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Markov Decision Process

5

< S , A , C , 𝒯 >
A mathematical framework for modeling sequential decision making



How do we estimate state?
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< S , A , C , 𝒯 >
A mathematical framework for modeling sequential decision making
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Self-driving
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:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"

How does a robot build up state?

©2021 | Aurora Proprietary
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:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"
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:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"
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:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"
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$FWLRQV�
�� :KLFK�VORW�VKRXOG�WKH�$9�WDNH"�
�� +RZ�VKRXOG�WKH�$9�H[HFXWH�WKDW�PDQHXYHU"
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st st+1 st+2at at+1

:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"

pose 
(x, y, ψ)

vel 
( ·x, ·y, ·ψ)

:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"

type 
(pedestrian, car, cyclist)

But we do not observe 
these directly!
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st st+1 st+2at at+1

:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"

pose 
(x, y, ψ)

vel 
( ·x, ·y, ·ψ)

:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"

type 
(pedestrian, car, cyclist)

zt zt+1 zt+2

$FWLRQV�
�� :KLFK�VORW�VKRXOG�WKH�$9�WDNH"�
�� +RZ�VKRXOG�WKH�$9�H[HFXWH�WKDW�PDQHXYHU":KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"

:KDW�PDNHV�XS�ŗVWDWHŘ�DQG�ŗDFWLRQŘ�LQ�WKH�XWLOLW\�IXQFWLRQ"

camera

lidar

Estimate state from  
observations



stzt

Learning a state representation
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Goal: Learn a state representation

P(st |zt, zt−1, zt−2, …)
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Another example: Manipulation

P(st |zt, zt−1, zt−2, …)

Lecture 10Silvio Savarese & Jeannette Bohg 

Manuel Wühtrich et al.  “Probabilistic Object Tracking using a Depth Camera”, IROS 2013

x: 6 DoF Object Pose, wether pixels are occluded
z: Dense Depth Images

Representations for Manipulation

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition 

What is observation  ?zt

What is state  ?st
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Another example: Manipulation

P(st |zt, zt−1, zt−2, …)

Lecture 10Silvio Savarese & Jeannette Bohg 

Manuel Wühtrich et al.  “Probabilistic Object Tracking using a Depth Camera”, IROS 2013

x: 6 DoF Object Pose, wether pixels are occluded
z: Dense Depth Images

Representations for Manipulation

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition 

What is observation  ?zt

What is state  ?st

RGB Image + Depth (Kinect)

6D Pose of the object



Today’s Class
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What is a visual representation?  
What makes for a good representation?

How do we learn a visual representation?

How do we train a representation by 
unsupervised learning and self-supervised learning?



Today’s Class
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What is a visual representation?  
What makes for a good representation?

How do we learn a visual representation?

How do we train a representation by 
unsupervised learning and self-supervised learning?



[Intraub & Richardson, 1989]
[Bartlett, 1932]

Observed image Drawn from memory

From MIT 6.8300/6.8301: Advances in Computer Vision



Image

X
“Coral”

“Fish”

Compact mental 
representation

Representation learning

From MIT 6.8300/6.8301: Advances in Computer Vision



Activity!



Think-Pair-Share!

24

Think (30 sec): What makes a representation good?

Pair: Find a partner 

Share (45 sec): Partners exchange  
       ideas 

“Coral”

“Fish”



Representation learning
Good representations are: 

1. Compact (minimal) 

2. Explanatory (sufficient) 

3. Disentangled (independent factors) 

4. Hierarchical (feature reuse) 

5. Make subsequent problem solving easy
[See “Representation Learning”, Bengio 2013, for more commentary]

“Coral”

“Fish”

From MIT 6.8300/6.8301: Advances in Computer Vision



Feature extractors

Edges

Texture

Colors

Segments

Parts
“clown fish”

Classifier

Traditional CV Pipeline

From MIT 6.8300/6.8301: Advances in Computer Vision



Can there be more than 
one representation that is 

useful?

27



Exercise: Let’s think about cats!
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Lecture 10Silvio Savarese & Jeannette Bohg 

Represent these cats with a cat 
detector!

15-Feb-2330

Example from CS331B: Representation Learning in Computer Vision

Represent these cats with a cat detector

29From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition 
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Lecture 10Silvio Savarese & Jeannette Bohg 

Represent these cats with a cat 
detector! (II)

15-Feb-2331

Example from CS331B: Representation Learning in Computer Vision

Represent these cats with a cat detector (II)

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition 
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Lecture 10Silvio Savarese & Jeannette Bohg 

Represent these cats with a cat 
detector! (II)

15-Feb-2332

Example from CS331B: Representation Learning in Computer Vision

Represent these cats with a cat detector (II)

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition 



32

Represent these cats with a cat detector (III)

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition 

Lecture 10Silvio Savarese & Jeannette Bohg 

Represent these cats with a cat 
detector! (III)

15-Feb-2333

Example from CS331B: Representation Learning in Computer Vision



Lecture 10Silvio Savarese & Jeannette Bohg 

Represent these cats with a cat 
detector! (III)

15-Feb-2333

Example from CS331B: Representation Learning in Computer Vision
33

Represent these cats with a cat detector (III)

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition 
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Represent these cats with a cat detector (IV)

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition Lecture 10Silvio Savarese & Jeannette Bohg 

Represent these cats with a cat 
detector! (IV)

15-Feb-2334

Example from CS331B: Representation Learning in Computer Vision
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Summary of representations

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition Lecture 10Silvio Savarese & Jeannette Bohg 

Summary of Traditional Components

15-Feb-2335

Color 
Histograms

Deformable 
Part based 

Models 
(DPM)

Histogram of 
Gradients
(HOG)

Model 
based 
Shapes

Felzenszwalb et al. 2010.
Dalal and Triggs, 2005.
Beis and Lowe, 1997.

Example from CS331B: Representation Learning in Computer Vision



Feature extractors

Edges

Texture

Colors

Segments

Parts
“clown fish”

Classifier

Traditional CV Pipeline

From MIT 6.8300/6.8301: Advances in Computer VisionLecture 10Silvio Savarese & Jeannette Bohg 

Summary of Traditional Components

15-Feb-2335

Color 
Histograms

Deformable 
Part based 

Models 
(DPM)

Histogram of 
Gradients
(HOG)

Model 
based 
Shapes

Felzenszwalb et al. 2010.
Dalal and Triggs, 2005.
Beis and Lowe, 1997.

Example from CS331B: Representation Learning in Computer Vision



Learned CV Pipeline

37Lecture 10Silvio Savarese & Jeannette Bohg 

Learned CV Pipeline

15-Feb-2337

Example from Advances in Computer Vision – MIT – 6.869/6.819

From MIT 6.8300/6.8301: Advances in Computer Vision
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What is a visual representation?  
What makes for a good representation?

How do we learn a visual representation?

How do we train a representation by 
unsupervised learning and self-supervised learning?
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What is a visual representation?  
What makes for a good representation?

How do we learn a visual representation?

How do we train a representation by 
unsupervised learning and self-supervised learning?
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Convolutional Neural Network



41https://www.youtube.com/watch?v=KuXjwB4LzSA&t=738sVideo from ThreeBlue1Brown:



42https://www.youtube.com/watch?v=KuXjwB4LzSA&t=738sVideo from ThreeBlue1Brown:



Training a  
CNN Classifier

43

https://pytorch.org/tutorials/
beginner/blitz/cifar10_tutorial.html



CIFAR-10 Dataset
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CIFAR-10 Dataset

45

0.0

0.1

0.0

0

0.07

0.01

0.0

0.01

0.8

0.01
Truck!

Output: Class Probabilities

Input: Image
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Model Architecture

3x32x32

Input: 
Image

Output: 
Logits for class 

(1-10)
classes = ('plane', 'car', 'bird', 'cat', 

           'deer', 'dog', 'frog', 'horse', 'ship', 'truck') 



3x32x32
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Model Architecture
class Net(nn.Module): 
    def __init__(self): 
        super().__init__() 



3x32x32
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Model Architecture
class Net(nn.Module): 
    def __init__(self): 
        super().__init__() 
        self.conv1 = nn.Conv2d(3, 6, 5) 

Input 
Channel Output 

Channel

Kernel 
Size



3x32x32
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Model Architecture
class Net(nn.Module): 
    def __init__(self): 
        super().__init__() 
        self.conv1 = nn.Conv2d(3, 6, 5) 
        self.pool = nn.MaxPool2d(2, 2) 

Kernel 
Size
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Model Architecture
class Net(nn.Module): 
    def __init__(self): 
        super().__init__() 
        self.conv1 = nn.Conv2d(3, 6, 5) 
        self.pool = nn.MaxPool2d(2, 2) 
        self.conv2 = nn.Conv2d(6, 16, 5) 

Input 
Channel

Output 
Channel

Kernel 
Size
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Model Architecture
class Net(nn.Module): 
    def __init__(self): 
        super().__init__() 
        self.conv1 = nn.Conv2d(3, 6, 5) 
        self.pool = nn.MaxPool2d(2, 2) 
        self.conv2 = nn.Conv2d(6, 16, 5) 
        self.fc1 = nn.Linear(16 * 5 * 5,  
                                  120) 
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Model Architecture
class Net(nn.Module): 
    def __init__(self): 
        super().__init__() 
        self.conv1 = nn.Conv2d(3, 6, 5) 
        self.pool = nn.MaxPool2d(2, 2) 
        self.conv2 = nn.Conv2d(6, 16, 5) 
        self.fc1 = nn.Linear(16 * 5 * 5,  
                                  120) 
        self.fc2 = nn.Linear(120, 84) 
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Model Architecture
class Net(nn.Module): 
    def __init__(self): 
        super().__init__() 
        self.conv1 = nn.Conv2d(3, 6, 5) 
        self.pool = nn.MaxPool2d(2, 2) 
        self.conv2 = nn.Conv2d(6, 16, 5) 
        self.fc1 = nn.Linear(16 * 5 * 5,  
                                  120) 
        self.fc2 = nn.Linear(120, 84) 

self.fc3 = nn.Linear(84, 10) 



Go through rest of the tutorial, 
train a classifier, and try to improve 

accuracy 
(Hint: Increase the width of the 

network)

https://pytorch.org/tutorials/
beginner/blitz/cifar10_tutorial.html



[Zeiler and Fergus, 2014]
Visualizing and Understanding CNNs

Gabor-like filters learned by layer 1 Image patches that activate each of the 
layer 1 filters most strongly

From MIT 6.8300/6.8301: Advances in Computer Vision



[Zeiler and Fergus, 2014]

Image patches that activate 
several of the layer 2 
neurons most strongly

From MIT 6.8300/6.8301: Advances in Computer Vision



[Zeiler and Fergus, 2014]

Image patches that activate 
several of the layer 3 
neurons most strongly

From MIT 6.8300/6.8301: Advances in Computer 
Vision



[Zeiler and Fergus, 2014]

Image patches that activate 
several of the layer 4 
neurons most strongly

From MIT 6.8300/6.8301: Advances in Computer Vision



[Zeiler and Fergus, 2014]

Image patches that activate 
several of the layer 5 
neurons most strongly

From MIT 6.8300/6.8301: Advances in Computer Vision



CNNs learned  the classical visual recognition pipeline!

Edges

Texture

Colors

Segments

Parts
“clown fish”

From MIT 6.8300/6.8301: Advances in Computer Vision



Today’s Class
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What is a visual representation?  
What makes for a good representation?

How do we learn a visual representation?

How do we train a representation by 
unsupervised learning and self-supervised learning?
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What is a visual representation?  
What makes for a good representation?

How do we learn a visual representation?

How do we train a representation by 
unsupervised learning and self-supervised learning?



Supervised object recognition

“Fish”

label Y

Learner

image X
From MIT 6.8300/6.8301: Advances in Computer Vision



Supervised object recognition

Learner

image X

“Fish”

label Y
From MIT 6.8300/6.8301: Advances in Computer Vision



Supervised object recognition

Learner

image X

“Fish”

label Y
From MIT 6.8300/6.8301: Advances in Computer Vision



Supervised object recognition

…

Learner

image X

“Duck”

label Y
From MIT 6.8300/6.8301: Advances in Computer Vision
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The real world is not labeled!

Imagine a robot 
having to clean this 

kitchen.  

How does it learn 
about all the objects 

in the scene?



Supervised computer 
vision Vision in nature

Hand-curated training data 
+ Informative 
- Expensive 
- Limited to teacher’s knowledge 

 Raw unlabeled training data 
+ Cheap 
- Noisy 
- Harder to interpret

From MIT 6.8300/6.8301: Advances in Computer Vision
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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>

Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

Learning from labels 

· · ·<latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit>

{x(1), y(1)}
<latexit sha1_base64="t8+C2pPyvQHVqRFqJjc+I8oy0f0=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiVJCSiKDLohuXFewFmlgm00k7dHJhZiLGEHwVNy4Ucet7uPNtnLZZaOsPAx//OYdz5vdizqSyrG9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y2uxvX2PRWSReGtSmPqBngQMp8RrLTVM/ed7OEuq9rH+QlKp+DkPbNi1ayJ0DzYBVSgUKNnfjn9iCQBDRXhWMqubcXKzbBQjHCal51E0hiTER7QrsYQB1S62eT6HB1pp4/8SOgXKjRxf09kOJAyDTzdGWA1lLO1sflfrZso/8LNWBgnioZkushPOFIRGkeB+kxQoniqARPB9K2IDLHAROnAyjoEe/bL89A6rdlWzb45q9QvizhKcACHUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PaeuCUczswR8Znz+tkpQQ</latexit><latexit sha1_base64="t8+C2pPyvQHVqRFqJjc+I8oy0f0=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiVJCSiKDLohuXFewFmlgm00k7dHJhZiLGEHwVNy4Ucet7uPNtnLZZaOsPAx//OYdz5vdizqSyrG9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y2uxvX2PRWSReGtSmPqBngQMp8RrLTVM/ed7OEuq9rH+QlKp+DkPbNi1ayJ0DzYBVSgUKNnfjn9iCQBDRXhWMqubcXKzbBQjHCal51E0hiTER7QrsYQB1S62eT6HB1pp4/8SOgXKjRxf09kOJAyDTzdGWA1lLO1sflfrZso/8LNWBgnioZkushPOFIRGkeB+kxQoniqARPB9K2IDLHAROnAyjoEe/bL89A6rdlWzb45q9QvizhKcACHUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PaeuCUczswR8Znz+tkpQQ</latexit><latexit sha1_base64="t8+C2pPyvQHVqRFqJjc+I8oy0f0=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiVJCSiKDLohuXFewFmlgm00k7dHJhZiLGEHwVNy4Ucet7uPNtnLZZaOsPAx//OYdz5vdizqSyrG9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y2uxvX2PRWSReGtSmPqBngQMp8RrLTVM/ed7OEuq9rH+QlKp+DkPbNi1ayJ0DzYBVSgUKNnfjn9iCQBDRXhWMqubcXKzbBQjHCal51E0hiTER7QrsYQB1S62eT6HB1pp4/8SOgXKjRxf09kOJAyDTzdGWA1lLO1sflfrZso/8LNWBgnioZkushPOFIRGkeB+kxQoniqARPB9K2IDLHAROnAyjoEe/bL89A6rdlWzb45q9QvizhKcACHUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PaeuCUczswR8Znz+tkpQQ</latexit><latexit sha1_base64="t8+C2pPyvQHVqRFqJjc+I8oy0f0=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiVJCSiKDLohuXFewFmlgm00k7dHJhZiLGEHwVNy4Ucet7uPNtnLZZaOsPAx//OYdz5vdizqSyrG9jYXFpeWW1tFZe39jc2jZ3dlsySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y2uxvX2PRWSReGtSmPqBngQMp8RrLTVM/ed7OEuq9rH+QlKp+DkPbNi1ayJ0DzYBVSgUKNnfjn9iCQBDRXhWMqubcXKzbBQjHCal51E0hiTER7QrsYQB1S62eT6HB1pp4/8SOgXKjRxf09kOJAyDTzdGWA1lLO1sflfrZso/8LNWBgnioZkushPOFIRGkeB+kxQoniqARPB9K2IDLHAROnAyjoEe/bL89A6rdlWzb45q9QvizhKcACHUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PaeuCUczswR8Znz+tkpQQ</latexit>

{x(2), y(2)}
<latexit sha1_base64="sSDo5/puO+OB63PaUuzqsxZLw+g=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoYKUpAi6LLpxWcFeoIllMp20QycXZiZiDMFXceNCEbe+hzvfxulloa0/DHz85xzOmd+LOZPKsr6NwtLyyupacb20sbm1vWPu7rVklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xtdjevteyoki8JblcbUDfAgZD4jWGmrZx442cNdVqmd5KconYKT98yyVbUmQotgz6AMMzV65pfTj0gS0FARjqXs2las3AwLxQineclJJI0xGeEB7WoMcUClm02uz9GxdvrIj4R+oUIT9/dEhgMp08DTnQFWQzlfG5v/1bqJ8i/cjIVxomhIpov8hCMVoXEUqM8EJYqnGjARTN+KyBALTJQOrKRDsOe/vAitWtW2qvbNWbl+OYujCIdwBBWw4RzqcA0NaAKBR3iGV3gznowX4934mLYWjNnMPvyR8fkDsKuUEg==</latexit><latexit sha1_base64="sSDo5/puO+OB63PaUuzqsxZLw+g=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoYKUpAi6LLpxWcFeoIllMp20QycXZiZiDMFXceNCEbe+hzvfxulloa0/DHz85xzOmd+LOZPKsr6NwtLyyupacb20sbm1vWPu7rVklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xtdjevteyoki8JblcbUDfAgZD4jWGmrZx442cNdVqmd5KconYKT98yyVbUmQotgz6AMMzV65pfTj0gS0FARjqXs2las3AwLxQineclJJI0xGeEB7WoMcUClm02uz9GxdvrIj4R+oUIT9/dEhgMp08DTnQFWQzlfG5v/1bqJ8i/cjIVxomhIpov8hCMVoXEUqM8EJYqnGjARTN+KyBALTJQOrKRDsOe/vAitWtW2qvbNWbl+OYujCIdwBBWw4RzqcA0NaAKBR3iGV3gznowX4934mLYWjNnMPvyR8fkDsKuUEg==</latexit><latexit sha1_base64="sSDo5/puO+OB63PaUuzqsxZLw+g=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoYKUpAi6LLpxWcFeoIllMp20QycXZiZiDMFXceNCEbe+hzvfxulloa0/DHz85xzOmd+LOZPKsr6NwtLyyupacb20sbm1vWPu7rVklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xtdjevteyoki8JblcbUDfAgZD4jWGmrZx442cNdVqmd5KconYKT98yyVbUmQotgz6AMMzV65pfTj0gS0FARjqXs2las3AwLxQineclJJI0xGeEB7WoMcUClm02uz9GxdvrIj4R+oUIT9/dEhgMp08DTnQFWQzlfG5v/1bqJ8i/cjIVxomhIpov8hCMVoXEUqM8EJYqnGjARTN+KyBALTJQOrKRDsOe/vAitWtW2qvbNWbl+OYujCIdwBBWw4RzqcA0NaAKBR3iGV3gznowX4934mLYWjNnMPvyR8fkDsKuUEg==</latexit><latexit sha1_base64="sSDo5/puO+OB63PaUuzqsxZLw+g=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoYKUpAi6LLpxWcFeoIllMp20QycXZiZiDMFXceNCEbe+hzvfxulloa0/DHz85xzOmd+LOZPKsr6NwtLyyupacb20sbm1vWPu7rVklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xtdjevteyoki8JblcbUDfAgZD4jWGmrZx442cNdVqmd5KconYKT98yyVbUmQotgz6AMMzV65pfTj0gS0FARjqXs2las3AwLxQineclJJI0xGeEB7WoMcUClm02uz9GxdvrIj4R+oUIT9/dEhgMp08DTnQFWQzlfG5v/1bqJ8i/cjIVxomhIpov8hCMVoXEUqM8EJYqnGjARTN+KyBALTJQOrKRDsOe/vAitWtW2qvbNWbl+OYujCIdwBBWw4RzqcA0NaAKBR3iGV3gznowX4934mLYWjNnMPvyR8fkDsKuUEg==</latexit>

{x(3), y(3)}
<latexit sha1_base64="/I7hcX6fqvW2XLxx2lLrYyaZY6w=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoYKURAVdFt24rGAv0MQymU7aoZMLMxOxhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM78XcyaVZX0bhYXFpeWV4mppbX1jc8vc3mnKKBGENkjEI9H2sKSchbShmOK0HQuKA4/Tlje8Gtdb91RIFoW3ahRTN8D9kPmMYKWtrrnnpA93aeX0KDtGoyk4WdcsW1VrIjQPdg5lyFXvml9OLyJJQENFOJayY1uxclMsFCOcZiUnkTTGZIj7tKMxxAGVbjq5PkOH2ukhPxL6hQpN3N8TKQ6kHAWe7gywGsjZ2tj8r9ZJlH/hpiyME0VDMl3kJxypCI2jQD0mKFF8pAETwfStiAywwETpwEo6BHv2y/PQPKnaVtW+OSvXLvM4irAPB1ABG86hBtdQhwYQeIRneIU348l4Md6Nj2lrwchnduGPjM8fs8SUFA==</latexit><latexit sha1_base64="/I7hcX6fqvW2XLxx2lLrYyaZY6w=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoYKURAVdFt24rGAv0MQymU7aoZMLMxOxhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM78XcyaVZX0bhYXFpeWV4mppbX1jc8vc3mnKKBGENkjEI9H2sKSchbShmOK0HQuKA4/Tlje8Gtdb91RIFoW3ahRTN8D9kPmMYKWtrrnnpA93aeX0KDtGoyk4WdcsW1VrIjQPdg5lyFXvml9OLyJJQENFOJayY1uxclMsFCOcZiUnkTTGZIj7tKMxxAGVbjq5PkOH2ukhPxL6hQpN3N8TKQ6kHAWe7gywGsjZ2tj8r9ZJlH/hpiyME0VDMl3kJxypCI2jQD0mKFF8pAETwfStiAywwETpwEo6BHv2y/PQPKnaVtW+OSvXLvM4irAPB1ABG86hBtdQhwYQeIRneIU348l4Md6Nj2lrwchnduGPjM8fs8SUFA==</latexit><latexit sha1_base64="/I7hcX6fqvW2XLxx2lLrYyaZY6w=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoYKURAVdFt24rGAv0MQymU7aoZMLMxOxhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM78XcyaVZX0bhYXFpeWV4mppbX1jc8vc3mnKKBGENkjEI9H2sKSchbShmOK0HQuKA4/Tlje8Gtdb91RIFoW3ahRTN8D9kPmMYKWtrrnnpA93aeX0KDtGoyk4WdcsW1VrIjQPdg5lyFXvml9OLyJJQENFOJayY1uxclMsFCOcZiUnkTTGZIj7tKMxxAGVbjq5PkOH2ukhPxL6hQpN3N8TKQ6kHAWe7gywGsjZ2tj8r9ZJlH/hpiyME0VDMl3kJxypCI2jQD0mKFF8pAETwfStiAywwETpwEo6BHv2y/PQPKnaVtW+OSvXLvM4irAPB1ABG86hBtdQhwYQeIRneIU348l4Md6Nj2lrwchnduGPjM8fs8SUFA==</latexit><latexit sha1_base64="/I7hcX6fqvW2XLxx2lLrYyaZY6w=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWoYKURAVdFt24rGAv0MQymU7aoZMLMxOxhuCruHGhiFvfw51v47TNQlt/GPj4zzmcM78XcyaVZX0bhYXFpeWV4mppbX1jc8vc3mnKKBGENkjEI9H2sKSchbShmOK0HQuKA4/Tlje8Gtdb91RIFoW3ahRTN8D9kPmMYKWtrrnnpA93aeX0KDtGoyk4WdcsW1VrIjQPdg5lyFXvml9OLyJJQENFOJayY1uxclMsFCOcZiUnkTTGZIj7tKMxxAGVbjq5PkOH2ukhPxL6hQpN3N8TKQ6kHAWe7gywGsjZ2tj8r9ZJlH/hpiyME0VDMl3kJxypCI2jQD0mKFF8pAETwfStiAywwETpwEo6BHv2y/PQPKnaVtW+OSvXLvM4irAPB1ABG86hBtdQhwYQeIRneIU348l4Md6Nj2lrwchnduGPjM8fs8SUFA==</latexit>

f : X ! Y
<latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit>

(aka supervised learning)

f⇤ = argmin
f2F

NX

i=1

L(f(x(i)),y(i))
<latexit sha1_base64="oV5vmbOt97l54yrootkln6fwJQ0="></latexit><latexit sha1_base64="oV5vmbOt97l54yrootkln6fwJQ0="></latexit><latexit sha1_base64="oV5vmbOt97l54yrootkln6fwJQ0="></latexit><latexit sha1_base64="oV5vmbOt97l54yrootkln6fwJQ0="></latexit>

From MIT 6.8300/6.8301: Advances in Computer Vision



!
<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>

!
<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>

Learning without labels 

· · ·<latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit>

(includes unsupervised learning and reinforcement learning)

Data
<latexit sha1_base64="JBVYqSF/rw/LYNw7geXAXdbqckU=">AAACP3icfZDPSsNAEMY3/jf+q3r0EiyCiJSkFz0W9eBFVLBWaIpMttN2cbMJuxOxhL6CV30dH8Mn8CZevbmpFdSKAws/vvl2d+aLUikM+f6zMzE5NT0zOzfvLiwuLa+UVtcuTZJpjnWeyERfRWBQCoV1EiTxKtUIcSSxEd0cFv3GLWojEnVB/RRbMXSV6AgOVEhHQHBdKvsVf1jeOAQjKLNRnV2vOlthO+FZjIq4BGOagZ9SKwdNgkscuGFmMAV+A11sWlQQo2nlw2EH3pZV2l4n0fYo8obq9xs5xMb048g6Y6Ce+d0rxL96zYw6+61cqDQjVPzzo04mPUq8YnOvLTRykn0LwLWws3q8Bxo42XxcNzxCu4zGE/vwaYoaKNE7eQi6G8PdwC7XDXcL+s8o1JfRkmuDDX7HOA6X1UrgV4Lzarl2MIp4jm2wTbbNArbHauyYnbE646zH7tkDe3SenBfn1Xn7tE44ozvr7Ec57x+LjK7t</latexit><latexit sha1_base64="JBVYqSF/rw/LYNw7geXAXdbqckU=">AAACP3icfZDPSsNAEMY3/jf+q3r0EiyCiJSkFz0W9eBFVLBWaIpMttN2cbMJuxOxhL6CV30dH8Mn8CZevbmpFdSKAws/vvl2d+aLUikM+f6zMzE5NT0zOzfvLiwuLa+UVtcuTZJpjnWeyERfRWBQCoV1EiTxKtUIcSSxEd0cFv3GLWojEnVB/RRbMXSV6AgOVEhHQHBdKvsVf1jeOAQjKLNRnV2vOlthO+FZjIq4BGOagZ9SKwdNgkscuGFmMAV+A11sWlQQo2nlw2EH3pZV2l4n0fYo8obq9xs5xMb048g6Y6Ce+d0rxL96zYw6+61cqDQjVPzzo04mPUq8YnOvLTRykn0LwLWws3q8Bxo42XxcNzxCu4zGE/vwaYoaKNE7eQi6G8PdwC7XDXcL+s8o1JfRkmuDDX7HOA6X1UrgV4Lzarl2MIp4jm2wTbbNArbHauyYnbE646zH7tkDe3SenBfn1Xn7tE44ozvr7Ec57x+LjK7t</latexit><latexit sha1_base64="JBVYqSF/rw/LYNw7geXAXdbqckU=">AAACP3icfZDPSsNAEMY3/jf+q3r0EiyCiJSkFz0W9eBFVLBWaIpMttN2cbMJuxOxhL6CV30dH8Mn8CZevbmpFdSKAws/vvl2d+aLUikM+f6zMzE5NT0zOzfvLiwuLa+UVtcuTZJpjnWeyERfRWBQCoV1EiTxKtUIcSSxEd0cFv3GLWojEnVB/RRbMXSV6AgOVEhHQHBdKvsVf1jeOAQjKLNRnV2vOlthO+FZjIq4BGOagZ9SKwdNgkscuGFmMAV+A11sWlQQo2nlw2EH3pZV2l4n0fYo8obq9xs5xMb048g6Y6Ce+d0rxL96zYw6+61cqDQjVPzzo04mPUq8YnOvLTRykn0LwLWws3q8Bxo42XxcNzxCu4zGE/vwaYoaKNE7eQi6G8PdwC7XDXcL+s8o1JfRkmuDDX7HOA6X1UrgV4Lzarl2MIp4jm2wTbbNArbHauyYnbE646zH7tkDe3SenBfn1Xn7tE44ozvr7Ec57x+LjK7t</latexit><latexit sha1_base64="JBVYqSF/rw/LYNw7geXAXdbqckU=">AAACP3icfZDPSsNAEMY3/jf+q3r0EiyCiJSkFz0W9eBFVLBWaIpMttN2cbMJuxOxhL6CV30dH8Mn8CZevbmpFdSKAws/vvl2d+aLUikM+f6zMzE5NT0zOzfvLiwuLa+UVtcuTZJpjnWeyERfRWBQCoV1EiTxKtUIcSSxEd0cFv3GLWojEnVB/RRbMXSV6AgOVEhHQHBdKvsVf1jeOAQjKLNRnV2vOlthO+FZjIq4BGOagZ9SKwdNgkscuGFmMAV+A11sWlQQo2nlw2EH3pZV2l4n0fYo8obq9xs5xMb048g6Y6Ce+d0rxL96zYw6+61cqDQjVPzzo04mPUq8YnOvLTRykn0LwLWws3q8Bxo42XxcNzxCu4zGE/vwaYoaKNE7eQi6G8PdwC7XDXcL+s8o1JfRkmuDDX7HOA6X1UrgV4Lzarl2MIp4jm2wTbbNArbHauyYnbE646zH7tkDe3SenBfn1Xn7tE44ozvr7Ec57x+LjK7t</latexit>

?
{x(1)}
{x(2)}
{x(3)}

<latexit sha1_base64="HyuuSO7QrUV8HPq1tdDve+hsOWI=">AAACEHicbVC7TsMwFHV4lvAKMLJYVIiyVElBgrGChbFI9CE1oXJcp7XqOJHtIKoon8DCr7AwgBArIxt/g9NmoC1XsnQe9+r6Hj9mVCrb/jGWlldW19ZLG+bm1vbOrrW335JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7rO/fYDEZJG/E6NY+KFaMBpQDFSWupZJ276eJ9WnNPMzVzXnLLaDDvLWc8q21V7UnAROAUog6IaPevb7Uc4CQlXmCEpu44dKy9FQlHMSGa6iSQxwiM0IF0NOQqJ9NLJQRk81kofBpHQjys4Uf9OpCiUchz6ujNEaijnvVz8z+smKrj0UsrjRBGOp4uChEEVwTwd2KeCYMXGGiAsqP4rxEMkEFY6Q1OH4MyfvAhatapjV53b83L9qoijBA7BEagAB1yAOrgBDdAEGDyBF/AG3o1n49X4MD6nrUtGMXMAZsr4+gWve5u4</latexit><latexit sha1_base64="HyuuSO7QrUV8HPq1tdDve+hsOWI=">AAACEHicbVC7TsMwFHV4lvAKMLJYVIiyVElBgrGChbFI9CE1oXJcp7XqOJHtIKoon8DCr7AwgBArIxt/g9NmoC1XsnQe9+r6Hj9mVCrb/jGWlldW19ZLG+bm1vbOrrW335JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7rO/fYDEZJG/E6NY+KFaMBpQDFSWupZJ276eJ9WnNPMzVzXnLLaDDvLWc8q21V7UnAROAUog6IaPevb7Uc4CQlXmCEpu44dKy9FQlHMSGa6iSQxwiM0IF0NOQqJ9NLJQRk81kofBpHQjys4Uf9OpCiUchz6ujNEaijnvVz8z+smKrj0UsrjRBGOp4uChEEVwTwd2KeCYMXGGiAsqP4rxEMkEFY6Q1OH4MyfvAhatapjV53b83L9qoijBA7BEagAB1yAOrgBDdAEGDyBF/AG3o1n49X4MD6nrUtGMXMAZsr4+gWve5u4</latexit><latexit sha1_base64="HyuuSO7QrUV8HPq1tdDve+hsOWI=">AAACEHicbVC7TsMwFHV4lvAKMLJYVIiyVElBgrGChbFI9CE1oXJcp7XqOJHtIKoon8DCr7AwgBArIxt/g9NmoC1XsnQe9+r6Hj9mVCrb/jGWlldW19ZLG+bm1vbOrrW335JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7rO/fYDEZJG/E6NY+KFaMBpQDFSWupZJ276eJ9WnNPMzVzXnLLaDDvLWc8q21V7UnAROAUog6IaPevb7Uc4CQlXmCEpu44dKy9FQlHMSGa6iSQxwiM0IF0NOQqJ9NLJQRk81kofBpHQjys4Uf9OpCiUchz6ujNEaijnvVz8z+smKrj0UsrjRBGOp4uChEEVwTwd2KeCYMXGGiAsqP4rxEMkEFY6Q1OH4MyfvAhatapjV53b83L9qoijBA7BEagAB1yAOrgBDdAEGDyBF/AG3o1n49X4MD6nrUtGMXMAZsr4+gWve5u4</latexit><latexit sha1_base64="HyuuSO7QrUV8HPq1tdDve+hsOWI=">AAACEHicbVC7TsMwFHV4lvAKMLJYVIiyVElBgrGChbFI9CE1oXJcp7XqOJHtIKoon8DCr7AwgBArIxt/g9NmoC1XsnQe9+r6Hj9mVCrb/jGWlldW19ZLG+bm1vbOrrW335JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7rO/fYDEZJG/E6NY+KFaMBpQDFSWupZJ276eJ9WnNPMzVzXnLLaDDvLWc8q21V7UnAROAUog6IaPevb7Uc4CQlXmCEpu44dKy9FQlHMSGa6iSQxwiM0IF0NOQqJ9NLJQRk81kofBpHQjys4Uf9OpCiUchz6ujNEaijnvVz8z+smKrj0UsrjRBGOp4uChEEVwTwd2KeCYMXGGiAsqP4rxEMkEFY6Q1OH4MyfvAhatapjV53b83L9qoijBA7BEagAB1yAOrgBDdAEGDyBF/AG3o1n49X4MD6nrUtGMXMAZsr4+gWve5u4</latexit>
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[e.g., Hinton & Salakhutdinov, Science 2006]
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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>

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>

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

Autoencoder

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Neural net with a bottleneck

SGD

L(f(x),x) = kf(x)� xk22
<latexit sha1_base64="JkPO76Xm7gENAe7xZUSXP3uVqbg="></latexit><latexit sha1_base64="JkPO76Xm7gENAe7xZUSXP3uVqbg="></latexit><latexit sha1_base64="JkPO76Xm7gENAe7xZUSXP3uVqbg="></latexit><latexit sha1_base64="JkPO76Xm7gENAe7xZUSXP3uVqbg="></latexit>

{x(i)}Ni=1
<latexit sha1_base64="kMCLTRqFEKAVV9l5BUUr1EdPA9Y=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1UxIRdCMU3biSCvYBTRom00k7dDIJMxOxDFm58VfcuFDErd/gzr9x0mahrQcuHM65l3vvCRJKhLTtb2NhcWl5ZbW0Vl7f2NzaNnd2WyJOOcJNFNOYdwIoMCUMNyWRFHcSjmEUUNwORle5377HXJCY3clxgr0IDhgJCYJSS7554Co3gnIYhOoh66kqOc7czFfkwsl6N2XfrNg1ewJrnjgFqYACDd/8cvsxSiPMJKJQiK5jJ9JTkEuCKM7KbipwAtEIDnBXUwYjLDw1eSOzjrTSt8KY62LSmqi/JxSMhBhHge7MTxazXi7+53VTGZ57irAklZih6aIwpZaMrTwTq084RpKONYGIE32rhYaQQyR1cnkIzuzL86R1UnPsmnN7WqlfFnGUwD44BFXggDNQB9egAZoAgUfwDF7Bm/FkvBjvxse0dcEoZvbAHxifP9fkmK8=</latexit><latexit sha1_base64="kMCLTRqFEKAVV9l5BUUr1EdPA9Y=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1UxIRdCMU3biSCvYBTRom00k7dDIJMxOxDFm58VfcuFDErd/gzr9x0mahrQcuHM65l3vvCRJKhLTtb2NhcWl5ZbW0Vl7f2NzaNnd2WyJOOcJNFNOYdwIoMCUMNyWRFHcSjmEUUNwORle5377HXJCY3clxgr0IDhgJCYJSS7554Co3gnIYhOoh66kqOc7czFfkwsl6N2XfrNg1ewJrnjgFqYACDd/8cvsxSiPMJKJQiK5jJ9JTkEuCKM7KbipwAtEIDnBXUwYjLDw1eSOzjrTSt8KY62LSmqi/JxSMhBhHge7MTxazXi7+53VTGZ57irAklZih6aIwpZaMrTwTq084RpKONYGIE32rhYaQQyR1cnkIzuzL86R1UnPsmnN7WqlfFnGUwD44BFXggDNQB9egAZoAgUfwDF7Bm/FkvBjvxse0dcEoZvbAHxifP9fkmK8=</latexit><latexit sha1_base64="kMCLTRqFEKAVV9l5BUUr1EdPA9Y=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1UxIRdCMU3biSCvYBTRom00k7dDIJMxOxDFm58VfcuFDErd/gzr9x0mahrQcuHM65l3vvCRJKhLTtb2NhcWl5ZbW0Vl7f2NzaNnd2WyJOOcJNFNOYdwIoMCUMNyWRFHcSjmEUUNwORle5377HXJCY3clxgr0IDhgJCYJSS7554Co3gnIYhOoh66kqOc7czFfkwsl6N2XfrNg1ewJrnjgFqYACDd/8cvsxSiPMJKJQiK5jJ9JTkEuCKM7KbipwAtEIDnBXUwYjLDw1eSOzjrTSt8KY62LSmqi/JxSMhBhHge7MTxazXi7+53VTGZ57irAklZih6aIwpZaMrTwTq084RpKONYGIE32rhYaQQyR1cnkIzuzL86R1UnPsmnN7WqlfFnGUwD44BFXggDNQB9egAZoAgUfwDF7Bm/FkvBjvxse0dcEoZvbAHxifP9fkmK8=</latexit><latexit sha1_base64="kMCLTRqFEKAVV9l5BUUr1EdPA9Y=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1UxIRdCMU3biSCvYBTRom00k7dDIJMxOxDFm58VfcuFDErd/gzr9x0mahrQcuHM65l3vvCRJKhLTtb2NhcWl5ZbW0Vl7f2NzaNnd2WyJOOcJNFNOYdwIoMCUMNyWRFHcSjmEUUNwORle5377HXJCY3clxgr0IDhgJCYJSS7554Co3gnIYhOoh66kqOc7czFfkwsl6N2XfrNg1ewJrnjgFqYACDd/8cvsxSiPMJKJQiK5jJ9JTkEuCKM7KbipwAtEIDnBXUwYjLDw1eSOzjrTSt8KY62LSmqi/JxSMhBhHge7MTxazXi7+53VTGZ57irAklZih6aIwpZaMrTwTq084RpKONYGIE32rhYaQQyR1cnkIzuzL86R1UnPsmnN7WqlfFnGUwD44BFXggDNQB9egAZoAgUfwDF7Bm/FkvBjvxse0dcEoZvbAHxifP9fkmK8=</latexit>

From MIT 6.8300/6.8301: Advances in Computer Vision



Reconstructed 
image

Image

X X̂ = F(X)F

( <latexit sha1_base64="IQ9rfBjF5dHqaKhOKRY5gLpoxQ4="></latexit><latexit sha1_base64="IQ9rfBjF5dHqaKhOKRY5gLpoxQ4="></latexit><latexit sha1_base64="IQ9rfBjF5dHqaKhOKRY5gLpoxQ4="></latexit><latexit sha1_base64="IQ9rfBjF5dHqaKhOKRY5gLpoxQ4="></latexit>

Encoder

( <latexit sha1_base64="IQ9rfBjF5dHqaKhOKRY5gLpoxQ4="></latexit><latexit sha1_base64="IQ9rfBjF5dHqaKhOKRY5gLpoxQ4="></latexit><latexit sha1_base64="IQ9rfBjF5dHqaKhOKRY5gLpoxQ4="></latexit><latexit sha1_base64="IQ9rfBjF5dHqaKhOKRY5gLpoxQ4="></latexit>

Decoder

From MIT 6.8300/6.8301: Advances in Computer Vision



Image Reconstructed 
image

X̂X

compressed image code 
(vector z)

Is the code informative about 
object class    ?y

Logistic regression:

y = �(Wz+ b)
From MIT 6.8300/6.8301: Advances in Computer Vision



Layer 1 representation

[DeCAF, Donahue, Jia, et al. 2013]
[Visualization technique : t-sne, van der Maaten & Hinton, 2008]

Layer 6 representation

From MIT 6.8300/6.8301: Advances in Computer Vision



Data compression

Data Data

X̂X

From MIT 6.8300/6.8301: Advances in Computer Vision



Data prediction 
aka “self-supervised learning”

Some data Other data

X1

X̂2

From MIT 6.8300/6.8301: Advances in Computer Vision



Today’s Class
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What is a visual representation?  
What makes for a good representation?

How do we learn a visual representation?

How do we train a representation by 
unsupervised learning and self-supervised learning?



Why learn representations?

84

Lecture 10Silvio Savarese & Jeannette Bohg 

Representation Learning

Reinforcement Learning (Cherry)
Predicting a scalar reward given once in 
a while
A few bits for some samples

Supervised Learning (Chocolate Coat)
Predicting category or vector of scalars 
per input as provided by human labels.
10-10k bits per sample

Unsupervised / Self-Supervised Learning (Cake)
Predicting parts of observed input or 
predicting future observations or events
Millions of bits per sample

15-Feb-2359

Visualisation Idea by Yann LeCun
Photo by Kristina Paukshtite from Pexels

From Jeannette Bohg: CS231A Computer Vision: From 3D Reconstruction to Recognition 
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tl;dr


