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Lecture 14: Deep 
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Speaker: Phillip Isola
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Deep generative models

• Lecture 14: fundamentals, a tour of 
popular models 

• Lecture 15: generative modeling meets 
representation learning 

• Lecture 16: conditional models, data 
prediction z
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Deep generative models I

• Math background

• Fundamentals of generative modeling

• Density functions, energy functions, and samplers

• Autoregressive models

• Diffusion models

• Generative adversarial networks
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What is a generative model?

1. An algorithm that generates data

2. A statistical model of the joint distribution of some data, p(x, y, …)

4



https://openai.com/dall-e-2/A photo of a group of robots building the Stata Center
Created with DallE.
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[Wolterink, Dinkla, Savenije et al., 2017]

MRI CT

[Corso*, Stark*, Jing*, Barzilay, Jaakkola, 2022] 

Above © Corse, et al. Below © Wolterink, et al. All 
rights reserved. This content is excluded from our 
Creative Commons license. For more information, 
see https://ocw.mit.edu/help/faq-fair-use/
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Math background

• So far we have mostly thought of neural nets as mappings , 
where  is some space of possible outputs. 

• e.g., image classifier into  classes:

• Now, we will instead consider neural nets as mappings , 
where  is the space of probability distributions over . 

• e.g., softmax regression to model : 

• Main perspective: the outputs of our neural nets are, implicitly or
explicitly, distributions

fθ : 𝒳 → 𝒴
𝒴

d fθ : ℝN×M×C → {1,...,d}

fθ : 𝒳 → 𝒫(𝒴)
𝒫(𝒴) 𝒴

P(class |X = x) fθ : ℝN×M×C → Δd−1
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Random variable:  

Realization:  

Probability mass function:    

Probability density function:   

X, p(X) ∈ 𝒫(𝒳) is the probability density/mass function

x ∼ p(X), p(x) ∈ 𝒳 is the probability mass/density of x

p : 𝒳 → ℛ, 0 ≤ p(x) ≤ 1, ∑
x∈𝒳

p(x) = 1

p : 𝒳 → ℛ, p(x) ≥ 0, ∫x∈𝒳
p(x)dx = 1

8



https://phillipi.github.io/6.7960/materials/notation.pdf
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cClassifier
<latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="BtDRWfK2TRCb+xZbOYH6I648OfA=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKzowlgk+hBtVDnuTWvVcSLbQaqi/gULAwix8jds/A1OmwFajmTp+Jx77XtPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0mfvdJ1Sax/LBzBL0IzqWPOSMGis9NgXV2l5RDas1t+4uQNaJV5AaFGgNq1+DUczSCKVh+St9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bDHxnFxYZUTCWNkjDVmovzsyGmk9iwJbGVEz0ateLv7n9VMT3vgZl0lqULLlR2EqiIlJvj4ZcYXMiJkllCluZyVsQhVlxoZUsSF4qyuvk85V3XPr3r1ba9wWcZThDM7hEjy4hgbcQQvawEDCM7zCm6OdF+fd+ViWlpyi5xT+wPn8AaTCkN8=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit>

BirdClassifier<latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="BtDRWfK2TRCb+xZbOYH6I648OfA=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKzowlgk+hBtVDnuTWvVcSLbQaqi/gULAwix8jds/A1OmwFajmTp+Jx77XtPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0mfvdJ1Sax/LBzBL0IzqWPOSMGis9NgXV2l5RDas1t+4uQNaJV5AaFGgNq1+DUczSCKVh+St9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bDHxnFxYZUTCWNkjDVmovzsyGmk9iwJbGVEz0ateLv7n9VMT3vgZl0lqULLlR2EqiIlJvj4ZcYXMiJkllCluZyVsQhVlxoZUsSF4qyuvk85V3XPr3r1ba9wWcZThDM7hEjy4hgbcQQvawEDCM7zCm6OdF+fd+ViWlpyi5xT+wPn8AaTCkN8=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit>
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Bird Classifier<latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="BtDRWfK2TRCb+xZbOYH6I648OfA=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKzowlgk+hBtVDnuTWvVcSLbQaqi/gULAwix8jds/A1OmwFajmTp+Jx77XtPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0mfvdJ1Sax/LBzBL0IzqWPOSMGis9NgXV2l5RDas1t+4uQNaJV5AaFGgNq1+DUczSCKVh+St9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bDHxnFxYZUTCWNkjDVmovzsyGmk9iwJbGVEz0ateLv7n9VMT3vgZl0lqULLlR2EqiIlJvj4ZcYXMiJkllCluZyVsQhVlxoZUsSF4qyuvk85V3XPr3r1ba9wWcZThDM7hEjy4hgbcQQvawEDCM7zCm6OdF+fd+ViWlpyi5xT+wPn8AaTCkN8=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit>cGenerator
<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>
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Bird cGenerator
<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>

Classifier<latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="BtDRWfK2TRCb+xZbOYH6I648OfA=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKzowlgk+hBtVDnuTWvVcSLbQaqi/gULAwix8jds/A1OmwFajmTp+Jx77XtPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0mfvdJ1Sax/LBzBL0IzqWPOSMGis9NgXV2l5RDas1t+4uQNaJV5AaFGgNq1+DUczSCKVh+St9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bDHxnFxYZUTCWNkjDVmovzsyGmk9iwJbGVEz0ateLv7n9VMT3vgZl0lqULLlR2EqiIlJvj4ZcYXMiJkllCluZyVsQhVlxoZUsSF4qyuvk85V3XPr3r1ba9wWcZThDM7hEjy4hgbcQQvawEDCM7zCm6OdF+fd+ViWlpyi5xT+wPn8AaTCkN8=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit>
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which color?

what angle?

what size?

… …
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which color? cGenerator
<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>
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<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>

z ⇠ Bernoulli(0.5)
<latexit sha1_base64="qsxb1z1qL5bx+RG9Hqg0mqdzXIQ=">AAACEHicbVA9SwNBEN3zM8avqKXNYhC1CXeiaBliYxnBfEAuhL3NXLK4t3fszonxyE+w8a/YWChia2nnv3HzUajxwcDjvRlm5gWJFAZd98uZm19YXFrOreRX19Y3Ngtb23UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgENxcjv3EL2ohYXeMggXbEekqEgjO0Uqdw4EcM+0GY3Q+pb0REfYQ7RMwqoFWcSimGh27p9KhTKLoldww6S7wpKZIpqp3Cp9+NeRqBQi6ZMS3PTbCdMY2CSxjm/dRAwvgN60HLUsUiMO1s/NCQ7lulS8NY21JIx+rPiYxFxgyiwHaOzjd/vZH4n9dKMTxvZ0IlKYLik0VhKinGdJQO7QoNHOXAEsa1sLdS3meacbQZ5m0I3t+XZ0n9uOS5Je/qpFiuTOPIkV2yRw6JR85ImVySKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AaeTpzn</latexit><latexit sha1_base64="qsxb1z1qL5bx+RG9Hqg0mqdzXIQ=">AAACEHicbVA9SwNBEN3zM8avqKXNYhC1CXeiaBliYxnBfEAuhL3NXLK4t3fszonxyE+w8a/YWChia2nnv3HzUajxwcDjvRlm5gWJFAZd98uZm19YXFrOreRX19Y3Ngtb23UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgENxcjv3EL2ohYXeMggXbEekqEgjO0Uqdw4EcM+0GY3Q+pb0REfYQ7RMwqoFWcSimGh27p9KhTKLoldww6S7wpKZIpqp3Cp9+NeRqBQi6ZMS3PTbCdMY2CSxjm/dRAwvgN60HLUsUiMO1s/NCQ7lulS8NY21JIx+rPiYxFxgyiwHaOzjd/vZH4n9dKMTxvZ0IlKYLik0VhKinGdJQO7QoNHOXAEsa1sLdS3meacbQZ5m0I3t+XZ0n9uOS5Je/qpFiuTOPIkV2yRw6JR85ImVySKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AaeTpzn</latexit><latexit sha1_base64="qsxb1z1qL5bx+RG9Hqg0mqdzXIQ=">AAACEHicbVA9SwNBEN3zM8avqKXNYhC1CXeiaBliYxnBfEAuhL3NXLK4t3fszonxyE+w8a/YWChia2nnv3HzUajxwcDjvRlm5gWJFAZd98uZm19YXFrOreRX19Y3Ngtb23UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgENxcjv3EL2ohYXeMggXbEekqEgjO0Uqdw4EcM+0GY3Q+pb0REfYQ7RMwqoFWcSimGh27p9KhTKLoldww6S7wpKZIpqp3Cp9+NeRqBQi6ZMS3PTbCdMY2CSxjm/dRAwvgN60HLUsUiMO1s/NCQ7lulS8NY21JIx+rPiYxFxgyiwHaOzjd/vZH4n9dKMTxvZ0IlKYLik0VhKinGdJQO7QoNHOXAEsa1sLdS3meacbQZ5m0I3t+XZ0n9uOS5Je/qpFiuTOPIkV2yRw6JR85ImVySKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AaeTpzn</latexit><latexit sha1_base64="qsxb1z1qL5bx+RG9Hqg0mqdzXIQ=">AAACEHicbVA9SwNBEN3zM8avqKXNYhC1CXeiaBliYxnBfEAuhL3NXLK4t3fszonxyE+w8a/YWChia2nnv3HzUajxwcDjvRlm5gWJFAZd98uZm19YXFrOreRX19Y3Ngtb23UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgENxcjv3EL2ohYXeMggXbEekqEgjO0Uqdw4EcM+0GY3Q+pb0REfYQ7RMwqoFWcSimGh27p9KhTKLoldww6S7wpKZIpqp3Cp9+NeRqBQi6ZMS3PTbCdMY2CSxjm/dRAwvgN60HLUsUiMO1s/NCQ7lulS8NY21JIx+rPiYxFxgyiwHaOzjd/vZH4n9dKMTxvZ0IlKYLik0VhKinGdJQO7QoNHOXAEsa1sLdS3meacbQZ5m0I3t+XZ0n9uOS5Je/qpFiuTOPIkV2yRw6JR85ImVySKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AaeTpzn</latexit>
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dependency on the input label y. This yields a procedure for making data sampled as:

z ⇠ p(z) (29.1)

x̂ = g(z) (29.2)

Corresponds to this
graphical model:

z
<latexit sha1_base64="ghBAwonoqkX+wnXg4S1rbiFJ5uI=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoM6sGLmIB5QHYJvZNOMmT2wcysGJd8gUf1Y7yJV7/Ab/HibJKDJhYMFFXdPd3lx5xJZdtfRm5hcWl5Jb9qrq1vbG4VtnfqMkoExRqNeCSaPkjkLMSaYopjMxYIgc+x4Q8uM79xj0KyKLxTwxi9AHoh6zIKSkvVx3ahaJfsMax54kxJkUxRaRe+3U5EkwBDRTlI2XLsWHkpCMUox5HpJhJjoAPoYUvTEAKUXjpedGQdaKVjdSOhX6issfq7I4VAymHg68oAVF/Oepn4n9dKVPfcS1kYJwpDOvmom3BLRVZ2tdVhAqniQ02ACqZ3tWgfBFClszFN9wr1MQJv9ODbGAWoSBylLoheAA8jfVzPPc6YTsuZzWae1E9Kjl1yqqfF8sU0tzzZI/vkkDjkjJTJNamQGqEEyRN5Ia/Gs/FmvBsfk9KcMe3ZJX9gfP4AMzCd3g==</latexit><latexit sha1_base64="ghBAwonoqkX+wnXg4S1rbiFJ5uI=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoM6sGLmIB5QHYJvZNOMmT2wcysGJd8gUf1Y7yJV7/Ab/HibJKDJhYMFFXdPd3lx5xJZdtfRm5hcWl5Jb9qrq1vbG4VtnfqMkoExRqNeCSaPkjkLMSaYopjMxYIgc+x4Q8uM79xj0KyKLxTwxi9AHoh6zIKSkvVx3ahaJfsMax54kxJkUxRaRe+3U5EkwBDRTlI2XLsWHkpCMUox5HpJhJjoAPoYUvTEAKUXjpedGQdaKVjdSOhX6issfq7I4VAymHg68oAVF/Oepn4n9dKVPfcS1kYJwpDOvmom3BLRVZ2tdVhAqniQ02ACqZ3tWgfBFClszFN9wr1MQJv9ODbGAWoSBylLoheAA8jfVzPPc6YTsuZzWae1E9Kjl1yqqfF8sU0tzzZI/vkkDjkjJTJNamQGqEEyRN5Ia/Gs/FmvBsfk9KcMe3ZJX9gfP4AMzCd3g==</latexit><latexit sha1_base64="ghBAwonoqkX+wnXg4S1rbiFJ5uI=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoM6sGLmIB5QHYJvZNOMmT2wcysGJd8gUf1Y7yJV7/Ab/HibJKDJhYMFFXdPd3lx5xJZdtfRm5hcWl5Jb9qrq1vbG4VtnfqMkoExRqNeCSaPkjkLMSaYopjMxYIgc+x4Q8uM79xj0KyKLxTwxi9AHoh6zIKSkvVx3ahaJfsMax54kxJkUxRaRe+3U5EkwBDRTlI2XLsWHkpCMUox5HpJhJjoAPoYUvTEAKUXjpedGQdaKVjdSOhX6issfq7I4VAymHg68oAVF/Oepn4n9dKVPfcS1kYJwpDOvmom3BLRVZ2tdVhAqniQ02ACqZ3tWgfBFClszFN9wr1MQJv9ODbGAWoSBylLoheAA8jfVzPPc6YTsuZzWae1E9Kjl1yqqfF8sU0tzzZI/vkkDjkjJTJNamQGqEEyRN5Ia/Gs/FmvBsfk9KcMe3ZJX9gfP4AMzCd3g==</latexit><latexit sha1_base64="ghBAwonoqkX+wnXg4S1rbiFJ5uI=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoM6sGLmIB5QHYJvZNOMmT2wcysGJd8gUf1Y7yJV7/Ab/HibJKDJhYMFFXdPd3lx5xJZdtfRm5hcWl5Jb9qrq1vbG4VtnfqMkoExRqNeCSaPkjkLMSaYopjMxYIgc+x4Q8uM79xj0KyKLxTwxi9AHoh6zIKSkvVx3ahaJfsMax54kxJkUxRaRe+3U5EkwBDRTlI2XLsWHkpCMUox5HpJhJjoAPoYUvTEAKUXjpedGQdaKVjdSOhX6issfq7I4VAymHg68oAVF/Oepn4n9dKVPfcS1kYJwpDOvmom3BLRVZ2tdVhAqniQ02ACqZ3tWgfBFClszFN9wr1MQJv9ODbGAWoSBylLoheAA8jfVzPPc6YTsuZzWae1E9Kjl1yqqfF8sU0tzzZI/vkkDjkjJTJNamQGqEEyRN5Ia/Gs/FmvBsfk9KcMe3ZJX9gfP4AMzCd3g==</latexit>

x
<latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit>

We call this an unconditional generative model because it is model of the unconditional
distribution p(x). Generally we will refer to unconditional generative models simply as
“generative models” and use the term conditional generative model for a model of any
conditional distribution p(x|y). Conditional generative models will be the focus of Chapter
32; in the present chapter we will restrict our attention to unconditional models.

Why bother with (unconditional) generative models, which make up random synthetic
data? At first this may seem a silly goal. Why should we care to make up images from
scratch? One reason is content creation; we will see other reasons later, but content creation
is a good starting point. Suppose we are making a video game and we want to automatically
generate a bunch of exciting levels for the player the explore. We would like a procedure
for making up new levels from scratch. Such procedural graphics have been successfully
used to generate random landscapes for game levels [?]. Suppose we want to add a river
to a landscape. We need to decide what path the river should take. A simple program for
generating the path could be “walk an increment forward, flip a coin to decide whether to
turn left or right, repeat.” Here is that program in pseudocode:

Algorithm 4: Generative model of images of rivers

1 Input: Random vector of coin flips z = [z0, . . . , zN ] with each zi 2 {0, 1}
2 Output: Picture of a river
3 start drawing at origin with heading = 90�

4 for i = 1, . . . , N do
5 extend line 1 unit in current heading direction

6 if zi == 1 then
7 rotate heading 10�

to the right

8 else
9 rotate heading 10�

to the left

Here are a few rivers this program draws:

This program relies on a sequence of random coin flips to generate the path of the river.
In other words, the program took a sequence of flips as input, and converted this “noise”
to a image of the path of the river. It’s exactly the same idea as we described above for
generating images of fish, just this time the generator is a program that makes rivers:

This generator was written by hand. Next we will see generative models that learn the
program that synthesizes data.

29.1 Learning generative models

29.1.1 Data generators

What if our model just
memorizes all the

training examples and
generates random draws
from this memory? This

section focuses on the
goal of producing “fake”
data that looks like the

training data, and,
indeed, memorized

training samples would
satisfy that goal. A

second, and sometimes
overlooked, property of a
good generative model is

that it be a simple, or
“smooth”, function, so

that it generalizes to
producing fake samples

that interpolate and
extrapolate beyond the
exact training data. A

generative model that can
only regurgitate the

training data is overfit in
the same way as a

classifier that memorizes
the training data is

overfit. In both cases, the
true modeling goal is to

both fit the training data
and to do so with a

function that generalizes.

z ⇠ Bernoulli(0.5)
<latexit sha1_base64="qsxb1z1qL5bx+RG9Hqg0mqdzXIQ=">AAACEHicbVA9SwNBEN3zM8avqKXNYhC1CXeiaBliYxnBfEAuhL3NXLK4t3fszonxyE+w8a/YWChia2nnv3HzUajxwcDjvRlm5gWJFAZd98uZm19YXFrOreRX19Y3Ngtb23UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgENxcjv3EL2ohYXeMggXbEekqEgjO0Uqdw4EcM+0GY3Q+pb0REfYQ7RMwqoFWcSimGh27p9KhTKLoldww6S7wpKZIpqp3Cp9+NeRqBQi6ZMS3PTbCdMY2CSxjm/dRAwvgN60HLUsUiMO1s/NCQ7lulS8NY21JIx+rPiYxFxgyiwHaOzjd/vZH4n9dKMTxvZ0IlKYLik0VhKinGdJQO7QoNHOXAEsa1sLdS3meacbQZ5m0I3t+XZ0n9uOS5Je/qpFiuTOPIkV2yRw6JR85ImVySKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AaeTpzn</latexit><latexit sha1_base64="qsxb1z1qL5bx+RG9Hqg0mqdzXIQ=">AAACEHicbVA9SwNBEN3zM8avqKXNYhC1CXeiaBliYxnBfEAuhL3NXLK4t3fszonxyE+w8a/YWChia2nnv3HzUajxwcDjvRlm5gWJFAZd98uZm19YXFrOreRX19Y3Ngtb23UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgENxcjv3EL2ohYXeMggXbEekqEgjO0Uqdw4EcM+0GY3Q+pb0REfYQ7RMwqoFWcSimGh27p9KhTKLoldww6S7wpKZIpqp3Cp9+NeRqBQi6ZMS3PTbCdMY2CSxjm/dRAwvgN60HLUsUiMO1s/NCQ7lulS8NY21JIx+rPiYxFxgyiwHaOzjd/vZH4n9dKMTxvZ0IlKYLik0VhKinGdJQO7QoNHOXAEsa1sLdS3meacbQZ5m0I3t+XZ0n9uOS5Je/qpFiuTOPIkV2yRw6JR85ImVySKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AaeTpzn</latexit><latexit sha1_base64="qsxb1z1qL5bx+RG9Hqg0mqdzXIQ=">AAACEHicbVA9SwNBEN3zM8avqKXNYhC1CXeiaBliYxnBfEAuhL3NXLK4t3fszonxyE+w8a/YWChia2nnv3HzUajxwcDjvRlm5gWJFAZd98uZm19YXFrOreRX19Y3Ngtb23UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgENxcjv3EL2ohYXeMggXbEekqEgjO0Uqdw4EcM+0GY3Q+pb0REfYQ7RMwqoFWcSimGh27p9KhTKLoldww6S7wpKZIpqp3Cp9+NeRqBQi6ZMS3PTbCdMY2CSxjm/dRAwvgN60HLUsUiMO1s/NCQ7lulS8NY21JIx+rPiYxFxgyiwHaOzjd/vZH4n9dKMTxvZ0IlKYLik0VhKinGdJQO7QoNHOXAEsa1sLdS3meacbQZ5m0I3t+XZ0n9uOS5Je/qpFiuTOPIkV2yRw6JR85ImVySKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AaeTpzn</latexit><latexit sha1_base64="qsxb1z1qL5bx+RG9Hqg0mqdzXIQ=">AAACEHicbVA9SwNBEN3zM8avqKXNYhC1CXeiaBliYxnBfEAuhL3NXLK4t3fszonxyE+w8a/YWChia2nnv3HzUajxwcDjvRlm5gWJFAZd98uZm19YXFrOreRX19Y3Ngtb23UTp5pDjccy1s2AGZBCQQ0FSmgmGlgUSGgENxcjv3EL2ohYXeMggXbEekqEgjO0Uqdw4EcM+0GY3Q+pb0REfYQ7RMwqoFWcSimGh27p9KhTKLoldww6S7wpKZIpqp3Cp9+NeRqBQi6ZMS3PTbCdMY2CSxjm/dRAwvgN60HLUsUiMO1s/NCQ7lulS8NY21JIx+rPiYxFxgyiwHaOzjd/vZH4n9dKMTxvZ0IlKYLik0VhKinGdJQO7QoNHOXAEsa1sLdS3meacbQZ5m0I3t+XZ0n9uOS5Je/qpFiuTOPIkV2yRw6JR85ImVySKqkRTh7IE3khr86j8+y8Oe+T1jlnOrNDfsH5+AaeTpzn</latexit>

15



cGenerator
<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>

(Grass color)

(Number trees)

z1 ⇠ Bernoulli(0.5)
<latexit sha1_base64="ow0dMRqnBxrV8Nh5uIFwGYv80UA=">AAACEnicbVBNS8NAFNzU7/oV9ehlsQjtpSSi6FH04lHB2kITymb7oks3m7D7ItbQ3+DFv+LFgyJePXnz37itPWjrwMIw8x5vZ6JMCoOe9+WUZmbn5hcWl8rLK6tr6+7G5pVJc82hwVOZ6lbEDEihoIECJbQyDSyJJDSj3unQb96CNiJVl9jPIEzYtRKx4Ayt1HFrQcLwJoqL+0HHp4ERCQ0Q7hCxOAGt0lxKMah69YNax614dW8EOk38MamQMc477mfQTXmegEIumTFt38swLJhGwSUMykFuIGO8x66hbaliCZiwGEUa0F2rdGmcavsU0pH6e6NgiTH9JLKTwwBm0huK/3ntHOOjsBAqyxEU/zkU55JiSof90K7QwFH2LWFcC/tXym+YZhxti2Vbgj8ZeZpc7dV9r+5f7FeOT8Z1LJJtskOqxCeH5JickXPSIJw8kCfyQl6dR+fZeXPef0ZLznhni/yB8/EN3Gydiw==</latexit><latexit sha1_base64="cPsnknfUukZJvBVUP7ynPUzQ5RA=">AAACN3icjVC7SgNBFJ2N7/iKWtoMBiFpwq4oWgZtLBVMFLJhmZ3c1SGzs8vMXTEu+Qa/xsLGj7CzshGx9Q+cTVL4KjwwcDjnXu6cE6ZSGHTdZ6c0NT0zOze/UF5cWl5Zraytt02SaQ4tnshEX4TMgBQKWihQwkWqgcWhhPOwf1T459egjUjUGQ5S6MbsUolIcIZWCip1P2Z4FUb57TDwqG9ETH2EG0TMD0GrJJNSDGtuY68eVKpuwx2B/ibehFTJBP8bDypPfi/hWQwKuWTGdDw3xW7ONAouYVj2MwMp4312CR1LFYvBdPNR7iHdtkqPRom2TyEdqV83chYbM4hDO1mkND+9QvzL62QYHXRzodIMQfHxoSiTFBNalEh7QgNHObCEcS3sXym/YppxtFWXbXTvZ9DfpL3T8NyGd7pbbR5OOpsnm2SL1IhH9kmTHJMT0iKc3JF78khenQfnxXlz3sejJWeys0G+wfn4BHFfpQQ=</latexit><latexit sha1_base64="cPsnknfUukZJvBVUP7ynPUzQ5RA=">AAACN3icjVC7SgNBFJ2N7/iKWtoMBiFpwq4oWgZtLBVMFLJhmZ3c1SGzs8vMXTEu+Qa/xsLGj7CzshGx9Q+cTVL4KjwwcDjnXu6cE6ZSGHTdZ6c0NT0zOze/UF5cWl5Zraytt02SaQ4tnshEX4TMgBQKWihQwkWqgcWhhPOwf1T459egjUjUGQ5S6MbsUolIcIZWCip1P2Z4FUb57TDwqG9ETH2EG0TMD0GrJJNSDGtuY68eVKpuwx2B/ibehFTJBP8bDypPfi/hWQwKuWTGdDw3xW7ONAouYVj2MwMp4312CR1LFYvBdPNR7iHdtkqPRom2TyEdqV83chYbM4hDO1mkND+9QvzL62QYHXRzodIMQfHxoSiTFBNalEh7QgNHObCEcS3sXym/YppxtFWXbXTvZ9DfpL3T8NyGd7pbbR5OOpsnm2SL1IhH9kmTHJMT0iKc3JF78khenQfnxXlz3sejJWeys0G+wfn4BHFfpQQ=</latexit><latexit sha1_base64="cPsnknfUukZJvBVUP7ynPUzQ5RA=">AAACN3icjVC7SgNBFJ2N7/iKWtoMBiFpwq4oWgZtLBVMFLJhmZ3c1SGzs8vMXTEu+Qa/xsLGj7CzshGx9Q+cTVL4KjwwcDjnXu6cE6ZSGHTdZ6c0NT0zOze/UF5cWl5Zraytt02SaQ4tnshEX4TMgBQKWihQwkWqgcWhhPOwf1T459egjUjUGQ5S6MbsUolIcIZWCip1P2Z4FUb57TDwqG9ETH2EG0TMD0GrJJNSDGtuY68eVKpuwx2B/ibehFTJBP8bDypPfi/hWQwKuWTGdDw3xW7ONAouYVj2MwMp4312CR1LFYvBdPNR7iHdtkqPRom2TyEdqV83chYbM4hDO1mkND+9QvzL62QYHXRzodIMQfHxoSiTFBNalEh7QgNHObCEcS3sXym/YppxtFWXbXTvZ9DfpL3T8NyGd7pbbR5OOpsnm2SL1IhH9kmTHJMT0iKc3JF78khenQfnxXlz3sejJWeys0G+wfn4BHFfpQQ=</latexit>

z3 ⇠ Unif(0, 10)
<latexit sha1_base64="a6D7ibn8CkcwpfmYGv7fypggE8M=">AAACDnicbVDLSgMxFM3UV62vqks3wVKoIGVGBV0W3bisYB/QKSWTZtrQTGZI7oh16Be48VfcuFDErWt3/o2ZdhbaeiBwOOdccu/xIsE12Pa3lVtaXlldy68XNja3tneKu3tNHcaKsgYNRajaHtFMcMkawEGwdqQYCTzBWt7oKvVbd0xpHspbGEesG5CB5D6nBIzUK5bdgMDQ85OHSe8Uu5oH2AV2DwBJw+QmFfvYsY96xZJdtafAi8TJSAllqPeKX24/pHHAJFBBtO44dgTdhCjgVLBJwY01iwgdkQHrGCpJwHQ3mZ4zwWWj9LEfKvMk4Kn6eyIhgdbjwDPJdHk976Xif14nBv+im3AZxcAknX3kxwJDiNNucJ8rRkGMDSFUcbMrpkOiCAXTYMGU4MyfvEiaJ1XHrjo3Z6XaZVZHHh2gQ1RBDjpHNXSN6qiBKHpEz+gVvVlP1ov1bn3Mojkrm9lHf2B9/gAcLZt1</latexit><latexit sha1_base64="Bpp5MZORvjCmB3NgvWV/mE01lZw=">AAACM3icjVDLSsNAFJ3UV62vqEs3g6VQQUqigi6LblwqmLbQhDKZTtqhkwczN2IN+QK/xoUbP8OduBFx6z84fSy0deGBgcO553LnHD8RXIFlvRqFhcWl5ZXiamltfWNzy9zeaag4lZQ5NBaxbPlEMcEj5gAHwVqJZCT0BWv6g4vRvHnLpOJxdAPDhHkh6UU84JSAljpmxQ0J9P0gu887x9hVPMQusDsAyBzty6vWoW0ddMyyVbPGwPPEnpIymuJ/9o754nZjmoYsAiqIUm3bSsDLiAROBctLbqpYQuiA9Fhb04iETHnZOHOOK1rp4iCW+kWAx+rPjYyESg1DXztHCdXsbCT+NWunEJx5GY+SFFhEJ4eCVGCI8ahA3OWSURBDTQiVXP8V0z6RhIKuuaSj27NB50njqGZbNfv6pFw/n3ZWRHtoH1WRjU5RHV2iK+Qgih7QI3pG78aT8WZ8GJ8Ta8GY7uyiXzC+vgFpF6Lu</latexit><latexit sha1_base64="Bpp5MZORvjCmB3NgvWV/mE01lZw=">AAACM3icjVDLSsNAFJ3UV62vqEs3g6VQQUqigi6LblwqmLbQhDKZTtqhkwczN2IN+QK/xoUbP8OduBFx6z84fSy0deGBgcO553LnHD8RXIFlvRqFhcWl5ZXiamltfWNzy9zeaag4lZQ5NBaxbPlEMcEj5gAHwVqJZCT0BWv6g4vRvHnLpOJxdAPDhHkh6UU84JSAljpmxQ0J9P0gu887x9hVPMQusDsAyBzty6vWoW0ddMyyVbPGwPPEnpIymuJ/9o754nZjmoYsAiqIUm3bSsDLiAROBctLbqpYQuiA9Fhb04iETHnZOHOOK1rp4iCW+kWAx+rPjYyESg1DXztHCdXsbCT+NWunEJx5GY+SFFhEJ4eCVGCI8ahA3OWSURBDTQiVXP8V0z6RhIKuuaSj27NB50njqGZbNfv6pFw/n3ZWRHtoH1WRjU5RHV2iK+Qgih7QI3pG78aT8WZ8GJ8Ta8GY7uyiXzC+vgFpF6Lu</latexit><latexit sha1_base64="Bpp5MZORvjCmB3NgvWV/mE01lZw=">AAACM3icjVDLSsNAFJ3UV62vqEs3g6VQQUqigi6LblwqmLbQhDKZTtqhkwczN2IN+QK/xoUbP8OduBFx6z84fSy0deGBgcO553LnHD8RXIFlvRqFhcWl5ZXiamltfWNzy9zeaag4lZQ5NBaxbPlEMcEj5gAHwVqJZCT0BWv6g4vRvHnLpOJxdAPDhHkh6UU84JSAljpmxQ0J9P0gu887x9hVPMQusDsAyBzty6vWoW0ddMyyVbPGwPPEnpIymuJ/9o754nZjmoYsAiqIUm3bSsDLiAROBctLbqpYQuiA9Fhb04iETHnZOHOOK1rp4iCW+kWAx+rPjYyESg1DXztHCdXsbCT+NWunEJx5GY+SFFhEJ4eCVGCI8ahA3OWSURBDTQiVXP8V0z6RhIKuuaSj27NB50njqGZbNfv6pFw/n3ZWRHtoH1WRjU5RHV2iK+Qgih7QI3pG78aT8WZ8GJ8Ta8GY7uyiXzC+vgFpF6Lu</latexit>

(River turns)

z2 ⇠ Normal(µ1,⌃1)
<latexit sha1_base64="MeVTzuZISQBzzUyNIeeZv+NSdAo="></latexit><latexit sha1_base64="P4g4u03Z3HquuCvqsjcWwnhQs9s="></latexit><latexit sha1_base64="P4g4u03Z3HquuCvqsjcWwnhQs9s="></latexit><latexit sha1_base64="P4g4u03Z3HquuCvqsjcWwnhQs9s="></latexit>

...

<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="r/OrVOkQNTfGfJvsgnBs8qT9skg=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZmdnkzGzO8vMXSEs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCVAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2mUZlmvMGUVLodUMOlSHgDBUreTjWncSB5KxheTfzWA9dGqOQORyn3Y9pPRCQYRSs1uzJUaHqVqltzpyCLxCtIFQr8L96rfHZDxbKYJ8gkNabjuSn6OdUomOTjcjczPKVsSPu8Y2lCY278fHrSmBxbJSSR0vYlSKbqz4mcxsaM4sAmY4oDM+9NxL+8TobRhZ+LJM2QJ2y2KMokQUUm/ZBQaM5QjiyhTAv7V8IGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb28WlrE=</latexit><latexit sha1_base64="r/OrVOkQNTfGfJvsgnBs8qT9skg=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZmdnkzGzO8vMXSEs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCVAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2mUZlmvMGUVLodUMOlSHgDBUreTjWncSB5KxheTfzWA9dGqOQORyn3Y9pPRCQYRSs1uzJUaHqVqltzpyCLxCtIFQr8L96rfHZDxbKYJ8gkNabjuSn6OdUomOTjcjczPKVsSPu8Y2lCY278fHrSmBxbJSSR0vYlSKbqz4mcxsaM4sAmY4oDM+9NxL+8TobRhZ+LJM2QJ2y2KMokQUUm/ZBQaM5QjiyhTAv7V8IGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb28WlrE=</latexit><latexit sha1_base64="r/OrVOkQNTfGfJvsgnBs8qT9skg=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZmdnkzGzO8vMXSEs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCVAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2mUZlmvMGUVLodUMOlSHgDBUreTjWncSB5KxheTfzWA9dGqOQORyn3Y9pPRCQYRSs1uzJUaHqVqltzpyCLxCtIFQr8L96rfHZDxbKYJ8gkNabjuSn6OdUomOTjcjczPKVsSPu8Y2lCY278fHrSmBxbJSSR0vYlSKbqz4mcxsaM4sAmY4oDM+9NxL+8TobRhZ+LJM2QJ2y2KMokQUUm/ZBQaM5QjiyhTAv7V8IGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb28WlrE=</latexit>

“noise” “latent variables”

Concept #1: noise is latent variables
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Learning data generators

Two approaches: 

1. Direct approach: learn a function that generates 
data directly 

2. Indirect approach: learn a function that scores 
data; generate data by finding points that score 
highly under this function

G : Z ! X
<latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit>

E : X ! R
<latexit sha1_base64="MEwz6JbL2KfnX8a0dSh72946GGQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQiKK6KIrisYh/QhDKZTtqhk5kwM1FKyBe48VfcuFDErWt3/o2TNgttPXDhcM693HtPEDOqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rK5FITFpYMCG7AVKEUU5ammpGurEkKAoY6QTjy9zv3BOpqOB3ehITP0JDTkOKkTZS365dnUMvQnqEEUu7GfQkHY40klI8zPQgSG+zvl116s4UcJG4BamCAs2+/eUNBE4iwjVmSKme68TaT5HUFDOSVbxEkRjhMRqSnqEcRUT56fSdDNaMMoChkKa4hlP190SKIqUmUWA68wvVvJeL/3m9RIdnfkp5nGjC8WxRmDCoBcyzgQMqCdZsYgjCkppbIR4hibA2CVZMCO78y4ukfVx3nbp7c1JtXBRxlMEBOARHwAWnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz86fpw7</latexit><latexit sha1_base64="n/2Njd20Z5VwD6u6Cscy/+hbmtc=">AAACM3icjVDLSgMxFM3UV62vUZdugqXgqsyIoLgqiuBSxT6gM5RMmmlDM8mQZJQyzBf4NS7c+BnuxI2IW//BTDsLbV14IHA4515uzgliRpV2nFertLC4tLxSXq2srW9sbtnbOy0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHSe++07IhUV/FaPY+JHaMBpSDHSRurZtYtT6EVIDzFiaSeDnqSDoUZSivupHgTpTdazq07dmQDOE7cgVVDgf+M9+8XrC5xEhGvMkFJd14m1nyKpKWYkq3iJIjHCIzQgXUM5iojy00nmDNaM0oehkOZxDSfqz40URUqNo8BM5jHUrJeLf3ndRIcnfkp5nGjC8fRQmDCoBcwLhH0qCdZsbAjCkpq/QjxEEmFtaq6Y6O5s0HnSOqy7Tt29Pqo2zorOymAP7IMD4IJj0ACX4Ao0AQYP4BE8g3fryXqzPqzP6WjJKnZ2wS9YX9+kBqO0</latexit><latexit sha1_base64="n/2Njd20Z5VwD6u6Cscy/+hbmtc=">AAACM3icjVDLSgMxFM3UV62vUZdugqXgqsyIoLgqiuBSxT6gM5RMmmlDM8mQZJQyzBf4NS7c+BnuxI2IW//BTDsLbV14IHA4515uzgliRpV2nFertLC4tLxSXq2srW9sbtnbOy0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHSe++07IhUV/FaPY+JHaMBpSDHSRurZtYtT6EVIDzFiaSeDnqSDoUZSivupHgTpTdazq07dmQDOE7cgVVDgf+M9+8XrC5xEhGvMkFJd14m1nyKpKWYkq3iJIjHCIzQgXUM5iojy00nmDNaM0oehkOZxDSfqz40URUqNo8BM5jHUrJeLf3ndRIcnfkp5nGjC8fRQmDCoBcwLhH0qCdZsbAjCkpq/QjxEEmFtaq6Y6O5s0HnSOqy7Tt29Pqo2zorOymAP7IMD4IJj0ACX4Ao0AQYP4BE8g3fryXqzPqzP6WjJKnZ2wS9YX9+kBqO0</latexit><latexit sha1_base64="n/2Njd20Z5VwD6u6Cscy/+hbmtc=">AAACM3icjVDLSgMxFM3UV62vUZdugqXgqsyIoLgqiuBSxT6gM5RMmmlDM8mQZJQyzBf4NS7c+BnuxI2IW//BTDsLbV14IHA4515uzgliRpV2nFertLC4tLxSXq2srW9sbtnbOy0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHSe++07IhUV/FaPY+JHaMBpSDHSRurZtYtT6EVIDzFiaSeDnqSDoUZSivupHgTpTdazq07dmQDOE7cgVVDgf+M9+8XrC5xEhGvMkFJd14m1nyKpKWYkq3iJIjHCIzQgXUM5iojy00nmDNaM0oehkOZxDSfqz40URUqNo8BM5jHUrJeLf3ndRIcnfkp5nGjC8fRQmDCoBcwLhH0qCdZsbAjCkpq/QjxEEmFtaq6Y6O5s0HnSOqy7Tt29Pqo2zorOymAP7IMD4IJj0ACX4Ao0AQYP4BE8g3fryXqzPqzP6WjJKnZ2wS9YX9+kBqO0</latexit>

confusingly, sometimes called an “implicit generative model”
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!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

T
ra
in
in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Data
<latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit><latexit sha1_base64="uxESLMiYAPGWpfODytsf17jL2uM=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAUkIs5O7yZjZBzN3hbDkHyxs/BUbEVsrO//GSbKFJhYeGDiccy537vETJQ257peztLyyurZe2Chubm3v7Jb29usmTrXAmohVrJs+N6hkhDWSpLCZaOShr7DhD68mfuMBtZFxdEejBDsh70cykIKTleptGiDxbqnsVtwp2CLxclKGHP+Ld0uf7V4s0hAjEoob0/LchDoZ1ySFwnGxnRpMuBjyPrYsjXiIppNNTxqzY6v0WBBr+yJiU/XnRMZDY0ahb5Mhp4GZ9ybiX14rpeCik8koSQkjMVsUpIpRzCb9sJ7UKEiNLOFCS/tXJgZcc0G2xaI93Zs/dJHUTyueW/Fuz8rVy7yzAhzCEZyAB+dQhWu4gRoIuIdHeIZX58l5cd6c91l0yclnDuAXnI9vVJ6WoQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

S
am
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g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>

Samples
<latexit sha1_base64="wSVC4q4VP7DHwCNZV+LBgXJo4No=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgaZfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDYGaPkw==</latexit><latexit sha1_base64="OKI79BdQPRKUdXJ13SCGByup+Ts=">AAACE3icjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJs5O7yZCZ2WVmVgghH2Fh46/YiNja2Pk3TpItNLHwwMDhnHO5c0+UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkwzrLNEJLoVUYOCK6xbbgW2Uo1URgKb0fBq6jcfUBueqHs7SjGUtK94zBm1TmreUZkKNN1S2a/4M5BlEuSkDDn+F++WPju9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz26akFOn9EicaPeUJTP158SYSmNGMnJJSe3ALHpT8S+vndn4IhxzlWYWFZsvijNBbEKmBZEe18isGDlCmebur4QNqKbMuhqL7vRg8dBl0qhWAr8S3FbLtcu8swIcwwmcQQDnUINruIE6MBjCIzzDq/fkvXhv3vs8uuLlM0fwC97HNx+Blww=</latexit><latexit sha1_base64="OKI79BdQPRKUdXJ13SCGByup+Ts=">AAACE3icjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJs5O7yZCZ2WVmVgghH2Fh46/YiNja2Pk3TpItNLHwwMDhnHO5c0+UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkwzrLNEJLoVUYOCK6xbbgW2Uo1URgKb0fBq6jcfUBueqHs7SjGUtK94zBm1TmreUZkKNN1S2a/4M5BlEuSkDDn+F++WPju9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz26akFOn9EicaPeUJTP158SYSmNGMnJJSe3ALHpT8S+vndn4IhxzlWYWFZsvijNBbEKmBZEe18isGDlCmebur4QNqKbMuhqL7vRg8dBl0qhWAr8S3FbLtcu8swIcwwmcQQDnUINruIE6MBjCIzzDq/fkvXhv3vs8uuLlM0fwC97HNx+Blww=</latexit><latexit sha1_base64="OKI79BdQPRKUdXJ13SCGByup+Ts=">AAACE3icjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJs5O7yZCZ2WVmVgghH2Fh46/YiNja2Pk3TpItNLHwwMDhnHO5c0+UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkwzrLNEJLoVUYOCK6xbbgW2Uo1URgKb0fBq6jcfUBueqHs7SjGUtK94zBm1TmreUZkKNN1S2a/4M5BlEuSkDDn+F++WPju9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz26akFOn9EicaPeUJTP158SYSmNGMnJJSe3ALHpT8S+vndn4IhxzlWYWFZsvijNBbEKmBZEe18isGDlCmebur4QNqKbMuhqL7vRg8dBl0qhWAr8S3FbLtcu8swIcwwmcQQDnUINruIE6MBjCIzzDq/fkvXhv3vs8uuLlM0fwC97HNx+Blww=</latexit>

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

g✓
<latexit sha1_base64="WxLPXO2YUQzVsGGHMYss0Hwf5vM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKJvttF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbITMohcIGCZLYTjSyKJTYCse3M7/1hNqIWD3QJMEgYkMlBoIzstLjsJd1aYTEpr1yxat6c7irxM9JBXLUe+Wvbj/maYSKuGTGdHwvoSBjmgSXOC11U4MJ42M2xI6likVogmx+8dQ9s0rfHcTaliJ3rv6eyFhkzCQKbWfEaGSWvZn4n9dJaXAdZEIlKaHii0WDVLoUu7P33b7QyElOLGFcC3ury0dMM042pJINwV9+eZU0L6q+V/XvLyu1mzyOIpzAKZyDD1dQgzuoQwM4KHiGV3hzjPPivDsfi9aCk88cwx84nz/oRpEO</latexit><latexit sha1_base64="QrEAf6H/nB/tCXMgEOW7tDybUj0=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpft+J2vTAImNO6WyV/GmcBeJn5My5PhfvFP6bHdjnkaoiEtmTMv3EgoypklwieNiOzWYMD5kfWxZqliEJsimZ43dY6t03V6s7VPkTtWfExmLjBlFoU1GjAZm3puIf3mtlHoXQSZUkhIqPlvUS6VLsTvpyO0KjZzkyBLGtbB/dfmAacbJNlm0p/vzhy6S+mnF9yr+7Vm5epl3VoBDOIIT8OEcqnANN1ADDgoe4RlenSfnxXlz3mfRJSefOYBfcD6+Adn3mIc=</latexit><latexit sha1_base64="QrEAf6H/nB/tCXMgEOW7tDybUj0=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpft+J2vTAImNO6WyV/GmcBeJn5My5PhfvFP6bHdjnkaoiEtmTMv3EgoypklwieNiOzWYMD5kfWxZqliEJsimZ43dY6t03V6s7VPkTtWfExmLjBlFoU1GjAZm3puIf3mtlHoXQSZUkhIqPlvUS6VLsTvpyO0KjZzkyBLGtbB/dfmAacbJNlm0p/vzhy6S+mnF9yr+7Vm5epl3VoBDOIIT8OEcqnANN1ADDgoe4RlenSfnxXlz3mfRJSefOYBfcD6+Adn3mIc=</latexit><latexit sha1_base64="QrEAf6H/nB/tCXMgEOW7tDybUj0=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgckSZic3yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMmUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDdDZlAKhTUSJLGZaGRRKLERDq8mfuMBtRGxuqNRgkHE+kr0BGdkpft+J2vTAImNO6WyV/GmcBeJn5My5PhfvFP6bHdjnkaoiEtmTMv3EgoypklwieNiOzWYMD5kfWxZqliEJsimZ43dY6t03V6s7VPkTtWfExmLjBlFoU1GjAZm3puIf3mtlHoXQSZUkhIqPlvUS6VLsTvpyO0KjZzkyBLGtbB/dfmAacbJNlm0p/vzhy6S+mnF9yr+7Vm5epl3VoBDOIIT8OEcqnANN1ADDgoe4RlenSfnxXlz3mfRJSefOYBfcD6+Adn3mIc=</latexit>

Direct Approach
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Indirect approach

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

T
ra
in
in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Data
<latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit>

{x(i)}Ni=1
<latexit sha1_base64="DCAzwf9sRXIA8qaxe6afYJX3Xe4=">AAACBXicbVDLSsNAFJ34rPUVdamLYBHqpiQi6EYounElFewDmjRMppN26GQSZiZiGbJx46+4caGIW//BnX/jpM1CWw9cOJxzL/feEySUCGnb38bC4tLyympprby+sbm1be7stkSccoSbKKYx7wRQYEoYbkoiKe4kHMMooLgdjK5yv32PuSAxu5PjBHsRHDASEgSllnzzwFVuBOUwCNVD1lNVcpy5ma/IhZP1bnyzYtfsCax54hSkAgo0fPPL7ccojTCTiEIhuo6dSE9BLgmiOCu7qcAJRCM4wF1NGYyw8NTki8w60krfCmOui0lrov6eUDASYhwFujO/WMx6ufif101leO4pwpJUYoami8KUWjK28kisPuEYSTrWBCJO9K0WGkIOkdTBlXUIzuzL86R1UnPsmnN7WqlfFnGUwD44BFXggDNQB9egAZoAgUfwDF7Bm/FkvBjvxse0dcEoZvbAHxifP5irmJs=</latexit><latexit sha1_base64="wrMxYQjuhLlYwob/znrn/i6iT/0=">AAACKnicjVDLSsNAFJ34rPUVdamLYBHqpiQi6EYounElCvYBTRom00k7dDIJMxOxDNn4NS7c+CvdSHHrhzhps9DWhQcGDufcy51zgoQSIW17Yiwtr6yurZc2yptb2zu75t5+U8QpR7iBYhrzdgAFpoThhiSS4nbCMYwCilvB8Cb3W0+YCxKzRzlKsBfBPiMhQVBqyTePXOVGUA6CUD1nXVUlp5mb+YpcOVn3zjcrds2ewlokTkEqoMD/xn1z7PZilEaYSUShEB3HTqSnIJcEUZyV3VTgBKIh7OOOpgxGWHhqGjWzTrTSs8KY68ekNVV/bigYCTGKAj2ZxxLzXi7+5XVSGV56irAklZih2aEwpZaMrbw3q0c4RpKONIGIE/1XCw0gh0jqdss6ujMfdJE0z2qOXXMeziv166KzEjgEx6AKHHAB6uAW3IMGQOAFvIJ38GG8GWNjYnzORpeMYucA/ILx9Q2HyKAU</latexit><latexit sha1_base64="wrMxYQjuhLlYwob/znrn/i6iT/0=">AAACKnicjVDLSsNAFJ34rPUVdamLYBHqpiQi6EYounElCvYBTRom00k7dDIJMxOxDNn4NS7c+CvdSHHrhzhps9DWhQcGDufcy51zgoQSIW17Yiwtr6yurZc2yptb2zu75t5+U8QpR7iBYhrzdgAFpoThhiSS4nbCMYwCilvB8Cb3W0+YCxKzRzlKsBfBPiMhQVBqyTePXOVGUA6CUD1nXVUlp5mb+YpcOVn3zjcrds2ewlokTkEqoMD/xn1z7PZilEaYSUShEB3HTqSnIJcEUZyV3VTgBKIh7OOOpgxGWHhqGjWzTrTSs8KY68ekNVV/bigYCTGKAj2ZxxLzXi7+5XVSGV56irAklZih2aEwpZaMrbw3q0c4RpKONIGIE/1XCw0gh0jqdss6ujMfdJE0z2qOXXMeziv166KzEjgEx6AKHHAB6uAW3IMGQOAFvIJ38GG8GWNjYnzORpeMYucA/ILx9Q2HyKAU</latexit><latexit sha1_base64="wrMxYQjuhLlYwob/znrn/i6iT/0=">AAACKnicjVDLSsNAFJ34rPUVdamLYBHqpiQi6EYounElCvYBTRom00k7dDIJMxOxDNn4NS7c+CvdSHHrhzhps9DWhQcGDufcy51zgoQSIW17Yiwtr6yurZc2yptb2zu75t5+U8QpR7iBYhrzdgAFpoThhiSS4nbCMYwCilvB8Cb3W0+YCxKzRzlKsBfBPiMhQVBqyTePXOVGUA6CUD1nXVUlp5mb+YpcOVn3zjcrds2ewlokTkEqoMD/xn1z7PZilEaYSUShEB3HTqSnIJcEUZyV3VTgBKIh7OOOpgxGWHhqGjWzTrTSs8KY68ekNVV/bigYCTGKAj2ZxxLzXi7+5XVSGV56irAklZih2aEwpZaMrbw3q0c4RpKONIGIE/1XCw0gh0jqdss6ujMfdJE0z2qOXXMeziv166KzEjgEx6AKHHAB6uAW3IMGQOAFvIJ38GG8GWNjYnzORpeMYucA/ILx9Q2HyKAU</latexit>

Scoring function
<latexit sha1_base64="mT6Fbd38TJMCVx0kUhHlahagKL0=">AAAB+XicbVBNSwMxEJ34WevXqkcvwSJ4Kru96LHoxWNF+wHtUrJptg3NJkuSLZSl/8SLB0W8+k+8+W9M2z1o64OBx3szzMyLUsGN9f1vtLG5tb2zW9or7x8cHh17J6ctozJNWZMqoXQnIoYJLlnTcitYJ9WMJJFg7Wh8N/fbE6YNV/LJTlMWJmQoecwpsU7qe94jVZrLIY4zSZdSxa/6C+B1EhSkAgUafe+rN1A0S5i0VBBjuoGf2jAn2nIq2KzcywxLCR2TIes6KknCTJgvLp/hS6cMcKy0K2nxQv09kZPEmGkSuc6E2JFZ9ebif143s/FNmHOZZpZJulwUZwJbhecx4AHXjFoxdYRQzd2tmI6IJtS6sMouhGD15XXSqlUDvxo81Cr12yKOEpzDBVxBANdQh3toQBMoTOAZXuEN5egFvaOPZesGKmbO4A/Q5w+i4pOk</latexit><latexit sha1_base64="yBCHIrMNT8Z7GI8gJvBi4YzpEvo=">AAACHnicjVDLSgMxFL1TX7W+Rl26CRbBVZnpRpdFNy4V7QPaoWTSTBuaSYYkUyhD/8SFG3/FjYjgSv/GdDoLbV14IHA451xu7gkTzrTxvC+ntLa+sblV3q7s7O7tH7iHRy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHw999sTqjST4sFMExrEeChYxAg2Vuq77j2RiokhilJBFlLVq3k50CrxC1KFAv+L992P3kCSNKbCEI617vpeYoIMK8MIp7NKL9U0wWSMh7RrqcAx1UGWnzdDZ1YZoEgq+4RBufpzIsOx1tM4tMkYm5Fe9ubiX143NdFlkDGRpIYKslgUpRwZieZdoQFTlBg+tQQTxexfERlhhYmxjVbs6f7yoaukVa/5Xs2/q1cbV0VnZTiBUzgHHy6gATdwC00gMIFHeIZX58l5cd6c90W05BQzx/ALzuc36iObHQ==</latexit><latexit sha1_base64="yBCHIrMNT8Z7GI8gJvBi4YzpEvo=">AAACHnicjVDLSgMxFL1TX7W+Rl26CRbBVZnpRpdFNy4V7QPaoWTSTBuaSYYkUyhD/8SFG3/FjYjgSv/GdDoLbV14IHA451xu7gkTzrTxvC+ntLa+sblV3q7s7O7tH7iHRy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHw999sTqjST4sFMExrEeChYxAg2Vuq77j2RiokhilJBFlLVq3k50CrxC1KFAv+L992P3kCSNKbCEI617vpeYoIMK8MIp7NKL9U0wWSMh7RrqcAx1UGWnzdDZ1YZoEgq+4RBufpzIsOx1tM4tMkYm5Fe9ubiX143NdFlkDGRpIYKslgUpRwZieZdoQFTlBg+tQQTxexfERlhhYmxjVbs6f7yoaukVa/5Xs2/q1cbV0VnZTiBUzgHHy6gATdwC00gMIFHeIZX58l5cd6c90W05BQzx/ALzuc36iObHQ==</latexit><latexit sha1_base64="yBCHIrMNT8Z7GI8gJvBi4YzpEvo=">AAACHnicjVDLSgMxFL1TX7W+Rl26CRbBVZnpRpdFNy4V7QPaoWTSTBuaSYYkUyhD/8SFG3/FjYjgSv/GdDoLbV14IHA451xu7gkTzrTxvC+ntLa+sblV3q7s7O7tH7iHRy0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHw999sTqjST4sFMExrEeChYxAg2Vuq77j2RiokhilJBFlLVq3k50CrxC1KFAv+L992P3kCSNKbCEI617vpeYoIMK8MIp7NKL9U0wWSMh7RrqcAx1UGWnzdDZ1YZoEgq+4RBufpzIsOx1tM4tMkYm5Fe9ubiX143NdFlkDGRpIYKslgUpRwZieZdoQFTlBg+tQQTxexfERlhhYmxjVbs6f7yoaukVa/5Xs2/q1cbV0VnZTiBUzgHHy6gATdwC00gMIFHeIZX58l5cd6c90W05BQzx/ALzuc36iObHQ==</latexit>

e.g., likelihood, energy, 
“score function”

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

S
am

p
li
n
g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>

Samples
<latexit sha1_base64="wSVC4q4VP7DHwCNZV+LBgXJo4No=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgaZfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDYGaPkw==</latexit><latexit sha1_base64="OKI79BdQPRKUdXJ13SCGByup+Ts=">AAACE3icjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJs5O7yZCZ2WVmVgghH2Fh46/YiNja2Pk3TpItNLHwwMDhnHO5c0+UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkwzrLNEJLoVUYOCK6xbbgW2Uo1URgKb0fBq6jcfUBueqHs7SjGUtK94zBm1TmreUZkKNN1S2a/4M5BlEuSkDDn+F++WPju9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz26akFOn9EicaPeUJTP158SYSmNGMnJJSe3ALHpT8S+vndn4IhxzlWYWFZsvijNBbEKmBZEe18isGDlCmebur4QNqKbMuhqL7vRg8dBl0qhWAr8S3FbLtcu8swIcwwmcQQDnUINruIE6MBjCIzzDq/fkvXhv3vs8uuLlM0fwC97HNx+Blww=</latexit><latexit sha1_base64="OKI79BdQPRKUdXJ13SCGByup+Ts=">AAACE3icjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJs5O7yZCZ2WVmVgghH2Fh46/YiNja2Pk3TpItNLHwwMDhnHO5c0+UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkwzrLNEJLoVUYOCK6xbbgW2Uo1URgKb0fBq6jcfUBueqHs7SjGUtK94zBm1TmreUZkKNN1S2a/4M5BlEuSkDDn+F++WPju9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz26akFOn9EicaPeUJTP158SYSmNGMnJJSe3ALHpT8S+vndn4IhxzlWYWFZsvijNBbEKmBZEe18isGDlCmebur4QNqKbMuhqL7vRg8dBl0qhWAr8S3FbLtcu8swIcwwmcQQDnUINruIE6MBjCIzzDq/fkvXhv3vs8uuLlM0fwC97HNx+Blww=</latexit><latexit sha1_base64="OKI79BdQPRKUdXJ13SCGByup+Ts=">AAACE3icjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJs5O7yZCZ2WVmVgghH2Fh46/YiNja2Pk3TpItNLHwwMDhnHO5c0+UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkwzrLNEJLoVUYOCK6xbbgW2Uo1URgKb0fBq6jcfUBueqHs7SjGUtK94zBm1TmreUZkKNN1S2a/4M5BlEuSkDDn+F++WPju9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz26akFOn9EicaPeUJTP158SYSmNGMnJJSe3ALHpT8S+vndn4IhxzlWYWFZsvijNBbEKmBZEe18isGDlCmebur4QNqKbMuhqL7vRg8dBl0qhWAr8S3FbLtcu8swIcwwmcQQDnUINruIE6MBjCIzzDq/fkvXhv3vs8uuLlM0fwC97HNx+Blww=</latexit>

{x̂(i)}Ni=1
<latexit sha1_base64="dk/AfYJFDBso4br68mG1kMKzR/s=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiQi6EYounElFewDmjRMppN26OTBzEQsQ/Zu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/IRRIS3r21haXlldWy9tlDe3tnd2zb39tohTjkkLxyzmXR8JwmhEWpJKRroJJyj0Gen446vc79wTLmgc3clJQtwQDSMaUIykljyz4ihnhKRyQiRHfqAesqyvavQ4czJP0Qs76994ZtWqW1PARWIXpAoKND3zyxnEOA1JJDFDQvRsK5GuQlxSzEhWdlJBEoTHaEh6mkYoJMJV018yeKSVAQxiriuScKr+nlAoFGIS+rozP1nMe7n4n9dLZXDuKholqSQRni0KUgZlDPNg4IBygiWbaIIwp/pWiEeIIyx1fGUdgj3/8iJpn9Rtq27fnlYbl0UcJXAIKqAGbHAGGuAaNEELYPAInsEreDOejBfj3fiYtS4ZxcwB+APj8wepQJto</latexit><latexit sha1_base64="jSCUDDJsbpNDNzR7LxLezXr0RLI=">AAACMHicjVDLSsNAFJ34rPUVdelmaBHqpiQi6EYounElCvYBTRom00k7dPJgZiKWIXu/xoUb/8OVLkTc+hVO2iy0deGBgcM593LnHD9hVEjLejMWFpeWV1ZLa+X1jc2tbXNntyXilGPSxDGLecdHgjAakaakkpFOwgkKfUba/ugi99t3hAsaR7dynBA3RIOIBhQjqSXPrDjKGSKpnBDJoR+o+yzrqRo9zJzMU/TMznpXnlm16tYEcJ7YBamCAv8b98wXpx/jNCSRxAwJ0bWtRLoKcUkxI1nZSQVJEB6hAelqGqGQCFdNAmfwQCt9GMRcv0jCifpzQ6FQiHHo68k8l5j1cvEvr5vK4NRVNEpSSSI8PRSkDMoY5u3BPuUESzbWBGFO9V8hHiKOsNQdl3V0ezboPGkd1W2rbt8cVxvnRWclsA8qoAZscAIa4BJcgybA4AE8gmfwbjwZr8aH8TkdXTCKnT3wC8bXN/gwouE=</latexit><latexit sha1_base64="jSCUDDJsbpNDNzR7LxLezXr0RLI=">AAACMHicjVDLSsNAFJ34rPUVdelmaBHqpiQi6EYounElCvYBTRom00k7dPJgZiKWIXu/xoUb/8OVLkTc+hVO2iy0deGBgcM593LnHD9hVEjLejMWFpeWV1ZLa+X1jc2tbXNntyXilGPSxDGLecdHgjAakaakkpFOwgkKfUba/ugi99t3hAsaR7dynBA3RIOIBhQjqSXPrDjKGSKpnBDJoR+o+yzrqRo9zJzMU/TMznpXnlm16tYEcJ7YBamCAv8b98wXpx/jNCSRxAwJ0bWtRLoKcUkxI1nZSQVJEB6hAelqGqGQCFdNAmfwQCt9GMRcv0jCifpzQ6FQiHHo68k8l5j1cvEvr5vK4NRVNEpSSSI8PRSkDMoY5u3BPuUESzbWBGFO9V8hHiKOsNQdl3V0ezboPGkd1W2rbt8cVxvnRWclsA8qoAZscAIa4BJcgybA4AE8gmfwbjwZr8aH8TkdXTCKnT3wC8bXN/gwouE=</latexit><latexit sha1_base64="jSCUDDJsbpNDNzR7LxLezXr0RLI=">AAACMHicjVDLSsNAFJ34rPUVdelmaBHqpiQi6EYounElCvYBTRom00k7dPJgZiKWIXu/xoUb/8OVLkTc+hVO2iy0deGBgcM593LnHD9hVEjLejMWFpeWV1ZLa+X1jc2tbXNntyXilGPSxDGLecdHgjAakaakkpFOwgkKfUba/ugi99t3hAsaR7dynBA3RIOIBhQjqSXPrDjKGSKpnBDJoR+o+yzrqRo9zJzMU/TMznpXnlm16tYEcJ7YBamCAv8b98wXpx/jNCSRxAwJ0bWtRLoKcUkxI1nZSQVJEB6hAelqGqGQCFdNAmfwQCt9GMRcv0jCifpzQ6FQiHHo68k8l5j1cvEvr5vK4NRVNEpSSSI8PRSkDMoY5u3BPuUESzbWBGFO9V8hHiKOsNQdl3V0ezboPGkd1W2rbt8cVxvnRWclsA8qoAZscAIa4BJcgybA4AE8gmfwbjwZr8aH8TkdXTCKnT3wC8bXN/gwouE=</latexit>

Sampling algorithm 
(e.g., MCMC)
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What’s the goal of generative modeling?

Make synthetic data that “looks like” real data.

How to measure “looks like”?

The main answer in deep generative models is: “has high 
probability under a density model fit to real data.”
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Density models

p✓(x)
<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

p✓ : X ! [0,1)
<latexit sha1_base64="CIYRDoEZEUhPscSIt5GKA6BIzJk=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBAUJOyKoHgKevEYwTwgG0LvZDYZMju7zPQqYclfePFXvHhQxKve/Bsnj4MmFjQUVd10dwWJFAZd99tZWFxaXlnNreXXNza3tgs7uzUTp5rxKotlrBsBGC6F4lUUKHkj0RyiQPJ60L8e+fV7ro2I1R0OEt6KoKtEKBigldqFUtLOfOxxhOEl9SPAHgOZNYbU16LbQ9A6fqBN98QXKsTBcbtQdEvuGHSeeFNSJFNU2oUvvxOzNOIKmQRjmp6bYCsDjYJJPsz7qeEJsD50edNSBRE3rWz815AeWqVDw1jbUkjH6u+JDCJjBlFgO0eXm1lvJP7nNVMML1qZUEmKXLHJojCVFGM6Col2hOYM5cASYFrYWynrgQaGNsq8DcGbfXme1E5Lnlvybs+K5atpHDmyTw7IEfHIOSmTG1IhVcLII3kmr+TNeXJenHfnY9K64Exn9sgfOJ8/Hmmf2w==</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit>

{x(i)}Ni=1
<latexit sha1_base64="V283vv79d4Y3pnFzvqPB2n0U368=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQTdC0Y0rqWAf0KRhMp20QyeTMDMRQ4i/4saFIm79EHf+jdM2C209cOFwzr3ce48fMyqVZX0bpZXVtfWN8mZla3tnd8/cP+jIKBGYtHHEItHzkSSMctJWVDHSiwVBoc9I159cT/3uAxGSRvxepTFxQzTiNKAYKS15ZtXJHgdZnZ7kTu5l9NLOB7eeWbMa1gxwmdgFqYECLc/8coYRTkLCFWZIyr5txcrNkFAUM5JXnESSGOEJGpG+phyFRLrZ7PgcHmtlCINI6OIKztTfExkKpUxDX3eGSI3lojcV//P6iQou3IzyOFGE4/miIGFQRXCaBBxSQbBiqSYIC6pvhXiMBMJK51XRIdiLLy+TzmnDthr23VmteVXEUQaH4AjUgQ3OQRPcgBZoAwxS8AxewZvxZLwY78bHvLVkFDNV8AfG5w87YZR7</latexit><latexit sha1_base64="lSQZI4T656rOb1aR+T3hwXtCf4M=">AAACIXicjVDLSsNAFJ3UV62vaJduBotQNyURQTdC0Y0rUbAPaNIwmU7aoZNJmJmIIeRbXLjxV9yIdCf+jNM2C21deGDgcM653LnHjxmVyrI+jdLK6tr6RnmzsrW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPr6d+55EISSP+oNKYuCEachpQjJSWPLPqZE/9rE5Pcif3Mnpp5/1bz6xZDWsGuEzsgtRAgf/FPXPiDCKchIQrzJCUPduKlZshoShmJK84iSQxwmM0JD1NOQqJdLPZhTk81soABpHQjys4U39OZCiUMg19nQyRGslFbyr+5fUSFVy4GeVxogjH80VBwqCK4LQuOKCCYMVSTRAWVP8V4hESCCtdakWfbi8eukzapw3batj3Z7XmVdFZGRyCI1AHNjgHTXAD7kALYJCCZ/AK3o0X4834MCbzaMkoZqrgF4yvb52Em/Q=</latexit><latexit sha1_base64="lSQZI4T656rOb1aR+T3hwXtCf4M=">AAACIXicjVDLSsNAFJ3UV62vaJduBotQNyURQTdC0Y0rUbAPaNIwmU7aoZNJmJmIIeRbXLjxV9yIdCf+jNM2C21deGDgcM653LnHjxmVyrI+jdLK6tr6RnmzsrW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPr6d+55EISSP+oNKYuCEachpQjJSWPLPqZE/9rE5Pcif3Mnpp5/1bz6xZDWsGuEzsgtRAgf/FPXPiDCKchIQrzJCUPduKlZshoShmJK84iSQxwmM0JD1NOQqJdLPZhTk81soABpHQjys4U39OZCiUMg19nQyRGslFbyr+5fUSFVy4GeVxogjH80VBwqCK4LQuOKCCYMVSTRAWVP8V4hESCCtdakWfbi8eukzapw3batj3Z7XmVdFZGRyCI1AHNjgHTXAD7kALYJCCZ/AK3o0X4834MCbzaMkoZqrgF4yvb52Em/Q=</latexit><latexit sha1_base64="lSQZI4T656rOb1aR+T3hwXtCf4M=">AAACIXicjVDLSsNAFJ3UV62vaJduBotQNyURQTdC0Y0rUbAPaNIwmU7aoZNJmJmIIeRbXLjxV9yIdCf+jNM2C21deGDgcM653LnHjxmVyrI+jdLK6tr6RnmzsrW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPr6d+55EISSP+oNKYuCEachpQjJSWPLPqZE/9rE5Pcif3Mnpp5/1bz6xZDWsGuEzsgtRAgf/FPXPiDCKchIQrzJCUPduKlZshoShmJK84iSQxwmM0JD1NOQqJdLPZhTk81soABpHQjys4U39OZCiUMg19nQyRGslFbyr+5fUSFVy4GeVxogjH80VBwqCK4LQuOKCCYMVSTRAWVP8V4hESCCtdakWfbi8eukzapw3batj3Z7XmVdFZGRyCI1AHNjgHTXAD7kALYJCCZ/AK3o0X4834MCbzaMkoZqrgF4yvb52Em/Q=</latexit> (

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

Training data
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Density models

p✓(x)
<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

p✓ : X ! [0,1)
<latexit sha1_base64="CIYRDoEZEUhPscSIt5GKA6BIzJk=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBAUJOyKoHgKevEYwTwgG0LvZDYZMju7zPQqYclfePFXvHhQxKve/Bsnj4MmFjQUVd10dwWJFAZd99tZWFxaXlnNreXXNza3tgs7uzUTp5rxKotlrBsBGC6F4lUUKHkj0RyiQPJ60L8e+fV7ro2I1R0OEt6KoKtEKBigldqFUtLOfOxxhOEl9SPAHgOZNYbU16LbQ9A6fqBN98QXKsTBcbtQdEvuGHSeeFNSJFNU2oUvvxOzNOIKmQRjmp6bYCsDjYJJPsz7qeEJsD50edNSBRE3rWz815AeWqVDw1jbUkjH6u+JDCJjBlFgO0eXm1lvJP7nNVMML1qZUEmKXLHJojCVFGM6Col2hOYM5cASYFrYWynrgQaGNsq8DcGbfXme1E5Lnlvybs+K5atpHDmyTw7IEfHIOSmTG1IhVcLII3kmr+TNeXJenHfnY9K64Exn9sgfOJ8/Hmmf2w==</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit>

Constant mass
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Density models

p✓(x)
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may be the goal itself (e.g., we want to be able to estimate the probability of datapoints in
order to detect anomalies).

In fact, some generative models only produce a density p✓ and do not learn any explicit
generator function. Instead, samples can be drawn from p✓ using a sampling algorithm,
such as Markov Chain Monte Carlo (MCMC), that takes a density as input and produce
samples from it as output. This is a form of the indirect approach to synthesizing data that
we mentioned above (figure 1.7).

1.4.1 Learning Density Models

The objective of the learner for a density model is to output a density function p✓ that
is as close as possible to pdata. How should we measure closeness? We need to define
a divergence between two distributions, D, and then solve the following optimization
problem:

arg min
p✓

D(p✓, pdata) (1.5)

The problem is that we do not actually have the function pdata, we only have samples from
this function, x⇠ pdata. Therefore, we need a divergence D that measures the distance1

between p✓ and pdata while only accessing samples from pdata. A common choice is to use
the Kullback-Leibler (KL) divergence, which is defined as follows:KL(pdata k p✓) is sometime

called the forward KL
divergence, and it

measures the probability
of the data under the

model distribution. The
reverse KL divergence,
KL(p✓ k pdata), does the

converse, measuring the
probability of the model’s

samples under the data
distribution; because we
do not have access to the
true data distribution, the

revere KL divergence
usually cannot be

computed.

p⇤
✓ = arg min

p✓
KL(pdata k p✓) (1.6)

= arg min
p✓

Ex⇠pdata

h
– log

p✓(x)
pdata(x)

i
(1.7)

= arg max
p✓

Ex⇠pdata

⇥
log p✓(x)

⇤
–Ex⇠pdata

⇥
log pdata(x)

⇤
(1.8)

= arg max
p✓

Ex⇠pdata

⇥
log p✓(x)

⇤
/ dropped second term since no dependence on p✓

(1.9)

⇡ arg max
p✓

1
N

NX

i=1

log p✓(x(i)) (1.10)

where the final line is an empirical estimate of the expectation by sampling over the training
dataset {x(i)}N

i=1. Equation (1.9) is the expected log likelihood of the training data under the
model’s density function. Maximizing this objective is therefore a form of max likelihood

learning. Pictorially we can visualize the max likelihood objective as trying to push up the
density over each observed datapoint:

Remember that a probability density function (pdf) is a function p✓ : X ! [0, 1) withR
x p✓(x)dx = 1 (normalized). To learn a pdf, we will typically learn the parameters of a

family of pdfs. For example, in section 1.6, we will cover learning the parameters of the

1. The divergence need not be a proper distance metric, and often is not; it can be nonsymmetric, where
D(p, q) 6= D(q, p), and need not satisfy the triangle-inequality. In fact, a divergence is defined by just two properties:
nonnegativity and D(p, q) = 0 () p = q.
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generator function. Instead, samples can be drawn from p✓ using a sampling algorithm,
such as Markov Chain Monte Carlo (MCMC), that takes a density as input and produce
samples from it as output. This is a form of the indirect approach to synthesizing data that
we mentioned above (figure 1.7).

1.4.1 Learning Density Models

The objective of the learner for a density model is to output a density function p✓ that
is as close as possible to pdata. How should we measure closeness? We need to define
a divergence between two distributions, D, and then solve the following optimization
problem:

arg min
p✓

D(p✓, pdata) (1.5)

The problem is that we do not actually have the function pdata, we only have samples from
this function, x⇠ pdata. Therefore, we need a divergence D that measures the distance1

between p✓ and pdata while only accessing samples from pdata. A common choice is to use
the Kullback-Leibler (KL) divergence, which is defined as follows:KL(pdata k p✓) is sometime

called the forward KL
divergence, and it

measures the probability
of the data under the

model distribution. The
reverse KL divergence,
KL(p✓ k pdata), does the

converse, measuring the
probability of the model’s

samples under the data
distribution; because we
do not have access to the
true data distribution, the

revere KL divergence
usually cannot be

computed.

p⇤
✓ = arg min

p✓
KL(pdata k p✓) (1.6)

= arg min
p✓

Ex⇠pdata

h
– log

p✓(x)
pdata(x)

i
(1.7)

= arg max
p✓

Ex⇠pdata

⇥
log p✓(x)

⇤
–Ex⇠pdata

⇥
log pdata(x)

⇤
(1.8)

= arg max
p✓

Ex⇠pdata

⇥
log p✓(x)

⇤
/ dropped second term since no dependence on p✓

(1.9)

⇡ arg max
p✓

1
N

NX

i=1

log p✓(x(i)) (1.10)

where the final line is an empirical estimate of the expectation by sampling over the training
dataset {x(i)}N

i=1. Equation (1.9) is the expected log likelihood of the training data under the
model’s density function. Maximizing this objective is therefore a form of max likelihood

learning. Pictorially we can visualize the max likelihood objective as trying to push up the
density over each observed datapoint:

Remember that a probability density function (pdf) is a function p✓ : X ! [0, 1) withR
x p✓(x)dx = 1 (normalized). To learn a pdf, we will typically learn the parameters of a

family of pdfs. For example, in section 1.6, we will cover learning the parameters of the

1. The divergence need not be a proper distance metric, and often is not; it can be nonsymmetric, where
D(p, q) 6= D(q, p), and need not satisfy the triangle-inequality. In fact, a divergence is defined by just two properties:
nonnegativity and D(p, q) = 0 () p = q.

i
i

i
i

i
i

i
i

6 Draft of Foundations of Computer Vision by Torralba, Isola, Freeman

may be the goal itself (e.g., we want to be able to estimate the probability of datapoints in
order to detect anomalies).

In fact, some generative models only produce a density p✓ and do not learn any explicit
generator function. Instead, samples can be drawn from p✓ using a sampling algorithm,
such as Markov Chain Monte Carlo (MCMC), that takes a density as input and produce
samples from it as output. This is a form of the indirect approach to synthesizing data that
we mentioned above (figure 1.7).

1.4.1 Learning Density Models

The objective of the learner for a density model is to output a density function p✓ that
is as close as possible to pdata. How should we measure closeness? We need to define
a divergence between two distributions, D, and then solve the following optimization
problem:

arg min
p✓

D(p✓, pdata) (1.5)

The problem is that we do not actually have the function pdata, we only have samples from
this function, x⇠ pdata. Therefore, we need a divergence D that measures the distance1

between p✓ and pdata while only accessing samples from pdata. A common choice is to use
the Kullback-Leibler (KL) divergence, which is defined as follows:KL(pdata k p✓) is sometime

called the forward KL
divergence, and it

measures the probability
of the data under the

model distribution. The
reverse KL divergence,
KL(p✓ k pdata), does the

converse, measuring the
probability of the model’s

samples under the data
distribution; because we
do not have access to the
true data distribution, the

revere KL divergence
usually cannot be

computed.

p⇤
✓ = arg min

p✓
KL(pdata k p✓) (1.6)

= arg min
p✓

Ex⇠pdata

h
– log

p✓(x)
pdata(x)

i
(1.7)

= arg max
p✓

Ex⇠pdata

⇥
log p✓(x)

⇤
–Ex⇠pdata

⇥
log pdata(x)

⇤
(1.8)

= arg max
p✓

Ex⇠pdata

⇥
log p✓(x)

⇤
/ dropped second term since no dependence on p✓

(1.9)

⇡ arg max
p✓

1
N

NX

i=1

log p✓(x(i)) (1.10)

where the final line is an empirical estimate of the expectation by sampling over the training
dataset {x(i)}N

i=1. Equation (1.9) is the expected log likelihood of the training data under the
model’s density function. Maximizing this objective is therefore a form of max likelihood

learning. Pictorially we can visualize the max likelihood objective as trying to push up the
density over each observed datapoint:

Remember that a probability density function (pdf) is a function p✓ : X ! [0, 1) withR
x p✓(x)dx = 1 (normalized). To learn a pdf, we will typically learn the parameters of a

family of pdfs. For example, in section 1.6, we will cover learning the parameters of the

1. The divergence need not be a proper distance metric, and often is not; it can be nonsymmetric, where
D(p, q) 6= D(q, p), and need not satisfy the triangle-inequality. In fact, a divergence is defined by just two properties:
nonnegativity and D(p, q) = 0 () p = q.

Density models
p✓(x)

<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

p✓(x)
<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

max likelihood

384 CHAPTER 29. GENERATIVE MODELS

An example of the direct approach is the Generative Adversarial Network that we will
see later in this chapter. First, however, we will describe the more classical, indirect approach
in the following sections. Indirect approaches come in two general flavors, density models
and energy models, which we describe next.

The vocab for these
di↵erent approaches can

be confusing. In the
generative modeling

literature, method #1 is
called an implicit model

since the probability
density is never explicitly

represented. However,
this usage contrasts with

the more usual use of
“implicit functions” in

math: y = f(x) is explicit
while

y = arg min
y
E(x, y) is

“implicit” as the output
is the implied result of an

optimization procedure
over E, rather than the

direct result of running a
function f . Approach #2
to generative modeling is

“implicit” in that the
output is a sampling

procedure over a density
or energy function.

29.1.2 Density models

Some generative models not only produce generators but also yield a probability density
function p✓, fit to the training data. This density function may play a role in training the
generator (e.g., we want the generator to produce samples from p✓) or the density function
may be the goal itself (e.g., we want to be able to estimate the probability of datapoints in
order to detect anomalies).

In fact, some generative models only produce a density p✓ and do not learn any explicit
generator function. Instead, samples can be down from p✓ using procedures such as Markov
Chain Monte Carlo (MCMC).

Learning density models The objective of the learner for a density model is to output
a density function p✓ that is as close as possible to pdata. How should we measure closeness?
We need to define a divergence between two distributions, D, and then solve the following
optimization problem:

arg min
p✓

D(p✓, pdata) (29.3)

A problem is that we do not actually have the function pdata, we only have samples from
this function, x ⇠ pdata. Therefore, we need a divergence D that measures the “distance”1

between p✓ and pdata while only accessing samples from pdata. A common choice is to use
the “forward” KL-divergence, which is defined as follows:

p⇤
✓

= arg min
p✓

KL(pdata, p✓) (29.4)

= arg min
p✓

Ex⇠pdata
[log

p✓(x)

pdata(x)
] (29.5)

= arg min
p✓

Ex⇠pdata
[log p✓(x)] � Ex⇠pdata

[log pdata(x)] (29.6)

= arg min
p✓

Ex⇠pdata
[log p✓(x)] / dropped 2nd term since no dependence on p✓ (29.7)

⇡ arg min
p✓

1

N

NX

i=1

log p✓(x
(i)) (29.8)

where the final line is an empirical estimate of the expectation by sampling over the training
dataset {x(i)}N

i=1. Equation 29.7 is the expected log likelihood of the training data under the
model’s density function. Maximizing this objective is therefore a form of max likelihood
learning. Pictorially we can visualize the max likelihood objective as trying to push up the
density over each observed datapoint:

Remember that a probability density function (pdf) is a function p✓ : X ! [0, 1) withR
x p✓(x)dx = 1 (normalized). To learn a pdf, we will typically learn the parameters of a

family of pdfs. All members of the family are normalized nonnegative functions; this way we
do not need to add an explicit constraint that the learned function have these properties, we
are simply searching over a space of functions all of which have these properties. This means
that whenever we push up density over datapoints, we are forced to sacrifice density over
other regions, so, implicitly, we are removing density from places where there is no data, as
indicated by the red regions in Figure ??.

1The divergence need not be a proper distance metric, and often is not; it can be non-symmetric, where
D(p, q) 6= D(q, p), and need not satisfy the triangle-inequality. In fact, a divergence is defined by just two
properties: non-negativity and D(p, q) = 0 () p = q.
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Is the filing cabinet a good generative model?

Every time we see a new training point (x), we 
put it in the cabinet. 

Sample by picking a drawer at random.
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<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

What is the pdf the filing cabinet is sampling from?

delta function

Training data
Test data
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What’s the goal of generative modeling?

The goal is not to replicate the training data but to make new 
data that is realistic (captures the essential properties of real data)

One way to quantify this is: likelihood of the test data under the 
model. (A model that memorizes the training data is overfit in exactly the same sense
as a classifier can be overfit.)

<latexit sha1_base64="ONUnNU+PX3TLuCq7LgeodUPmLLY="></latexit>

{x(i)
test}Ni=1, x(i)

test ⇠ pdata

generalization error =
X

i

log p✓(x
(i)
test)
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29.1. LEARNING GENERATIVE MODELS 385

Constant mass Data points

p✓(x)
<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

p✓(x)
<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

Figure 29.2: Fitting a max likelihood density model to data. The gray region holds a constant
amount of mass – think of it as piles of dirt. To increase the amount of dirt at the locations
of the green arrow you must remove dirt from other regions, indicated in red.

In the next section we will see an alternative approach where the parametric family we
search over need not be normalized.

29.1.3 Energy-based models

Density models constrain the learned function to be normalized, i.e.
R
x p✓(x)dx = 1. This

constraint is often hard to realize. One approach is to learn an unnormalized function

E✓, then convert it to the normalized density p✓ = e
�E✓

Z(✓) , where Z(✓) =
R
x e�E✓(x)dx is

the normalizing constant. Z(✓) can be very expensive to compute and often can only be
approximated.

The parametric form
e
�E✓

Z(✓) is sometimes referred
to as a Boltzmann or
Gibbs distribution.

Notice that Z is a
function of model
parameters ✓ but not of
data x, since we integrate
over all possible data
values.

Energy-based models (EBMs) address this by simply skipping the step where we
normalize the density, and letting the output of the learner just be E✓. Even though it is not
a true probability density, E✓ can still be used for many of the applications we would want
a density for. This is because we can compare relative probabilities with E✓:

p✓(x1)

p✓(x2)
=

e�E✓(x1)/Z(✓)

e�E✓(x2)/Z(✓)
=

e�E✓(x1)

e�E✓(x2)
(29.9)

Knowing relative probabilities is all that is required for sampling (via MCMC), for outlier
detection (the relatively lowest probability datapoint in a set of datapoints is the outlier),
and even for optimizing over a space of of data to find the datapoint that is max probability
(because arg maxx2X p✓(x) = arg maxx2X �E✓(x)). To solve such a maximization problem,
we might want to find the gradient of the log probability density w.r.t. x; it turns out this
gradient is identical to the gradient of �E✓ w.r.t. x!

rx log p✓(x) = rx log
e�E✓(x)

Z(✓)
(29.10)

= �rxE✓(x) � rx log Z(✓) (29.11)

= �rxE✓(x) (29.12)

In sum, energy functions can do most of what probability densities can do, except that they
do not give normalized probabilities. Therefore, they are insu�cient for applications where
communicating probabilities is important for either interpretability or for interfacing with
downstream systems that require knowing true probabilities.

A case where a density
model might be
preferable over an energy
model is a medical
imaging system that
needs to communicate to
doctors the likelihood
that a patient has cancer.

Learning energy-based models Learning the parameters of an energy-based model is
a bit di↵erent than learning the parameters of a density model. In a density model, we
simply increase the probability mass over observed datapoints, and, because the density is
a normalized function, this implicitly pushes down the density assigned to regions where
there is no observed data. Since energy functions are not normalized, we need to add an
explicit “negative” term to push up energy where there are no datapoints, in addition to
the positive term of pushing down energy where the data is observed. One way to do so
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Figure 29.2: Fitting a max likelihood density model to data. The gray region holds a constant
amount of mass – think of it as piles of dirt. To increase the amount of dirt at the locations
of the green arrow you must remove dirt from other regions, indicated in red.

In the next section we will see an alternative approach where the parametric family we
search over need not be normalized.

29.1.3 Energy-based models

Density models constrain the learned function to be normalized, i.e.
R
x p✓(x)dx = 1. This

constraint is often hard to realize. One approach is to learn an unnormalized function

E✓, then convert it to the normalized density p✓ = e
�E✓

Z(✓) , where Z(✓) =
R
x e�E✓(x)dx is

the normalizing constant. Z(✓) can be very expensive to compute and often can only be
approximated.

The parametric form
e
�E✓

Z(✓) is sometimes referred
to as a Boltzmann or
Gibbs distribution.

Notice that Z is a
function of model
parameters ✓ but not of
data x, since we integrate
over all possible data
values.

Energy-based models (EBMs) address this by simply skipping the step where we
normalize the density, and letting the output of the learner just be E✓. Even though it is not
a true probability density, E✓ can still be used for many of the applications we would want
a density for. This is because we can compare relative probabilities with E✓:

p✓(x1)

p✓(x2)
=

e�E✓(x1)/Z(✓)

e�E✓(x2)/Z(✓)
=

e�E✓(x1)

e�E✓(x2)
(29.9)

Knowing relative probabilities is all that is required for sampling (via MCMC), for outlier
detection (the relatively lowest probability datapoint in a set of datapoints is the outlier),
and even for optimizing over a space of of data to find the datapoint that is max probability
(because arg maxx2X p✓(x) = arg maxx2X �E✓(x)). To solve such a maximization problem,
we might want to find the gradient of the log probability density w.r.t. x; it turns out this
gradient is identical to the gradient of �E✓ w.r.t. x!

rx log p✓(x) = rx log
e�E✓(x)

Z(✓)
(29.10)

= �rxE✓(x) � rx log Z(✓) (29.11)

= �rxE✓(x) (29.12)

In sum, energy functions can do most of what probability densities can do, except that they
do not give normalized probabilities. Therefore, they are insu�cient for applications where
communicating probabilities is important for either interpretability or for interfacing with
downstream systems that require knowing true probabilities.

A case where a density
model might be
preferable over an energy
model is a medical
imaging system that
needs to communicate to
doctors the likelihood
that a patient has cancer.

Learning energy-based models Learning the parameters of an energy-based model is
a bit di↵erent than learning the parameters of a density model. In a density model, we
simply increase the probability mass over observed datapoints, and, because the density is
a normalized function, this implicitly pushes down the density assigned to regions where
there is no observed data. Since energy functions are not normalized, we need to add an
explicit “negative” term to push up energy where there are no datapoints, in addition to
the positive term of pushing down energy where the data is observed. One way to do so
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Figure 29.2: Fitting a max likelihood density model to data. The gray region holds a constant
amount of mass – think of it as piles of dirt. To increase the amount of dirt at the locations
of the green arrow you must remove dirt from other regions, indicated in red.

In the next section we will see an alternative approach where the parametric family we
search over need not be normalized.

29.1.3 Energy-based models

Density models constrain the learned function to be normalized, i.e.
R
x p✓(x)dx = 1. This

constraint is often hard to realize. One approach is to learn an unnormalized function

E✓, then convert it to the normalized density p✓ = e
�E✓

Z(✓) , where Z(✓) =
R
x e�E✓(x)dx is

the normalizing constant. Z(✓) can be very expensive to compute and often can only be
approximated.

The parametric form
e
�E✓

Z(✓) is sometimes referred
to as a Boltzmann or
Gibbs distribution.

Notice that Z is a
function of model
parameters ✓ but not of
data x, since we integrate
over all possible data
values.

Energy-based models (EBMs) address this by simply skipping the step where we
normalize the density, and letting the output of the learner just be E✓. Even though it is not
a true probability density, E✓ can still be used for many of the applications we would want
a density for. This is because we can compare relative probabilities with E✓:

p✓(x1)

p✓(x2)
=

e�E✓(x1)/Z(✓)

e�E✓(x2)/Z(✓)
=

e�E✓(x1)

e�E✓(x2)
(29.9)

Knowing relative probabilities is all that is required for sampling (via MCMC), for outlier
detection (the relatively lowest probability datapoint in a set of datapoints is the outlier),
and even for optimizing over a space of of data to find the datapoint that is max probability
(because arg maxx2X p✓(x) = arg maxx2X �E✓(x)). To solve such a maximization problem,
we might want to find the gradient of the log probability density w.r.t. x; it turns out this
gradient is identical to the gradient of �E✓ w.r.t. x!

rx log p✓(x) = rx log
e�E✓(x)

Z(✓)
(29.10)

= �rxE✓(x) � rx log Z(✓) (29.11)

= �rxE✓(x) (29.12)

In sum, energy functions can do most of what probability densities can do, except that they
do not give normalized probabilities. Therefore, they are insu�cient for applications where
communicating probabilities is important for either interpretability or for interfacing with
downstream systems that require knowing true probabilities.

A case where a density
model might be
preferable over an energy
model is a medical
imaging system that
needs to communicate to
doctors the likelihood
that a patient has cancer.

Learning energy-based models Learning the parameters of an energy-based model is
a bit di↵erent than learning the parameters of a density model. In a density model, we
simply increase the probability mass over observed datapoints, and, because the density is
a normalized function, this implicitly pushes down the density assigned to regions where
there is no observed data. Since energy functions are not normalized, we need to add an
explicit “negative” term to push up energy where there are no datapoints, in addition to
the positive term of pushing down energy where the data is observed. One way to do so
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Figure 29.2: Fitting a max likelihood density model to data. The gray region holds a constant
amount of mass – think of it as piles of dirt. To increase the amount of dirt at the locations
of the green arrow you must remove dirt from other regions, indicated in red.

In the next section we will see an alternative approach where the parametric family we
search over need not be normalized.

29.1.3 Energy-based models

Density models constrain the learned function to be normalized, i.e.
R
x p✓(x)dx = 1. This

constraint is often hard to realize. One approach is to learn an unnormalized function

E✓, then convert it to the normalized density p✓ = e
�E✓

Z(✓) , where Z(✓) =
R
x e�E✓(x)dx is

the normalizing constant. Z(✓) can be very expensive to compute and often can only be
approximated.

The parametric form
e
�E✓

Z(✓) is sometimes referred
to as a Boltzmann or
Gibbs distribution.

Notice that Z is a
function of model
parameters ✓ but not of
data x, since we integrate
over all possible data
values.

Energy-based models (EBMs) address this by simply skipping the step where we
normalize the density, and letting the output of the learner just be E✓. Even though it is not
a true probability density, E✓ can still be used for many of the applications we would want
a density for. This is because we can compare relative probabilities with E✓:

p✓(x1)

p✓(x2)
=

e�E✓(x1)/Z(✓)

e�E✓(x2)/Z(✓)
=

e�E✓(x1)

e�E✓(x2)
(29.9)

Knowing relative probabilities is all that is required for sampling (via MCMC), for outlier
detection (the relatively lowest probability datapoint in a set of datapoints is the outlier),
and even for optimizing over a space of of data to find the datapoint that is max probability
(because arg maxx2X p✓(x) = arg maxx2X �E✓(x)). To solve such a maximization problem,
we might want to find the gradient of the log probability density w.r.t. x; it turns out this
gradient is identical to the gradient of �E✓ w.r.t. x!

rx log p✓(x) = rx log
e�E✓(x)

Z(✓)
(29.10)

= �rxE✓(x) � rx log Z(✓) (29.11)

= �rxE✓(x) (29.12)

In sum, energy functions can do most of what probability densities can do, except that they
do not give normalized probabilities. Therefore, they are insu�cient for applications where
communicating probabilities is important for either interpretability or for interfacing with
downstream systems that require knowing true probabilities.

A case where a density
model might be
preferable over an energy
model is a medical
imaging system that
needs to communicate to
doctors the likelihood
that a patient has cancer.

Learning energy-based models Learning the parameters of an energy-based model is
a bit di↵erent than learning the parameters of a density model. In a density model, we
simply increase the probability mass over observed datapoints, and, because the density is
a normalized function, this implicitly pushes down the density assigned to regions where
there is no observed data. Since energy functions are not normalized, we need to add an
explicit “negative” term to push up energy where there are no datapoints, in addition to
the positive term of pushing down energy where the data is observed. One way to do so

<— Relative 
probabilities are often 
all you need (e.g., for 
sampling)

Energy-based models

i.e. unnormalized 
probability models
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E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

Energy-based models

Contrastive divergence

At convergence, green (data) and red (model) samples 
are identical and model update (green-red) cancels out
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Energy-based models — learning model parameters

386 CHAPTER 29. GENERATIVE MODELS

is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
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Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata

[log
e�E✓(x)

Z(✓)
] (29.13)

= �Ex⇠pdata
[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:

�r✓ log Z(✓) =
1
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r✓Z(✓) (29.15)
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r✓E✓(x)dx (29.19)

= �
Z

x

p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,
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is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata
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] (29.13)
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[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:
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x

p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,

(<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>
How to measure this?
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is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):
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Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata

[log
e�E✓(x)

Z(✓)
] (29.13)

= �Ex⇠pdata
[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:

�r✓ log Z(✓) =
1

Z(✓)
r✓Z(✓) (29.15)

=
1

Z(✓)
r✓

Z

x

e�E✓(x)dx / definition of Z (29.16)

=
1

Z(✓)

Z

x

r✓e
�E✓(x)dx / exchange sum and grad (29.17)

=
1

Z(✓)
�

Z

x

e�E✓(x)r✓E✓(x)dx (29.18)

= �
Z

x

e�E✓(x)

Z(✓)
r✓E✓(x)dx (29.19)

= �
Z

x

p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,
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is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):
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x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata

[log
e�E✓(x)

Z(✓)
] (29.13)

= �Ex⇠pdata
[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:
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p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,

/
<latexit sha1_base64="BKazqXajupk7KYF3LB3EVJAa3OM=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbOdtEs3m7g7KZTS3+HFgyJe/THe/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8cNk2SaY50nMtGtkBmUQmGdBElspRpZHEpshsO7md8coTYiUY80TjGIWV+JSHBGVgo6pAVTfYkSI+qWyl7Fm8NdJX5OypCj1i19dXoJz2JUxCUzpu17KQUTpklwidNiJzOYMj5kfWxbqliMJpjMj56651bpuVGibSly5+rviQmLjRnHoe2MGQ3MsjcT//PaGUU3wUSoNCNUfLEoyqRLiTtLwO0JjZzk2BLGtbC3unzANONkcyraEPzll1dJ47LiexX/4apcvc3jKMApnMEF+HANVbiHGtSBwxM8wyu8OSPnxXl3Phata04+cwJ/4Hz+AC0gklk=</latexit><latexit sha1_base64="erYrpalJZZYvhm9b6oBMunPxLbo=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmAckSZid3kyGzs+vMXSGEfIeFjb9iI2KplX/jJNlCEwsPDBzOOZc794SpFIY878tZWl5ZXVsvbBQ3t7Z3dkt7+3WTZJpjjScy0c2QGZRCYY0ESWymGlkcSmyEg6uJ33hAbUSi7miYYhCznhKR4IysFLRJC6Z6EiVG1CmVvYo3hbtI/JyUIcf/4p3SR7ub8CxGRVwyY1q+l1IwYpoElzgutjODKeMD1sOWpYrFaILR9LKxe2yVrhsl2j5F7lT9OTFisTHDOLTJmFHfzHsT8S+vlVF0EYyESjNCxWeLoky6lLiTmtyu0MhJDi1hXAv7V5f3mWacbJlFe7o/f+giqZ9WfK/i356Vq5d5ZwU4hCM4AR/OoQrXcAM14HAPj/AMr86T8+K8Oe+z6JKTzxzALzif30rBmdI=</latexit><latexit sha1_base64="erYrpalJZZYvhm9b6oBMunPxLbo=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmAckSZid3kyGzs+vMXSGEfIeFjb9iI2KplX/jJNlCEwsPDBzOOZc794SpFIY878tZWl5ZXVsvbBQ3t7Z3dkt7+3WTZJpjjScy0c2QGZRCYY0ESWymGlkcSmyEg6uJ33hAbUSi7miYYhCznhKR4IysFLRJC6Z6EiVG1CmVvYo3hbtI/JyUIcf/4p3SR7ub8CxGRVwyY1q+l1IwYpoElzgutjODKeMD1sOWpYrFaILR9LKxe2yVrhsl2j5F7lT9OTFisTHDOLTJmFHfzHsT8S+vlVF0EYyESjNCxWeLoky6lLiTmtyu0MhJDi1hXAv7V5f3mWacbJlFe7o/f+giqZ9WfK/i356Vq5d5ZwU4hCM4AR/OoQrXcAM14HAPj/AMr86T8+K8Oe+z6JKTzxzALzif30rBmdI=</latexit><latexit sha1_base64="erYrpalJZZYvhm9b6oBMunPxLbo=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmAckSZid3kyGzs+vMXSGEfIeFjb9iI2KplX/jJNlCEwsPDBzOOZc794SpFIY878tZWl5ZXVsvbBQ3t7Z3dkt7+3WTZJpjjScy0c2QGZRCYY0ESWymGlkcSmyEg6uJ33hAbUSi7miYYhCznhKR4IysFLRJC6Z6EiVG1CmVvYo3hbtI/JyUIcf/4p3SR7ub8CxGRVwyY1q+l1IwYpoElzgutjODKeMD1sOWpYrFaILR9LKxe2yVrhsl2j5F7lT9OTFisTHDOLTJmFHfzHsT8S+vlVF0EYyESjNCxWeLoky6lLiTmtyu0MhJDi1hXAv7V5f3mWacbJlFe7o/f+giqZ9WfK/i356Vq5d5ZwU4hCM4AR/OoQrXcAM14HAPj/AMr86T8+K8Oe+z6JKTzxzALzif30rBmdI=</latexit>

31



Energy-based models — learning model parameters

386 CHAPTER 29. GENERATIVE MODELS

is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):
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Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata

[log
e�E✓(x)

Z(✓)
] (29.13)

= �Ex⇠pdata
[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:

�r✓ log Z(✓) =
1

Z(✓)
r✓Z(✓) (29.15)

=
1

Z(✓)
r✓

Z

x

e�E✓(x)dx / definition of Z (29.16)

=
1

Z(✓)

Z

x

r✓e
�E✓(x)dx / exchange sum and grad (29.17)

=
1

Z(✓)
�

Z

x

e�E✓(x)r✓E✓(x)dx (29.18)

= �
Z

x

e�E✓(x)

Z(✓)
r✓E✓(x)dx (29.19)

= �
Z

x

p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,
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is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):
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Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata

[log
e�E✓(x)

Z(✓)
] (29.13)

= �Ex⇠pdata
[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:

�r✓ log Z(✓) =
1
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r✓Z(✓) (29.15)

=
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�E✓(x)dx / exchange sum and grad (29.17)
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e�E✓(x)r✓E✓(x)dx (29.18)
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e�E✓(x)

Z(✓)
r✓E✓(x)dx (29.19)

= �
Z

x

p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,
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and taking N such samples, we have:

�Ex⇠pdata
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The last line should make clear the intuition: we establish a “contrast” between data samples
and current model samples, then update the model to decrease this contrast, bringing the
model closer to the data. Once x(i) and x̂(i) are identically distributed, this gradient will
be zero (in expectation) – we have perfectly fit the data and no further updates should be
taken.

Under our formalization of a learning problem as an objective, hypothesis space, and
optimizer, contrastive divergence is an optimizer ; it’s an optimizer specifically built for max
likelihood objectives over energy functions. Contrastive divergence tells us how to approx-
imate the gradient of the likelihood function, which can then be plugged into any gradient
descent method.

29.2 Types of generative models

Some generative models give density or energy functions, others give generator functions,
and still others give both. We can summarize all these kinds of models with the following
learning diagram:

Generative modeling

Data

{x(i)}N

i=1 !

Density function

p✓ : X ! [0, 1)
Energy function

E✓ : X ! R
Generator

G✓ : Z ! X
!

It’s worth noting a special property of generative models that learn a generator G✓. The
“noise” z input to the generator acts as latent variables that control the properties of the
generated image. Changing these variables can change the generated image in meaningful
ways – we will explore this idea in greater detail in the next two chapters. In contrast, density
and energy models do not have latent variables that directly control generated samples2.

Some of the generative models we will describe in this chapter and the next are catego-
rized, along these dimensions, in the table 29.1.

Generative models can also be distinguished according to their objectives, hypothesis
spaces, and optimization algorithms. Indeed, some classes of model, such as autoregressive
models refer to just a particular kind of hypothesis space, whereas other classes of model,
such as variational autoencoders, are much more specific in referring to the conjunction of
an objective, a general family of hypothesis spaces, and a particular optimization algorithm.

29.2.1 Gaussian density models

One of the simplest and most useful density models is the Gaussian distribution, which, in
1D is:

p✓(x) =
1

Z
e�(x�✓1)

2
/(2✓2) (29.25)

2The sampling algorithm that draws samples from a density/energy function necessarily does depend on
“noise” factors that control properties of the generated samples, but this dependency is typically much less
explicit than the relationship between noise inputs and image outputs in a generator function.
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is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):
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x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

E✓(x)
<latexit sha1_base64="VWwq+70IuCGKWtJbcsQhpQlrCvU=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegCB4jmAckS5iddJIhs7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoBxzH4Iesr0ROcoZX8207axgEgm5SezjqFolt2Z6DLxMtIkWSodgpf7W7EkxAUcsmMaXlujH7KNAouYZJvJwZixoesDy1LFQvB+Ons6Ak9tUqX9iJtSyGdqb8nUhYaMw4D2xkyHJhFbyr+57US7F35qVBxgqD4fFEvkRQjOk2AdoUGjnJsCeNa2FspHzDNONqc8jYEb/HlZVI/L3tu2bu/KFauszhy5JickBLxyCWpkDtSJTXCySN5Jq/kzRk5L8678zFvXXGymSPyB87nD2AokdM=</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit><latexit sha1_base64="pqZMTce4qATbjGU7Civ28Nr8ahs=">AAACGXicjVC7SgNBFJ31GeMramkzGITYhF0RtAyKYKlgHpAsYXZyNxkyO7vO3BXDku+wsPFXbEQstfJvnDwKTSw8MHA451zu3BMkUhh03S9nYXFpeWU1t5Zf39jc2i7s7NZMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEe9C9Gfv0etBGxusVBAn7EukqEgjO0kn/ZzlrYA2TD0sNRu1B0y+4YdJ54U1IkU/wv3i58tDoxTyNQyCUzpum5CfoZ0yi4hGG+lRpIGO+zLjQtVSwC42fjy4b00CodGsbaPoV0rP6cyFhkzCAKbDJi2DOz3kj8y2umGJ75mVBJiqD4ZFGYSooxHdVEO0IDRzmwhHEt7F8p7zHNONoy8/Z0b/bQeVI7Lntu2bs5KVbOp53lyD45ICXikVNSIVfkmlQJJ3fkkTyTV+fJeXHenPdJdMGZzuyRX3A+vwFqa5lM</latexit>

Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata

[log
e�E✓(x)

Z(✓)
] (29.13)

= �Ex⇠pdata
[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:

�r✓ log Z(✓) =
1

Z(✓)
r✓Z(✓) (29.15)

=
1
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Z

x

e�E✓(x)dx / definition of Z (29.16)
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Z
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�E✓(x)dx / exchange sum and grad (29.17)
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x

e�E✓(x)r✓E✓(x)dx (29.18)

= �
Z

x

e�E✓(x)

Z(✓)
r✓E✓(x)dx (29.19)

= �
Z

x

p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,
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is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):
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Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata

[log
e�E✓(x)

Z(✓)
] (29.13)

= �Ex⇠pdata
[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:

�r✓ log Z(✓) =
1

Z(✓)
r✓Z(✓) (29.15)

=
1

Z(✓)
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e�E✓(x)dx / definition of Z (29.16)
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�E✓(x)dx / exchange sum and grad (29.17)
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x

e�E✓(x)r✓E✓(x)dx (29.18)

= �
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x

e�E✓(x)

Z(✓)
r✓E✓(x)dx (29.19)

= �
Z

x

p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,
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is called contrastive divergence [Hinton 2002]. On each iteration of optimization, this
method modifies the energy function to decrease the energy assigned to samples from the
data (positive term) and to increase the energy assigned to samples from the model (i.e.
samples from the energy function itself; negative term):
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Figure 29.3: Fitting a max likelihood energy function to data, using contrastive diver-
gence [Hinton 2002].

Once the energy function perfectly adheres to the data, samples from the model are
identical to samples from the data and the positive and negative terms cancel out. This
should make intuitive sense because we don’t want the energy function to change once we have
perfectly fit the data. It turns out that mathematically this procedure is an approximation

to the gradient of the log likelihood function. Defining p✓ = e
�E✓

Z(✓) , start by decomposing the
gradient of the data log likelihood into two terms, which, as we will see, will end up playing
the role of positive and negative terms:

r✓Ex⇠pdata
[log p✓(x)] = r✓Ex⇠pdata

[log
e�E✓(x)

Z(✓)
] (29.13)

= �Ex⇠pdata
[r✓E✓(x)] � r✓ log Z(✓) (29.14)

The first term is the positive term gradient, which tries to modify parameters to decrease
the energy placed on data samples. The second term is the negative term gradient – here it
appears as an intractable integral, so our strategy is to rewrite it as an expectation, which
can be approximated via sampling:

�r✓ log Z(✓) =
1

Z(✓)
r✓Z(✓) (29.15)

=
1

Z(✓)
r✓

Z

x

e�E✓(x)dx / definition of Z (29.16)

=
1

Z(✓)

Z

x

r✓e
�E✓(x)dx / exchange sum and grad (29.17)

=
1

Z(✓)
�

Z

x

e�E✓(x)r✓E✓(x)dx (29.18)

= �
Z

x

e�E✓(x)

Z(✓)
r✓E✓(x)dx (29.19)

= �
Z

x

p✓(x)r✓E✓(x)dx / definition of p✓ (29.20)

= �Ex⇠p✓ [r✓E✓(x)] / definition of expectation (29.21)

Here we use a very useful
identity from the chain
rule of calculus, which

appears often in machine
learning:

rx log f(x) = 1
f(x)rxf(x)

Plugging Eqn 29.21 back into Eqn 29.14, we arrive at:

r✓Ex⇠pdata
[log p✓(x)] = �Ex⇠pdata

[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] (29.22)

Both expectations can be approximated via sampling: defining x(i) ⇠ pdata and x̂(i) ⇠ p✓,
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Energy-based models

Contrastive divergence

At convergence, green (data) and red (model) samples 
are identical and model update (green-red) cancels out
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and taking N such samples, we have:

�Ex⇠pdata
[r✓E✓(x)] + Ex⇠p✓ [r✓E✓(x)] ⇡ � 1

N

NX

i=1

r✓E✓(x
(i)) +

1

N

NX

i=1

r✓E✓(x̂
(i)) (29.23)

=
1

N
r✓

NX

i=1

(�E✓(x
(i)) + E✓(x̂

(i))) (29.24)

The last line should make clear the intuition: we establish a “contrast” between data samples
and current model samples, then update the model to decrease this contrast, bringing the
model closer to the data. Once x(i) and x̂(i) are identically distributed, this gradient will
be zero (in expectation) – we have perfectly fit the data and no further updates should be
taken.

Under our formalization of a learning problem as an objective, hypothesis space, and
optimizer, contrastive divergence is an optimizer ; it’s an optimizer specifically built for max
likelihood objectives over energy functions. Contrastive divergence tells us how to approx-
imate the gradient of the likelihood function, which can then be plugged into any gradient
descent method.

29.2 Types of generative models

Some generative models give density or energy functions, others give generator functions,
and still others give both. We can summarize all these kinds of models with the following
learning diagram:

Generative modeling

Data

{x(i)}N

i=1 !

Density function

p✓ : X ! [0, 1)
Energy function

E✓ : X ! R
Generator

G✓ : Z ! X
!

It’s worth noting a special property of generative models that learn a generator G✓. The
“noise” z input to the generator acts as latent variables that control the properties of the
generated image. Changing these variables can change the generated image in meaningful
ways – we will explore this idea in greater detail in the next two chapters. In contrast, density
and energy models do not have latent variables that directly control generated samples2.

Some of the generative models we will describe in this chapter and the next are catego-
rized, along these dimensions, in the table 29.1.

Generative models can also be distinguished according to their objectives, hypothesis
spaces, and optimization algorithms. Indeed, some classes of model, such as autoregressive
models refer to just a particular kind of hypothesis space, whereas other classes of model,
such as variational autoencoders, are much more specific in referring to the conjunction of
an objective, a general family of hypothesis spaces, and a particular optimization algorithm.

29.2.1 Gaussian density models

One of the simplest and most useful density models is the Gaussian distribution, which, in
1D is:

p✓(x) =
1

Z
e�(x�✓1)

2
/(2✓2) (29.25)

2The sampling algorithm that draws samples from a density/energy function necessarily does depend on
“noise” factors that control properties of the generated samples, but this dependency is typically much less
explicit than the relationship between noise inputs and image outputs in a generator function.

Concept #2: you can represent the data generating 
process directly or indirectly
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Autoregressive models

Once upon a___ time

Once ___ a time Predictor
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Upon

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

35



!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

,
,
,
,

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

T
ra
in
in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

xn
<latexit sha1_base64="NEqcSgvVdiYNMT3e3vfZTfnIuzA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuaSYYko5Zh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJde53HqjSTIo7M42pH+GRYCEj2Fjpvh9hMw7C9CkbpCIbVGtu3Z0BLROvIDUo0BxUv/pDSZKICkM41rrnubHxU6wMI5xmlX6iaYzJBI9oz1KBI6r9dJY6QydWGaJQKvuEQTP190aKI62nUWAn85R60cvF/7xeYsJLP2UiTgwVZH4oTDgyEuUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7bt27Pa81roo6ynAEx3AKHlxAA26gCS0goOAZXuHNeXRenHfnYz5acoqdQ/gD5/MHU2aTCQ==</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit>

Once upon a time

There and back again

The slow brown fox

To be or not to be

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

S
am

p
li
n
g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

x̂n
<latexit sha1_base64="tuZYpdb5xpUrPFc3v9Np5ovJ474=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJ+3QySTMTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyScKe0431ZlaXllda26XtvY3NresXf3OipOJaFtEvNY3gVYUc4EbWumOb1LJMVRwGk3GF8VfveeSsVicasnCfUjPBQsZARrI/XtA2+EdeZFWI+CMHvI834m8r5ddxrOFGiRuCWpQ4lW3/7yBjFJIyo04Vipnusk2s+w1Ixwmte8VNEEkzEe0p6hAkdU+dk0fY6OjTJAYSzNExpN1d8bGY6UmkSBmSxiqnmvEP/zeqkOL/yMiSTVVJDZoTDlSMeoqAINmKRE84khmEhmsiIywhITbQqrmRLc+S8vks5pw3Ua7s1ZvXlZ1lGFQziCE3DhHJpwDS1oA4FHeIZXeLOerBfr3fqYjVascmcf/sD6/AG3E5YH</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit>

Colorless green ideas sleep furiously

… …
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method is perhaps the most common.
So we can model the probability of each subsequent pixel given the preceding pixels.

To generate an image we can sample a value for the first pixel, then the second given the
first, then the third given the first and second, and so forth. But is this a valid model of
p(X) = p(x1, . . . ,xn), the probability distribution of the full set of pixels? Does this way of
sequential sampling draw a valid sample from p(X)? It turns out it does, according tothe
chain rule of probability. This rule allows us to factorize any joint distribution into a
product of conditionals as follows:

As a notational
convenience, we define
here that
p(xi|x1, . . . ,xi�1) =
p(x1) when i = 1.

p(X) = p(xn|x1, . . . ,xn�1)p(xn�1|x1, . . . ,xn�2) . . . p(x2|x1)p(x1) (29.36)

p(X) =
nY

i=1

p(xi|x1, . . . ,xi�1) (29.37)

This factorization demonstrates that sampling from such a model can be indeed done in
sequence because all the conditional distributions are independent of each other, and we just
take a product over all of them. This sampling method is also called ancestral sampling
(sample your ancestors first, then each next “generation” given the preceding generation).

To train an autogressive a model, you just need to extract supervised pairs of desired
input-output behavior, as usual. For an autoregressive model of pixels, that means extracting
sequences of pixels x1, . . . ,xn�1 and corresponding observed next pixel xn. These can be
extracted by traversing images in raster order. The full training and testing setup looks like
this:

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

,
,
,
,

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

S
am

p
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n
g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>
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<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

xn
<latexit sha1_base64="NEqcSgvVdiYNMT3e3vfZTfnIuzA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuaSYYko5Zh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJde53HqjSTIo7M42pH+GRYCEj2Fjpvh9hMw7C9CkbpCIbVGtu3Z0BLROvIDUo0BxUv/pDSZKICkM41rrnubHxU6wMI5xmlX6iaYzJBI9oz1KBI6r9dJY6QydWGaJQKvuEQTP190aKI62nUWAn85R60cvF/7xeYsJLP2UiTgwVZH4oTDgyEuUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7bt27Pa81roo6ynAEx3AKHlxAA26gCS0goOAZXuHNeXRenHfnYz5acoqdQ/gD5/MHU2aTCQ==</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

x̂n
<latexit sha1_base64="tuZYpdb5xpUrPFc3v9Np5ovJ474=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJ+3QySTMTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyScKe0431ZlaXllda26XtvY3NresXf3OipOJaFtEvNY3gVYUc4EbWumOb1LJMVRwGk3GF8VfveeSsVicasnCfUjPBQsZARrI/XtA2+EdeZFWI+CMHvI834m8r5ddxrOFGiRuCWpQ4lW3/7yBjFJIyo04Vipnusk2s+w1Ixwmte8VNEEkzEe0p6hAkdU+dk0fY6OjTJAYSzNExpN1d8bGY6UmkSBmSxiqnmvEP/zeqkOL/yMiSTVVJDZoTDlSMeoqAINmKRE84khmEhmsiIywhITbQqrmRLc+S8vks5pw3Ua7s1ZvXlZ1lGFQziCE3DhHJpwDS1oA4FHeIZXeLOerBfr3fqYjVascmcf/sD6/AG3E5YH</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit>

Training e�ciency trick: When training autoregressive models, the naive way to set up
the training batches is to take as input a sequence x1, . . . ,x4, then predict x̂5, compare the
prediction to the ground truth x5, and backprob the loss. It turns out there is a much more
e�cient way to do it: typically, to predict x̂5, the autoregressive model had to also predict
x̂1, . . . , x̂4 – this is the case, for example, if the autoregressive model is an RNN, where the
hidden state has to be updated sequentially and, after you have computed the sequence of
hidden states, making predictions for each item in the sequence requires very little compute
(maybe a linear layer and a softmax). In these cases, it’s much more e�cient to compare
each prediction x̂1, . . . , x̂5 to the ground truth and backprop all five losses.

Autogressive models give us an explicit density function, Equation 29.37. To sample
from this density we can use ancestral sampling, which refers to sampling the first pixel
from p(x1), then, conditioned on this pixel, sample the second from p(x2|x1) an so forth.
Since each of these densities is a categorical distribution, sampling is easy: one option is to
partition a unit line segment into regions of length equal to the categorical probabilities and
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method is perhaps the most common.
So we can model the probability of each subsequent pixel given the preceding pixels.

To generate an image we can sample a value for the first pixel, then the second given the
first, then the third given the first and second, and so forth. But is this a valid model of
p(X) = p(x1, . . . ,xn), the probability distribution of the full set of pixels? Does this way of
sequential sampling draw a valid sample from p(X)? It turns out it does, according tothe
chain rule of probability. This rule allows us to factorize any joint distribution into a
product of conditionals as follows:

As a notational
convenience, we define
here that
p(xi|x1, . . . ,xi�1) =
p(x1) when i = 1.

p(X) = p(xn|x1, . . . ,xn�1)p(xn�1|x1, . . . ,xn�2) . . . p(x2|x1)p(x1) (29.36)

p(X) =
nY

i=1

p(xi|x1, . . . ,xi�1) (29.37)

This factorization demonstrates that sampling from such a model can be indeed done in
sequence because all the conditional distributions are independent of each other, and we just
take a product over all of them. This sampling method is also called ancestral sampling
(sample your ancestors first, then each next “generation” given the preceding generation).

To train an autogressive a model, you just need to extract supervised pairs of desired
input-output behavior, as usual. For an autoregressive model of pixels, that means extracting
sequences of pixels x1, . . . ,xn�1 and corresponding observed next pixel xn. These can be
extracted by traversing images in raster order. The full training and testing setup looks like
this:

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

,
,
,
,

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

S
am

p
li
n
g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>
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ra
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<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

xn
<latexit sha1_base64="NEqcSgvVdiYNMT3e3vfZTfnIuzA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuaSYYko5Zh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJde53HqjSTIo7M42pH+GRYCEj2Fjpvh9hMw7C9CkbpCIbVGtu3Z0BLROvIDUo0BxUv/pDSZKICkM41rrnubHxU6wMI5xmlX6iaYzJBI9oz1KBI6r9dJY6QydWGaJQKvuEQTP190aKI62nUWAn85R60cvF/7xeYsJLP2UiTgwVZH4oTDgyEuUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7bt27Pa81roo6ynAEx3AKHlxAA26gCS0goOAZXuHNeXRenHfnYz5acoqdQ/gD5/MHU2aTCQ==</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

x̂n
<latexit sha1_base64="tuZYpdb5xpUrPFc3v9Np5ovJ474=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJ+3QySTMTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyScKe0431ZlaXllda26XtvY3NresXf3OipOJaFtEvNY3gVYUc4EbWumOb1LJMVRwGk3GF8VfveeSsVicasnCfUjPBQsZARrI/XtA2+EdeZFWI+CMHvI834m8r5ddxrOFGiRuCWpQ4lW3/7yBjFJIyo04Vipnusk2s+w1Ixwmte8VNEEkzEe0p6hAkdU+dk0fY6OjTJAYSzNExpN1d8bGY6UmkSBmSxiqnmvEP/zeqkOL/yMiSTVVJDZoTDlSMeoqAINmKRE84khmEhmsiIywhITbQqrmRLc+S8vks5pw3Ua7s1ZvXlZ1lGFQziCE3DhHJpwDS1oA4FHeIZXeLOerBfr3fqYjVascmcf/sD6/AG3E5YH</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit>

Training e�ciency trick: When training autoregressive models, the naive way to set up
the training batches is to take as input a sequence x1, . . . ,x4, then predict x̂5, compare the
prediction to the ground truth x5, and backprob the loss. It turns out there is a much more
e�cient way to do it: typically, to predict x̂5, the autoregressive model had to also predict
x̂1, . . . , x̂4 – this is the case, for example, if the autoregressive model is an RNN, where the
hidden state has to be updated sequentially and, after you have computed the sequence of
hidden states, making predictions for each item in the sequence requires very little compute
(maybe a linear layer and a softmax). In these cases, it’s much more e�cient to compare
each prediction x̂1, . . . , x̂5 to the ground truth and backprop all five losses.

Autogressive models give us an explicit density function, Equation 29.37. To sample
from this density we can use ancestral sampling, which refers to sampling the first pixel
from p(x1), then, conditioned on this pixel, sample the second from p(x2|x1) an so forth.
Since each of these densities is a categorical distribution, sampling is easy: one option is to
partition a unit line segment into regions of length equal to the categorical probabilities and

Autoregressive probability model

p(Once upon a time)
<latexit sha1_base64="fRmRqzXqGNpFtULbyoCl9DycOCk=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRiE2IQ7EbQM2tgZwXxAEsLeZpIs2ds7dufEcKSx8a/YWChi63+w89+4+Sg08cHA470ZZuYFsRQGPe/bySwtr6yuZddzG5tb2zvu7l7VRInmUOGRjHQ9YAakUFBBgRLqsQYWBhJqweBq7NfuQRsRqTscxtAKWU+JruAMrdR2D+NCE+EBEdMbxYEmcaQooyhCGJ203bxX9Cagi8SfkTyZodx2v5qdiCchKOSSGdPwvRhbKdMouIRRrpkYiBkfsB40LFUsBNNKJ1+M6LFVOrQbaVsK6UT9PZGy0JhhGNjOkGHfzHtj8T+vkWD3opUKFScIik8XdRNJMaLjSGhHaOAoh5YwroW9lfI+04yjDS5nQ/DnX14k1dOi7xX927N86XIWR5YckCNSID45JyVyTcqkQjh5JM/klbw5T86L8+58TFszzmxmn/yB8/kDAm6YPA==</latexit><latexit sha1_base64="VlMx5vZFUOdcrIOjyhxkxus9wHc=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgpZBGzsVzAOSEGYnN8mQ2dll5q4YljR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/f4kRQGXXfiZFZW19Y3spu5re2d3b38/kHVhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBm6teeQBsRqkccRtAKWE+JruAMrdTOH0fFJsIzIiZ3igONo1BRRlEEMDpr5wtuyZ2BLhMvJQWS4n/xdn7c7IQ8DkAhl8yYhudG2EqYRsEljHLN2EDE+ID1oGGpYgGYVjI7dURPrdKh3VDbp5DO1J8TCQuMGQa+TQYM+2bRm4p/eY0Yu1etRKgoRlB8vqgbS4ohnfZGO0IDRzm0hHEt7F8p7zPNONp2c/Z0b/HQZVI9L3luyXu4KJSv086y5IickCLxyCUpk1tyTyqEkxfySt7Jh/PmjJ2J8zmPZpx05pD8gvP1DePBn7U=</latexit><latexit sha1_base64="VlMx5vZFUOdcrIOjyhxkxus9wHc=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgpZBGzsVzAOSEGYnN8mQ2dll5q4YljR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/f4kRQGXXfiZFZW19Y3spu5re2d3b38/kHVhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBm6teeQBsRqkccRtAKWE+JruAMrdTOH0fFJsIzIiZ3igONo1BRRlEEMDpr5wtuyZ2BLhMvJQWS4n/xdn7c7IQ8DkAhl8yYhudG2EqYRsEljHLN2EDE+ID1oGGpYgGYVjI7dURPrdKh3VDbp5DO1J8TCQuMGQa+TQYM+2bRm4p/eY0Yu1etRKgoRlB8vqgbS4ohnfZGO0IDRzm0hHEt7F8p7zPNONp2c/Z0b/HQZVI9L3luyXu4KJSv086y5IickCLxyCUpk1tyTyqEkxfySt7Jh/PmjJ2J8zmPZpx05pD8gvP1DePBn7U=</latexit><latexit sha1_base64="VlMx5vZFUOdcrIOjyhxkxus9wHc=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgpZBGzsVzAOSEGYnN8mQ2dll5q4YljR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/f4kRQGXXfiZFZW19Y3spu5re2d3b38/kHVhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBm6teeQBsRqkccRtAKWE+JruAMrdTOH0fFJsIzIiZ3igONo1BRRlEEMDpr5wtuyZ2BLhMvJQWS4n/xdn7c7IQ8DkAhl8yYhudG2EqYRsEljHLN2EDE+ID1oGGpYgGYVjI7dURPrdKh3VDbp5DO1J8TCQuMGQa+TQYM+2bRm4p/eY0Yu1etRKgoRlB8vqgbS4ohnfZGO0IDRzm0hHEt7F8p7zPNONp2c/Z0b/HQZVI9L3luyXu4KJSv086y5IickCLxyCUpk1tyTyqEkxfySt7Jh/PmjJ2J8zmPZpx05pD8gvP1DePBn7U=</latexit>

(<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>
p(Once)

<latexit sha1_base64="qKIE0zaRNBikuKVrauzkG5g8LCI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItQLyURQY9FL96sYD+gDWWznbRLN5uwOymW0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmBYngGl332yqsrW9sbhW3Szu7e/sH9uFRU8epYtBgsYhVO6AaBJfQQI4C2okCGgUCWsHodua3xqA0j+UjThLwIzqQPOSMopF6tp1UughPiJjdSwbT855ddqvuHM4q8XJSJjnqPfur249ZGoFEJqjWHc9N0M+oQs4ETEvdVENC2YgOoGOopBFoP5tfPnXOjNJ3wliZkujM1d8TGY20nkSB6YwoDvWyNxP/8zophtd+xmWSIki2WBSmwsHYmcXg9LkChmJiCGWKm1sdNqSKMjRhlUwI3vLLq6R5UfXcqvdwWa7d5HEUyQk5JRXikStSI3ekThqEkTF5Jq/kzcqsF+vd+li0Fqx85pj8gfX5A4YDk5I=</latexit><latexit sha1_base64="m8ENYnuhpUkUaCD7oQTcGaUEdds=">AAACHnicjVBNS8NAFNzUr1q/oh69BItQLyURQY9FL95UsK3QhrLZvrRLN5uw+1Isof/Egxf/ihcRwZP+G7dtDtp6cGBhmJnH2zdBIrhG1/2yCkvLK6trxfXSxubW9o69u9fQcaoY1FksYnUfUA2CS6gjRwH3iQIaBQKaweBy4jeHoDSP5R2OEvAj2pM85IyikTq2nVTaCA+ImF1LBuPjjl12q+4UziLxclImOf4X79gf7W7M0ggkMkG1bnlugn5GFXImYFxqpxoSyga0By1DJY1A+9n0vLFzZJSuE8bKPInOVP05kdFI61EUmGREsa/nvYn4l9dKMTz3My6TFEGy2aIwFQ7GzqQrp8sVMBQjQyhT3PzVYX2qKEPTaMmc7s0fukgaJ1XPrXq3p+XaRd5ZkRyQQ1IhHjkjNXJFbkidMDIkj+SZvFpP1ov1Zr3PogUrn9knv2B9fgPKYJsL</latexit><latexit sha1_base64="m8ENYnuhpUkUaCD7oQTcGaUEdds=">AAACHnicjVBNS8NAFNzUr1q/oh69BItQLyURQY9FL95UsK3QhrLZvrRLN5uw+1Isof/Egxf/ihcRwZP+G7dtDtp6cGBhmJnH2zdBIrhG1/2yCkvLK6trxfXSxubW9o69u9fQcaoY1FksYnUfUA2CS6gjRwH3iQIaBQKaweBy4jeHoDSP5R2OEvAj2pM85IyikTq2nVTaCA+ImF1LBuPjjl12q+4UziLxclImOf4X79gf7W7M0ggkMkG1bnlugn5GFXImYFxqpxoSyga0By1DJY1A+9n0vLFzZJSuE8bKPInOVP05kdFI61EUmGREsa/nvYn4l9dKMTz3My6TFEGy2aIwFQ7GzqQrp8sVMBQjQyhT3PzVYX2qKEPTaMmc7s0fukgaJ1XPrXq3p+XaRd5ZkRyQQ1IhHjkjNXJFbkidMDIkj+SZvFpP1ov1Zr3PogUrn9knv2B9fgPKYJsL</latexit><latexit sha1_base64="m8ENYnuhpUkUaCD7oQTcGaUEdds=">AAACHnicjVBNS8NAFNzUr1q/oh69BItQLyURQY9FL95UsK3QhrLZvrRLN5uw+1Isof/Egxf/ihcRwZP+G7dtDtp6cGBhmJnH2zdBIrhG1/2yCkvLK6trxfXSxubW9o69u9fQcaoY1FksYnUfUA2CS6gjRwH3iQIaBQKaweBy4jeHoDSP5R2OEvAj2pM85IyikTq2nVTaCA+ImF1LBuPjjl12q+4UziLxclImOf4X79gf7W7M0ggkMkG1bnlugn5GFXImYFxqpxoSyga0By1DJY1A+9n0vLFzZJSuE8bKPInOVP05kdFI61EUmGREsa/nvYn4l9dKMTz3My6TFEGy2aIwFQ7GzqQrp8sVMBQjQyhT3PzVYX2qKEPTaMmc7s0fukgaJ1XPrXq3p+XaRd5ZkRyQQ1IhHjkjNXJFbkidMDIkj+SZvFpP1ov1Zr3PogUrn9knv2B9fgPKYJsL</latexit> (<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>
p(upon|Once)

<latexit sha1_base64="WTUCiTqssYNf/3eLx0hIZP7BPlQ=">AAACCXicbVA9SwNBEN3zM8avqKXNYhBiE+5E0DJoY2cE8wFJCHubSbJkb+/YnRPDmdbGv2JjoYit/8DOf+MmOUETHwy8fW+GnXl+JIVB1/1yFhaXlldWM2vZ9Y3Nre3czm7VhLHmUOGhDHXdZwakUFBBgRLqkQYW+BJq/uBi7NduQRsRqhscRtAKWE+JruAMrdTO0ajQRLhDxCSOQjWi9/TnfaU4jI7aubxbdCeg88RLSZ6kKLdzn81OyOMAFHLJjGl4boSthGkUXMIo24wNRIwPWA8alioWgGklk0tG9NAqHdoNtS2FdKL+nkhYYMww8G1nwLBvZr2x+J/XiLF71kqEimIExacfdWNJMaTjWGhHaOAoh5YwroXdlfI+04yjDS9rQ/BmT54n1eOi5xa965N86TyNI0P2yQEpEI+ckhK5JGVSIZw8kCfyQl6dR+fZeXPep60LTjqzR/7A+fgGSoqasQ==</latexit><latexit sha1_base64="PwluxOF10yJwxCXR52QaE+WigRE=">AAACLnicjVDLSgMxFM34rPVVdekmWIS6KTMi6LLoxp0K9gFtKZn0tg3NZIbkjljGbv0aF278EReCiLj1M0zbEbR14YHAyTn3kpzjR1IYdN1XZ25+YXFpObOSXV1b39jMbW1XTBhrDmUeylDXfGZACgVlFCihFmlggS+h6vfPRn71BrQRobrGQQTNgHWV6AjO0EqtHI0KDYRbREziKFRDeke/7xeKw/Cglcu7RXcMOku8lORJiv+Nt3LPjXbI4wAUcsmMqXtuhM2EaRRcwjDbiA1EjPdZF+qWKhaAaSbjuEO6b5U27YTaHoV0rP7cSFhgzCDw7WTAsGemvZH4l1ePsXPSTISKYgTFJw91YkkxpKPuaFto4CgHljCuhf0r5T2mGUfbcNZG96aDzpLKYdFzi97VUb50mnaWIbtkjxSIR45JiZyTS1ImnNyTB/JE3pxH58V5dz4mo3NOurNDfsH5/AKBoaIq</latexit><latexit sha1_base64="PwluxOF10yJwxCXR52QaE+WigRE=">AAACLnicjVDLSgMxFM34rPVVdekmWIS6KTMi6LLoxp0K9gFtKZn0tg3NZIbkjljGbv0aF278EReCiLj1M0zbEbR14YHAyTn3kpzjR1IYdN1XZ25+YXFpObOSXV1b39jMbW1XTBhrDmUeylDXfGZACgVlFCihFmlggS+h6vfPRn71BrQRobrGQQTNgHWV6AjO0EqtHI0KDYRbREziKFRDeke/7xeKw/Cglcu7RXcMOku8lORJiv+Nt3LPjXbI4wAUcsmMqXtuhM2EaRRcwjDbiA1EjPdZF+qWKhaAaSbjuEO6b5U27YTaHoV0rP7cSFhgzCDw7WTAsGemvZH4l1ePsXPSTISKYgTFJw91YkkxpKPuaFto4CgHljCuhf0r5T2mGUfbcNZG96aDzpLKYdFzi97VUb50mnaWIbtkjxSIR45JiZyTS1ImnNyTB/JE3pxH58V5dz4mo3NOurNDfsH5/AKBoaIq</latexit><latexit sha1_base64="PwluxOF10yJwxCXR52QaE+WigRE=">AAACLnicjVDLSgMxFM34rPVVdekmWIS6KTMi6LLoxp0K9gFtKZn0tg3NZIbkjljGbv0aF278EReCiLj1M0zbEbR14YHAyTn3kpzjR1IYdN1XZ25+YXFpObOSXV1b39jMbW1XTBhrDmUeylDXfGZACgVlFCihFmlggS+h6vfPRn71BrQRobrGQQTNgHWV6AjO0EqtHI0KDYRbREziKFRDeke/7xeKw/Cglcu7RXcMOku8lORJiv+Nt3LPjXbI4wAUcsmMqXtuhM2EaRRcwjDbiA1EjPdZF+qWKhaAaSbjuEO6b5U27YTaHoV0rP7cSFhgzCDw7WTAsGemvZH4l1ePsXPSTISKYgTFJw91YkkxpKPuaFto4CgHljCuhf0r5T2mGUfbcNZG96aDzpLKYdFzi97VUb50mnaWIbtkjxSIR45JiZyTS1ImnNyTB/JE3pxH58V5dz4mo3NOurNDfsH5/AKBoaIq</latexit>

(
<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

p(a|Once, upon)
<latexit sha1_base64="QN2OpWkqGip5cJZlvWetol10ZWk=">AAACFXicbVDLSgNBEJyN7/iKevQyGIQIIeyKoMegF28qmAckIcxOOjpkdnaZ6RXDuj/hxV/x4kERr4I3/8bJQ9HEgoHqqm56uvxICoOu++lkZmbn5hcWl7LLK6tr67mNzaoJY82hwkMZ6rrPDEihoIICJdQjDSzwJdT83snAr92ANiJUl9iPoBWwKyW6gjO0UjtXjApNhFtETFhK7+h3caY4pMWfMo5Cle61c3m35A5Bp4k3Jnkyxnk799HshDwOQCGXzJiG50bYSphGwSWk2WZsIGK8x66gYaliAZhWMrwqpbtW6dBuqO1TSIfq74mEBcb0A992BgyvzaQ3EP/zGjF2j1qJUFGMoPhoUTeWFEM6iIh2hAaOsm8J41rYv1J+zTTjaIPM2hC8yZOnSXW/5Lkl7+IgXz4ex7FItskOKRCPHJIyOSXnpEI4uSeP5Jm8OA/Ok/PqvI1aM854Zov8gfP+Bc7xn9c=</latexit><latexit sha1_base64="zbVWaL3Be2/OFzMjfSbr+sFcBok=">AAACOnicjVDLSgNBEJyNrxhfUY9eBoOgIGFXBD0GvXhTwUQhWcLspFeHzM4uM71iWPcn/BoPXvwFb169iHj1A5w8FF8HGwaqq6rpqQ4SKQy67qNTGBufmJwqTpdmZufmF8qLSw0Tp5pDnccy1mcBMyCFgjoKlHCWaGBRIOE06O739dNL0EbE6gR7CfgRO1ciFJyhpdrlzWS9hXCFiBnL6TX9aA4Vh3zzs02TWOUb7XLFrbqDor+BNwIVMqr/2dvlh1Yn5mkECrlkxjQ9N0E/YxoFl5CXWqmBhPEuO4emhYpFYPxsED2na5bp0DDW9imkA/brRMYiY3pRYJ0RwwvzU+uTf2nNFMNdPxMqSREUHy4KU0kxpv070o7QwFH2LGBcC/tXyi+YZhzttUs2uvcz6G/Q2Kp6btU73q7U9kY3K5IVskrWiUd2SI0ckCNSJ5zckFtyT56dO+fJeXFeh9aCM5pZJt/KeXsHtPmnUA==</latexit><latexit sha1_base64="zbVWaL3Be2/OFzMjfSbr+sFcBok=">AAACOnicjVDLSgNBEJyNrxhfUY9eBoOgIGFXBD0GvXhTwUQhWcLspFeHzM4uM71iWPcn/BoPXvwFb169iHj1A5w8FF8HGwaqq6rpqQ4SKQy67qNTGBufmJwqTpdmZufmF8qLSw0Tp5pDnccy1mcBMyCFgjoKlHCWaGBRIOE06O739dNL0EbE6gR7CfgRO1ciFJyhpdrlzWS9hXCFiBnL6TX9aA4Vh3zzs02TWOUb7XLFrbqDor+BNwIVMqr/2dvlh1Yn5mkECrlkxjQ9N0E/YxoFl5CXWqmBhPEuO4emhYpFYPxsED2na5bp0DDW9imkA/brRMYiY3pRYJ0RwwvzU+uTf2nNFMNdPxMqSREUHy4KU0kxpv070o7QwFH2LGBcC/tXyi+YZhzttUs2uvcz6G/Q2Kp6btU73q7U9kY3K5IVskrWiUd2SI0ckCNSJ5zckFtyT56dO+fJeXFeh9aCM5pZJt/KeXsHtPmnUA==</latexit><latexit sha1_base64="zbVWaL3Be2/OFzMjfSbr+sFcBok=">AAACOnicjVDLSgNBEJyNrxhfUY9eBoOgIGFXBD0GvXhTwUQhWcLspFeHzM4uM71iWPcn/BoPXvwFb169iHj1A5w8FF8HGwaqq6rpqQ4SKQy67qNTGBufmJwqTpdmZufmF8qLSw0Tp5pDnccy1mcBMyCFgjoKlHCWaGBRIOE06O739dNL0EbE6gR7CfgRO1ciFJyhpdrlzWS9hXCFiBnL6TX9aA4Vh3zzs02TWOUb7XLFrbqDor+BNwIVMqr/2dvlh1Yn5mkECrlkxjQ9N0E/YxoFl5CXWqmBhPEuO4emhYpFYPxsED2na5bp0DDW9imkA/brRMYiY3pRYJ0RwwvzU+uTf2nNFMNdPxMqSREUHy4KU0kxpv070o7QwFH2LGBcC/tXyi+YZhzttUs2uvcz6G/Q2Kp6btU73q7U9kY3K5IVskrWiUd2SI0ckCNSJ5zckFtyT56dO+fJeXFeh9aCM5pZJt/KeXsHtPmnUA==</latexit>

(
<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

p(time|Once, upon, a)
<latexit sha1_base64="sITh+jH6eXnGQB73fkeshfsYip4=">AAACJHicbVDJSgNBEO1xjXGLevTSGAQFCTMiKHgJevFmBLNAEkJPp2Ka9PQM3TViGOdjvPgrXjy44MGL32JnUeJS0PCWKqrr+ZEUBl333Zmanpmdm88sZBeXlldWc2vrFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPq904FfvQZtRKgusR9BM2BXSnQEZ2ilVu442mkg3CBigiKAlN7SL36uOKR73zSOQjVBWbrbyuXdgjss+hd4Y5An4yq1ci+NdsjjABRyyYype26EzYRpFFxCmm3EBiLGe+wK6hYqFoBpJsMjU7ptlTbthNo+hXSoTk4kLDCmH/i2M2DYNb+9gfifV4+xc9RMhIpiBMVHizqxpBjSQWK0LTRwlH0LGNfC/pXyLtOMo801a0Pwfp/8F1T2C55b8C4O8sWTcRwZskm2yA7xyCEpkjNSImXCyR15IE/k2bl3Hp1X523UOuWMZzbIj3I+PgFG3qZp</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit>
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Modeling a sequence of words

p(time|Once, upon, a)
<latexit sha1_base64="sITh+jH6eXnGQB73fkeshfsYip4=">AAACJHicbVDJSgNBEO1xjXGLevTSGAQFCTMiKHgJevFmBLNAEkJPp2Ka9PQM3TViGOdjvPgrXjy44MGL32JnUeJS0PCWKqrr+ZEUBl333Zmanpmdm88sZBeXlldWc2vrFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPq904FfvQZtRKgusR9BM2BXSnQEZ2ilVu442mkg3CBigiKAlN7SL36uOKR73zSOQjVBWbrbyuXdgjss+hd4Y5An4yq1ci+NdsjjABRyyYype26EzYRpFFxCmm3EBiLGe+wK6hYqFoBpJsMjU7ptlTbthNo+hXSoTk4kLDCmH/i2M2DYNb+9gfifV4+xc9RMhIpiBMVHizqxpBjSQWK0LTRwlH0LGNfC/pXyLtOMo801a0Pwfp/8F1T2C55b8C4O8sWTcRwZskm2yA7xyCEpkjNSImXCyR15IE/k2bl3Hp1X523UOuWMZzbIj3I+PgFG3qZp</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit><latexit sha1_base64="64dStjxOuQ4p2QROC/VZ2KI22uQ=">AAACSXicjVBNSwMxEM3W7/pV9eglWAQFKbsiKHgpevGmgrWFdinZdNaGZrNLMiuWdX+Mv8aDF/Hmz/Ai4sm0VvHr4IPAe29mmMwLEikMuu6jUxgbn5icmp4pzs7NLyyWlpbPTZxqDjUey1g3AmZACgU1FCihkWhgUSChHvQOB/X6JWgjYnWG/QT8iF0oEQrO0Frt0n6y0UK4QsQMRQQ5vaYf+lhxyLc+ZZrE6otk+Wa7VHYr7hD0N/FGpExG+F97u/TQ6sQ8jUAhl8yYpucm6GdMo+AS8mIrNZAw3mMX0LRUsQiMnw2TyOm6dTo0jLV9CunQ/TqRsciYfhTYzohh1/ysDcy/as0Uwz0/EypJERR/XxSmkmJMB7HSjtDAUfYtYVwL+1fKu0wzjjb8oj3d+3nob3K+XfHcine6U64ejDKbJqtkjWwQj+ySKjkiJ6RGOLkht+SePDt3zpPz4ry+txac0cwK+YbC2BsLjqzj</latexit>

How to model ?

Just treat it as a next word classifier!

Once upon a
<latexit sha1_base64="KPYfjTf2+9g6Yq1GJv1hA2yevss=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhgET2FXBD0GvXgzgnlAsoTZSScZMju7zPSKcQn+ihcPinj1P7z5N06SPWhiQUNR1U13VxBLYdB1v53c0vLK6lp+vbCxubW9U9zdq5so0RxqPJKRbgbMgBQKaihQQjPWwMJAQiMYXk38xj1oIyJ1h6MY/JD1legJztBKneJBG+EBEdMbxYEmcaQoG3eKJbfsTkEXiZeREslQ7RS/2t2IJyEo5JIZ0/LcGP2UaRRcwrjQTgzEjA9ZH1qWKhaC8dPp9WN6bJUu7UXalkI6VX9PpCw0ZhQGtjNkODDz3kT8z2sl2LvwU6HiBEHx2aJeIilGdBIF7QoNHOXIEsa1sLdSPmCacbSBFWwI3vzLi6R+Wvbcsnd7VqpcZnHkySE5IifEI+ekQq5JldQIJ4/kmbySN+fJeXHenY9Za87JZvbJHzifP7K2lVw=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit><latexit sha1_base64="XEwpCnfSvA6ic30Ww1rUoqJOqJ0=">AAACInicjVC7SgNBFJ2Nrxhf66OzGQyCVdgVQcugjZ0K5gHJEmYnN8mQ2dll5q4Yl/yLhY2/YiNqJfgxTh6FJhYeGDiccy537gkTKQx63qeTW1hcWl7JrxbW1jc2t9ztnaqJU82hwmMZ63rIDEihoIICJdQTDSwKJdTC/sXIr92BNiJWtzhIIIhYV4mO4Ayt1HL3mgj3iJhdKQ40TWJF2bDlFr2SNwadJ/6UFMkU/4u33PdmO+ZpBAq5ZMY0fC/BIGMaBZcwLDRTAwnjfdaFhqWKRWCCbHzikB5apU07sbZPIR2rPycyFhkziEKbjBj2zKw3Ev/yGil2zoJMqCRFUHyyqJNKijEd9UXbQgNHObCEcS3sXynvMc042lYL9nR/9tB5Uj0u+V7Jvzkpls+nneXJPjkgR8Qnp6RMLsk1qRBOHsgjeSavzpPz4rw5H5NozpnO7JJfcL6+ATQgnNU=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

day

elephant

time

0 1
…

year
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f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

…

sample
<latexit sha1_base64="WOLwF0ApMKqif9/lKetKcawnGRk="></latexit><latexit sha1_base64="1qhFtEv7yQ+Id/cO87T/xsWDA2c="></latexit><latexit sha1_base64="1qhFtEv7yQ+Id/cO87T/xsWDA2c="></latexit><latexit sha1_base64="1qhFtEv7yQ+Id/cO87T/xsWDA2c="></latexit>

Iterate
<latexit sha1_base64="NteN0Q04VCFPL/KxqQDLX4v43TM="></latexit><latexit sha1_base64="hQBxFgEGkgZIyEqgdWeBIRFe2lk="></latexit><latexit sha1_base64="hQBxFgEGkgZIyEqgdWeBIRFe2lk="></latexit><latexit sha1_base64="hQBxFgEGkgZIyEqgdWeBIRFe2lk="></latexit>

f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

…f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

…f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

Autoregressive model of pixels
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f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit> �

<latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit>

xn
<latexit sha1_base64="NEqcSgvVdiYNMT3e3vfZTfnIuzA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuaSYYko5Zh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJde53HqjSTIo7M42pH+GRYCEj2Fjpvh9hMw7C9CkbpCIbVGtu3Z0BLROvIDUo0BxUv/pDSZKICkM41rrnubHxU6wMI5xmlX6iaYzJBI9oz1KBI6r9dJY6QydWGaJQKvuEQTP190aKI62nUWAn85R60cvF/7xeYsJLP2UiTgwVZH4oTDgyEuUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7bt27Pa81roo6ynAEx3AKHlxAA26gCS0goOAZXuHNeXRenHfnYz5acoqdQ/gD5/MHU2aTCQ==</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

x̂n
<latexit sha1_base64="tuZYpdb5xpUrPFc3v9Np5ovJ474=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJ+3QySTMTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyScKe0431ZlaXllda26XtvY3NresXf3OipOJaFtEvNY3gVYUc4EbWumOb1LJMVRwGk3GF8VfveeSsVicasnCfUjPBQsZARrI/XtA2+EdeZFWI+CMHvI834m8r5ddxrOFGiRuCWpQ4lW3/7yBjFJIyo04Vipnusk2s+w1Ixwmte8VNEEkzEe0p6hAkdU+dk0fY6OjTJAYSzNExpN1d8bGY6UmkSBmSxiqnmvEP/zeqkOL/yMiSTVVJDZoTDlSMeoqAINmKRE84khmEhmsiIywhITbQqrmRLc+S8vks5pw3Ua7s1ZvXlZ1lGFQziCE3DhHJpwDS1oA4FHeIZXeLOerBfr3fqYjVascmcf/sD6/AG3E5YH</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit>

xn � log x̂n
<latexit sha1_base64="dv/s6KhWlP2i7tLlzYMjHHhlho8="></latexit><latexit sha1_base64="ZfGhy44v2GXbFMrMRwsMq1rOLSg="></latexit><latexit sha1_base64="ZfGhy44v2GXbFMrMRwsMq1rOLSg="></latexit><latexit sha1_base64="ZfGhy44v2GXbFMrMRwsMq1rOLSg="></latexit>

Prediction Ground truth label

- 0 1log prob Prob1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="z3MPlMVKwDt6VXp5+ofTHIRoWpw=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZiezyZjZ2WXmrrAs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0NfFbD1wbEas7zBLuR3SgRCgYRSs1u0KFmPUqVbfmTkEWiVeQKhT4X7xX+ez2Y5ZGXCGT1JiO5ybo51SjYJKPy93U8ISyER3wjqWKRtz4+fSkMTm2Sp+EsbZPIZmqPydyGhmTRYFNRhSHZt6biH95nRTDCz8XKkmRKzZbFKaSYEwm/ZC+0JyhzCyhTAv7V8KGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb3W6lrU=</latexit><latexit sha1_base64="z3MPlMVKwDt6VXp5+ofTHIRoWpw=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZiezyZjZ2WXmrrAs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0NfFbD1wbEas7zBLuR3SgRCgYRSs1u0KFmPUqVbfmTkEWiVeQKhT4X7xX+ez2Y5ZGXCGT1JiO5ybo51SjYJKPy93U8ISyER3wjqWKRtz4+fSkMTm2Sp+EsbZPIZmqPydyGhmTRYFNRhSHZt6biH95nRTDCz8XKkmRKzZbFKaSYEwm/ZC+0JyhzCyhTAv7V8KGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb3W6lrU=</latexit><latexit sha1_base64="z3MPlMVKwDt6VXp5+ofTHIRoWpw=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZiezyZjZ2WXmrrAs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0NfFbD1wbEas7zBLuR3SgRCgYRSs1u0KFmPUqVbfmTkEWiVeQKhT4X7xX+ez2Y5ZGXCGT1JiO5ybo51SjYJKPy93U8ISyER3wjqWKRtz4+fSkMTm2Sp+EsbZPIZmqPydyGhmTRYFNRhSHZt6biH95nRTDCz8XKkmRKzZbFKaSYEwm/ZC+0JyhzCyhTAv7V8KGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb3W6lrU=</latexit> 0 -1<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="z3MPlMVKwDt6VXp5+ofTHIRoWpw=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZiezyZjZ2WXmrrAs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0NfFbD1wbEas7zBLuR3SgRCgYRSs1u0KFmPUqVbfmTkEWiVeQKhT4X7xX+ez2Y5ZGXCGT1JiO5ybo51SjYJKPy93U8ISyER3wjqWKRtz4+fSkMTm2Sp+EsbZPIZmqPydyGhmTRYFNRhSHZt6biH95nRTDCz8XKkmRKzZbFKaSYEwm/ZC+0JyhzCyhTAv7V8KGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb3W6lrU=</latexit><latexit sha1_base64="z3MPlMVKwDt6VXp5+ofTHIRoWpw=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZiezyZjZ2WXmrrAs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0NfFbD1wbEas7zBLuR3SgRCgYRSs1u0KFmPUqVbfmTkEWiVeQKhT4X7xX+ez2Y5ZGXCGT1JiO5ybo51SjYJKPy93U8ISyER3wjqWKRtz4+fSkMTm2Sp+EsbZPIZmqPydyGhmTRYFNRhSHZt6biH95nRTDCz8XKkmRKzZbFKaSYEwm/ZC+0JyhzCyhTAv7V8KGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb3W6lrU=</latexit><latexit sha1_base64="z3MPlMVKwDt6VXp5+ofTHIRoWpw=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAckSZiezyZjZ2WXmrrAs+QcLG3/FRsTWys6/cZJsoYmFBwYO55zLnXuCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0NfFbD1wbEas7zBLuR3SgRCgYRSs1u0KFmPUqVbfmTkEWiVeQKhT4X7xX+ez2Y5ZGXCGT1JiO5ybo51SjYJKPy93U8ISyER3wjqWKRtz4+fSkMTm2Sp+EsbZPIZmqPydyGhmTRYFNRhSHZt6biH95nRTDCz8XKkmRKzZbFKaSYEwm/ZC+0JyhzCyhTAv7V8KGVFOGtsWyPd2bP3SRNE9rnlvzbs+q9cuisxIcwhGcgAfnUIdruIEGMLiHR3iGV+fJeXHenPdZdMkpZg7gF5yPb3W6lrU=</latexit> 0

Elementwise scores

f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit><latexit sha1_base64="Q0rCX3d0CXD5UexfCAZWafh/5qQ=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmgUkIs5O7yZDZ2WXmrhCW/IWFjb9iI2Irdv6Nk2QLTSw8MHA451zu3BMkUhjyvC9naXlldW29sFHc3Nre2S3t7ddNnGqONR7LWDcDZlAKhTUSJLGZaGRRILERDK8mfuMBtRGxuqNRgp2I9ZUIBWdkpfuwm7VpgMTG3VLZq3hTuIvEz0kZcvwv3i19tnsxTyNUxCUzpuV7CXUypklwieNiOzWYMD5kfWxZqliEppNNzxq7x1bpuWGs7VPkTtWfExmLjBlFgU1GjAZm3puIf3mtlMKLTiZUkhIqPlsUptKl2J105PaERk5yZAnjWti/unzANONkmyza0/35QxdJ/bTiexX/9qxcvcw7K8AhHMEJ+HAOVbiGG6gBBwWP8AyvzpPz4rw577PokpPPHMAvOB/f2EWYhg==</latexit>

… …
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!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

,

,

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>
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g

<latexit sha1_base64="njAQj444Og2vP6pxJWF5hHmGmMk=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRH2NvsJUt2987dOSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPa91S5LXrQK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7vlJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4KpwInWbINVssijNJMCGz50lfGM5Qjh2hzAh3K2FDaihDF1HRhRAsv7xKmtVK4FeCu2q5dp3HUYBTOIMLCOASanALdWgAAwnP8Apv3qP34r17H4vWNS+fOYE/8D5/ACLVkAM=</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit><latexit sha1_base64="Aj9KcFM1SaOsijOddBZodfEW3RA=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYTeNlkEbS0XzgGQJdyezyZCZ2WVmVgghP2Fh46/YiNha2Pk3TpItNLHwwMDhnHu5c06UCm6s7395K6tr6xubha3i9s7u3n7p4LBhkkxTVqeJSHQrQsMEV6xuuRWslWqGMhKsGQ2vpn7zgWnDE3VvRykLJfYVjzlF66TWHUp3RfW7pbJf8WcgyyTISRly/G+8W/rs9BKaSaYsFWhMO/BTG45RW04FmxQ7mWEp0iH2WdtRhZKZcDwLNSGnTumRONHuKUtm6s+NMUpjRjJykxLtwCx6U/Evr53Z+CIcc5Vmlik6PxRngtiETBsiPa4ZtWLkCFLN3V8JHaBGal2PRRc9WAy6TBrVSuBXgttquXaZd1aAYziBMwjgHGpwDTdQBwoCHuEZXr0n78V7897noytevnMEv+B9fAPwxJd8</latexit>

T
ra
in
in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

Predictor
<latexit sha1_base64="+R+U7dKldTVrW+2u01d5L703cDY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegF48RzEOSJczOziZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5nfvdJ6oNU/LBTlMaCjySLGEEWyc9tjSNGbFKD6s1v+4vgNZJUJAaFGgNq1+DWJFMUGkJx8b0Az+1YY61ZYTTWWWQGZpiMsEj2ndUYkFNmC8OnqELp8QoUdqVtGih/p7IsTBmKiLXKbAdm1VvLv7n9TObXIc5k2lmqSTLRUnGkVVo/j2KmabE8qkjmGjmbkVkjDUm1mVUcSEEqy+vk06jHvj14L5Ra94UcZThDM7hEgK4gibcQQvaQEDAM7zCm6e9F+/d+1i2lrxi5hT+wPv8AfYvkH4=</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit><latexit sha1_base64="t8odHEcuZ7FPmmH/Qa/KBYIQVJQ=">AAACFXicjVC7SgNBFJ2NrxhfUUubwSBYhd00WgZtLCOYhyRLmJ2dTYbMY5m5K4SQr7Cw8VdsRGwFO//GSbKFJhYeGDiccy537olSwS34/pdXWFvf2Nwqbpd2dvf2D8qHRy2rM0NZk2qhTScilgmuWBM4CNZJDSMyEqwdja5nfvuBGcu1uoNxykJJBoonnBJw0n3DsJhT0KZfrvhVfw68SoKcVFCO/8X75c9erGkmmQIqiLXdwE8hnBADnAo2LfUyy1JCR2TAuo4qIpkNJ/OrpvjMKTFOtHFPAZ6rPycmRFo7lpFLSgJDu+zNxL+8bgbJZTjhKs2AKbpYlGQCg8azinDMDaMgxo4Qarj7K6ZDYggFV2TJnR4sH7pKWrVq4FeD21qlfpV3VkQn6BSdowBdoDq6QQ3URBRJ9Iie0av35L14b977Ilrw8plj9AvexzfUp5f3</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

xn
<latexit sha1_base64="NEqcSgvVdiYNMT3e3vfZTfnIuzA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APasWTSTBuaSYYko5Zh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTxJxp47rfTmlldW19o7xZ2dre2d2r7h+0tUwUoS0iuVTdAGvKmaAtwwyn3VhRHAWcdoLJde53HqjSTIo7M42pH+GRYCEj2Fjpvh9hMw7C9CkbpCIbVGtu3Z0BLROvIDUo0BxUv/pDSZKICkM41rrnubHxU6wMI5xmlX6iaYzJBI9oz1KBI6r9dJY6QydWGaJQKvuEQTP190aKI62nUWAn85R60cvF/7xeYsJLP2UiTgwVZH4oTDgyEuUVoCFTlBg+tQQTxWxWRMZYYWJsURVbgrf45WXSPqt7bt27Pa81roo6ynAEx3AKHlxAA26gCS0goOAZXuHNeXRenHfnYz5acoqdQ/gD5/MHU2aTCQ==</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit><latexit sha1_base64="IYTkgzSO0wB0ZCxojdc1faITPZE=">AAACGnicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cK9gHtWDJppg1NMkOSEcsw/+HCjb/iRsSduPFvzLSz0NaFBwKHc+7l5pwg5kwb1/1ySkvLK6tr5fXKxubW9k51d6+lo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zP32PVWaRfLWTGLqCzyULGQEGyvd9QQ2oyBMH7J+KrN+tebW3SnQIvEKUoMC/xvvVz96g4gkgkpDONa667mx8VOsDCOcZpVeommMyRgPaddSiQXVfjqNlqEjqwxQGCn7pEFT9edGioXWExHYyTyKnvdy8S+vm5jw3E+ZjBNDJZkdChOOTITyntCAKUoMn1iCiWL2r4iMsMLE2DYrNro3H3SRtE7qnlv3bk5rjYuiszIcwCEcgwdn0IAruIYmEFDwCM/w6jw5L86b8z4bLTnFzj78gvP5DYkqmoI=</latexit>

x1, . . . ,xn�1
<latexit sha1_base64="znjXy0+k6Y6LgLBlKwLGl2a8VrY=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqAFWCkGCsYGEsEn1ITRQ5jtNadZzIdhBVlF9g4VdYGECIlY2Nv8FpM5SWI1k+Oude3XuPnzAqlWX9GJWV1bX1jepmbWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8f3xR+74EISWN+ryYJcSM05DSkGCkteWbDiZAa+WH2mHuZnZ9ChwWxkvqf0/mZnXtm3WpaU8BlYpekDkq0PfPbCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPpRTk80UoAw1joxxWcqvMdGYqknES+riz2lIteIf7nDVIVXrkZ5UmqCMezQWHKoIphEQ8MqCBYsYkmCAuqd4V4hATCSodY0yHYiycvk+5507aa9t1FvXVdxlEFR+AYNIANLkEL3II26AAMnsALeAPvxrPxanwYn7PSilH2HII/ML5+AZwFnXw=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit><latexit sha1_base64="4azmvVdzS4TRwLXAxwNO+gJO+b8=">AAACNnicjVC9TsMwGHTKXyl/AUYWiwqpA1QJQoKxgoURJPojNVHkOE5r1XEi20FUUV6Bp2Fg4SXYWFgQYuURcNoMpWXgkyyf7u6TfecnjEplWW9GZWl5ZXWtul7b2Nza3jF39zoyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXhd69J0LSmN+pcULcCA04DSlGSlOe2XAipIZ+mD3kXmbnx9BhQaykvmd4fmLnnlm3mtZk4CKwS1AH5fzP7pmvThDjNCJcYYak7NtWotwMCUUxI3nNSSVJEB6hAelryFFEpJtNYufwSDMBDGOhD1dwws5uZCiSchz52lmEkfNaQf6l9VMVXrgZ5UmqCMfTh8KUQRXDokMYUEGwYmMNEBZU/xXiIRIIK910TUe354Mugs5p07aa9u1ZvXVZdlYFB+AQNIANzkELXIMb0AYYPIIn8AI+jGfj3fg0vqbWilHu7INfY3z/ADAapPU=</latexit>

x̂n
<latexit sha1_base64="tuZYpdb5xpUrPFc3v9Np5ovJ474=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJ+3QySTMTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyScKe0431ZlaXllda26XtvY3NresXf3OipOJaFtEvNY3gVYUc4EbWumOb1LJMVRwGk3GF8VfveeSsVicasnCfUjPBQsZARrI/XtA2+EdeZFWI+CMHvI834m8r5ddxrOFGiRuCWpQ4lW3/7yBjFJIyo04Vipnusk2s+w1Ixwmte8VNEEkzEe0p6hAkdU+dk0fY6OjTJAYSzNExpN1d8bGY6UmkSBmSxiqnmvEP/zeqkOL/yMiSTVVJDZoTDlSMeoqAINmKRE84khmEhmsiIywhITbQqrmRLc+S8vks5pw3Ua7s1ZvXlZ1lGFQziCE3DhHJpwDS1oA4FHeIZXeLOerBfr3fqYjVascmcf/sD6/AG3E5YH</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit><latexit sha1_base64="8QdJDkrA1hgbV1FJgIs/iQLR9cI=">AAACInicjVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxqWCfUBTwmQ6aYdOJmFmItaQf3Hhxl9xI+pK8GOctFlo68IDA4dz7uXOOUHCmdKO82ktLC4tr6xW1qrrG5tb2/bObkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweiy8Nt3VCoWi1s9TmgvwgPBQkawNpJv73tDrDMvwnoYhNl9nvuZyH275tSdCdA8cUtSgxL/G/ftd68fkzSiQhOOleq6TqJ7GZaaEU7zqpcqmmAywgPaNVTgiKpeNomYoyOj9FEYS/OERhP150aGI6XGUWAmiyxq1ivEv7xuqsPzXsZEkmoqyPRQmHKkY1T0hfpMUqL52BBMJDN/RWSIJSbatFo10d3ZoPOkdVJ3nbp7c1prXJSdVeAADuEYXDiDBlzBNTSBwAM8wjO8Wk/Wi/VmfUxHF6xyZw9+wfr6BlE0nYA=</latexit>

…
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[Wavenet, https://deepmind.com/blog/wavenet-generative-model-raw-audio/]
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Diffusion models

cGenerator
<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>

Classifier<latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="BtDRWfK2TRCb+xZbOYH6I648OfA=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKzowlgk+hBtVDnuTWvVcSLbQaqi/gULAwix8jds/A1OmwFajmTp+Jx77XtPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0mfvdJ1Sax/LBzBL0IzqWPOSMGis9NgXV2l5RDas1t+4uQNaJV5AaFGgNq1+DUczSCKVh+St9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bDHxnFxYZUTCWNkjDVmovzsyGmk9iwJbGVEz0ateLv7n9VMT3vgZl0lqULLlR2EqiIlJvj4ZcYXMiJkllCluZyVsQhVlxoZUsSF4qyuvk85V3XPr3r1ba9wWcZThDM7hEjy4hgbcQQvawEDCM7zCm6OdF+fd+ViWlpyi5xT+wPn8AaTCkN8=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit>

Noise Images
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Diffusion models
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Forward diffusion process

… …

Reverse autoregressive sequence

Diffusion: Just add noise

Classifier<latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="BtDRWfK2TRCb+xZbOYH6I648OfA=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKzowlgk+hBtVDnuTWvVcSLbQaqi/gULAwix8jds/A1OmwFajmTp+Jx77XtPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0mfvdJ1Sax/LBzBL0IzqWPOSMGis9NgXV2l5RDas1t+4uQNaJV5AaFGgNq1+DUczSCKVh+St9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bDHxnFxYZUTCWNkjDVmovzsyGmk9iwJbGVEz0ateLv7n9VMT3vgZl0lqULLlR2EqiIlJvj4ZcYXMiJkllCluZyVsQhVlxoZUsSF4qyuvk85V3XPr3r1ba9wWcZThDM7hEjy4hgbcQQvawEDCM7zCm6OdF+fd+ViWlpyi5xT+wPn8AaTCkN8=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit>

cDi↵usion
<latexit sha1_base64="iFROrHAHqqb8kvipDv4wNTvgpU8=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnUhcsK9gFtKJPpTTt08mDmplhC/8SNC0Xc+ifu/BsnbRbaemDgcM653DvHT6TQ6DjfVmltfWNzq7xd2dnd2z+wD49aOk4VhyaPZaw6PtMgRQRNFCihkyhgoS+h7Y9vc789AaVFHD3iNAEvZMNIBIIzNFLftnsIT5jdiSBI89Csb1edmjMHXSVuQaqkQKNvf/UGMU9DiJBLpnXXdRL0MqZQcAmzSi/VkDA+ZkPoGhqxELSXzS+f0TOjDGgQK/MipHP190TGQq2noW+SIcORXvZy8T+vm2Jw7WUiSlKEiC8WBamkGNO8BjoQCjjKqSGMK2FupXzEFONoyqqYEtzlL6+S1kXNdWruw2W1flPUUSYn5JScE5dckTq5Jw3SJJxMyDN5JW9WZr1Y79bHIlqyiplj8gfW5w8/25QL</latexit><latexit sha1_base64="CtYdLD2XR+EvlJaBNOeGFoOhZ8s=">AAACHnicjVBNS8NAFHypX7V+RT16CRbBU0lE0GNRDx4VbCu0oWy2m3bpZhN2X4ol9J948OJf8SIieNJ/46bNQVsPDiwMM/N4+yZIBNfoul9WaWl5ZXWtvF7Z2Nza3rF395o6ThVlDRqLWN0HRDPBJWsgR8HuE8VIFAjWCoaXud8aMaV5LO9wnDA/In3JQ04JGqlr2x1kD5hd8TBM89Cka1fdmjuFs0i8glShwP/iXfuj04tpGjGJVBCt256boJ8RhZwKNql0Us0SQoekz9qGShIx7WfT8ybOkVF6Thgr8yQ6U/XnREYircdRYJIRwYGe93LxL6+dYnjuZ1wmKTJJZ4vCVDgYO3lXTo8rRlGMDSFUcfNXhw6IIhRNoxVzujd/6CJpntQ8t+bdnlbrF0VnZTiAQzgGD86gDtdwAw2gMIJHeIZX68l6sd6s91m0ZBUz+/AL1uc3lbWbhA==</latexit><latexit sha1_base64="CtYdLD2XR+EvlJaBNOeGFoOhZ8s=">AAACHnicjVBNS8NAFHypX7V+RT16CRbBU0lE0GNRDx4VbCu0oWy2m3bpZhN2X4ol9J948OJf8SIieNJ/46bNQVsPDiwMM/N4+yZIBNfoul9WaWl5ZXWtvF7Z2Nza3rF395o6ThVlDRqLWN0HRDPBJWsgR8HuE8VIFAjWCoaXud8aMaV5LO9wnDA/In3JQ04JGqlr2x1kD5hd8TBM89Cka1fdmjuFs0i8glShwP/iXfuj04tpGjGJVBCt256boJ8RhZwKNql0Us0SQoekz9qGShIx7WfT8ybOkVF6Thgr8yQ6U/XnREYircdRYJIRwYGe93LxL6+dYnjuZ1wmKTJJZ4vCVDgYO3lXTo8rRlGMDSFUcfNXhw6IIhRNoxVzujd/6CJpntQ8t+bdnlbrF0VnZTiAQzgGD86gDtdwAw2gMIJHeIZX68l6sd6s91m0ZBUz+/AL1uc3lbWbhA==</latexit><latexit sha1_base64="CtYdLD2XR+EvlJaBNOeGFoOhZ8s=">AAACHnicjVBNS8NAFHypX7V+RT16CRbBU0lE0GNRDx4VbCu0oWy2m3bpZhN2X4ol9J948OJf8SIieNJ/46bNQVsPDiwMM/N4+yZIBNfoul9WaWl5ZXWtvF7Z2Nza3rF395o6ThVlDRqLWN0HRDPBJWsgR8HuE8VIFAjWCoaXud8aMaV5LO9wnDA/In3JQ04JGqlr2x1kD5hd8TBM89Cka1fdmjuFs0i8glShwP/iXfuj04tpGjGJVBCt256boJ8RhZwKNql0Us0SQoekz9qGShIx7WfT8ybOkVF6Thgr8yQ6U/XnREYircdRYJIRwYGe93LxL6+dYnjuZ1wmKTJJZ4vCVDgYO3lXTo8rRlGMDSFUcfNXhw6IIhRNoxVzujd/6CJpntQ8t+bdnlbrF0VnZTiAQzgGD86gDtdwAw2gMIJHeIZX68l6sd6s91m0ZBUz+/AL1uc3lbWbhA==</latexit>

Diffusion models
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Forward diffusion process

……

Reverseautoregressivesequence

Denoising

z ⇠ N (0, 1)
<latexit sha1_base64="Q5j0fTVC6MOV4DamGV04zF8qadc=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoIGVGBF0W3biSCvYBnaFk0kwbmmSGJCPUYbZu/BU3LhRx6x+482/MtLPQ1gOBk3Pu5d57gphRpR3n2yotLa+srpXXKxubW9s79u5eW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJX7nXsiFY3EnZ7ExOdoKGhIMdJG6tvQ40iPgjB9yKCnKJ/9MWLpTVZzTtzjvl116s4UcJG4BamCAs2+/eUNIpxwIjRmSKme68TaT5HUFDOSVbxEkRjhMRqSnqECcaL8dHpJBo+MMoBhJM0TGk7V3x0p4kpNeGAq8z3VvJeL/3m9RIcXfkpFnGgi8GxQmDCoI5jHAgdUEqzZxBCEJTW7QjxCEmFtwquYENz5kxdJ+7TuOnX39qzauCziKIMDcAhqwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWnJKnr2wR9Ynz9UDplq</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

Diffusion models

Forwarddiffusionprocess

……

Reverseautoregressivesequence

Forwarddiffusionprocess

……

Reverseautoregressivesequence

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

xt
<latexit sha1_base64="tqp8HINTOCY5HpdD7wQQimie6bw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0GOKjW3Lo7B1klXkFqUKA5qH75w5ilEVfIJDWm57kJ9jOqUTDJZxU/NTyhbEJHvGepohE3/WyeeUbOrDIkYaztU0jm6u+NjEbGTKPATuYZzbKXi/95vRTD634mVJIiV2xxKEwlwZjkBZCh0JyhnFpCmRY2K2FjqilDW1PFluAtf3mVtC/qnlv37i9rjZuijjKcwCmcgwdX0IA7aEILGCTwDK/w5qTOi/PufCxGS06xcwx/4Hz+AI/skgM=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit>

xt�1
<latexit sha1_base64="8zbuOoW9K4MHgyR0X+Kp9MB01ks=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIoMuiG5cV7APaECbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuSv87pRKxWLxqGcJ9SI8EixkBGsj+bY9iLAeB2H2lPuZvnBz3647DWcOtErcktShRMu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ5vvIyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+SzmXDdRruw1W9eVvWUYUTOIVzcOEamnAPLWgDgSk8wyu8WZn1Yr1bH4vRilXuHMMfWJ8/uICTsg==</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit>

Use supervised 
learning to reverse 
the process of 
adding noise
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Forward diffusion process

……

Reverseautoregressivesequence

Diffusion models

Denoising

z ⇠ N (0, 1)
<latexit sha1_base64="Q5j0fTVC6MOV4DamGV04zF8qadc=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoIGVGBF0W3biSCvYBnaFk0kwbmmSGJCPUYbZu/BU3LhRx6x+482/MtLPQ1gOBk3Pu5d57gphRpR3n2yotLa+srpXXKxubW9s79u5eW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJX7nXsiFY3EnZ7ExOdoKGhIMdJG6tvQ40iPgjB9yKCnKJ/9MWLpTVZzTtzjvl116s4UcJG4BamCAs2+/eUNIpxwIjRmSKme68TaT5HUFDOSVbxEkRjhMRqSnqECcaL8dHpJBo+MMoBhJM0TGk7V3x0p4kpNeGAq8z3VvJeL/3m9RIcXfkpFnGgi8GxQmDCoI5jHAgdUEqzZxBCEJTW7QjxCEmFtwquYENz5kxdJ+7TuOnX39qzauCziKIMDcAhqwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWnJKnr2wR9Ynz9UDplq</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

argmin
f2F

NX

i=1

L(f(xt),xt�1)
<latexit sha1_base64="wC6rnbRLLvDZm9AdoBjp+bvJB/A="></latexit><latexit sha1_base64="c7K9yggEVCYaOAN4KhDUUWW5pp0="></latexit><latexit sha1_base64="c7K9yggEVCYaOAN4KhDUUWW5pp0="></latexit><latexit sha1_base64="c7K9yggEVCYaOAN4KhDUUWW5pp0="></latexit>

Converts generative modeling into a bunch 
of supervised prediction problems

Training data

n o
,

n o
,

…

xt
<latexit sha1_base64="tqp8HINTOCY5HpdD7wQQimie6bw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0GOKjW3Lo7B1klXkFqUKA5qH75w5ilEVfIJDWm57kJ9jOqUTDJZxU/NTyhbEJHvGepohE3/WyeeUbOrDIkYaztU0jm6u+NjEbGTKPATuYZzbKXi/95vRTD634mVJIiV2xxKEwlwZjkBZCh0JyhnFpCmRY2K2FjqilDW1PFluAtf3mVtC/qnlv37i9rjZuijjKcwCmcgwdX0IA7aEILGCTwDK/w5qTOi/PufCxGS06xcwx/4Hz+AI/skgM=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit>

xt�1
<latexit sha1_base64="8zbuOoW9K4MHgyR0X+Kp9MB01ks=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIoMuiG5cV7APaECbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuSv87pRKxWLxqGcJ9SI8EixkBGsj+bY9iLAeB2H2lPuZvnBz3647DWcOtErcktShRMu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ5vvIyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+SzmXDdRruw1W9eVvWUYUTOIVzcOEamnAPLWgDgSk8wyu8WZn1Yr1bH4vRilXuHMMfWJ8/uICTsg==</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit>

47



Diffusion models

Different noise samples (dice rolls) result in different images
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(b) (1 pt) What do you notice changes with increasing � and why does this happen?

Diffusion Models (16pt)

A diffusion process works by sequentially adding noise to a given input x0 for T timesteps.
As T approaches infinity, this process results in noise drawn from a zero-mean isotropic
Gaussian at xT . This process is depicted in Figure 3. The random variable xt conditioned
on xt�1 is distributed according to q(xt|xt�1) with the following form

q(xt|xt�1) = N (
p
↵t xt�1, �tI) where ↵t = 1� �t (3)

Figure 3: The directed graphical model for the diffusion process

Our goal is to learn a function p✓(xt�1|xt) = N (µ✓,⌃✓) that that removes the noise added
when sampling from q(xt|xt�1). While q(xt�1|xt) is not well defined, q(xt�1|xt, x0) is, and it
can be represented in closed form as follows.

q(xt�1|xt, x0) = N (µ̃(xt, x0), �̃tI) (4)

�̃t =
1� ↵̄t�1

1� ↵̄t
· �t (5)

µ̃(xt, x0) =

p
↵t(1� ↵̄t�1)

1� ↵̄t
· xt +

p
↵̄t�1�t

1� ↵̄t
· x0 (6)

where ↵t = 1 � �t and ↵̄t =
Qt

s=1 ↵s. See [Ho et al., 2020] for details. Our goal is to
minimize DKL(q(xt�1|xt, x0) k p✓(xt�1|xt)), and we can do so by minimizing the difference
between µ̃(xt, x0) and µ✓(xt).

8. (2pt) Adding two Gaussian random variables results in another Gaussian random
variable. Using this property, derive a closed form representation of the form N (·, ·)
for the Gaussian distribution of the random variable q(xt|x0) in terms of ↵̄t, xt, and
x0. Show how you arrived at your answer.
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Gaussian diffusion models
learn this

which inverts this

Reverse process: 

xt�1 ⇠ N (µ,�2)
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Diffusion Models (16pt)

A diffusion process works by sequentially adding noise to a given input x0 for T timesteps.
As T approaches infinity, this process results in noise drawn from a zero-mean isotropic
Gaussian at xT . This process is depicted in Figure 3. The random variable xt conditioned
on xt�1 is distributed according to q(xt|xt�1) with the following form

q(xt|xt�1) = N (
p
↵t xt�1, �tI) where ↵t = 1� �t (3)

Figure 3: The directed graphical model for the diffusion process

Our goal is to learn a function p✓(xt�1|xt) = N (µ✓,⌃✓) that that removes the noise added
when sampling from q(xt|xt�1). While q(xt�1|xt) is not well defined, q(xt�1|xt, x0) is, and it
can be represented in closed form as follows.

q(xt�1|xt, x0) = N (µ̃(xt, x0), �̃tI) (4)

�̃t =
1� ↵̄t�1
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↵̄t�1�t
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· x0 (6)

where ↵t = 1 � �t and ↵̄t =
Qt

s=1 ↵s. See [Ho et al., 2020] for details. Our goal is to
minimize DKL(q(xt�1|xt, x0) k p✓(xt�1|xt)), and we can do so by minimizing the difference
between µ̃(xt, x0) and µ✓(xt).

8. (2pt) Adding two Gaussian random variables results in another Gaussian random
variable. Using this property, derive a closed form representation of the form N (·, ·)
for the Gaussian distribution of the random variable q(xt|x0) in terms of ↵̄t, xt, and
x0. Show how you arrived at your answer.
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Gaussian diffusion models

Forward process: 

[Fig adapted from Ho, Jain, Abbeel, 2020]

learn this

which inverts this

Reverse process: 

The variances, beta and sigma, 
are modeling choices. See Ho, 
Jain, and Abbeel for details.

p✓(xt�1|xt) = N (f✓(xt, t),�
2)
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18 Draft of Foundations of Computer Vision by Torralba, Isola, Freeman

likely) or a scene where the actual physical structure is full of chaotic, rough textures that
happen to look like noise (if t is small this is more likely, because for small t we haven’t
added much noise to the scene yet). Algorithm 1.2 presents these steps in more formal
detail.

Algorithm 1.2: Training a diffusion model.
Algorithm 1.2: Training a

diffusion model consists
of first producing training

pairs of the form {noisy
image, less noisy image}.

Then do supervised
learning on these pairs.

1 Input: training data {x(i)}N
i=1

2 Output: trained model f✓
3 Generate training sequences via diffusion:

4 for i = 1, . . . , N do

5 for t = 1, . . . , T do

6 ✏t⇠N (0, I)
7 x(i)

t  
p

(1 – �t)x(i)
t–1 +
p

�t✏t

8

9 Train denoiser f✓ to reverse these sequences:

10 ✓⇤ = arg min✓

PN
i=1

PT
t=1 L(f✓(x(i)

t , t), x(i)
t–1))

11 Return: f✓⇤

In algorithm 1.2 we train the denoiser using a loss L, which could be the L2 distance. In
many diffusion models, f✓ is instead trained to output the parameters (mean and variance)
as a Gaussian density model fit to the data. This formulation yields useful probabilistic
interpretations (in fact, such a diffusion model can be framed as a variational autoencoder,
which we will see in chapter ??). However, diffusion models can still work well without
these nice interpretations, instead using a wide variety of prediction models for f✓ [1].

One useful trick for training diffusion models is to reparameterize the learning problem
as predicting the noise rather than the signal [6]:

f✓(xt, t) = ✏t / first predict noise (1.47)

x̂t–1 = xt + ✏t / then remove this noise (1.48)

One way to look at diffusion models is that we want to learn a mapping from pure noise
(e.g., z⇠N (0, I)) to data. It is very hard to figure out how to create structured data out
of noise, but it is easy to do the reverse, turning data into noise. So diffusion models turn
images into noise in order to create the training sequences for a process that turns noise
into data.

1.9 Generative Adversarial Networks

Autoregressive models and diffusion models sample simple distributions step by step to
build up a complex distribution. Could we instead create a system that directly, in one step,
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Reverse autoregressive sequence

Autoregressive models vs diffusion models

Forward diffusion process

… …

Reverse autoregressive sequence

Forward diffusion process
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Forward diffusion process

… …

Reverse autoregressive sequence
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Concept #3: A common strategy is to turn 
generative modeling into a sequence of 

supervised learning problems
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Generator

z

g tries to synthesize fake images that fool d 

g tries to identify the fakes

Discriminator

real or fake?

Generative Adversarial Networks (GANs)

[Goodfellow et al., 2014]
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488 Chapter 32

Although we call this an adversarial game, the discriminator is in fact helping the gener-
ator to perform better and better, by pointing out its current errors (we call it an adversary
because it tries to point out errors). You can think of the generator as a student taking a
painting class and the discriminator as the teacher. The student is trying to produce new
paintings that match the quality and style of the teacher. At first the student paints flat
landscapes that lack shading and the illusion of depth; the teacher gives feedback: “This
mountain is not well shaded; it looks 2D.” So the student improves and corrects the error,
adding haze and shadows to the mountain. The teacher is pleased but now points out a
different error: “The trees all look identical; there is not enough variety.” The teacher and
student continue on in this fashion until the student has succeeded at satisfying the teacher.
Eventually, in theory, the student—the generator—produces paintings that are just as good
as the teacher’s paintings.

This objective may be easier to understand if we think of the objectives for g✓ and d�

separately. Given a particular generator g✓, d� tries to maximize its ability to discrimi-
nate between real and synthetic images (synthetic images are anything output by g✓). The
objective of d� is logistic regression between a set of real data {x(i)}N

i=1 and synthetic data
{x̂(i)}N

i=1, where x̂(i) = g✓(z(i)).
Let the optimal discriminator be labeled d⇤

�. Then we have,

d⇤
� = arg max

�
Ex⇠pdata [log d�(x)] + Ez⇠pz [log(1 – d�(g✓(z)))] (32.50)

Now we turn to g✓’s perspective. Given d⇤
�, g✓ tries to solve the following problem:

arg min
✓

Ez⇠pz [log(1 – d⇤
�(g✓(z)))] (32.51)

Now, because the optimal discriminator d⇤
� depends on the current behavior of g✓, as soon

as we change g✓, updating it to better fool d⇤
�, then d⇤

� no longer is the optimal discriminator
and we need to again solve problem in equation (32.50). To optimize a GAN, we simply
alternate between taking one gradient step on the objective in equation (32.51) and then K
gradient steps on the objective in equation (32.50), where the larger the K, the closer we
are to approximating the true d⇤

✓ . In practice, setting K = 1 is often sufficient.

32.9.1 GANs are Statistical Image Models
GANs are related to the image and texture models we saw in chapters 27 and 28. For
example, in the Heeger-Bergen model (section 28.3; [202]), we synthesize images with
the same statistics as a source texture. This can be phrased as an optimization problem in
which we optimize image pixels until certain statistics of the images match those same
statistics measured on a source (training) image. In the Heeger-Bergen model the objective
is to match subband histograms. In the language of GANs, the loss that checks for such
a match is a kind of discriminator; it outputs a score related to the difference between a
generated image’s statistics and the real image’s statistics. However, unlike a GAN, this
discriminator is hand-defined in terms of certain statistics of interest rather than learned.
Additionally, GANs amortize the optimization via learning. That is, GANs learn a mapping

z fake (0.1)

real (0.9)
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488 Chapter 32

Although we call this an adversarial game, the discriminator is in fact helping the gener-
ator to perform better and better, by pointing out its current errors (we call it an adversary
because it tries to point out errors). You can think of the generator as a student taking a
painting class and the discriminator as the teacher. The student is trying to produce new
paintings that match the quality and style of the teacher. At first the student paints flat
landscapes that lack shading and the illusion of depth; the teacher gives feedback: “This
mountain is not well shaded; it looks 2D.” So the student improves and corrects the error,
adding haze and shadows to the mountain. The teacher is pleased but now points out a
different error: “The trees all look identical; there is not enough variety.” The teacher and
student continue on in this fashion until the student has succeeded at satisfying the teacher.
Eventually, in theory, the student—the generator—produces paintings that are just as good
as the teacher’s paintings.

This objective may be easier to understand if we think of the objectives for g✓ and d�

separately. Given a particular generator g✓, d� tries to maximize its ability to discrimi-
nate between real and synthetic images (synthetic images are anything output by g✓). The
objective of d� is logistic regression between a set of real data {x(i)}N

i=1 and synthetic data
{x̂(i)}N

i=1, where x̂(i) = g✓(z(i)).
Let the optimal discriminator be labeled d⇤

�. Then we have,

d⇤
� = arg max

�
Ex⇠pdata [log d�(x)] + Ez⇠pz [log(1 – d�(g✓(z)))] (32.50)

Now we turn to g✓’s perspective. Given d⇤
�, g✓ tries to solve the following problem:

arg min
✓

Ez⇠pz [log(1 – d⇤
�(g✓(z)))] (32.51)

Now, because the optimal discriminator d⇤
� depends on the current behavior of g✓, as soon

as we change g✓, updating it to better fool d⇤
�, then d⇤

� no longer is the optimal discriminator
and we need to again solve problem in equation (32.50). To optimize a GAN, we simply
alternate between taking one gradient step on the objective in equation (32.51) and then K
gradient steps on the objective in equation (32.50), where the larger the K, the closer we
are to approximating the true d⇤

✓ . In practice, setting K = 1 is often sufficient.

32.9.1 GANs are Statistical Image Models
GANs are related to the image and texture models we saw in chapters 27 and 28. For
example, in the Heeger-Bergen model (section 28.3; [202]), we synthesize images with
the same statistics as a source texture. This can be phrased as an optimization problem in
which we optimize image pixels until certain statistics of the images match those same
statistics measured on a source (training) image. In the Heeger-Bergen model the objective
is to match subband histograms. In the language of GANs, the loss that checks for such
a match is a kind of discriminator; it outputs a score related to the difference between a
generated image’s statistics and the real image’s statistics. However, unlike a GAN, this
discriminator is hand-defined in terms of certain statistics of interest rather than learned.
Additionally, GANs amortize the optimization via learning. That is, GANs learn a mapping
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Although we call this an adversarial game, the discriminator is in fact helping the gener-
ator to perform better and better, by pointing out its current errors (we call it an adversary
because it tries to point out errors). You can think of the generator as a student taking a
painting class and the discriminator as the teacher. The student is trying to produce new
paintings that match the quality and style of the teacher. At first the student paints flat
landscapes that lack shading and the illusion of depth; the teacher gives feedback: “This
mountain is not well shaded; it looks 2D.” So the student improves and corrects the error,
adding haze and shadows to the mountain. The teacher is pleased but now points out a
different error: “The trees all look identical; there is not enough variety.” The teacher and
student continue on in this fashion until the student has succeeded at satisfying the teacher.
Eventually, in theory, the student—the generator—produces paintings that are just as good
as the teacher’s paintings.

This objective may be easier to understand if we think of the objectives for g✓ and d�

separately. Given a particular generator g✓, d� tries to maximize its ability to discrimi-
nate between real and synthetic images (synthetic images are anything output by g✓). The
objective of d� is logistic regression between a set of real data {x(i)}N

i=1 and synthetic data
{x̂(i)}N

i=1, where x̂(i) = g✓(z(i)).
Let the optimal discriminator be labeled d⇤

�. Then we have,

d⇤
� = arg max

�
Ex⇠pdata [log d�(x)] + Ez⇠pz [log(1 – d�(g✓(z)))] (32.50)

Now we turn to g✓’s perspective. Given d⇤
�, g✓ tries to solve the following problem:

arg min
✓

Ez⇠pz [log(1 – d⇤
�(g✓(z)))] (32.51)

Now, because the optimal discriminator d⇤
� depends on the current behavior of g✓, as soon

as we change g✓, updating it to better fool d⇤
�, then d⇤

� no longer is the optimal discriminator
and we need to again solve problem in equation (32.50). To optimize a GAN, we simply
alternate between taking one gradient step on the objective in equation (32.51) and then K
gradient steps on the objective in equation (32.50), where the larger the K, the closer we
are to approximating the true d⇤

✓ . In practice, setting K = 1 is often sufficient.

32.9.1 GANs are Statistical Image Models
GANs are related to the image and texture models we saw in chapters 27 and 28. For
example, in the Heeger-Bergen model (section 28.3; [202]), we synthesize images with
the same statistics as a source texture. This can be phrased as an optimization problem in
which we optimize image pixels until certain statistics of the images match those same
statistics measured on a source (training) image. In the Heeger-Bergen model the objective
is to match subband histograms. In the language of GANs, the loss that checks for such
a match is a kind of discriminator; it outputs a score related to the difference between a
generated image’s statistics and the real image’s statistics. However, unlike a GAN, this
discriminator is hand-defined in terms of certain statistics of interest rather than learned.
Additionally, GANs amortize the optimization via learning. That is, GANs learn a mapping
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Generative Models 487

of noise, but it is easy to do the reverse, turning data into noise. So diffusion models turn
images into noise in order to create the training sequences for a process that turns noise
into data.

32.9 Generative Adversarial Networks
Autoregressive models and diffusion models sample simple distributions step by step to
build up a complex distribution. Could we instead create a system that directly, in one step,
outputs samples from the complex distribution. It turns out we can, and one model that does
this is the generative adversarial network (GAN), which was introduced by [168].

Recall that the goal of generative modeling is to make synthetic data that looks like
real data. We stated previously that there are many different ways to measure “looks like”
and each leads to a different kind of generative model. GANs take a very direct and intu-
itive approach: synthetic data looks like real data if a classifier cannot distinguish between
synthetic images and real images.

GANs consist of two neural networks, the generator, g✓ : Z ! X , which synthesizes
data from noise, and a discriminator, d� : X ! 1, which tries to classify between
synthesized data and real data.

Notice that d� has a form
similar to an energy
function, but, unlike
energy functions, d� is
not, in general,
interpretable as an
unnormalized probability
density. Nonetheless, we
can roughly think of a
GAN as a type of
energy-based generative
model where we train
another network g✓ to
directly sample from the
energy function rather
than relying on MCMC to
sample from the energy
function.

The g✓ and d� play an adversarial game in which g✓ tries to become better and better
at generating synthetic images while d� tries to become better and better at detecting any
errors g✓ is making. The learning problem can be written as a minimax game:

arg min
✓

max
�

Ex⇠pdata [log d�(x)] + Ez⇠pz [log(1 – d�(g✓(z)))] (32.49)

Schematically, the generator synthesizes images that are then fed as input to the discrim-
inator. The discriminator tries to assign a high score to generated images (classifying them
as synthetic) and a low score to real images from some training set (classifying them as
real), as shown in figure 32.16.
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Figure 32.16: Archi-
tecture of a GAN being
trained to generate images
of flamingos. The syn-
thetic image in this
example is generated by
BigGAN [61]. Notice
the artifacts in the syn-
thetic image; after more
training, the discriminator
could pick up on these
and tell the generator to
correct them.
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• Training: iterate between training d and g with backprop.

• Global optimum when g reproduces data distribution.

GANs — Training

g tries to synthesize fake images that fool d 

d tries to identify the fakes

real or fake?z

[Goodfellow et al., 2014]
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