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max

xR
UR(xR)

<latexit sha1_base64="qbSw06cvpeN74VK3RV/z8P7u7dE=">AAACMXicbVC7TsMwFHUojxJeLQwMLBYVUlmqBCEBWwULY6kaWqmJIsd1W6vOQ7aDWqJ8DSts/AxMiJWfwEkz0JYrWTo65957ro8XMSqkYXxoa6X1jc2t8ra+s7u3f1CpHj6KMOaYWDhkIe95SBBGA2JJKhnpRZwg32Ok603uMr37RLigYdCRs4g4PhoFdEgxkopyK8e2j6ZuYk+p206h5bbrOTx3KzWjYeQFV4FZgBooquVWtZI9CHHsk0BihoTom0YknQRxSTEjqW7HgkQIT9CI9BUMkE+Ek+Q/SOGZYgZwGHL1Aglz9u9EgnwhZr6nOn0kx2JZy8j/tH4sh9dOQoMoliTAc6NhzKAMYRYHHFBOsGQzBRDmVN0K8RhxhKUKbWFTx3SS7LhszYJ9Zhqh5zDVdV3FZi6HtAqsi8ZNw3i4rDVvi/zK4AScgjowwRVognvQAhbAIAUv4BW8ae/ap/alfc9b17Ri5ggslPbzC4dxqG0=</latexit><latexit sha1_base64="qbSw06cvpeN74VK3RV/z8P7u7dE=">AAACMXicbVC7TsMwFHUojxJeLQwMLBYVUlmqBCEBWwULY6kaWqmJIsd1W6vOQ7aDWqJ8DSts/AxMiJWfwEkz0JYrWTo65957ro8XMSqkYXxoa6X1jc2t8ra+s7u3f1CpHj6KMOaYWDhkIe95SBBGA2JJKhnpRZwg32Ok603uMr37RLigYdCRs4g4PhoFdEgxkopyK8e2j6ZuYk+p206h5bbrOTx3KzWjYeQFV4FZgBooquVWtZI9CHHsk0BihoTom0YknQRxSTEjqW7HgkQIT9CI9BUMkE+Ek+Q/SOGZYgZwGHL1Aglz9u9EgnwhZr6nOn0kx2JZy8j/tH4sh9dOQoMoliTAc6NhzKAMYRYHHFBOsGQzBRDmVN0K8RhxhKUKbWFTx3SS7LhszYJ9Zhqh5zDVdV3FZi6HtAqsi8ZNw3i4rDVvi/zK4AScgjowwRVognvQAhbAIAUv4BW8ae/ap/alfc9b17Ri5ggslPbzC4dxqG0=</latexit><latexit sha1_base64="qbSw06cvpeN74VK3RV/z8P7u7dE=">AAACMXicbVC7TsMwFHUojxJeLQwMLBYVUlmqBCEBWwULY6kaWqmJIsd1W6vOQ7aDWqJ8DSts/AxMiJWfwEkz0JYrWTo65957ro8XMSqkYXxoa6X1jc2t8ra+s7u3f1CpHj6KMOaYWDhkIe95SBBGA2JJKhnpRZwg32Ok603uMr37RLigYdCRs4g4PhoFdEgxkopyK8e2j6ZuYk+p206h5bbrOTx3KzWjYeQFV4FZgBooquVWtZI9CHHsk0BihoTom0YknQRxSTEjqW7HgkQIT9CI9BUMkE+Ek+Q/SOGZYgZwGHL1Aglz9u9EgnwhZr6nOn0kx2JZy8j/tH4sh9dOQoMoliTAc6NhzKAMYRYHHFBOsGQzBRDmVN0K8RhxhKUKbWFTx3SS7LhszYJ9Zhqh5zDVdV3FZi6HtAqsi8ZNw3i4rDVvi/zK4AScgjowwRVognvQAhbAIAUv4BW8ae/ap/alfc9b17Ri5ggslPbzC4dxqG0=</latexit>

trajectory/policy

utility



3 types of people in a robot’s life

its end-userperson in its 
environment its designer



Optimize utility in coordination with people.

[RSS16,IROS16,AURO17,
ISER16,HRI17a,WAFR16,

HRI16,ACL17,RSS17a, HRI18]



Figure out what utility to optimize.

[NIPS16,ICRA16,CDC16,
HRI17,ICRA17,IJCAI17a,IJCAI17b,

RSS17b,CoRL17, ISRR17, NIPS17, HRI18a, HRI18b]



Optimize utility in coordination with people.

[RSS16,IROS16,AURO17,
ISER16,HRI17a,WAFR16,

HRI16,ACL17,RSS17a, HRI18]



[© Waymo, The Atlantic]



Maximize robot utility..

𝜉"∗ = argmax
*+

𝑈"(𝜉")
robot plan



Maximize robot utility..

𝜉"∗ = argmax
*+

𝑈"(𝜉")
maximizes robot utility



When the human is also acting.

𝜉"∗ = argmax
*+

𝑈"(𝜉", 𝜉0)

depends on human plan





Predict H action, optimize R action in response

Formalizing Assistive Teleoperation [RSS’12]



Formalizing Assistive Teleoperation [RSS’12]



HRI as predict-then-react

𝜉0∗ = argmax
*1

𝑈0(𝜉0)
predicted plan 



HRI as predict-then-react

𝜉0∗ = argmax
*1

𝑈0(𝜉0)
maximizes human utility



HRI as predict-then-react

𝜉0∗ = argmax
*1

𝑈0(𝜉0)

𝜉"∗ = argmax
*+

𝑈"(𝜉", 𝜉0∗ )

predicted plan 

human utility

robot utility

robot plan
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28
“Google’s Driverless Cars Run Into Problem: 
Cars With Drivers”[Richtel&Dougherty]

One Google car [..] couldn’t get through a four-way 
stop because its sensors kept waiting for other 
(human) drivers [..]. The human drivers kept 
inching forward looking for the advantage –
paralyzing Google’s robot.







Robot actions
affect human actions.



Leveraging this effect can 
make seemingly impossible plans possible.



state x

action uR
<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>

max

xR
UR(xR)

<latexit sha1_base64="qbSw06cvpeN74VK3RV/z8P7u7dE=">AAACMXicbVC7TsMwFHUojxJeLQwMLBYVUlmqBCEBWwULY6kaWqmJIsd1W6vOQ7aDWqJ8DSts/AxMiJWfwEkz0JYrWTo65957ro8XMSqkYXxoa6X1jc2t8ra+s7u3f1CpHj6KMOaYWDhkIe95SBBGA2JJKhnpRZwg32Ok603uMr37RLigYdCRs4g4PhoFdEgxkopyK8e2j6ZuYk+p206h5bbrOTx3KzWjYeQFV4FZgBooquVWtZI9CHHsk0BihoTom0YknQRxSTEjqW7HgkQIT9CI9BUMkE+Ek+Q/SOGZYgZwGHL1Aglz9u9EgnwhZr6nOn0kx2JZy8j/tH4sh9dOQoMoliTAc6NhzKAMYRYHHFBOsGQzBRDmVN0K8RhxhKUKbWFTx3SS7LhszYJ9Zhqh5zDVdV3FZi6HtAqsi8ZNw3i4rDVvi/zK4AScgjowwRVognvQAhbAIAUv4BW8ae/ap/alfc9b17Ri5ggslPbzC4dxqG0=</latexit><latexit sha1_base64="qbSw06cvpeN74VK3RV/z8P7u7dE=">AAACMXicbVC7TsMwFHUojxJeLQwMLBYVUlmqBCEBWwULY6kaWqmJIsd1W6vOQ7aDWqJ8DSts/AxMiJWfwEkz0JYrWTo65957ro8XMSqkYXxoa6X1jc2t8ra+s7u3f1CpHj6KMOaYWDhkIe95SBBGA2JJKhnpRZwg32Ok603uMr37RLigYdCRs4g4PhoFdEgxkopyK8e2j6ZuYk+p206h5bbrOTx3KzWjYeQFV4FZgBooquVWtZI9CHHsk0BihoTom0YknQRxSTEjqW7HgkQIT9CI9BUMkE+Ek+Q/SOGZYgZwGHL1Aglz9u9EgnwhZr6nOn0kx2JZy8j/tH4sh9dOQoMoliTAc6NhzKAMYRYHHFBOsGQzBRDmVN0K8RhxhKUKbWFTx3SS7LhszYJ9Zhqh5zDVdV3FZi6HtAqsi8ZNw3i4rDVvi/zK4AScgjowwRVognvQAhbAIAUv4BW8ae/ap/alfc9b17Ri5ggslPbzC4dxqG0=</latexit><latexit sha1_base64="qbSw06cvpeN74VK3RV/z8P7u7dE=">AAACMXicbVC7TsMwFHUojxJeLQwMLBYVUlmqBCEBWwULY6kaWqmJIsd1W6vOQ7aDWqJ8DSts/AxMiJWfwEkz0JYrWTo65957ro8XMSqkYXxoa6X1jc2t8ra+s7u3f1CpHj6KMOaYWDhkIe95SBBGA2JJKhnpRZwg32Ok603uMr37RLigYdCRs4g4PhoFdEgxkopyK8e2j6ZuYk+p206h5bbrOTx3KzWjYeQFV4FZgBooquVWtZI9CHHsk0BihoTom0YknQRxSTEjqW7HgkQIT9CI9BUMkE+Ek+Q/SOGZYgZwGHL1Aglz9u9EgnwhZr6nOn0kx2JZy8j/tH4sh9dOQoMoliTAc6NhzKAMYRYHHFBOsGQzBRDmVN0K8RhxhKUKbWFTx3SS7LhszYJ9Zhqh5zDVdV3FZi6HtAqsi8ZNw3i4rDVvi/zK4AScgjowwRVognvQAhbAIAUv4BW8ae/ap/alfc9b17Ri5ggslPbzC4dxqG0=</latexit>

People are not obstacles or disturbances.



People do not act in isolation.

uH
<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

max

xH
UH(xH)

<latexit sha1_base64="zGAzZf1UJURS6n2HOu6VCHdeuQI=">AAACMXicbVDLTsJAFJ2CD6wv0IULNxOJCW5Ia0zUHdENS0yokNCmmQ4DTJg+MjM1YNOvcas7f0ZXxq0/4bR0IeBNJjk559577hwvYlRIw/jQSuWNza3tyo6+u7d/cFitHT2KMOaYWDhkIe97SBBGA2JJKhnpR5wg32Ok503vM733RLigYdCV84g4PhoHdEQxkopyqye2j2ZuYs+o206h5bYbObxwq3WjaeQF14FZgDooquPWtLI9DHHsk0BihoQYmEYknQRxSTEjqW7HgkQIT9GYDBQMkE+Ek+Q/SOG5YoZwFHL1Aglz9u9Egnwh5r6nOn0kJ2JVy8j/tEEsRzdOQoMoliTAC6NRzKAMYRYHHFJOsGRzBRDmVN0K8QRxhKUKbWlT13SS7LhszZJ9Zhqh5zDVdV3FZq6GtA6sy+Zt03i4qrfuivwq4BScgQYwwTVogTboAAtgkIIX8AretHftU/vSvhetJa2YOQZLpf38AlNzqE8=</latexit><latexit sha1_base64="zGAzZf1UJURS6n2HOu6VCHdeuQI=">AAACMXicbVDLTsJAFJ2CD6wv0IULNxOJCW5Ia0zUHdENS0yokNCmmQ4DTJg+MjM1YNOvcas7f0ZXxq0/4bR0IeBNJjk559577hwvYlRIw/jQSuWNza3tyo6+u7d/cFitHT2KMOaYWDhkIe97SBBGA2JJKhnpR5wg32Ok503vM733RLigYdCV84g4PhoHdEQxkopyqye2j2ZuYs+o206h5bYbObxwq3WjaeQF14FZgDooquPWtLI9DHHsk0BihoQYmEYknQRxSTEjqW7HgkQIT9GYDBQMkE+Ek+Q/SOG5YoZwFHL1Aglz9u9Egnwh5r6nOn0kJ2JVy8j/tEEsRzdOQoMoliTAC6NRzKAMYRYHHFJOsGRzBRDmVN0K8QRxhKUKbWlT13SS7LhszZJ9Zhqh5zDVdV3FZq6GtA6sy+Zt03i4qrfuivwq4BScgQYwwTVogTboAAtgkIIX8AretHftU/vSvhetJa2YOQZLpf38AlNzqE8=</latexit><latexit sha1_base64="zGAzZf1UJURS6n2HOu6VCHdeuQI=">AAACMXicbVDLTsJAFJ2CD6wv0IULNxOJCW5Ia0zUHdENS0yokNCmmQ4DTJg+MjM1YNOvcas7f0ZXxq0/4bR0IeBNJjk559577hwvYlRIw/jQSuWNza3tyo6+u7d/cFitHT2KMOaYWDhkIe97SBBGA2JJKhnpR5wg32Ok503vM733RLigYdCV84g4PhoHdEQxkopyqye2j2ZuYs+o206h5bYbObxwq3WjaeQF14FZgDooquPWtLI9DHHsk0BihoQYmEYknQRxSTEjqW7HgkQIT9GYDBQMkE+Ek+Q/SOG5YoZwFHL1Aglz9u9Egnwh5r6nOn0kJ2JVy8j/tEEsRzdOQoMoliTAC6NRzKAMYRYHHFJOsGRzBRDmVN0K8QRxhKUKbWlT13SS7LhszZJ9Zhqh5zDVdV3FZq6GtA6sy+Zt03i4qrfuivwq4BScgQYwwTVogTboAAtgkIIX8AretHftU/vSvhetJa2YOQZLpf38AlNzqE8=</latexit>



Actual interaction is game-theoretic. 

uR
<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>uH

<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

UH(xH , xR)
<latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit>

UR(xR, xH)
<latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit>



Actual interaction is game-theoretic. 

uR
<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>uH

<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

UH(xH , xR)
<latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit>

UR(xR, xH)
<latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit>
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<latexit sha1_base64="tUNrMUqIdNodFzKzLQAilgbTWuc=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdOMSIyMkMCGdUqCh007ajooTPsGt7vwaV8atC//GDsxCwJs0OTn3cU5PGHOmjev+wJXC6tr6RnHT2dre2d0rlffvtUwUoT6RXKpWiDXlTFDfMMNpK1YURyGnzXB0nfWbD1RpJkXDjGMaRHggWJ8RbCx199R97JYqbtWdFloGXg4qIK96twwLnZ4kSUSFIRxr3fbc2AQpVoYRTidOJ9E0xmSEB7RtocAR1UE69TpBx5bpob5U9gmDpuzfjRRHWo+j0E5G2Az1Yi8j/+u1E9O/CFIm4sRQQWZC/YQjI1H2cdRjihLDxxZgopj1isgQK0yMjWfuUsML0sxcdmZOPhON8bOcOI5jY/MWQ1oG/mn1surenlVqV3l+RXAIjsAJ8MA5qIEbUAc+IGAAXsAreIPv8AN+wq/Z6ArMdw7AXMHvX9EWoHY=</latexit><latexit sha1_base64="tUNrMUqIdNodFzKzLQAilgbTWuc=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdOMSIyMkMCGdUqCh007ajooTPsGt7vwaV8atC//GDsxCwJs0OTn3cU5PGHOmjev+wJXC6tr6RnHT2dre2d0rlffvtUwUoT6RXKpWiDXlTFDfMMNpK1YURyGnzXB0nfWbD1RpJkXDjGMaRHggWJ8RbCx199R97JYqbtWdFloGXg4qIK96twwLnZ4kSUSFIRxr3fbc2AQpVoYRTidOJ9E0xmSEB7RtocAR1UE69TpBx5bpob5U9gmDpuzfjRRHWo+j0E5G2Az1Yi8j/+u1E9O/CFIm4sRQQWZC/YQjI1H2cdRjihLDxxZgopj1isgQK0yMjWfuUsML0sxcdmZOPhON8bOcOI5jY/MWQ1oG/mn1surenlVqV3l+RXAIjsAJ8MA5qIEbUAc+IGAAXsAreIPv8AN+wq/Z6ArMdw7AXMHvX9EWoHY=</latexit><latexit sha1_base64="tUNrMUqIdNodFzKzLQAilgbTWuc=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdOMSIyMkMCGdUqCh007ajooTPsGt7vwaV8atC//GDsxCwJs0OTn3cU5PGHOmjev+wJXC6tr6RnHT2dre2d0rlffvtUwUoT6RXKpWiDXlTFDfMMNpK1YURyGnzXB0nfWbD1RpJkXDjGMaRHggWJ8RbCx199R97JYqbtWdFloGXg4qIK96twwLnZ4kSUSFIRxr3fbc2AQpVoYRTidOJ9E0xmSEB7RtocAR1UE69TpBx5bpob5U9gmDpuzfjRRHWo+j0E5G2Az1Yi8j/+u1E9O/CFIm4sRQQWZC/YQjI1H2cdRjihLDxxZgopj1isgQK0yMjWfuUsML0sxcdmZOPhON8bOcOI5jY/MWQ1oG/mn1surenlVqV3l+RXAIjsAJ8MA5qIEbUAc+IGAAXsAreIPv8AN+wq/Z6ArMdw7AXMHvX9EWoHY=</latexit>
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<latexit sha1_base64="2VTesq3FongkuV3tnJMJgtTORdA=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtx4gTPsGt7vwaV8atC//GDsxCwJs0OTn3cU5PGHOmjev+wJXC6tr6RnHT2dre2d0rlfcftEwUoT6RXKpWiDXlTFDfMMNpK1YURyGnzXB0nfWbj1RpJkXDjGMaRHggWJ8RbCx1/9S965YqbtWdFloGXg4qIK96twwLnZ4kSUSFIRxr3fbc2AQpVoYRTidOJ9E0xmSEB7RtocAR1UE69TpBx5bpob5U9gmDpuzfjRRHWo+j0E5G2Az1Yi8j/+u1E9O/CFIm4sRQQWZC/YQjI1H2cdRjihLDxxZgopj1isgQK0yMjWfuUsML0sxcdmZOPhON8bOcOI5jY/MWQ1oG/mn1surenlVqV3l+RXAIjsAJ8MA5qIEbUAc+IGAAXsAreIPv8AN+wq/Z6ArMdw7AXMHvX5HtoFE=</latexit><latexit sha1_base64="2VTesq3FongkuV3tnJMJgtTORdA=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtx4gTPsGt7vwaV8atC//GDsxCwJs0OTn3cU5PGHOmjev+wJXC6tr6RnHT2dre2d0rlfcftEwUoT6RXKpWiDXlTFDfMMNpK1YURyGnzXB0nfWbj1RpJkXDjGMaRHggWJ8RbCx1/9S965YqbtWdFloGXg4qIK96twwLnZ4kSUSFIRxr3fbc2AQpVoYRTidOJ9E0xmSEB7RtocAR1UE69TpBx5bpob5U9gmDpuzfjRRHWo+j0E5G2Az1Yi8j/+u1E9O/CFIm4sRQQWZC/YQjI1H2cdRjihLDxxZgopj1isgQK0yMjWfuUsML0sxcdmZOPhON8bOcOI5jY/MWQ1oG/mn1surenlVqV3l+RXAIjsAJ8MA5qIEbUAc+IGAAXsAreIPv8AN+wq/Z6ArMdw7AXMHvX5HtoFE=</latexit><latexit sha1_base64="2VTesq3FongkuV3tnJMJgtTORdA=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtx4gTPsGt7vwaV8atC//GDsxCwJs0OTn3cU5PGHOmjev+wJXC6tr6RnHT2dre2d0rlfcftEwUoT6RXKpWiDXlTFDfMMNpK1YURyGnzXB0nfWbj1RpJkXDjGMaRHggWJ8RbCx1/9S965YqbtWdFloGXg4qIK96twwLnZ4kSUSFIRxr3fbc2AQpVoYRTidOJ9E0xmSEB7RtocAR1UE69TpBx5bpob5U9gmDpuzfjRRHWo+j0E5G2Az1Yi8j/+u1E9O/CFIm4sRQQWZC/YQjI1H2cdRjihLDxxZgopj1isgQK0yMjWfuUsML0sxcdmZOPhON8bOcOI5jY/MWQ1oG/mn1surenlVqV3l+RXAIjsAJ8MA5qIEbUAc+IGAAXsAreIPv8AN+wq/Z6ArMdw7AXMHvX5HtoFE=</latexit>

xH
<latexit sha1_base64="+bxqPsa8rPd3R7y5J+35oU0PWQs=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajhEnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gWuF9Y3NreK2s7O7t39QKh8+aJkoQn0iuVTtEGvKmaC+YYbTdqwojkJOW+H4Nuu3HqnSTIqmmcQ0iPBQsAEj2Fjq/qlX75UqbtWdFVoFXg4qIK9GrwwL3b4kSUSFIRxr3fHc2AQpVoYRTqdON9E0xmSMh7RjocAR1UE68zpFp5bpo4FU9gmDZuzfjRRHWk+i0E5G2Iz0ci8j/+t1EjO4ClIm4sRQQeZCg4QjI1H2cdRnihLDJxZgopj1isgIK0yMjWfhUtML0sxcdmZBPhON8bOcOo5jY/OWQ1oF/nn1uureXVRqN3l+RXAMTsAZ8MAlqIE6aAAfEDAEL+AVvMF3+AE/4dd8dA3mO0dgoeD3L4DboEc=</latexit><latexit sha1_base64="+bxqPsa8rPd3R7y5J+35oU0PWQs=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajhEnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gWuF9Y3NreK2s7O7t39QKh8+aJkoQn0iuVTtEGvKmaC+YYbTdqwojkJOW+H4Nuu3HqnSTIqmmcQ0iPBQsAEj2Fjq/qlX75UqbtWdFVoFXg4qIK9GrwwL3b4kSUSFIRxr3fHc2AQpVoYRTqdON9E0xmSMh7RjocAR1UE68zpFp5bpo4FU9gmDZuzfjRRHWk+i0E5G2Iz0ci8j/+t1EjO4ClIm4sRQQeZCg4QjI1H2cdRnihLDJxZgopj1isgIK0yMjWfhUtML0sxcdmZBPhON8bOcOo5jY/OWQ1oF/nn1uureXVRqN3l+RXAMTsAZ8MAlqIE6aAAfEDAEL+AVvMF3+AE/4dd8dA3mO0dgoeD3L4DboEc=</latexit><latexit sha1_base64="+bxqPsa8rPd3R7y5J+35oU0PWQs=">AAACG3icbVDLTgIxFG3FB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajhEnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gWuF9Y3NreK2s7O7t39QKh8+aJkoQn0iuVTtEGvKmaC+YYbTdqwojkJOW+H4Nuu3HqnSTIqmmcQ0iPBQsAEj2Fjq/qlX75UqbtWdFVoFXg4qIK9GrwwL3b4kSUSFIRxr3fHc2AQpVoYRTqdON9E0xmSMh7RjocAR1UE68zpFp5bpo4FU9gmDZuzfjRRHWk+i0E5G2Iz0ci8j/+t1EjO4ClIm4sRQQeZCg4QjI1H2cdRnihLDJxZgopj1isgIK0yMjWfhUtML0sxcdmZBPhON8bOcOo5jY/OWQ1oF/nn1uureXVRqN3l+RXAMTsAZ8MAlqIE6aAAfEDAEL+AVvMF3+AE/4dd8dA3mO0dgoeD3L4DboEc=</latexit>
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<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>
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<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>
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Planning for Autonomous Cars that
Leverage Effects on Human Actions [RSS’16]

offline IRL𝜃∗ = argmax𝑃(𝜉05|𝜉", 𝜃)

𝑃 𝜉05 𝜉", 𝜃 ∝ 𝑒91(*1
:,*+;;)





Predict-then-react



Underactuated System, UH Learned Offline



People do not act in isolation.

uH
<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

max

xH
UH(xH)

<latexit sha1_base64="zGAzZf1UJURS6n2HOu6VCHdeuQI=">AAACMXicbVDLTsJAFJ2CD6wv0IULNxOJCW5Ia0zUHdENS0yokNCmmQ4DTJg+MjM1YNOvcas7f0ZXxq0/4bR0IeBNJjk559577hwvYlRIw/jQSuWNza3tyo6+u7d/cFitHT2KMOaYWDhkIe97SBBGA2JJKhnpR5wg32Ok503vM733RLigYdCV84g4PhoHdEQxkopyqye2j2ZuYs+o206h5bYbObxwq3WjaeQF14FZgDooquPWtLI9DHHsk0BihoQYmEYknQRxSTEjqW7HgkQIT9GYDBQMkE+Ek+Q/SOG5YoZwFHL1Aglz9u9Egnwh5r6nOn0kJ2JVy8j/tEEsRzdOQoMoliTAC6NRzKAMYRYHHFJOsGRzBRDmVN0K8QRxhKUKbWlT13SS7LhszZJ9Zhqh5zDVdV3FZq6GtA6sy+Zt03i4qrfuivwq4BScgQYwwTVogTboAAtgkIIX8AretHftU/vSvhetJa2YOQZLpf38AlNzqE8=</latexit><latexit sha1_base64="zGAzZf1UJURS6n2HOu6VCHdeuQI=">AAACMXicbVDLTsJAFJ2CD6wv0IULNxOJCW5Ia0zUHdENS0yokNCmmQ4DTJg+MjM1YNOvcas7f0ZXxq0/4bR0IeBNJjk559577hwvYlRIw/jQSuWNza3tyo6+u7d/cFitHT2KMOaYWDhkIe97SBBGA2JJKhnpR5wg32Ok503vM733RLigYdCV84g4PhoHdEQxkopyqye2j2ZuYs+o206h5bYbObxwq3WjaeQF14FZgDooquPWtLI9DHHsk0BihoQYmEYknQRxSTEjqW7HgkQIT9GYDBQMkE+Ek+Q/SOG5YoZwFHL1Aglz9u9Egnwh5r6nOn0kJ2JVy8j/tEEsRzdOQoMoliTAC6NRzKAMYRYHHFJOsGRzBRDmVN0K8QRxhKUKbWlT13SS7LhszZJ9Zhqh5zDVdV3FZq6GtA6sy+Zt03i4qrfuivwq4BScgQYwwTVogTboAAtgkIIX8AretHftU/vSvhetJa2YOQZLpf38AlNzqE8=</latexit><latexit sha1_base64="zGAzZf1UJURS6n2HOu6VCHdeuQI=">AAACMXicbVDLTsJAFJ2CD6wv0IULNxOJCW5Ia0zUHdENS0yokNCmmQ4DTJg+MjM1YNOvcas7f0ZXxq0/4bR0IeBNJjk559577hwvYlRIw/jQSuWNza3tyo6+u7d/cFitHT2KMOaYWDhkIe97SBBGA2JJKhnpR5wg32Ok503vM733RLigYdCV84g4PhoHdEQxkopyqye2j2ZuYs+o206h5bYbObxwq3WjaeQF14FZgDooquPWtLI9DHHsk0BihoQYmEYknQRxSTEjqW7HgkQIT9GYDBQMkE+Ek+Q/SOG5YoZwFHL1Aglz9u9Egnwh5r6nOn0kJ2JVy8j/tEEsRzdOQoMoliTAC6NRzKAMYRYHHFJOsGRzBRDmVN0K8QRxhKUKbWlT13SS7LhszZJ9Zhqh5zDVdV3FZq6GtA6sy+Zt03i4qrfuivwq4BScgQYwwTVogTboAAtgkIIX8AretHftU/vSvhetJa2YOQZLpf38AlNzqE8=</latexit>





Adapting to the individual driver

𝜉0∗ (𝜉"; 𝜃) = argmax𝑈0(𝜉0, 𝜉"; 𝜃)

𝜉"∗ = argmax𝑈"(𝜉", 𝜉0∗ (𝜉"; 𝜃<))

Information Gathering Actions
over Human Internal State [IROS’16]



Adapting to the individual driver

𝜉0∗ (𝜉"; 𝜃) = argmax𝑈0(𝜉0, 𝜉"; 𝜃)

𝑏> 𝜃 ∝ 𝑃 𝑢0 𝑥, 𝑢", 𝜃 𝑏(𝜃)

𝜉"∗ = argmax𝑈"(𝜉", 𝜉0∗ (𝜉"; 𝜃<))
𝜃< = argmax 𝑏(𝜃)

Information Gathering Actions
over Human Internal State [IROS’16]





Back to ultra-defensive



All Users Drive in Almost the Same Way







All Users Drive in Almost the Same Way



Idea: Leverage the robot’s actions! 

Defensive Drivers



Adapting to the individual driver

𝜉0∗ (𝜉"; 𝜃) = argmax𝑈0(𝜉0, 𝜉"; 𝜃)

𝑏> 𝜃 ∝ 𝑃 𝑢0 𝑥, 𝑢", 𝜃 𝑏(𝜃)

𝜉"∗ = argmax𝑈"(𝜉", 𝜉0∗ (𝜉"; 𝜃<))
𝜃< = argmax 𝑏(𝜃)

Information Gathering Actions
over Human Internal State [IROS’16]



Actively estimating driver style

𝜉0∗ (𝜉"; 𝜃) = argmax𝑈0(𝜉0, 𝜉"; 𝜃)

𝑏> 𝜃 ∝ 𝑃 𝑢0 𝑥, 𝑢", 𝜃 𝑏(𝜃)

𝜉"∗ = argmax𝑈"(𝜉", 𝜉0∗ (𝜉"; 𝜃<))
𝜃< = argmax 𝑏(𝜃)

+	𝜆𝔼[𝐻 𝑏 − 𝐻(𝑏>)]

Information Gathering Actions
over Human Internal State [IROS’16]



HRI as an underactuated system

𝜉0∗ (𝜉"; 𝜃) = argmax𝑈0(𝜉0, 𝜉"; 𝜃)

𝜉"∗ = argmax𝑈"(𝜉", 𝜉0∗ (𝜉"; 𝜃))

Information Gathering Actions
over Human Internal State [IROS’16]
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Estimating Human Driver Style Online
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Estimating Human Driver Style Online
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Estimating Human Driver Style Online
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Coordination at 4-Way Stops



time

x 
of

 ro
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Attentive Users

Robot Trajectories
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Inch Forward
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Attentive Users: Continue
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Inch Forward
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Distracted Users: Go Back
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UR : Human Should Go First
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UR : Human Should Go First



Communication-like strategies 
emerged from optimizing in a system 
that accounts for human reactions.
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<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>uH
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UH(xH , xR)
<latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit>

UR(xR, xH)
<latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit>
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<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>uH

<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

U(xR, xH)
<latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit><latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit><latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit>

collaboration

max

xR ,xH
U(xR, xH)

<latexit sha1_base64="zDAIB0OD46ZzW6A3pnUkobaOx/Y=">AAACOnicbVC7TsMwFHUojxJeLYwsFhVSkVCVICRgq2DpWFBDKzVR5Lhua9V5yHZQS5SVr2GFjQ9hZkKsfABOm6EPrmTr+NzHuT5exKiQhvGprRXWNza3itv6zu7e/kGpfPgowphjYuGQhbzjIUEYDYglqWSkE3GCfI+Rtje6y/LtJ8IFDYOWnETE8dEgoH2KkVSUW4K2j8ZuYo+p+3Ce3Y3Uqs69ztxSxagZ04CrwMxBBeTRdMtawe6FOPZJIDFDQnRNI5JOgrikmJFUt2NBIoRHaEC6CgbIJ8JJpl9J4alierAfcnUCCafsfEeCfCEmvqcqfSSHYjmXkf/lurHsXzsJDaJYkgDPhPoxgzKEmS+wRznBkk0UQJhTtSvEQ8QRlsq9hUkt00my5bIxC/KZaISew1TXdWWbuWzSKrAuajc14/6yUr/N/SuCY3ACqsAEV6AOGqAJLIDBC3gFb+Bd+9C+tG/tZ1a6puU9R2AhtN8/2bqsFg==</latexit><latexit sha1_base64="zDAIB0OD46ZzW6A3pnUkobaOx/Y=">AAACOnicbVC7TsMwFHUojxJeLYwsFhVSkVCVICRgq2DpWFBDKzVR5Lhua9V5yHZQS5SVr2GFjQ9hZkKsfABOm6EPrmTr+NzHuT5exKiQhvGprRXWNza3itv6zu7e/kGpfPgowphjYuGQhbzjIUEYDYglqWSkE3GCfI+Rtje6y/LtJ8IFDYOWnETE8dEgoH2KkVSUW4K2j8ZuYo+p+3Ce3Y3Uqs69ztxSxagZ04CrwMxBBeTRdMtawe6FOPZJIDFDQnRNI5JOgrikmJFUt2NBIoRHaEC6CgbIJ8JJpl9J4alierAfcnUCCafsfEeCfCEmvqcqfSSHYjmXkf/lurHsXzsJDaJYkgDPhPoxgzKEmS+wRznBkk0UQJhTtSvEQ8QRlsq9hUkt00my5bIxC/KZaISew1TXdWWbuWzSKrAuajc14/6yUr/N/SuCY3ACqsAEV6AOGqAJLIDBC3gFb+Bd+9C+tG/tZ1a6puU9R2AhtN8/2bqsFg==</latexit><latexit sha1_base64="zDAIB0OD46ZzW6A3pnUkobaOx/Y=">AAACOnicbVC7TsMwFHUojxJeLYwsFhVSkVCVICRgq2DpWFBDKzVR5Lhua9V5yHZQS5SVr2GFjQ9hZkKsfABOm6EPrmTr+NzHuT5exKiQhvGprRXWNza3itv6zu7e/kGpfPgowphjYuGQhbzjIUEYDYglqWSkE3GCfI+Rtje6y/LtJ8IFDYOWnETE8dEgoH2KkVSUW4K2j8ZuYo+p+3Ce3Y3Uqs69ztxSxagZ04CrwMxBBeTRdMtawe6FOPZJIDFDQnRNI5JOgrikmJFUt2NBIoRHaEC6CgbIJ8JJpl9J4alierAfcnUCCafsfEeCfCEmvqcqfSSHYjmXkf/lurHsXzsJDaJYkgDPhPoxgzKEmS+wRznBkk0UQJhTtSvEQ8QRlsq9hUkt00my5bIxC/KZaISew1TXdWWbuWzSKrAuajc14/6yUr/N/SuCY3ACqsAEV6AOGqAJLIDBC3gFb+Bd+9C+tG/tZ1a6puU9R2AhtN8/2bqsFg==</latexit>



uR
<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>uH

<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

U(xR, xH)
<latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit><latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit><latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit>

max

uH
U(uH , uR)

<latexit sha1_base64="dJ7Ihye6ePA7fJKxzmLj3C7E+rI=">AAACLnicbVDLSsNAFJ20Pmp8terOTbAIFaQkIqi7opsuqzS20IYwmU7aoZNMmJmIbci/uNWdXyMuxK2f4aTNwrZemOFw7uMcjhdRIqRpfmqF4tr6xmZpS9/e2d3bL1cOHgWLOcI2YpTxrgcFpiTEtiSS4m7EMQw8ijve+C7rd54wF4SFbTmJsBPAYUh8gqBUlFs+6gfw2U1it5naNfWfx+7DmVuumnVzVsYqsHJQBXm13IpW7A8YigMcSkShED3LjKSTQC4JojjV+7HAEURjOMQ9BUMYYOEkM/upcaqYgeEzrl4ojRn7dyOBgRCTwFOTAZQjsdzLyP96vVj6105CwiiWOERzIT+mhmRGloUxIBwjSScKQMSJ8mqgEeQQSZXYwqW25SSZuezMgnwmGsEpS3VdV7FZyyGtAvuiflM37y+rjds8vxI4BiegBixwBRqgCVrABghMwQt4BW/au/ahfWnf89GClu8cgoXSfn4BDrKnLA==</latexit><latexit sha1_base64="dJ7Ihye6ePA7fJKxzmLj3C7E+rI=">AAACLnicbVDLSsNAFJ20Pmp8terOTbAIFaQkIqi7opsuqzS20IYwmU7aoZNMmJmIbci/uNWdXyMuxK2f4aTNwrZemOFw7uMcjhdRIqRpfmqF4tr6xmZpS9/e2d3bL1cOHgWLOcI2YpTxrgcFpiTEtiSS4m7EMQw8ijve+C7rd54wF4SFbTmJsBPAYUh8gqBUlFs+6gfw2U1it5naNfWfx+7DmVuumnVzVsYqsHJQBXm13IpW7A8YigMcSkShED3LjKSTQC4JojjV+7HAEURjOMQ9BUMYYOEkM/upcaqYgeEzrl4ojRn7dyOBgRCTwFOTAZQjsdzLyP96vVj6105CwiiWOERzIT+mhmRGloUxIBwjSScKQMSJ8mqgEeQQSZXYwqW25SSZuezMgnwmGsEpS3VdV7FZyyGtAvuiflM37y+rjds8vxI4BiegBixwBRqgCVrABghMwQt4BW/au/ahfWnf89GClu8cgoXSfn4BDrKnLA==</latexit><latexit sha1_base64="dJ7Ihye6ePA7fJKxzmLj3C7E+rI=">AAACLnicbVDLSsNAFJ20Pmp8terOTbAIFaQkIqi7opsuqzS20IYwmU7aoZNMmJmIbci/uNWdXyMuxK2f4aTNwrZemOFw7uMcjhdRIqRpfmqF4tr6xmZpS9/e2d3bL1cOHgWLOcI2YpTxrgcFpiTEtiSS4m7EMQw8ijve+C7rd54wF4SFbTmJsBPAYUh8gqBUlFs+6gfw2U1it5naNfWfx+7DmVuumnVzVsYqsHJQBXm13IpW7A8YigMcSkShED3LjKSTQC4JojjV+7HAEURjOMQ9BUMYYOEkM/upcaqYgeEzrl4ojRn7dyOBgRCTwFOTAZQjsdzLyP96vVj6105CwiiWOERzIT+mhmRGloUxIBwjSScKQMSJ8mqgEeQQSZXYwqW25SSZuezMgnwmGsEpS3VdV7FZyyGtAvuiflM37y+rjds8vxI4BiegBixwBRqgCVrABghMwQt4BW/au/ahfWnf89GClu8cgoXSfn4BDrKnLA==</latexit>

myopic human optimization

Aaron Bestick



uR
<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>uH

<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

U(xR, xH)
<latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit><latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit><latexit sha1_base64="iYNITIKbLdRhoQchfOztpxokAkI=">AAACJnicbVDLTgIxFO2IDxxfoEs3jcQEE0NmjIm6I7phiYYREhhJpxRo6LSTtmPECf/hVnd+jStj3PkpdmAWAt6kzcm5j3NygohRpR3n21rJra6tb+Q37a3tnd29QnH/XolYYuJhwYRsBUgRRjnxNNWMtCJJUBgw0gxGN2m/+UikooI39DgifogGnPYpRtpQD16580S7d6fpXzvpFkpOxZkWXAZuBkogq3q3aOU6PYHjkHCNGVKq7TqR9hMkNcWMTOxOrEiE8AgNSNtAjkKi/GRqewKPDdODfSHN4xpO2b8bCQqVGoeBmQyRHqrFXkr+12vHun/pJ5RHsSYcz4T6MYNawDQD2KOSYM3GBiAsqfEK8RBJhLVJau5Sw/WT1Fx6Zk4+FY3Qs5jYtm1icxdDWgbeWeWq4tyel6rXWX55cAiOQBm44AJUQQ3UgQcwkOAFvII36936sD6tr9noipXtHIC5sn5+ATk/pDo=</latexit>

max

uH
U(uH , uR)

<latexit sha1_base64="dJ7Ihye6ePA7fJKxzmLj3C7E+rI=">AAACLnicbVDLSsNAFJ20Pmp8terOTbAIFaQkIqi7opsuqzS20IYwmU7aoZNMmJmIbci/uNWdXyMuxK2f4aTNwrZemOFw7uMcjhdRIqRpfmqF4tr6xmZpS9/e2d3bL1cOHgWLOcI2YpTxrgcFpiTEtiSS4m7EMQw8ijve+C7rd54wF4SFbTmJsBPAYUh8gqBUlFs+6gfw2U1it5naNfWfx+7DmVuumnVzVsYqsHJQBXm13IpW7A8YigMcSkShED3LjKSTQC4JojjV+7HAEURjOMQ9BUMYYOEkM/upcaqYgeEzrl4ojRn7dyOBgRCTwFOTAZQjsdzLyP96vVj6105CwiiWOERzIT+mhmRGloUxIBwjSScKQMSJ8mqgEeQQSZXYwqW25SSZuezMgnwmGsEpS3VdV7FZyyGtAvuiflM37y+rjds8vxI4BiegBixwBRqgCVrABghMwQt4BW/au/ahfWnf89GClu8cgoXSfn4BDrKnLA==</latexit><latexit sha1_base64="dJ7Ihye6ePA7fJKxzmLj3C7E+rI=">AAACLnicbVDLSsNAFJ20Pmp8terOTbAIFaQkIqi7opsuqzS20IYwmU7aoZNMmJmIbci/uNWdXyMuxK2f4aTNwrZemOFw7uMcjhdRIqRpfmqF4tr6xmZpS9/e2d3bL1cOHgWLOcI2YpTxrgcFpiTEtiSS4m7EMQw8ijve+C7rd54wF4SFbTmJsBPAYUh8gqBUlFs+6gfw2U1it5naNfWfx+7DmVuumnVzVsYqsHJQBXm13IpW7A8YigMcSkShED3LjKSTQC4JojjV+7HAEURjOMQ9BUMYYOEkM/upcaqYgeEzrl4ojRn7dyOBgRCTwFOTAZQjsdzLyP96vVj6105CwiiWOERzIT+mhmRGloUxIBwjSScKQMSJ8mqgEeQQSZXYwqW25SSZuezMgnwmGsEpS3VdV7FZyyGtAvuiflM37y+rjds8vxI4BiegBixwBRqgCVrABghMwQt4BW/au/ahfWnf89GClu8cgoXSfn4BDrKnLA==</latexit><latexit sha1_base64="dJ7Ihye6ePA7fJKxzmLj3C7E+rI=">AAACLnicbVDLSsNAFJ20Pmp8terOTbAIFaQkIqi7opsuqzS20IYwmU7aoZNMmJmIbci/uNWdXyMuxK2f4aTNwrZemOFw7uMcjhdRIqRpfmqF4tr6xmZpS9/e2d3bL1cOHgWLOcI2YpTxrgcFpiTEtiSS4m7EMQw8ijve+C7rd54wF4SFbTmJsBPAYUh8gqBUlFs+6gfw2U1it5naNfWfx+7DmVuumnVzVsYqsHJQBXm13IpW7A8YigMcSkShED3LjKSTQC4JojjV+7HAEURjOMQ9BUMYYOEkM/upcaqYgeEzrl4ojRn7dyOBgRCTwFOTAZQjsdzLyP96vVj6105CwiiWOERzIT+mhmRGloUxIBwjSScKQMSJ8mqgEeQQSZXYwqW25SSZuezMgnwmGsEpS3VdV7FZyyGtAvuiflM37y+rjds8vxI4BiegBixwBRqgCVrABghMwQt4BW/au/ahfWnf89GClu8cgoXSfn4BDrKnLA==</latexit>

myopic human optimization
max

xR
U(xR, xH(xR))

<latexit sha1_base64="MwyTMX+o5qFxGfjhwaH0azcEnXc="></latexit><latexit sha1_base64="MwyTMX+o5qFxGfjhwaH0azcEnXc="></latexit><latexit sha1_base64="MwyTMX+o5qFxGfjhwaH0azcEnXc="></latexit>

Aaron Bestick



The robot guides 
the person to better plans.

Implicitly Assisting Humans to 
Choose Good Grasps [ISER’16]
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uR
<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>uH

<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

UH(xH , xR)
<latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit>

UR(xR, xH)
<latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit>
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Coordination requires reasoning 
about effects on human actions and beliefs.

uR
<latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit><latexit sha1_base64="Xkp+FGgT+5ktAaGlnWDCLW7JATY=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSlRESmJBOKdDQaSdtxwQnfIJb3fk1roxbF/6NHZiFgDdpcnLu45yeMOZMG9f9gYXi2vrGZmnL2d7Z3dsvVw4etUwUoT6RXKp2iDXlTFDfMMNpO1YURyGnrXB8k/VbT1RpJkXTTGIaRHgo2IARbCz1kPTue+WqW3NnhVaBl4MqyKvRq8Bity9JElFhCMdadzw3NkGKlWGE06nTTTSNMRnjIe1YKHBEdZDOvE7RiWX6aCCVfcKgGft3I8WR1pMotJMRNiO93MvI/3qdxAwug5SJODFUkLnQIOHISJR9HPWZosTwiQWYKGa9IjLCChNj41m41PSCNDOXnVmQz0Rj/CynjuPY2LzlkFaBf1a7qrl359X6dZ5fCRyBY3AKPHAB6uAWNIAPCBiCF/AK3uA7/ICf8Gs+WoD5ziFYKPj9C4zIoE4=</latexit>uH

<latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit><latexit sha1_base64="20wAzyYTwBZzepVeClNFYxtMO+Y=">AAACG3icbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdMMSIyMkMCGdUqCh007ajglO+AS3uvNrXBm3LvwbOzALAW/S5OTcxzk9YcyZNq77AwvFjc2t7dKOs7u3f3BYrhw9apkoQn0iuVSdEGvKmaC+YYbTTqwojkJO2+HkLuu3n6jSTIqWmcY0iPBIsCEj2FjqIek3+uWqW3PnhdaBl4MqyKvZr8BibyBJElFhCMdadz03NkGKlWGE05nTSzSNMZngEe1aKHBEdZDOvc7QmWUGaCiVfcKgOft3I8WR1tMotJMRNmO92svI/3rdxAyvg5SJODFUkIXQMOHISJR9HA2YosTwqQWYKGa9IjLGChNj41m61PKCNDOXnVmSz0Rj/CxnjuPY2LzVkNaBf1G7qbn3l9X6bZ5fCZyAU3AOPHAF6qABmsAHBIzAC3gFb/AdfsBP+LUYLcB85xgsFfz+BXu2oEQ=</latexit>

UH(xH , xR)
<latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit><latexit sha1_base64="1pWUNWWqdvwtXavSho3URyrI4Rs=">AAACKnicbVBNT8IwGO7ED5xfQ49eFokJJoZsxkS9Eb1wRMOEBJalKwUaunZpOyIu/BOvevPXeCJe/SF2sIOAb9LmyfN+PE+eMKZEKseZGRuFza3tneKuubd/cHhklY6fJU8Ewh7ilIt2CCWmhGFPEUVxOxYYRiHFrXD0kPVbYywk4aypJjH2IzhgpE8QVJoKLMsL6pXuCwnql9n/dBFYZafqzMteB24OyiCvRlAyCt0eR0mEmUIUStlxnVj5KRSKIIqnZjeROIZoBAe4oyGDEZZ+Orc+tc8107P7XOjHlD1n/26kMJJyEoV6MoJqKFd7Gflfr5Oo/q2fEhYnCjO0EOon1FbcznKwe0RgpOhEA4gE0V5tNIQCIqXTWrrUdP00M5edWZLPRGP4yqemaerY3NWQ1oF3Vb2rOo/X5dp9nl8RnIIzUAEuuAE1UAcN4AEExuANvIMP49P4MmbG92J0w8h3TsBSGT+/J9ulJg==</latexit>

UR(xR, xH)
<latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit><latexit sha1_base64="KDhMEhmblVWROH8CXlpuMyJIHfQ=">AAACKnicbVDLTsJAFJ2CD6yvoks3jcQEE0NaY6LuiG5YIqFCAk0zHaYwYTptZqZEbPgTt7rza1wRt36IU+hCwJvM5OTcxzk5fkyJkJY11wrFre2d3dKevn9weHRslE+eRZRwhB0U0Yh3fSgwJQw7kkiKuzHHMPQp7vjjx6zfmWAuSMTachpjN4RDRgKCoFSUZxiO16r2X4jXusr+xqVnVKyatShzE9g5qIC8ml5ZK/YHEUpCzCSiUIiebcXSTSGXBFE80/uJwDFEYzjEPQUZDLFw04X1mXmhmIEZRFw9Js0F+3cjhaEQ09BXkyGUI7Hey8j/er1EBnduSlicSMzQUihIqCkjM8vBHBCOkaRTBSDiRHk10QhyiKRKa+VS23bTzFx2ZkU+E43hazTTdV3FZq+HtAmc69p9zXq6qdQf8vxK4AycgyqwwS2ogwZoAgcgMAFv4B18aJ/alzbXvpejBS3fOQUrpf38AjmrpTA=</latexit>



uR
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We are bad at specifying 
utility functions for robots.



How can robots 
perform well in spite of that?



Figure out what utility to optimize.

[NIPS16,ICRA16,CDC16,
HRI17,ICRA17,IJCAI17a,IJCAI17b,

RSS17b,CoRL17, ISRR17, NIPS17, HRI18a, HRI18b]
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1. The robot should have 
uncertainty about its reward.



q̃
b(q)

What is the 
right distribution?



q̃ - score

score and winning were 
correlated at training time…

… but no longer 
correlated at test time



𝜙JKLMM

𝜙NOKP
𝜃Q = R−11

lava was not 
present at training time

... but appeared
at test time



2. All we know about the true reward is that the 
specified reward works well in the training envs.

Dylan Hadfield-Menell Smitha Milli



2. The behavior incentivized by the specified 
reward in training has high true reward.

Dylan Hadfield-Menell Smitha Milli



q⇤

Reward Design

q̃

q̃ 6= q⇤



q⇤

Inverse Reward Design

q̃

q̃ 6= q⇤

b(q) µ P(q̃|q, Mtrain)

Inverse Reward Design 
[NIPS’17,oral]



q⇤

Inverse Reward Design

q̃

q̃ 6= q⇤

Inverse Reward Design 
[NIPS’17,oral]
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The behavior incentivized by the specified reward 
in training has high true reward
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q1 q2
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winning
maximizing 

score
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winning
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𝑃 𝜃Q 𝜃∗,𝑀PKLOU ∝ eW𝔼 " *;;∗,XYZ[\] 	 	*~_(*|;̀,XYZ[\])]

Mtrain

q1 q2
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winning
maximizing 

score

q3
minimizing 

winning

q4
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minimizing 
score



The behavior incentivized by the specified reward 
in training has high true reward

𝑃 𝜃Q 𝜃∗,𝑀PKLOU ∝ eW𝔼 " *;;∗,XYZ[\] 	 	*~_(*|;̀,XYZ[\])]

Mtrain

q1 q2
maximizing 

winning
maximizing 

score

q3
minimizing 

winning

q4
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minimizing 
score



The behavior incentivized by the specified reward 
in training has high true reward

𝑃 𝜃Q 𝜃∗,𝑀PKLOU ∝ eW𝔼 " *;;∗,XYZ[\] 	 	*~_(*|;̀,XYZ[\])]

Mtrain

q1 q2
maximizing 

winning
maximizing 

score

q3
minimizing 

winning
minimizing 

score

q4
<latexit sha1_base64="gNsV2QSKxBma3FOmdbRmJIQyRGw=">AAACIHicbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSE0ZIYEI6pQMNnUfaOyY44Sfc6s6vcWVc6tfYgVkIeJMmJ+c+zunxEyk02PY3LpU3Nre2KzvW7t7+wWG1dvSo41Qx7rJYxqrrU82liLgLAiTvJorT0Je840/u8n7niSst4qgN04R7IR1FIhCMgqG6fRhzoIPLQbVuN+x5kXXgFKCOimoNarjcH8YsDXkETFKte46dgJdRBYJJPrP6qeYJZRM64j0DIxpy7WVzwzNyZpghCWJlXgRkzv7dyGio9TT0zWRIYaxXezn5X6+XQnDtZSJKUuARWwgFqSQQk/z3ZCgUZyCnBlCmhPFK2JgqysBktHSp7XhZbi4/sySfiyb0OZ5ZlmVic1ZDWgfuReOmYT9c1pu3RX4VdIJO0Tly0BVqonvUQi5iSKIX9Ire8Dv+wJ/4azFawsXOMVoq/PMLgkyiXw==</latexit><latexit sha1_base64="gNsV2QSKxBma3FOmdbRmJIQyRGw=">AAACIHicbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSE0ZIYEI6pQMNnUfaOyY44Sfc6s6vcWVc6tfYgVkIeJMmJ+c+zunxEyk02PY3LpU3Nre2KzvW7t7+wWG1dvSo41Qx7rJYxqrrU82liLgLAiTvJorT0Je840/u8n7niSst4qgN04R7IR1FIhCMgqG6fRhzoIPLQbVuN+x5kXXgFKCOimoNarjcH8YsDXkETFKte46dgJdRBYJJPrP6qeYJZRM64j0DIxpy7WVzwzNyZpghCWJlXgRkzv7dyGio9TT0zWRIYaxXezn5X6+XQnDtZSJKUuARWwgFqSQQk/z3ZCgUZyCnBlCmhPFK2JgqysBktHSp7XhZbi4/sySfiyb0OZ5ZlmVic1ZDWgfuReOmYT9c1pu3RX4VdIJO0Tly0BVqonvUQi5iSKIX9Ire8Dv+wJ/4azFawsXOMVoq/PMLgkyiXw==</latexit><latexit sha1_base64="gNsV2QSKxBma3FOmdbRmJIQyRGw=">AAACIHicbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSE0ZIYEI6pQMNnUfaOyY44Sfc6s6vcWVc6tfYgVkIeJMmJ+c+zunxEyk02PY3LpU3Nre2KzvW7t7+wWG1dvSo41Qx7rJYxqrrU82liLgLAiTvJorT0Je840/u8n7niSst4qgN04R7IR1FIhCMgqG6fRhzoIPLQbVuN+x5kXXgFKCOimoNarjcH8YsDXkETFKte46dgJdRBYJJPrP6qeYJZRM64j0DIxpy7WVzwzNyZpghCWJlXgRkzv7dyGio9TT0zWRIYaxXezn5X6+XQnDtZSJKUuARWwgFqSQQk/z3ZCgUZyCnBlCmhPFK2JgqysBktHSp7XhZbi4/sySfiyb0OZ5ZlmVic1ZDWgfuReOmYT9c1pu3RX4VdIJO0Tly0BVqonvUQi5iSKIX9Ire8Dv+wJ/4azFawsXOMVoq/PMLgkyiXw==</latexit>



The behavior incentivized by the specified reward 
in training has high true reward

𝑃 𝜃Q 𝜃∗,𝑀PKLOU ∝ eW𝔼 " *;;∗,XYZ[\] 	 	*~_(*|;̀,XYZ[\])]

Mtrain

q1 q2
maximizing 

winning
maximizing 

score

q3
minimizing 

winning
minimizing 

score

q4
<latexit sha1_base64="gNsV2QSKxBma3FOmdbRmJIQyRGw=">AAACIHicbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSE0ZIYEI6pQMNnUfaOyY44Sfc6s6vcWVc6tfYgVkIeJMmJ+c+zunxEyk02PY3LpU3Nre2KzvW7t7+wWG1dvSo41Qx7rJYxqrrU82liLgLAiTvJorT0Je840/u8n7niSst4qgN04R7IR1FIhCMgqG6fRhzoIPLQbVuN+x5kXXgFKCOimoNarjcH8YsDXkETFKte46dgJdRBYJJPrP6qeYJZRM64j0DIxpy7WVzwzNyZpghCWJlXgRkzv7dyGio9TT0zWRIYaxXezn5X6+XQnDtZSJKUuARWwgFqSQQk/z3ZCgUZyCnBlCmhPFK2JgqysBktHSp7XhZbi4/sySfiyb0OZ5ZlmVic1ZDWgfuReOmYT9c1pu3RX4VdIJO0Tly0BVqonvUQi5iSKIX9Ire8Dv+wJ/4azFawsXOMVoq/PMLgkyiXw==</latexit><latexit sha1_base64="gNsV2QSKxBma3FOmdbRmJIQyRGw=">AAACIHicbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSE0ZIYEI6pQMNnUfaOyY44Sfc6s6vcWVc6tfYgVkIeJMmJ+c+zunxEyk02PY3LpU3Nre2KzvW7t7+wWG1dvSo41Qx7rJYxqrrU82liLgLAiTvJorT0Je840/u8n7niSst4qgN04R7IR1FIhCMgqG6fRhzoIPLQbVuN+x5kXXgFKCOimoNarjcH8YsDXkETFKte46dgJdRBYJJPrP6qeYJZRM64j0DIxpy7WVzwzNyZpghCWJlXgRkzv7dyGio9TT0zWRIYaxXezn5X6+XQnDtZSJKUuARWwgFqSQQk/z3ZCgUZyCnBlCmhPFK2JgqysBktHSp7XhZbi4/sySfiyb0OZ5ZlmVic1ZDWgfuReOmYT9c1pu3RX4VdIJO0Tly0BVqonvUQi5iSKIX9Ire8Dv+wJ/4azFawsXOMVoq/PMLgkyiXw==</latexit><latexit sha1_base64="gNsV2QSKxBma3FOmdbRmJIQyRGw=">AAACIHicbVDLTgIxFG3BB44v0KWbRmLiiswYE3VHdOMSE0ZIYEI6pQMNnUfaOyY44Sfc6s6vcWVc6tfYgVkIeJMmJ+c+zunxEyk02PY3LpU3Nre2KzvW7t7+wWG1dvSo41Qx7rJYxqrrU82liLgLAiTvJorT0Je840/u8n7niSst4qgN04R7IR1FIhCMgqG6fRhzoIPLQbVuN+x5kXXgFKCOimoNarjcH8YsDXkETFKte46dgJdRBYJJPrP6qeYJZRM64j0DIxpy7WVzwzNyZpghCWJlXgRkzv7dyGio9TT0zWRIYaxXezn5X6+XQnDtZSJKUuARWwgFqSQQk/z3ZCgUZyCnBlCmhPFK2JgqysBktHSp7XhZbi4/sySfiyb0OZ5ZlmVic1ZDWgfuReOmYT9c1pu3RX4VdIJO0Tly0BVqonvUQi5iSKIX9Ire8Dv+wJ/4azFawsXOMVoq/PMLgkyiXw==</latexit>



The behavior incentivized by the specified reward 
in training has high true reward

𝑃 𝜃Q 𝜃∗,𝑀PKLOU ∝ eW𝔼 " *;;∗,XYZ[\] 	 	*~_(*|;̀,XYZ[\])]

Mtrain

q1 q2
maximizing 

winning
maximizing 

score

q3
minimizing 

winning
minimizing 

score

q4
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The behavior incentivized by the specified reward 
in training has high true reward

𝑃 𝜃Q 𝜃∗,𝑀PKLOU ∝ eW𝔼 " *;;∗,XYZ[\] 	 	*~_(*|;̀,XYZ[\])]

Mtrain

q1 q2
maximizing 

winning
maximizing 

score

q3
minimizing 

winning
minimizing 

score

q4
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q̃
b(q)

What is the 
right distribution?



“La-Va-Land”

µk

⌃k �s

Is

Is 2 {grass, dirt, target, unk}
�s ⇠ N (µIs ,⌃Is)

grass

dirt

lava

target



Raw observations, no direct indicators…

µk

⌃k �s

Is

Is 2 {grass, dirt, target, unk}
�s ⇠ N (µIs ,⌃Is)



Mtrain

q̃



Mtrain q̃



Designer has proxy based on indicators (forgets lava)

µk

⌃k �s

Is

Is 2 {grass, dirt, target, unk}
�s ⇠ N (µIs ,⌃Is)

R̃(Is)



Designer has proxy based on indicators (forgets lava), 
and builds classifiers from raw obs to indicators

fs ! grass
fs ! dirt

fs ! target

µk

⌃k �s

Is

Is 2 {grass, dirt, target, unk}
�s ⇠ N (µIs ,⌃Is)

R̃(Is)



Designer has proxy based on indicators (forgets lava), 
and regresses proxy based on observations.

µk

⌃k �s

Is

Is 2 {grass, dirt, target, unk}
�s ⇠ N (µIs ,⌃Is)

q̃Tfs = R̃(Is)

R̃(Is)



Mtest



Mtest
Ooups, 

forgot to 
say that 

lava is bad!

q̃



Mtrain

q̃There are many reward functions 
defined over raw observations that 

lead to the same behavior!



Mtest



Negative Side Effects Reward Hacking
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Latent Rewards

The agent can avoid 
unintended consequences, even

when the features that matter are latent! 



Simplifying motion planning cost tuning



Specified rewards are 
observations about the true desired reward.







Human guidance
is observation about the true reward.



Learning from rich guidance modalities

Comparisons [RSS’17]Corrections [CoRL’17] Feature queries [in review]

Human teaching [NIPS’16] ShutDown command [IJCAI’17b]Orders [IJCAI’17a]

b0(q) µ ’ P(uH |x, q)b(q)







Generating Plans that Predict 
Themselves [WAFR’16]




