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What is representation learning?

- A general recipe: 

- Collect large quantities of unlabelled data 

- Define an auxiliary task 

- Train a model so solve this task 

- Pray
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Three classes of self-supervision

- Generative 

- Contrastive 

- Distillation
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Contrastive

- Do we need to preserve all information in the image? 

- What if I do not care about low-level details? 

- Contrastive learning! 

- Augmentations of an image should have similar representations 

Foundations of Computer Vision Torralba, Isola, Freeman 2024

Contrastive Learning — Transformations

ccc
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SimCLR - Architecture
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CLIP - Architecture
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Three classes of self-supervision

- Generative 

- Contrastive 

- Distillation
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Distillation-based Self-Supervision

- Starts from knowledge distillation
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Knowledge Distillation

i
i

i
i

i
i

i
i

Transfer Learning and Adaptation 549

37.4 Learning from a Teacher
When we first encountered supervised learning in chapter 9, we described it as learning
from examples. You are given a dataset of example inputs and their corresponding outputs
and the task is to infer the relationship that can explain these input-output pairs:

Learning from examples{x(i), y(i)}N
i=1! f✓!

This kind of learning is like having a very lazy teacher, who just gives you the answer
key to the homework questions but does not provide any explanations and won’t answer
questions. Taking that analogy forward, could we learn instead from a more instructive
teacher?

One way of formalizing this setting is to consider the teacher as a well-trained model
t : X ! Y that maps input queries to output answers. The student (the learner) observes
both data {x(i)}N

i=1 and has access to the teacher model t. The student can learn to imitate
the teacher’s outputs or can learn to match how the teacher processes the queries, matching
intermediate activations of the teacher model.

Learning from examples
can be considered a
special case of learning
from a teacher. It is the
case where the teacher is
the world and our only
access to the teacher is
observing outputs from it,
that is, the examples y that
match each input x.

Learning from a teacher
{x(i)}N

i=1

t : X ! Y ! f✓!

37.4.1 Knowledge distillation
Knowledge distillation is a simple and popular algorithm for learning a classifier from
a teacher. We assume that the teacher is a well-trained classifier that outputs a K – 1-
dimensional probability mass function (pmf), t : X !MK–1 (see section 9.7.3). The student,
a model f✓ : X !MK–1, simply tries to imitate the teacher’s output pmf: for each input x that
the student sees, its goal is to output the same pmf vector as the teacher outputs for x. The
full algorithm is given in the diagram below.

This section describes
knowledge distillation as
it was defined in [205],
which is the paper that
introduced the term. Note
that the term is now often
used to refer to the whole
family of algorithms that
have extended this
original method. See
[171] for a survey.

Knowledge Distillation

Objective
H(t(x), f✓(x))

Hypothesis space
f✓ : X !MK–1

{x(i)}N
i=1

t : X !MK–1 ! f✓!

Notice that this learning problem is very similar to softmax regression on labeled data,
and a diagram comparing the two is given in figure 37.4. The difference is that in knowledge
distillation the targets are not one-hot (like in standard label prediction problems) but rather
are more graded. The teacher outputs a probability vector that reflect the teacher’s belief
as to the class of the input, rather than the ground truth class of the input. These beliefs

Teacher Student

x
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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>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit>
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<latexit sha1_base64="fInOqGTCCrWkRGJFOZWK1l6FLBY=">AAAB6HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eGzBfkAbymY7adduNmF3IpTSX+DFgyJe/Une/Ddu2xy09cHA470ZZuaFqRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNk2SaY4MnMtHtkBmUQmGDBElspxpZHEpshaO7md96Qm1Eoh5onGIQs4ESkeCMrFSnXqnsVbw53FXi56QMOWq90le3n/AsRkVcMmM6vpdSMGGaBJc4LXYzgynjIzbAjqWKxWiCyfzQqXtulb4bJdqWIneu/p6YsNiYcRzazpjR0Cx7M/E/r5NRdBNMhEozQsUXi6JMupS4s6/dvtDISY4tYVwLe6vLh0wzTjabog3BX355lTQvK75X8etX5eptHkcBTuEMLsCHa6jCPdSgARwQnuEV3pxH58V5dz4WrWtOPnMCf+B8/gDgKYz4</latexit><latexit sha1_base64="DaXHhj8Le8uDTP5Mw/ZF8m85z/c=">AAACDXicjVA9SwNBFHwXv2L8ilraHAbBKtyJoGXQxtKASYTkCHubl2TJ3t6x+04IR36BhY1/xUbE1t7Of+MmuUITCwcWhpl5vH0TJlIY8rwvp7Cyura+UdwsbW3v7O6V9w+aJk41xwaPZazvQ2ZQCoUNEiTxPtHIolBiKxxdT/3WA2ojYnVH4wSDiA2U6AvOyEp16pYrXtWbwV0mfk4qkON/8W75s9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtqWIRmiCbXTNxT6zSc/uxtk+RO1N/TmQsMmYchTYZMRqaRW8q/uW1U+pfBplQSUqo+HxRP5Uuxe60GrcnNHKSY0sY18L+1eVDphknW2DJnu4vHrpMmmdV36v69fNK7SrvrAhHcAyn4MMF1OAGbqEBHBAe4RlenSfnxXlz3ufRgpPPHMIvOB/fRmGUcQ==</latexit><latexit sha1_base64="DaXHhj8Le8uDTP5Mw/ZF8m85z/c=">AAACDXicjVA9SwNBFHwXv2L8ilraHAbBKtyJoGXQxtKASYTkCHubl2TJ3t6x+04IR36BhY1/xUbE1t7Of+MmuUITCwcWhpl5vH0TJlIY8rwvp7Cyura+UdwsbW3v7O6V9w+aJk41xwaPZazvQ2ZQCoUNEiTxPtHIolBiKxxdT/3WA2ojYnVH4wSDiA2U6AvOyEp16pYrXtWbwV0mfk4qkON/8W75s9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtqWIRmiCbXTNxT6zSc/uxtk+RO1N/TmQsMmYchTYZMRqaRW8q/uW1U+pfBplQSUqo+HxRP5Uuxe60GrcnNHKSY0sY18L+1eVDphknW2DJnu4vHrpMmmdV36v69fNK7SrvrAhHcAyn4MMF1OAGbqEBHBAe4RlenSfnxXlz3ufRgpPPHMIvOB/fRmGUcQ==</latexit><latexit sha1_base64="DaXHhj8Le8uDTP5Mw/ZF8m85z/c=">AAACDXicjVA9SwNBFHwXv2L8ilraHAbBKtyJoGXQxtKASYTkCHubl2TJ3t6x+04IR36BhY1/xUbE1t7Of+MmuUITCwcWhpl5vH0TJlIY8rwvp7Cyura+UdwsbW3v7O6V9w+aJk41xwaPZazvQ2ZQCoUNEiTxPtHIolBiKxxdT/3WA2ojYnVH4wSDiA2U6AvOyEp16pYrXtWbwV0mfk4qkON/8W75s9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtqWIRmiCbXTNxT6zSc/uxtk+RO1N/TmQsMmYchTYZMRqaRW8q/uW1U+pfBplQSUqo+HxRP5Uuxe60GrcnNHKSY0sY18L+1eVDphknW2DJnu4vHrpMmmdV36v69fNK7SrvrAhHcAyn4MMF1OAGbqEBHBAe4RlenSfnxXlz3ufRgpPPHMIvOB/fRmGUcQ==</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>

yt
<latexit sha1_base64="OUbjDs/24SUTlt8dsAzzwl29Ryk=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMon84GOKg33KY7B1klXkkaUKI9qH/5w4RlMVfIJDWm77kpBjnVKJjks5qfGZ5SNqEj3rdU0ZibIJ9nnpEzqwxJlGj7FJK5+nsjp7Ex0zi0k0VGs+wV4n9eP8PoOsiFSjPkii0ORZkkmJCiADIUmjOUU0so08JmJWxMNWVoa6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fkXOSBA==</latexit><latexit sha1_base64="I8pw5JQuHVfiBIkEr4VX2lwO0VI=">AAACGHicjVDLSsNAFL2pr1pfVZdugkVwVRIRdFl041LBPqAJZTKdtEMnkzBzI4TQ33Dhxl9xI+K2O//GSZuFti48MHA4517unBMkgmt0nC+rsra+sblV3a7t7O7tH9QPjzo6ThVlbRqLWPUCopngkrWRo2C9RDESBYJ1g8lt4XefmNI8lo+YJcyPyEjykFOCRvK8iOA4CPNsOsBBveE0nTnsVeKWpAEl/jc+qM+8YUzTiEmkgmjdd50E/Zwo5FSwac1LNUsInZAR6xsqScS0n8+DTe0zowztMFbmSbTn6s+NnERaZ1FgJosgetkrxL+8forhtZ9zmaTIJF0cClNhY2wXLdlDrhhFkRlCqOLmrzYdE0Uomi5rJrq7HHSVdC6artN0Hy4brZuysyqcwCmcgwtX0II7uIc2UEjgGV7h3Xqx3qwP63MxWrHKnWP4BWv2DaQYmX0=</latexit><latexit sha1_base64="I8pw5JQuHVfiBIkEr4VX2lwO0VI=">AAACGHicjVDLSsNAFL2pr1pfVZdugkVwVRIRdFl041LBPqAJZTKdtEMnkzBzI4TQ33Dhxl9xI+K2O//GSZuFti48MHA4517unBMkgmt0nC+rsra+sblV3a7t7O7tH9QPjzo6ThVlbRqLWPUCopngkrWRo2C9RDESBYJ1g8lt4XefmNI8lo+YJcyPyEjykFOCRvK8iOA4CPNsOsBBveE0nTnsVeKWpAEl/jc+qM+8YUzTiEmkgmjdd50E/Zwo5FSwac1LNUsInZAR6xsqScS0n8+DTe0zowztMFbmSbTn6s+NnERaZ1FgJosgetkrxL+8forhtZ9zmaTIJF0cClNhY2wXLdlDrhhFkRlCqOLmrzYdE0Uomi5rJrq7HHSVdC6artN0Hy4brZuysyqcwCmcgwtX0II7uIc2UEjgGV7h3Xqx3qwP63MxWrHKnWP4BWv2DaQYmX0=</latexit><latexit sha1_base64="I8pw5JQuHVfiBIkEr4VX2lwO0VI=">AAACGHicjVDLSsNAFL2pr1pfVZdugkVwVRIRdFl041LBPqAJZTKdtEMnkzBzI4TQ33Dhxl9xI+K2O//GSZuFti48MHA4517unBMkgmt0nC+rsra+sblV3a7t7O7tH9QPjzo6ThVlbRqLWPUCopngkrWRo2C9RDESBYJ1g8lt4XefmNI8lo+YJcyPyEjykFOCRvK8iOA4CPNsOsBBveE0nTnsVeKWpAEl/jc+qM+8YUzTiEmkgmjdd50E/Zwo5FSwac1LNUsInZAR6xsqScS0n8+DTe0zowztMFbmSbTn6s+NnERaZ1FgJosgetkrxL+8forhtZ9zmaTIJF0cClNhY2wXLdlDrhhFkRlCqOLmrzYdE0Uomi5rJrq7HHSVdC6artN0Hy4brZuysyqcwCmcgwtX0II7uIc2UEjgGV7h3Xqx3qwP63MxWrHKnWP4BWv2DaQYmX0=</latexit>

yt
<latexit sha1_base64="OUbjDs/24SUTlt8dsAzzwl29Ryk=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjsMon84GOKg33KY7B1klXkkaUKI9qH/5w4RlMVfIJDWm77kpBjnVKJjks5qfGZ5SNqEj3rdU0ZibIJ9nnpEzqwxJlGj7FJK5+nsjp7Ex0zi0k0VGs+wV4n9eP8PoOsiFSjPkii0ORZkkmJCiADIUmjOUU0so08JmJWxMNWVoa6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fkXOSBA==</latexit><latexit sha1_base64="I8pw5JQuHVfiBIkEr4VX2lwO0VI=">AAACGHicjVDLSsNAFL2pr1pfVZdugkVwVRIRdFl041LBPqAJZTKdtEMnkzBzI4TQ33Dhxl9xI+K2O//GSZuFti48MHA4517unBMkgmt0nC+rsra+sblV3a7t7O7tH9QPjzo6ThVlbRqLWPUCopngkrWRo2C9RDESBYJ1g8lt4XefmNI8lo+YJcyPyEjykFOCRvK8iOA4CPNsOsBBveE0nTnsVeKWpAEl/jc+qM+8YUzTiEmkgmjdd50E/Zwo5FSwac1LNUsInZAR6xsqScS0n8+DTe0zowztMFbmSbTn6s+NnERaZ1FgJosgetkrxL+8forhtZ9zmaTIJF0cClNhY2wXLdlDrhhFkRlCqOLmrzYdE0Uomi5rJrq7HHSVdC6artN0Hy4brZuysyqcwCmcgwtX0II7uIc2UEjgGV7h3Xqx3qwP63MxWrHKnWP4BWv2DaQYmX0=</latexit><latexit sha1_base64="I8pw5JQuHVfiBIkEr4VX2lwO0VI=">AAACGHicjVDLSsNAFL2pr1pfVZdugkVwVRIRdFl041LBPqAJZTKdtEMnkzBzI4TQ33Dhxl9xI+K2O//GSZuFti48MHA4517unBMkgmt0nC+rsra+sblV3a7t7O7tH9QPjzo6ThVlbRqLWPUCopngkrWRo2C9RDESBYJ1g8lt4XefmNI8lo+YJcyPyEjykFOCRvK8iOA4CPNsOsBBveE0nTnsVeKWpAEl/jc+qM+8YUzTiEmkgmjdd50E/Zwo5FSwac1LNUsInZAR6xsqScS0n8+DTe0zowztMFbmSbTn6s+NnERaZ1FgJosgetkrxL+8forhtZ9zmaTIJF0cClNhY2wXLdlDrhhFkRlCqOLmrzYdE0Uomi5rJrq7HHSVdC6artN0Hy4brZuysyqcwCmcgwtX0II7uIc2UEjgGV7h3Xqx3qwP63MxWrHKnWP4BWv2DaQYmX0=</latexit><latexit sha1_base64="I8pw5JQuHVfiBIkEr4VX2lwO0VI=">AAACGHicjVDLSsNAFL2pr1pfVZdugkVwVRIRdFl041LBPqAJZTKdtEMnkzBzI4TQ33Dhxl9xI+K2O//GSZuFti48MHA4517unBMkgmt0nC+rsra+sblV3a7t7O7tH9QPjzo6ThVlbRqLWPUCopngkrWRo2C9RDESBYJ1g8lt4XefmNI8lo+YJcyPyEjykFOCRvK8iOA4CPNsOsBBveE0nTnsVeKWpAEl/jc+qM+8YUzTiEmkgmjdd50E/Zwo5FSwac1LNUsInZAR6xsqScS0n8+DTe0zowztMFbmSbTn6s+NnERaZ1FgJosgetkrxL+8forhtZ9zmaTIJF0cClNhY2wXLdlDrhhFkRlCqOLmrzYdE0Uomi5rJrq7HHSVdC6artN0Hy4brZuysyqcwCmcgwtX0II7uIc2UEjgGV7h3Xqx3qwP63MxWrHKnWP4BWv2DaQYmX0=</latexit>

Cross-entropy
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Knowledge distillation with no labels (DINO)
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Knowledge distillation with no labels (DINO)
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Knowledge distillation with no labels (DINO)

- Teacher and student have identical architecture 

- Crops 

- Two global (>50%) and several local views (<50%) 

- Teacher only sees global views

Orig. image Global crop Local cropLocal+Global crop

Teacher Student

Global crop

gθs
gθt

x

x1 x2

gt(x) gs(x)
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Knowledge distillation with no labels (DINO)

- Cross-entropy loss  

- Softmax applied before loss 

- We do not have a teacher?! 

- Teacher is an exponential moving average (EMA) of 

the student 

H(yt, ys)

θt = λθt + (1 − λ)θs

Local+Global crop

Teacher Student

Global crop

gθs
gθt

yt ys

Stop-gradient

x

x1 x2

softmax softmax

gt(x) gs(x)



Local+Global crop
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Knowledge distillation with no labels (DINO)

Teacher Student

Global crop

gθs
gθt

yt ys - What if output labels all collapse? 

- Centering (all images are in the same class) 

 

 

- Sharpening (all uniform probability) 

- low temperature in softmax 

 

gt(x) = gt(x) − c

c = mc + (1 − m)
1
B

B

∑
i=1

gt(x)

exp(y(i)
t /τ)

∑k exp(y(k)
t /τ)

Stop-gradient

centering

x

x1 x2

softmax softmax

gt(x) gs(x)



Local+Global crop
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Knowledge distillation with no labels (DINO)

Teacher Student

Global crop

gθs
gθt

yt ys

Stop-gradient

centering

x

x1 x2

softmax softmax

gt(x) gs(x)
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Knowledge distillation with no labels (DINO)

Why does it learn local information?
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Knowledge distillation with no labels (DINO)
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Knowledge distillation with no labels (DINO)
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Knowledge distillation with no labels (DINO)

DINO Supervised



20

Three classes of self-supervision

- Generative 

- Contrastive 

- Distillation

Representation learning methods can now extract very rich semantic features from images. 

Surprisingly, there is no DINO for videos (V-JEPA is close). VideoMAE does not seem to be 

as impactful as MAE. 
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Generative models

z

Embedding

Data
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Generative models

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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Generative models

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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Generative models

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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State of the art

Artistic Renditions of Cambridge (Gemini)
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State of the art (once upon a time)

[Karras et al., ICLR 2018] [Radford et al., ICLR 2016]



- An algorithm that generates data 

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

27

What is a generative model?



28

Two types of generative models

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

confusingly, sometimes called an “implicit generative model”

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>



!
<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

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>

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



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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Diffusion Generative Models: Noise -> Data

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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Noise Images



32

Diffusion Generative Models: Data -> Noise
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<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>
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Diffusion Generative Models: Data -> Noise

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>
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Diffusion Generative Models
Forward diffusion process

……

Reverse autoregressive sequence

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>

Forward diffusion process

……

Reverse autoregressive sequence

Forward diffusion process

……

Reverse autoregressive sequence

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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Diffusion Generative Models
Forward diffusion process

……

Reverse autoregressive sequence

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>
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Diffusion Generative Models

Different noise samples (dice rolls) result in different images
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Gaussian Diffusion Models

Homework 5
6.S898 Deep Learning

Fall 2022

(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.

3

which inverts this

Reverse process: 

xt�1 ⇠ N (µ,�2)
<latexit sha1_base64="tZhfV3WguXBESL9WnIoW4UNV8UA="></latexit><latexit sha1_base64="c5uhLO3A1nKWiG+evIf52fS4QO4="></latexit><latexit sha1_base64="c5uhLO3A1nKWiG+evIf52fS4QO4="></latexit><latexit sha1_base64="c5uhLO3A1nKWiG+evIf52fS4QO4="></latexit>

µ = f✓(xt, t)
<latexit sha1_base64="Ht+tzKr39iLzGZG49vXrwV7Fh/w="></latexit><latexit sha1_base64="EjdfXTT8tGOMZWbudBnZD5W3cPM="></latexit><latexit sha1_base64="EjdfXTT8tGOMZWbudBnZD5W3cPM="></latexit><latexit sha1_base64="EjdfXTT8tGOMZWbudBnZD5W3cPM="></latexit>

Forward process: 

✏t ⇠ N (0, I)
<latexit sha1_base64="ixcB/L7B1tCPmlgGAMhkm72/gO0=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARKkhJiqDLohvdSAV7gSaUyXTSDp1MwsxEKCHv4cZXceNCEVeCC9/GSRpBW38Y+PjPOcw5vxcxKpVlfRmlpeWV1bXyemVjc2t7x9zd68gwFpi0cchC0fOQJIxy0lZUMdKLBEGBx0jXm1xm9e49EZKG/E5NI+IGaMSpTzFS2hqYDYdEkjKNCjqSBtAJkBpjxJKbtJaz5ydWevKD1+nxwKxadSsXXAS7gCoo1BqYH84wxHFAuMIMSdm3rUi5CRKKYkbSihNLEiE8QSPS18hRQKSb5Lel8Eg7Q+iHQj+uYO7+nkhQIOU08HRntqKcr2Xmf7V+rPxzN6E8ihXhePaRHzOoQpgFBYdUEKzYVAPCgupdIR4jgbDScVZ0CPb8yYvQadRtq27fnlabF0UcZXAADkEN2OAMNMEVaIE2wOABPIEX8Go8Gs/Gm/E+ay0Zxcw++CPj8xt9eKGr</latexit><latexit sha1_base64="Jf8kY//A963X8zSYjPoSu4t9oeA=">AAACQHicjZDLSsNAFIYn9VbrLerSzWARKkhJiqDLohvdiIK9QBPKZDpph04mYWYilJD38GlcuHHvzjdwI+LWlZM0grYu/GHg4z/ncOb8XsSoVJb1YpQWFpeWV8qrlbX1jc0tc3unLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfJ7VO3dESBryWzWJiBugIac+xUhpq282HBJJyjQq6EgaQCdAaoQRS67SWs6en1jp0Tdepod9s2rVrVxwHuwCqqDQ/9r75rMzCHEcEK4wQ1L2bCtSboKEopiRtOLEkkQIj9GQ9DRyFBDpJnkAKTzQzgD6odCPK5i7PycSFEg5CTzdmd0hZ2uZ+VetFyv/1E0oj2JFOJ4u8mMGVQizNOGACoIVm2hAWFD9V4hHSCCsdOYVfbo9e+g8tBt126rbN8fV5lmRWRnsgX1QAzY4AU1wAa5BC2BwDx7AE3gzHo1X4934mLaWjGJmF/yS8fkFn1apJA==</latexit><latexit sha1_base64="Jf8kY//A963X8zSYjPoSu4t9oeA=">AAACQHicjZDLSsNAFIYn9VbrLerSzWARKkhJiqDLohvdiIK9QBPKZDpph04mYWYilJD38GlcuHHvzjdwI+LWlZM0grYu/GHg4z/ncOb8XsSoVJb1YpQWFpeWV8qrlbX1jc0tc3unLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfJ7VO3dESBryWzWJiBugIac+xUhpq282HBJJyjQq6EgaQCdAaoQRS67SWs6en1jp0Tdepod9s2rVrVxwHuwCqqDQ/9r75rMzCHEcEK4wQ1L2bCtSboKEopiRtOLEkkQIj9GQ9DRyFBDpJnkAKTzQzgD6odCPK5i7PycSFEg5CTzdmd0hZ2uZ+VetFyv/1E0oj2JFOJ4u8mMGVQizNOGACoIVm2hAWFD9V4hHSCCsdOYVfbo9e+g8tBt126rbN8fV5lmRWRnsgX1QAzY4AU1wAa5BC2BwDx7AE3gzHo1X4934mLaWjGJmF/yS8fkFn1apJA==</latexit><latexit sha1_base64="Jf8kY//A963X8zSYjPoSu4t9oeA=">AAACQHicjZDLSsNAFIYn9VbrLerSzWARKkhJiqDLohvdiIK9QBPKZDpph04mYWYilJD38GlcuHHvzjdwI+LWlZM0grYu/GHg4z/ncOb8XsSoVJb1YpQWFpeWV8qrlbX1jc0tc3unLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfJ7VO3dESBryWzWJiBugIac+xUhpq282HBJJyjQq6EgaQCdAaoQRS67SWs6en1jp0Tdepod9s2rVrVxwHuwCqqDQ/9r75rMzCHEcEK4wQ1L2bCtSboKEopiRtOLEkkQIj9GQ9DRyFBDpJnkAKTzQzgD6odCPK5i7PycSFEg5CTzdmd0hZ2uZ+VetFyv/1E0oj2JFOJ4u8mMGVQizNOGACoIVm2hAWFD9V4hHSCCsdOYVfbo9e+g8tBt126rbN8fV5lmRWRnsgX1QAzY4AU1wAa5BC2BwDx7AE3gzHo1X4934mLaWjGJmF/yS8fkFn1apJA==</latexit>

xt =
p

(1� �t)xt�1 +
p
�t✏t

<latexit sha1_base64="cCbM9+jnYCl/lZbUtBHF7h8Dnz4="></latexit><latexit sha1_base64="9UygHbqAcxPtwhoZhj9pC8R50sY="></latexit><latexit sha1_base64="9UygHbqAcxPtwhoZhj9pC8R50sY="></latexit><latexit sha1_base64="9UygHbqAcxPtwhoZhj9pC8R50sY="></latexit> The variances, beta and sigma, 
are modeling choices. See Ho, 
Jain, and Abbeel for details.

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

f✓(xt, t)
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p
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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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