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How can we learn policies?
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Model-free RL Model-based RL Imitation Learning
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Idea 1: Imitation Learning via Behavior Cloning
Given: Demonstrations of optimal behavior

Goal: Train a policy to mimic the demonstrator
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Idea: Treat imitation learning as a supervised learning problem!
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So does behavior cloning really work?

n Imitation Learning ≠ Supervised Learning

Not the same!
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What is the general principle?
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Concrete Instantation: DAgger

DAgger: Dataset Aggregation

Ross et al. ‘11
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Why might we fail to fit the expert?
Multimodal behavior.. amongst other reasons

Not a matter of network size! It’s about distributional expressivity
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Why might we fail to fit the expert?

1. Output mixture of Gaussians
2. Latent variable models
3. Autoregressive discretization
4. Diffusion models
5. …

Multimodal behavior à use more expressive probability distributions
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Why might we fail to fit the expert?

1. Output mixture of Gaussians

2. Latent variable models
3. Autoregressive discretization

4. Diffusion models
5. …
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Perspectives on Imitation – don’t believe everything you see online

n Pros:

n Easy to use, no additional infra

n Can sometimes be unreasonably effective

n Cons:

n Challenges of compounding error, multimodality

n Doesn’t really generalize

n Very expensive in terms of data collection!
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How can we learn policies?
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What if we just performed gradient ascent?
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Standard gradient descent (supervised learning) REINFORCE gradient descent (RL)
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Taking the gradient of return 16
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(approximating using samples)
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What does this mean?
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Increase the likelihood of actions in high return trajectories

D
en
si
ty

Action

R = 100

R = 30

R = -10

⇡ 1

N

NX

i=0

TX

t=0

r✓ log ⇡✓(a
i
t|sit)

TX

t0=0

r(sit0 , a
i
t0)

<latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="XPy93Lla4KCO4tGQBCoCnSkrHcY="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit>
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Resulting Algorithm (REINFORCE) 18

r✓J(✓) =

Z
p✓(⌧)r✓ log p✓(⌧)d⌧

<latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="oGz+vFjJl3NXcWrTbh/Ne4zJSUQ=">AAACRnicbVC7SgNBFL0b3/EVtbQZDII2YddGG0G0ESsFo0J2CXcnk2RwdnaZuSuEJV9nY23nJ9hYKGLr5IFo4oVhDufB3DlxpqQl33/xSjOzc/MLi0vl5ZXVtfXKxuaNTXPDRZ2nKjV3MVqhpBZ1kqTEXWYEJrESt/H92UC/fRDGylRfUy8TUYIdLduSIzmqWYlCjbHCZhFSVxD22cXeCO2zYxZKTSz70ZyC+T6bTIQq7Uy7WoOrWan6NX84bBoEY1CF8Vw2K89hK+V5IjRxhdY2Aj+jqEBDkivRL4e5FRnye+yIhoMaE2GjYlhDn+06psXaqXHHLT5kfycKTKztJbFzJkhdO6kNyP+0Rk7to6iQOstJaD56qJ0rRikbdMpa0ghOqucAciPdrox30SAn13zZlRBMfnka3BzUAr8WXPnVk9NxHYuwDTuwBwEcwgmcwyXUgcMjvMI7fHhP3pv36X2NrCVvnNmCP1OCbx5zsYk=</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit>

Collect Data Take Gradient 
Step

On-policy
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Policy Gradient in Action
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