHhulTTuhMi9AOlF/TiTM13roeybpM+zpeW8s/uU1YuxcNhMRRDFCwKeLOrGkGNJxdbQtFHCUQ0MYV8L8lfIeU4yjKThrSnDmT14klbPiVdG5O8+XSrM2MuSQHJECccgFKZFbUiYVwskTeSEj8m49W2/Wh/U5jS5Zs5kD8gvW1zfPlKnb</latexit><latexit sha1_base64="WVr/rgHCywrMrGXRpQCXNd5w+Z4=">AAACLHicdVDJSgNBFOxxjXGLevTSGISIEGZEUG8BPXiMYhbIhNDTeUma9Cx0vwmGYX7Ii78igocoXv0OO8tBEy1oKKrq8fqVF0mh0bZH1tLyyuraemYju7m1vbOb29uv6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Hvu1ASgtwuABhxE0fdYNREdwhkZq5W5chEdMqvdpK3EHTEGkhTSGSAv1E1fHngak/2QSceqk41wrl7eL9gR0kTgzkiczlFu5V7cd8tiHALlkWjccO8JmwhQKLiHNurGGiPE+60LD0ID5oJvJ5NqUHhulTTuhMi9AOlF/TiTM13roeybpM+zpeW8s/uU1YuxcNhMRRDFCwKeLOrGkGNJxdbQtFHCUQ0MYV8L8lfIeU4yjKThrSnDmT14klbPiVdG5O8+XSrM2MuSQHJECccgFKZFbUiYVwskTeSEj8m49W2/Wh/U5jS5Zs5kD8gvW1zfPlKnb</latexit><latexit sha1_base64="WVr/rgHCywrMrGXRpQCXNd5w+Z4=">AAACLHicdVDJSgNBFOxxjXGLevTSGISIEGZEUG8BPXiMYhbIhNDTeUma9Cx0vwmGYX7Ii78igocoXv0OO8tBEy1oKKrq8fqVF0mh0bZH1tLyyuraemYju7m1vbOb29uv6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Hvu1ASgtwuABhxE0fdYNREdwhkZq5W5chEdMqvdpK3EHTEGkhTSGSAv1E1fHngak/2QSceqk41wrl7eL9gR0kTgzkiczlFu5V7cd8tiHALlkWjccO8JmwhQKLiHNurGGiPE+60LD0ID5oJvJ5NqUHhulTTuhMi9AOlF/TiTM13roeybpM+zpeW8s/uU1YuxcNhMRRDFCwKeLOrGkGNJxdbQtFHCUQ0MYV8L8lfIeU4yjKThrSnDmT14klbPiVdG5O8+XSrM2MuSQHJECccgFKZFbUiYVwskTeSEj8m49W2/Wh/U5jS5Zs5kD8gvW1zfPlKnb</latexit>

)
<latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit>

)
<latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit><latexit sha1_base64="apOjzIa4RvBwcVe1EmrYuZsBwiw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzXv9qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+1uRQQ==</latexit>

Hi(VR"i(X)) ⇢ Hi(VR"i+1(X))
<latexit sha1_base64="/SeuVXO89tcROxSxBe+VYhn++34=">AAACNnicfVDJSgNBFOxxjXGLevTSGISIEGZEUG8BLzlJFLNAJgw9nRdt7FnofhMMw/yVF3/Dm148qHj1E+wsB03Egoaiqh6vX/mxFBpt+9mam19YXFrOreRX19Y3Ngtb2w0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0786HfrMPSosovMZBDJ2A3YSiJzhDI3mFi6onSi7CPaaNq8xL3T5TEGshjSmyUuvgwNWJrwHpP8FUHDrZKOwVinbZHoHOEmdCimSCmld4crsRTwIIkUumdduxY+ykTKHgErK8m2iIGb9jN9A2NGQB6E46ujuj+0bp0l6kzAuRjtSfEykLtB4EvkkGDG/1tDcU//LaCfZOO6kI4wQh5ONFvURSjOiwRNoVCjjKgSGMK2H+SvktU4yjqTpvSnCmT54l9aPyWdm5PC5WKpM2cmSX7JESccgJqZAqqZE64eSBvJA38m49Wq/Wh/U5js5Zk5kd8gvW1zdfTq0B</latexit><latexit sha1_base64="/SeuVXO89tcROxSxBe+VYhn++34=">AAACNnicfVDJSgNBFOxxjXGLevTSGISIEGZEUG8BLzlJFLNAJgw9nRdt7FnofhMMw/yVF3/Dm148qHj1E+wsB03Egoaiqh6vX/mxFBpt+9mam19YXFrOreRX19Y3Ngtb2w0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0786HfrMPSosovMZBDJ2A3YSiJzhDI3mFi6onSi7CPaaNq8xL3T5TEGshjSmyUuvgwNWJrwHpP8FUHDrZKOwVinbZHoHOEmdCimSCmld4crsRTwIIkUumdduxY+ykTKHgErK8m2iIGb9jN9A2NGQB6E46ujuj+0bp0l6kzAuRjtSfEykLtB4EvkkGDG/1tDcU//LaCfZOO6kI4wQh5ONFvURSjOiwRNoVCjjKgSGMK2H+SvktU4yjqTpvSnCmT54l9aPyWdm5PC5WKpM2cmSX7JESccgJqZAqqZE64eSBvJA38m49Wq/Wh/U5js5Zk5kd8gvW1zdfTq0B</latexit><latexit sha1_base64="/SeuVXO89tcROxSxBe+VYhn++34=">AAACNnicfVDJSgNBFOxxjXGLevTSGISIEGZEUG8BLzlJFLNAJgw9nRdt7FnofhMMw/yVF3/Dm148qHj1E+wsB03Egoaiqh6vX/mxFBpt+9mam19YXFrOreRX19Y3Ngtb2w0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0786HfrMPSosovMZBDJ2A3YSiJzhDI3mFi6onSi7CPaaNq8xL3T5TEGshjSmyUuvgwNWJrwHpP8FUHDrZKOwVinbZHoHOEmdCimSCmld4crsRTwIIkUumdduxY+ykTKHgErK8m2iIGb9jN9A2NGQB6E46ujuj+0bp0l6kzAuRjtSfEykLtB4EvkkGDG/1tDcU//LaCfZOO6kI4wQh5ONFvURSjOiwRNoVCjjKgSGMK2H+SvktU4yjqTpvSnCmT54l9aPyWdm5PC5WKpM2cmSX7JESccgJqZAqqZE64eSBvJA38m49Wq/Wh/U5js5Zk5kd8gvW1zdfTq0B</latexit><latexit sha1_base64="/SeuVXO89tcROxSxBe+VYhn++34=">AAACNnicfVDJSgNBFOxxjXGLevTSGISIEGZEUG8BLzlJFLNAJgw9nRdt7FnofhMMw/yVF3/Dm148qHj1E+wsB03Egoaiqh6vX/mxFBpt+9mam19YXFrOreRX19Y3Ngtb2w0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0786HfrMPSosovMZBDJ2A3YSiJzhDI3mFi6onSi7CPaaNq8xL3T5TEGshjSmyUuvgwNWJrwHpP8FUHDrZKOwVinbZHoHOEmdCimSCmld4crsRTwIIkUumdduxY+ykTKHgErK8m2iIGb9jN9A2NGQB6E46ujuj+0bp0l6kzAuRjtSfEykLtB4EvkkGDG/1tDcU//LaCfZOO6kI4wQh5ONFvURSjOiwRNoVCjjKgSGMK2H+SvktU4yjqTpvSnCmT54l9aPyWdm5PC5WKpM2cmSX7JESccgJqZAqqZE64eSBvJA38m49Wq/Wh/U5js5Zk5kd8gvW1zdfTq0B</latexit>

X
<latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit>

X
<latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit><latexit sha1_base64="Ldwd2nyZ2GF51jo7U5kchnZmDXA=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+S9maQYxHQoecQZNVZqdfrVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzQ6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmeg6yLlMM4OSLRZFmSAmIbOvyYArZEZMLKFMcXsrYSOqKDM2m4oNwVt+eZX4F/Wbute6rDUaRRplOIFTOAcPrqABd9AEHxggPMMrvDmPzovz7nwsWktOMXMMf+B8/gAjpYyu</latexit>



PH - When to use
• Analyze structure of discrete data independent of choice of 

metric / coordinates


• Problems:


• Slow to compute higher Betti numbers     (        )


• Homologies (especially higher ones) hard to interpret if 
discrete data does not represent spatial information itself


• Does PH encode information that cannot be gained from 
e.g. histograms, clustering, … ?

bi
<latexit sha1_base64="yYWIPiMfN20Rm2EbuXS75pBEQH8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQxrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HweuI3n1Bpnsh7M0oxiGlf8ogzaqx0Fz7ybqXq1twpyCLxClKFAo1u5avTS1gWozRMUK3bnpuaIKfKcCZwXO5kGlPKhrSPbUsljVEH+fTUMTm2So9EibIlDZmqvydyGms9ikPbGVMz0PPeRPzPa2cmughyLtPMoGSzRVEmiEnI5G/S4wqZESNLKFPc3krYgCrKjE2nbEPw5l9eJP5p7bLm3Z5V61dFGiU4hCM4AQ/OoQ430AAfGPThGV7hzRHOi/PufMxal5xi5gD+wPn8Aan3jZE=</latexit><latexit sha1_base64="yYWIPiMfN20Rm2EbuXS75pBEQH8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQxrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HweuI3n1Bpnsh7M0oxiGlf8ogzaqx0Fz7ybqXq1twpyCLxClKFAo1u5avTS1gWozRMUK3bnpuaIKfKcCZwXO5kGlPKhrSPbUsljVEH+fTUMTm2So9EibIlDZmqvydyGms9ikPbGVMz0PPeRPzPa2cmughyLtPMoGSzRVEmiEnI5G/S4wqZESNLKFPc3krYgCrKjE2nbEPw5l9eJP5p7bLm3Z5V61dFGiU4hCM4AQ/OoQ430AAfGPThGV7hzRHOi/PufMxal5xi5gD+wPn8Aan3jZE=</latexit><latexit sha1_base64="yYWIPiMfN20Rm2EbuXS75pBEQH8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQxrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HweuI3n1Bpnsh7M0oxiGlf8ogzaqx0Fz7ybqXq1twpyCLxClKFAo1u5avTS1gWozRMUK3bnpuaIKfKcCZwXO5kGlPKhrSPbUsljVEH+fTUMTm2So9EibIlDZmqvydyGms9ikPbGVMz0PPeRPzPa2cmughyLtPMoGSzRVEmiEnI5G/S4wqZESNLKFPc3krYgCrKjE2nbEPw5l9eJP5p7bLm3Z5V61dFGiU4hCM4AQ/OoQ430AAfGPThGV7hzRHOi/PufMxal5xi5gD+wPn8Aan3jZE=</latexit><latexit sha1_base64="yYWIPiMfN20Rm2EbuXS75pBEQH8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKXjxWNLbQxrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HweuI3n1Bpnsh7M0oxiGlf8ogzaqx0Fz7ybqXq1twpyCLxClKFAo1u5avTS1gWozRMUK3bnpuaIKfKcCZwXO5kGlPKhrSPbUsljVEH+fTUMTm2So9EibIlDZmqvydyGms9ikPbGVMz0PPeRPzPa2cmughyLtPMoGSzRVEmiEnI5G/S4wqZESNLKFPc3krYgCrKjE2nbEPw5l9eJP5p7bLm3Z5V61dFGiU4hCM4AQ/OoQ430AAfGPThGV7hzRHOi/PufMxal5xi5gD+wPn8Aan3jZE=</latexit>

i > 2
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Connections 
(Network Science)

e.g. [Taylor, Wang] [Carifio, Cunningham, Halverson, Krioukov, Long, Nelson]



Networks: Idea
• Graph theory applied to real world systems, where maybe the nodes and / or 

edges are decorated with extra data.


• Pro: abstract and “minimal”, can apply it to basically any objects that have 
relationships between them. 
 
Con: abstract and “minimal”, can apply it to basically any objects that have 
relationships between them. 

• E.g. dynamics of epidemic spread and quarantine. 
       [Vespignani et al]


• Tons of useful network / graph theory packages out there, e.g NetworkX, just 
Google and compare benchmarks.


• Many techniques and applications, but maybe not too many entries yet into 
the string literature of the more advanced techniques? 
(Our paper only needed very simple techniques, given the complicated graph).



Landscape as a Network
• Semi-precise version: (dream scenario if we knew everything) 

- Vacua are nodes, labelled with all assoc. phys. data. 
- Two directed edges between each node pair,  
- Label w/ tunneling rates each direction. 
- Determine right cosmology, compute vacuum selection.


• Coarse-grain 1: Topological Transitions      (see Long’s talk) 
- geometries are nodes, labelled by topological data. 
- edges if transition of chose type (e.g. blowup) exist between. 
- determine toy cosmology, compute vacuum selection. 
- consider robustness or not to deviations from toy model.


• Coarse-grain 2: Flux transitions 
- flux configurations are nodes 
- edges if two nodes differ by single flux unit 
- could be democratic, or label according to cohomology basis

Other natural networks in string theory?



BACKUP SLIDES



An E6 Puzzle
• Gauge group result: dominated by  

       (interesting: groups with only self-conjugate reps!)


• Something SM-useful? E6? SU(3)? 
 
- Simple conditions / probabilities for then not known. 
- In random samples, prob ~ 1/1000. 
- When E6 arises in RS, on a distinguished vertex: (1,-1,-1).


• Machine Learning:   
 
Q: Can we train an ML model to accurately predict yes or no for E6 on (1,-1,-1)? 
 
Q: If so, can we learn how it makes its decision? 
          
           in our paper: called conjecture generation. 
           as a CS buzzword: intelligible AI. 
 
Point: by using machine learning to generate conjectures, we may be able to 
take its numerical / empirical results and turn it into rigorous results.

JH, Long, Sung

Carifio, Halverson, Krioukov, Nelson



Training the Model
• Supervised machine learning: given a large number of 

(input,output) pairs, learn to predict output given input, and  
then test on unseen data, see how well the model does.


• Training data: 
 
Input: (max height above v, # of such rays) for all v in polytope. 
Output: E6 on (1,-1,-1) or not. 
 
 
 
 

• sklearn: a very nice free Python package.


• Training sample: 10000 random with no E6, 10000 random with E6.



Evaluating the Model on Unseen Data
• Displayed:  

whisker plots of % 
accuracy with 10-fold 
cross validation.


• Gold bar:  
mean % accuracy.


• Factor analysis: 
only two of the 
variables really matter: 
 
 



Conjecture Generation

• Organizing principle? See 
what it gets right and wrong!  
(using the model trained with 
logistic regression.)


• Observation:  
amax = 5: always no 
amax = 4: usually no. 

• Initial Conjecture: 



Conjecture Refinement and Theorem

• Use info from ML, think a bit, write down conjecture.


• Key point: ML-inspired focus on one particular variable, 
led quickly (< 24 hours) to a theorem once identified. 
 
“Back and forth” process, could be of broad applicability.



Probability and Checks
• Probability computation:  

 
 
 
 
computed using # appropriate edge trees relative theorem. 
 
Result:  
 
 

• Check: with 5 batches, 2 million random samples each.



Intelligible AI from Logistic 
Regression Coefficients Histogram

Similar, but intuitive push-pull game. Intercept -7, trees with 
coefs > 0 pull to right. Only need to add a few trees with  
coefficient > 5 to be in serious danger of no Sen Limit.

Data: 
413264 First No Sen


407487 Last Sen 

Accuracy: 98.5%



Visualizing Dangerous Trees, 
Working Towards Conjecture

• Red edges: any trees there or 
on triangle wraparounds are in 
the set of dangerous trees. 
 
i.e. 12 bad ones associated 
with red edges.


• 25 other bad: 18 of which are 
connected to vertices.


• remaining dangerous trees 
are of understandable type. 
 
intuitive, but ML —> linchpins.


