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A. Resource Usage Plots

<latexit sha1_base64="E+K72hNm9lVnGocZCyBa+qa2aM4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohePFdy20C4lm862odnskmSFUvobvHhQxKs/yJv/xrTdg7Y+SHi8N8PMvDAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDfzW0+oNE/koxmnGMR0IHnEGTVW8tmNW3V75Yr95yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMl52SM6v0SZQo+6Qhc/V3x4TGWo/j0FbG1Az1sjcT//M6mYmugwmXaWZQssWgKBPEJGR2OelzhcyIsSWUKW53JWxIFWXG5lOyIXjLJ6+S5kXVu6zWHmqV+m0eRxFO4BTOwYMrqMM9NMAHBhye4RXeHOm8OO/Ox6K04OQ9x/AHzucPk4qN4w==</latexit>

c = 0.0

<latexit sha1_base64="H0RhIjR0liAXE9TO7lC0A2LloR4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5BIUS9C0YvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfqPS2vrG5lZ5u7Kzu7d/UD08aukkU5T5NBGJ6oREM8El8w03gnVSxUgcCtYOx3czv/3ElOaJfDSTlAUxGUoecUqMlXx64zluv1pzHXcOvEq8gtSgQLNf/eoNEprFTBoqiNZdz01NkBNlOBVsWullmqWEjsmQdS2VJGY6yOfHTvGZVQY4SpQtafBc/T2Rk1jrSRzazpiYkV72ZuJ/Xjcz0XWQc5lmhkm6WBRlApsEzz7HA64YNWJiCaGK21sxHRFFqLH5VGwI3vLLq6R14XiXTv2hXmvcFnGU4QRO4Rw8uIIG3EMTfKDA4Rle4Q1J9ILe0ceitYSKmWP4A/T5A5UQjeQ=</latexit>

c = 1.0

<latexit sha1_base64="V3Z/XBx7PSGaLaa6ezPstIwVENg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0qBeh6MVjBdMW2lA22027dHcTdjdCCf0NXjwo4tUf5M1/47bNQasPBh7vzTAzL0o508bzvpzSyura+kZ5s7K1vbO7V90/aOkkU4QGJOGJ6kRYU84kDQwznHZSRbGIOG1H49uZ336kSrNEPphJSkOBh5LFjGBjpYBce+55v1rzXG8O9Jf4BalBgWa/+tkbJCQTVBrCsdZd30tNmGNlGOF0WullmqaYjPGQdi2VWFAd5vNjp+jEKgMUJ8qWNGiu/pzIsdB6IiLbKbAZ6WVvJv7ndTMTX4U5k2lmqCSLRXHGkUnQ7HM0YIoSwyeWYKKYvRWREVaYGJtPxYbgL7/8l7TOXP/Crd/Xa42bIo4yHMExnIIPl9CAO2hCAAQYPMELvDrSeXbenPdFa8kpZg7hF5yPb5gWjeY=</latexit>

c = 0.3

<latexit sha1_base64="fBJIsDnXst0iooGo1R6DIZ5+LvA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MVjBdMW2lA22027dLMbdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//oHp41NIyU4QGRHKpOhHWlDNBA8MMp51UUZxEnLaj8d3Mbz9RpZkUj2aS0jDBQ8FiRrCxUkBuPLfer9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzYKTqzygDFUtkSBs3V3xM5TrSeJJHtTLAZ6WVvJv7ndTMTX4c5E2lmqCCLRXHGkZFo9jkaMEWJ4RNLMFHM3orICCtMjM2nYkPwl19eJa0L16+7lw+XtcZtEUcZTuAUzsGHK2jAPTQhAAIMnuEV3hzhvDjvzseiteQUM8fwB87nD5yijek=</latexit>

c = 0.6

<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3
<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3

<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3

<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3

Figure A-1. Resource usage on removing Linact
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Figure A-2. Resource usage on removing L−l
L

In Figures A-1-A-4, we plot the resource usage across
different preferences on the NYU-v2 dataset to analyze the
effect of different parts of our framework. The primary
observation in each case is the lack of proper controllability.
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<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3

<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3

Figure A-3. Resource usage on removing A

<latexit sha1_base64="E+K72hNm9lVnGocZCyBa+qa2aM4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohePFdy20C4lm862odnskmSFUvobvHhQxKs/yJv/xrTdg7Y+SHi8N8PMvDAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKmTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDfzW0+oNE/koxmnGMR0IHnEGTVW8tmNW3V75Yr95yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMl52SM6v0SZQo+6Qhc/V3x4TGWo/j0FbG1Az1sjcT//M6mYmugwmXaWZQssWgKBPEJGR2OelzhcyIsSWUKW53JWxIFWXG5lOyIXjLJ6+S5kXVu6zWHmqV+m0eRxFO4BTOwYMrqMM9NMAHBhye4RXeHOm8OO/Ox6K04OQ9x/AHzucPk4qN4w==</latexit>

c = 0.0

<latexit sha1_base64="H0RhIjR0liAXE9TO7lC0A2LloR4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5BIUS9C0YvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfqPS2vrG5lZ5u7Kzu7d/UD08aukkU5T5NBGJ6oREM8El8w03gnVSxUgcCtYOx3czv/3ElOaJfDSTlAUxGUoecUqMlXx64zluv1pzHXcOvEq8gtSgQLNf/eoNEprFTBoqiNZdz01NkBNlOBVsWullmqWEjsmQdS2VJGY6yOfHTvGZVQY4SpQtafBc/T2Rk1jrSRzazpiYkV72ZuJ/Xjcz0XWQc5lmhkm6WBRlApsEzz7HA64YNWJiCaGK21sxHRFFqLH5VGwI3vLLq6R14XiXTv2hXmvcFnGU4QRO4Rw8uIIG3EMTfKDA4Rle4Q1J9ILe0ceitYSKmWP4A/T5A5UQjeQ=</latexit>

c = 1.0

<latexit sha1_base64="V3Z/XBx7PSGaLaa6ezPstIwVENg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0qBeh6MVjBdMW2lA22027dHcTdjdCCf0NXjwo4tUf5M1/47bNQasPBh7vzTAzL0o508bzvpzSyura+kZ5s7K1vbO7V90/aOkkU4QGJOGJ6kRYU84kDQwznHZSRbGIOG1H49uZ336kSrNEPphJSkOBh5LFjGBjpYBce+55v1rzXG8O9Jf4BalBgWa/+tkbJCQTVBrCsdZd30tNmGNlGOF0WullmqaYjPGQdi2VWFAd5vNjp+jEKgMUJ8qWNGiu/pzIsdB6IiLbKbAZ6WVvJv7ndTMTX4U5k2lmqCSLRXHGkUnQ7HM0YIoSwyeWYKKYvRWREVaYGJtPxYbgL7/8l7TOXP/Crd/Xa42bIo4yHMExnIIPl9CAO2hCAAQYPMELvDrSeXbenPdFa8kpZg7hF5yPb5gWjeY=</latexit>

c = 0.3

<latexit sha1_base64="fBJIsDnXst0iooGo1R6DIZ5+LvA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MVjBdMW2lA22027dLMbdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//oHp41NIyU4QGRHKpOhHWlDNBA8MMp51UUZxEnLaj8d3Mbz9RpZkUj2aS0jDBQ8FiRrCxUkBuPLfer9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzYKTqzygDFUtkSBs3V3xM5TrSeJJHtTLAZ6WVvJv7ndTMTX4c5E2lmqCCLRXHGkZFo9jkaMEWJ4RNLMFHM3orICCtMjM2nYkPwl19eJa0L16+7lw+XtcZtEUcZTuAUzsGHK2jAPTQhAAIMnuEV3hzhvDjvzseiteQUM8fwB87nD5yijek=</latexit>

c = 0.6

<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3
<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3

<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3

<latexit sha1_base64="XUXURlvbA4P3PuHoO83CatY5ipc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5cV+oJ2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvVNjY3NreKe6W9vYPDo/KxydtHSWKshaNRKS6PtFMcMlahhvBurFiJPQF6/iT+8zvTJnSPJJNM4uZF5KR5AGnxFjJ64fEjCkRaXM+cAflilN1FsDrxM1JBXI0BuWv/jCiScikoYJo3XOd2HgpUYZTwealfqJZTOiEjFjPUklCpr10EXqOL6wyxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCW69lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtkS3NUvr5P2VdW9rtYea5X6XV5HEc7gHC7BhRuowwM0oAUUnuAZXuENTdELekcfy9ECyndO4Q/Q5w+9v5IX</latexit>T1

<latexit sha1_base64="9hz6uGECkpnnkvr/I/BhGJJkneM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi6LblxW6ENoh5JJM21oJhmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0TJRhLaJ5FI9BlhTzgRtG2Y4fYwVxVHAaTeY3GV+d0qVZlK0zCymfoRHgoWMYGMlvx9hMyaYp635oDYoV9yquwBaJ15OKpCjOSh/9YeSJBEVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SwWOqPbTReg5urDKEIVS2ScMWqi/N1IcaT2LAjuZhdSrXib+5/USE974KRNxYqggy0NhwpGRKGsADZmixPCZJZgoZrMiMsYKE2N7KtkSvNUvr5NOrepdVesP9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBv0OSGA==</latexit>T2

<latexit sha1_base64="jes7E4VsxRzy0J2VgU42qqwWSHg=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmWFvqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zLPTlBzJk2rvvtrK1vbG5tF3aKu3v7B4elo+OWlokitEkkl6oTYE05E7RpmOG0EyuKo4DTdjC+z/z2hCrNpGiYaUz9CA8FCxnBxkp+L8JmRDBPG7P+Vb9UdivuHGiVeDkpQ456v/TVG0iSRFQYwrHWXc+NjZ9iZRjhdFbsJZrGmIzxkHYtFTii2k/noWfo3CoDFEplnzBorv7eSHGk9TQK7GQWUi97mfif101MeOunTMSJoYIsDoUJR0airAE0YIoSw6eWYKKYzYrICCtMjO2paEvwlr+8SlqXFe+6Un2slmt3eR0FOIUzuAAPbqAGD1CHJhB4gmd4hTdn4rw4787HYnTNyXdO4A+czx/Ax5IZ</latexit>T3

Figure A-4. Resource usage on removing task dichotomy

On removing Linact or task dichotomy (Figures A-1,A-4), the
overall resource usage increases across all preferences. On
the other hand, removing the active loss branching weights
(Figures A-2,A-3) leads to a misallocation of resources -
more compute cost is allocated to skewed resources than the
dense ones.

A-1
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Figure A-5. Trade-off curves on NYU-v2: Visualization of performance trade-off between pairs of tasks.
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Figure A-6. Trade-off curves on PASCAL-Context (3 tasks): Visualization of performance trade-off between pairs of tasks.
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Figure A-7. Marginal evaluation on PASCAL-Context (3 tasks)

B. Additional Results on Controllability

Trade-off curves. In Figures A-5 and A-6, we visualize the
task controllability on pairs of tasks while keeping the pref-
erence on the rest fixed to zero. Compared to conventional
dynamic models, our framework achieves a much larger
dynamic range in terms of performance.

Marginal evaluation. We present the marginal evaluation of
task controllability on the PASCAL-Context 3 task learning
setting in Figure A-7.

Method T1 ↑ T2 ↑ T3 ↑ T4 ↓ T5 ↓ Avg ∆T(%) ↑ # Params (%) ↓
Single-Task 63.88 58.08 64.92 13.95 0.018 - -

LTB 59.45 56.48 65.29 14.19 0.018 -3.61 -36.3
BMTAS 63.27 59.32 64.52 13.87 0.018 +0.37 -53.8

Ours, c=0.0 61.64 56.95 64.55 13.72 0.018 -1.45 -48.5
Ours†, c=0.0 60.03 56.91 64.59 13.95 0.018 -2.84 -48.5
Ours, c=1.0 61.15 56.85 64.67 13.74 0.018 -1.76 -50.1
Ours†, c=1.0 59.74 56.66 64.62 13.98 0.018 -3.20 -50.1

Table A-1. Architecture evaluation on PASCAL-Context (5
tasks). We report the mean intersection over union for T1 :
Semantic seg., T2 : Parts seg., and T3 : Saliency. We report
mean error in angle for T4 : Surface normal and mean loss for
T5 : Edge. Presence of † indicates that we train the networks from
ImageNet weights, while its absence indicates training from anchor
net weights.

C. Architecture Evaluation

Figure A-8 illustrates the architectures predicted by the
edge hypernet for uniform task preference on the NYU-v2
3-task setting. As we increase c, the model size decreases
via increased sharing of the low-level features. We also visu-
alize the architectures for skewed preferences in Figure A-9.
This leads to architectures which are predominantly a single-
stream network, with the selected stream corresponding to
the primary task. In all cases, Task 1 denotes semantic
segmentation, Task 2 denotes surface normals estimation,
and Task 3 denotes depth estimation. We report an addi-
tional evaluation of the predicted architectures on the Pascal-
Context dataset in Table A-1. We choose the architecture
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Figure A-8. Predicted architectures on NYU-v2 for uniform task preference.
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Figure A-9. Predicted architectures on NYU-v2 for preferences focusing on a single task.

predicted for a uniform task preference and, similar to LTB,
we retrain it for a fair comparison.

D. Calculation of Task Affinity

We adopt Representational Similarity Analysis (RSA) [3]
to obtain the task affinity scores from the anchor net F. First,
using a random subset of K instances from the training set,
we extract the features for each of these data points for every
task. Let us denote the extracted feature map for instance
k at layer l for task i as f[i,l,k]. Using these feature maps,
we compute the feature similarity tensor Sl at each layer, of
dimensions N ×K ×K, as follows,

Sl (i, k, k
′) =

⟨f[i,l,k],f[i,l,k′]⟩
∥f[i,l,k]∥∥f[i,l,k′]∥

. (a-1)

The task dissimilarity matrix Dl at layer l, of dimensions
N ×N , is calculated as follows,

Dl(i, j) = ∥Sl (i, :, :)− Sl (j, :, :) ∥F . (a-2)

The rows of Dl are normalized separately between [0, 1] to
get the scaled task dissimilarity matrix D̂l. The task affinity
matrix is subsequently calculated as Al(i, j) = 1− D̂l(i, j).
The factor A(i, j) is obtained by taking the mean of the
affinity scores across layers, i.e., A(i, j) = 1

L

∑
l Al(i, j).

Figure A-10 presents an example of A for the PASCAL-
Context dataset.

E. Calculation of Puse

Puse(l, i) represents the probability that the node i at
layer l is present in the tree structure that is sampled by the
edge hypernet. We follow a dynamic programming approach
to calculate this value. Denoting the ith node in the lth layer
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Figure A-10. Task affinity for PASCAL-Context 5-task setting

as (l, i), we can define the marginal probability that the node
(l+ 1, k) samples the node (l, i) as its parent as νlk(i). Thus,
the probability that the node (l, i) is used in the sampled tree
structure is

Puse(l, i) = 1−
∏
k

{1− Puse(l + 1, k) · νlk(i)}, (a-3)

where Puse(L, i) = 1 for all i ∈ [N ].
Note that the actual path chosen from hypernet can be

different from the ones whose α is penalized in (3). We also
tested an alternative, which applies dynamic programming
similarly as in (a-3), to penalize exact activated path. Since
the performance gain was minor, we adopt (3) for simplicity.

F. Pseudo Code

Algorithm 1 Training controllable dynamic multi-task archi-
tecture.

1: Initialize F with single-task weights ▷ Anchor net
2: while h not converged do ▷ Edge hypernet
3: r ∼ Dir(η), c ∼ Unif(0, 1)
4: Sample batch {(x,y1, . . . ,yN )}
5: α̂ = h(r, c;ϕ)
6: Calculate Ω(r, c, α̂)
7: Calculate Ltask(r) =

∑
i riLi(x,yi,F, α̂)

8: Update ϕ by back-propagating Ltask +Ω

9: while h̄ not converged do ▷ Weight hypernet
10: r ∼ Dir(η), c ∼ Unif(0, 1)
11: Sample batch {(x,y1, . . . ,yN )}
12: α̂ = h(r, c;ϕ)

13: β̂, γ̂ = h̄(r, c; ϕ̄)

14: Calculate Ltask(r) =
∑

i riLi(x,yi,F, α̂, β̂, γ̂)
15: Update ϕ̄ by back-propagating Ltask

G. Implementation Details

Hypernet architecture. The edge hypernet is constructed
using an MLP with two hidden layers (dimension 100) and
L linear heads, (dimension N × N ) which output the flat-
tened branching distribution parameters at each layer. For
the weight hypernet, we use a similar MLP with three hid-
den layers (dimension 100) and generate the normalization
parameters using linear heads. In both cases we use learn-
able embeddings for each task (ei) and the cost (ec). Given
the user preference (r, c), the preference embedding is cal-
culated as p =

∑
i riei + cec. This embedding p is then

used as input the MLP. The preference dimension is set to
32 in all experiments. PHN-BN and PHN [8] use a similar
architecture to the weight hypernet, with PHN employing an
additional chunking [4] embedding for scalability.
Task loss scaling. Due to the different scales of the various
task losses, we first weight the loss terms with a factor wi

before applying linear scalarization with respect to r. This
ensures that the relative task importance is not skewed by
the different loss scales. Thus, Ltask(r) =

∑
i riwiLi.

Anchor net architecture. The anchor net comprises N
single-task networks, with each stream corresponding to
a particular task. For experiments on dense prediction
tasks, we use the DeepLabv3+ architecture [2] for each task.
The MobileNetV2 [9] backbone is used for experiments on
PASCAL-Context [7], while the ResNet-34 [5] backbone is
used for experiments on NYU-v2 [10]. For CIFAR-100 [6]
experiments we use the ResNet-9 1 architecture with linear
task heads.
Hyperparameters. For experiments on CIFAR-100 we use
λA = 0.2 and λI = 0.02. For the rest, we use λA = 1 and
λI = 0.1. The task scaling weights are given below:

1. NYU-v2:
• Semantic segmentation: 1
• Surface normals: 10
• Depth: 3

2. PASCAL-Context:
• Semantic segmentation: 1
• Human parts segmentation: 2
• Saliency: 5
• Surface normals: 10
• Edge: 50

For CIFAR-100, all tasks are equally weighted.
The threshold τ is set to 0.02 for CIFAR-100, 0.2

for NYU-v2 and PASCAL-Context (3 task), and 0.1 for
PASCAL-Context (5 task).
Training. Hypernetworks are trained using Adam for 30K
steps with a learning rate of 1e−3, reduced by a factor of
0.3 every 14K steps. Temperature ζ is initialized to 5 and
is decayed by 0.97 every 300 steps. The anchor net is an N

1https://github.com/davidcpage/cifar10-fast

https://github.com/davidcpage/cifar10-fast


η 0.1 0.2 0.5 1.0

c=0.0 4.20 4.26 4.26 4.26
c=1.0 4.18 4.25 4.25 4.21

Table A-2. Varying parameterization of Dirichlet distribution.

stream network where each stream is trained using individual
task losses initialized from the same ImageNet pre-trained
weights. Single-task networks for dense-prediction tasks are
trained in accordance to [1]. For CIFAR, we use Adam with
a learning rate of 1e−3 and weight decay of 1e−5 for 75
epochs.

Preference sampling. During training we sample prefer-
ences (r, c) from the distribution P(r,c) = PrPc, where Pr

is defined as a Dirichlet distribution of order N with pa-
rameter η = [η1, η2, . . . , ηN ] (ηi > 0) and Pc is defined as
a standard uniform distribution Unif(0, 1). Following [8],
we set η = (0.2, 0.2, . . . , 0.2) for all our experiments. As
shown in Table A-2, varying this parameter on PASCAL-
Context (3 tasks) does not have any significant impact on the
hypervolume.

H. Effect of τ

Setting τ ≫ 1
N leads to virtually all tasks being treated

as inactive. This results in lack of control since there is no
active task to be tied to the resource control c. Also, there
is no compression since the inactive loss searches for active
tasks to share nodes with. Consequently, this mostly leads to
a fully branched out network which explains the flat curve in
Figure 8. When τ = 1

N + ϵ (ϵ ≥ 0), both losses are in effect,
which results in proper controllability, but possible ignorance
of the uniform (or near uniform) preferences explains the
slightly poorer performance. In our experiments, τ = 0.6/N
works well across all datasets.

I. Computational Resource

Controller overhead. The usage of hypernetworks leads
to additional resource usage which we term as controller
overhead. In comparison to PHN-BN, while we incur a
larger overhead due to the prediction of a higher number of
normalization parameters, the effect is minimal due to the
controller being active infrequently only during preference
change. This overhead has no impact on inference.
Model size. In this work, we consider inference time as a
measure of computational resource. We believe fast infer-
ence matters in many practical scenarios, whereas reasonable
amount of increase in memory overhead is relatively easy
to handle. This justifies our design choice to introduce the
anchor net.

J. Hypervolume
Given a point set S ⊂ RN and a reference point p ∈ RN

in the loss space, the hypervolume of the set S is defined as
the size of the region dominated by S and bounded above by
p,

HV(S) = λ
(
{a ∈ RN |∃b ∈ S : b ⪯ a and b ⪯ p}

)
,

(a-4)
where λ is the Lebesgue measure. Figure A-11 shows an
example in two-dimensions.
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Figure A-11. Hypervolume calculation. The shaded area repre-
sents the hypervolume obtained by the point set comprising the red
points, with respect to the reference green point p.

K. Potential Negative Societal Impact
The requirement of heavy computation makes neural ar-

chitecture search (NAS) environmentally unfriendly. As
pointed out in [11], the CO2 emissions from a NAS process
can be comparable to that from 5 cars’ lifetime. Since our
framework is fundamentally a NAS method for multi-task
learning, it shares these drawbacks. However, due to the
dynamic nature of our method, it saves energy in the long
run by allowing a single network to emulate different models
corresponding to various preferences.
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