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• I. Rewriting 

— Variable change (easy version): Generalized noise robustness of incompatibility 

—  External proof (advanced version): Channel discrimination and the diamond distance

• II. Approximating 

— Attainability 

     - Seesaw algorithms (easy version): Channel discrimination without memory 

     - Seesaw algorithms (advanced version): Most incompatible measurements 

— Impossibility 

    - Outer approx. (easy version):  Channel discrimination without memory 

   - SDP hierarchy (advanced version): Entanglement and the k-symmetric extension hierarchy

Course outline



Case studies

Measurement incompatibility

<latexit sha1_base64="4TFHVAVqWgDHwkjtjQKiReIEUtY=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN+Kqgn1IO5RMJtOGZpIhyQhl6M4/cKs/4E7c+iPu/RDTdha2eiBwOOdc7s0JEs60cd0vp7Cyura+UdwsbW3v7O6V9w9aWqaK0CaRXKpOgDXlTNCmYYbTTqIojgNO28Hoeuq3H6nSTIp7M06oH+OBYBEj2Fjp4bbf4zYc4n654lbdGdBf4uWkAjka/fJ3L5QkjakwhGOtu56bGD/DyjDC6aTUSzVNMBnhAe1aKnBMtZ/NDp6gE6uEKJLKPmHQTP09keFY63Ec2GSMzVAve1PxP6+bmujSz5hIUkMFmS+KUo6MRNPfo5ApSgwfW4KJYvZWRIZYYWJsRwtbgkDycGJr8ZZL+EtaZ1WvVq3dnVfqV3lBRTiCYzgFDy6gDjfQgCYQiOEZXuDVeXLenHfnYx4tOPnMISzA+fwBkFmYIQ==</latexit>

Jω
<latexit sha1_base64="YagWiT/92FsdyDJ1srPyvvu4zxE=">AAACB3icbVDLSsNAFJ34rPVVdelmsAgVpCQi1WXRjcsK9gFtLDeTSTt0MgkzE7HEfoB/4FZ/wJ249TPc+yFO2yxs64ELh3Pu4V6OF3OmtG1/W0vLK6tr67mN/ObW9s5uYW+/oaJEElonEY9kywNFORO0rpnmtBVLCqHHadMbXI/95gOVikXiTg9j6obQEyxgBLSR7uMSPD2edrgJ+HDSLRTtsj0BXiRORoooQ61b+On4EUlCKjThoFTbsWPtpiA1I5yO8p1E0RjIAHq0baiAkCo3nXw9wsdG8XEQSTNC44n6N5FCqNQw9MxmCLqv5r2x+J/XTnRw6aZMxImmgkwPBQnHOsLjCrDPJCWaDw0BIpn5FZM+SCDaFDVzxfMi7o9MLc58CYukcVZ2KuXK7XmxepUVlEOH6AiVkIMuUBXdoBqqI4IkekGv6M16tt6tD+tzurpkZZkDNAPr6xfmXZns</latexit>

p(a|x,ω)
<latexit sha1_base64="7SjKefi++hEUMGCeTIAxkQeSjPM=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBPqANZTKZtEMnM2FmIpRQ/AO3+gPuxK3f4t4PcdJmYVsPXDiccy/33hMknGnjut/O2vrG5tZ2aae8u7d/cFg5Om5rmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOO73O88UaWZFI9mklA/xkPBIkawyaW+GslBperW3BnQKvEKUoUCzUHlpx9KksZUGMKx1j3PTYyfYWUY4XRa7qeaJpiM8ZD2LBU4ptrPZrdO0blVQhRJZUsYNFP/TmQ41noSB7Yzxmakl71c/M/rpSa68TMmktRQQeaLopQjI1H+OAqZosTwiSWYKGZvRWSEFSbGxrOwJQgkD6c2Fm85hFXSvqx59Vr94arauC0CKsEpnMEFeHANDbiHJrSAwAhe4BXenGfn3flwPueta04xcwILcL5+AQRWli4=</latexit>ω

<latexit sha1_base64="7Ye3Yn9e9VN9CxK+zc4cVLeFZpA=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA7O5sMmZ1ZZmaFsOYLvOoPeBOv/ox3P8RJsgeTWNBQVHXT3RUknGnjut9OYWNza3unuFva2z84PCofn7S1TBWhLSK5VN0Aa8qZoC3DDKfdRFEcB5x2gvH9zO88UaWZFI9mklA/xkPBIkawsVITD8oVt+rOgdaJl5MK5GgMyj/9UJI0psIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepwDHVfjY/dIourBKiSCpbwqC5+nciw7HWkziwnTE2I73qzcT/vF5qols/YyJJDRVksShKOTISzb5GIVOUGD6xBBPF7K2IjLDCxNhslrYEgeTh1MbirYawTtpXVa9WrTWvK/W7PKAinME5XIIHN1CHB2hACwhQeIFXeHOenXfnw/lctBacfOYUluB8/QKRCZTM</latexit>a

<latexit sha1_base64="O87dQPIW0kB21sqSRf4ntDvZk6k=">AAAB+nicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx6JXjxCImACG9LtdqGh227arpGs/AKv+ge8Ga/+Ge/+EAvsQcCXTPLy3kxm5gUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20tU0Voi0gu1UOANeVM0JZhhtOHRFEcB5x2gtHt1O88UqWZFPdmnFA/xgPBIkawsVLzqV+uuFV3BrRKvJxUIEejX/7phZKkMRWGcKx113MT42dYGUY4nZR6qaYJJiM8oF1LBY6p9rPZoRN0ZpUQRVLZEgbN1L8TGY61HseB7YyxGeplbyr+53VTE137GRNJaqgg80VRypGRaPo1CpmixPCxJZgoZm9FZIgVJsZms7AlCCQPJzYWbzmEVdK+qHq1aq15Wanf5AEV4QRO4Rw8uII63EEDWkCAwgu8wpvz7Lw7H87nvLXg5DPHsADn6xe1g5Tj</latexit>x

<latexit sha1_base64="lqdxUVEMCtIt3nuVTfcJgejh1Nk=">AAACAHicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5LJZNrQTDIkGaEM3fgHbvUH3Ilb/8S9H2LazsK2HggczjmXe3OChDNtXPfbKWxsbm3vFHdLe/sHh0fl45O2lqkitEUkl6obYE05E7RlmOG0myiK44DTTjC+m/mdJ6o0k+LRTBLqx3goWMQINlbq9LmNhnhQrrhVdw60TrycVCBHc1D+6YeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+blTdGGVEEVS2ScMmqt/JzIcaz2JA5uMsRnpVW8m/uf1UhPd+BkTSWqoIItFUcqRkWj2dxQyRYnhE0swUczeisgIK0yMbWhpSxBIHk5tLd5qCeukfVX1atXaw3WlcZsXVIQzOIdL8KAODbiHJrSAwBhe4BXenGfn3flwPhfRgpPPnMISnK9fNVWXZA==</latexit>

ω

Channel discrimination

⇢

˜

Entanglement
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Generalized noise robustness of measurement incompatibility

Definition. A set of quantum measurements is compatible when it can be expressed as a single 
quantum measurement and classical post-processing. 



<latexit sha1_base64="PAIwBtI0OC5hqw+u1pmk53RnlqI=">AAAB+nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EohePLdhaaJeSzWbb0GyyJFmhrP0FXvUPeBOv/hnv/hDTdg+29cHA470ZZuYFCWfauO63U1hb39jcKm6Xdnb39g/Kh0dtLVNFaItILlUnwJpyJmjLMMNpJ1EUxwGnj8Hobuo/PlGlmRQPZpxQP8YDwSJGsLFS86ZfrrhVdwa0SrycVCBHo1/+6YWSpDEVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSwWOqfaz2aETdGaVEEVS2RIGzdS/ExmOtR7Hge2MsRnqZW8q/ud1UxNd+xkTSWqoIPNFUcqRkWj6NQqZosTwsSWYKGZvRWSIFSbGZrOwJQgkDyc2Fm85hFXSvqh6tWqteVmp3+YBFeEETuEcPLiCOtxDA1pAgMILvMKb8+y8Ox/O57y14OQzx7AA5+sXV/GUqA==</latexit>=
<latexit sha1_base64="I33pUlRcev36W0lc0ERlpXeiT74=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjRuhgn1AG8pkMmmHTiZhZiKW2I1/4FZ/wJ249U/c+yFO2ixs64ELh3Pu5d57vJgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHQ8rypmgTc00p51YUhx6nLa90XXmtx+oVCwS93ocUzfEA8ECRrA2Uvu2n+Knx0m/XLGr9hRomTg5qUCORr/80/MjkoRUaMKxUl3HjrWbYqkZ4XRS6iWKxpiM8IB2DRU4pMpNp+dO0IlRfBRE0pTQaKr+nUhxqNQ49ExniPVQLXqZ+J/XTXRw6aZMxImmgswWBQlHOkLZ78hnkhLNx4ZgIpm5FZEhlphok9DcFs+LuJ/F4iyGsExaZ1WnVq3dnVfqV3lARTiCYzgFBy6gDjfQgCYQGMELvMKb9Wy9Wx/W56y1YOUzhzAH6+sXlG6XoA==</latexit>

Ma|x
<latexit sha1_base64="7SjKefi++hEUMGCeTIAxkQeSjPM=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBPqANZTKZtEMnM2FmIpRQ/AO3+gPuxK3f4t4PcdJmYVsPXDiccy/33hMknGnjut/O2vrG5tZ2aae8u7d/cFg5Om5rmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOO73O88UaWZFI9mklA/xkPBIkawyaW+GslBperW3BnQKvEKUoUCzUHlpx9KksZUGMKx1j3PTYyfYWUY4XRa7qeaJpiM8ZD2LBU4ptrPZrdO0blVQhRJZUsYNFP/TmQ41noSB7Yzxmakl71c/M/rpSa68TMmktRQQeaLopQjI1H+OAqZosTwiSWYKGZvRWSEFSbGxrOwJQgkD6c2Fm85hFXSvqx59Vr94arauC0CKsEpnMEFeHANDbiHJrSAwAhe4BXenGfn3flwPueta04xcwILcL5+AQRWli4=</latexit>ω

<latexit sha1_base64="7Ye3Yn9e9VN9CxK+zc4cVLeFZpA=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA7O5sMmZ1ZZmaFsOYLvOoPeBOv/ox3P8RJsgeTWNBQVHXT3RUknGnjut9OYWNza3unuFva2z84PCofn7S1TBWhLSK5VN0Aa8qZoC3DDKfdRFEcB5x2gvH9zO88UaWZFI9mklA/xkPBIkawsVITD8oVt+rOgdaJl5MK5GgMyj/9UJI0psIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepwDHVfjY/dIourBKiSCpbwqC5+nciw7HWkziwnTE2I73qzcT/vF5qols/YyJJDRVksShKOTISzb5GIVOUGD6xBBPF7K2IjLDCxNhslrYEgeTh1MbirYawTtpXVa9WrTWvK/W7PKAinME5XIIHN1CHB2hACwhQeIFXeHOenXfnw/lctBacfOYUluB8/QKRCZTM</latexit>a

<latexit sha1_base64="O87dQPIW0kB21sqSRf4ntDvZk6k=">AAAB+nicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx6JXjxCImACG9LtdqGh227arpGs/AKv+ge8Ga/+Ge/+EAvsQcCXTPLy3kxm5gUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20tU0Voi0gu1UOANeVM0JZhhtOHRFEcB5x2gtHt1O88UqWZFPdmnFA/xgPBIkawsVLzqV+uuFV3BrRKvJxUIEejX/7phZKkMRWGcKx113MT42dYGUY4nZR6qaYJJiM8oF1LBY6p9rPZoRN0ZpUQRVLZEgbN1L8TGY61HseB7YyxGeplbyr+53VTE137GRNJaqgg80VRypGRaPo1CpmixPCxJZgoZm9FZIgVJsZms7AlCCQPJzYWbzmEVdK+qHq1aq15Wanf5AEV4QRO4Rw8uII63EEDWkCAwgu8wpvz7Lw7H87nvLXg5DPHsADn6xe1g5Tj</latexit>x

<latexit sha1_base64="4TFHVAVqWgDHwkjtjQKiReIEUtY=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN+Kqgn1IO5RMJtOGZpIhyQhl6M4/cKs/4E7c+iPu/RDTdha2eiBwOOdc7s0JEs60cd0vp7Cyura+UdwsbW3v7O6V9w9aWqaK0CaRXKpOgDXlTNCmYYbTTqIojgNO28Hoeuq3H6nSTIp7M06oH+OBYBEj2Fjp4bbf4zYc4n654lbdGdBf4uWkAjka/fJ3L5QkjakwhGOtu56bGD/DyjDC6aTUSzVNMBnhAe1aKnBMtZ/NDp6gE6uEKJLKPmHQTP09keFY63Ec2GSMzVAve1PxP6+bmujSz5hIUkMFmS+KUo6MRNPfo5ApSgwfW4KJYvZWRIZYYWJsRwtbgkDycGJr8ZZL+EtaZ1WvVq3dnVfqV3lBRTiCYzgFDy6gDjfQgCYQiOEZXuDVeXLenHfnYx4tOPnMISzA+fwBkFmYIQ==</latexit>

Jω
<latexit sha1_base64="YagWiT/92FsdyDJ1srPyvvu4zxE=">AAACB3icbVDLSsNAFJ34rPVVdelmsAgVpCQi1WXRjcsK9gFtLDeTSTt0MgkzE7HEfoB/4FZ/wJ249TPc+yFO2yxs64ELh3Pu4V6OF3OmtG1/W0vLK6tr67mN/ObW9s5uYW+/oaJEElonEY9kywNFORO0rpnmtBVLCqHHadMbXI/95gOVikXiTg9j6obQEyxgBLSR7uMSPD2edrgJ+HDSLRTtsj0BXiRORoooQ61b+On4EUlCKjThoFTbsWPtpiA1I5yO8p1E0RjIAHq0baiAkCo3nXw9wsdG8XEQSTNC44n6N5FCqNQw9MxmCLqv5r2x+J/XTnRw6aZMxImmgkwPBQnHOsLjCrDPJCWaDw0BIpn5FZM+SCDaFDVzxfMi7o9MLc58CYukcVZ2KuXK7XmxepUVlEOH6AiVkIMuUBXdoBqqI4IkekGv6M16tt6tD+tzurpkZZkDNAPr6xfmXZns</latexit>

p(a|x,ω)
<latexit sha1_base64="7SjKefi++hEUMGCeTIAxkQeSjPM=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBPqANZTKZtEMnM2FmIpRQ/AO3+gPuxK3f4t4PcdJmYVsPXDiccy/33hMknGnjut/O2vrG5tZ2aae8u7d/cFg5Om5rmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOO73O88UaWZFI9mklA/xkPBIkawyaW+GslBperW3BnQKvEKUoUCzUHlpx9KksZUGMKx1j3PTYyfYWUY4XRa7qeaJpiM8ZD2LBU4ptrPZrdO0blVQhRJZUsYNFP/TmQ41noSB7Yzxmakl71c/M/rpSa68TMmktRQQeaLopQjI1H+OAqZosTwiSWYKGZvRWSEFSbGxrOwJQgkD6c2Fm85hFXSvqx59Vr94arauC0CKsEpnMEFeHANDbiHJrSAwAhe4BXenGfn3flwPueta04xcwILcL5+AQRWli4=</latexit>ω

<latexit sha1_base64="7Ye3Yn9e9VN9CxK+zc4cVLeFZpA=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA7O5sMmZ1ZZmaFsOYLvOoPeBOv/ox3P8RJsgeTWNBQVHXT3RUknGnjut9OYWNza3unuFva2z84PCofn7S1TBWhLSK5VN0Aa8qZoC3DDKfdRFEcB5x2gvH9zO88UaWZFI9mklA/xkPBIkawsVITD8oVt+rOgdaJl5MK5GgMyj/9UJI0psIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepwDHVfjY/dIourBKiSCpbwqC5+nciw7HWkziwnTE2I73qzcT/vF5qols/YyJJDRVksShKOTISzb5GIVOUGD6xBBPF7K2IjLDCxNhslrYEgeTh1MbirYawTtpXVa9WrTWvK/W7PKAinME5XIIHN1CHB2hACwhQeIFXeHOenXfnw/lctBacfOYUluB8/QKRCZTM</latexit>a

<latexit sha1_base64="O87dQPIW0kB21sqSRf4ntDvZk6k=">AAAB+nicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx6JXjxCImACG9LtdqGh227arpGs/AKv+ge8Ga/+Ge/+EAvsQcCXTPLy3kxm5gUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20tU0Voi0gu1UOANeVM0JZhhtOHRFEcB5x2gtHt1O88UqWZFPdmnFA/xgPBIkawsVLzqV+uuFV3BrRKvJxUIEejX/7phZKkMRWGcKx113MT42dYGUY4nZR6qaYJJiM8oF1LBY6p9rPZoRN0ZpUQRVLZEgbN1L8TGY61HseB7YyxGeplbyr+53VTE137GRNJaqgg80VRypGRaPo1CpmixPCxJZgoZm9FZIgVJsZms7AlCCQPJzYWbzmEVdK+qHq1aq15Wanf5AEV4QRO4Rw8uII63EEDWkCAwgu8wpvz7Lw7H87nvLXg5DPHsADn6xe1g5Tj</latexit>x

<latexit sha1_base64="lqdxUVEMCtIt3nuVTfcJgejh1Nk=">AAACAHicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5LJZNrQTDIkGaEM3fgHbvUH3Ilb/8S9H2LazsK2HggczjmXe3OChDNtXPfbKWxsbm3vFHdLe/sHh0fl45O2lqkitEUkl6obYE05E7RlmOG0myiK44DTTjC+m/mdJ6o0k+LRTBLqx3goWMQINlbq9LmNhnhQrrhVdw60TrycVCBHc1D+6YeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+blTdGGVEEVS2ScMmqt/JzIcaz2JA5uMsRnpVW8m/uf1UhPd+BkTSWqoIItFUcqRkWj2dxQyRYnhE0swUczeisgIK0yMbWhpSxBIHk5tLd5qCeukfVX1atXaw3WlcZsXVIQzOIdL8KAODbiHJrSAwBhe4BXenGfn3flwPhfRgpPPnMISnK9fNVWXZA==</latexit>

ω

<latexit sha1_base64="l7SG4mET8HNbPuP7pbV+qv3PjDM=">AAACB3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0xpLJpG1oJhmSjFCGfoB/4FZ/wJ249TPc+yGm7Sxs64ELh3Pu5R5OmHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVhDaJ5FJ1QqwpZ4I2DTOcdhJFcRxy2g5Ht1O//USVZlI8mHFCgxgPBOszgo2VHv2+VJhz5CNfDWWvXHGr7gxolXg5qUCORq/840eSpDEVhnCsdddzExNkWBlGOJ2U/FTTBJMRHtCupQLHVAfZLPUEnVklQjaAHWHQTP17keFY63Ec2s0Ym6Fe9qbif143Nf3rIGMiSQ0VZP6on3JkJJpWgCKmKDF8bAkmitmsiAyxwsTYoha+hKHk0cTW4i2XsEpaF1WvVq3dX1bqN3lBRTiBUzgHD66gDnfQgCYQUPACr/DmPDvvzofzOV8tOPnNMSzA+foFFreaCg==</latexit>

→ ωcompatible set of  
quantum measurements:

set of quantum  
measurements

single quantum  
measurements

classical 
post-processing

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

Definition. A set of quantum measurements is compatible when it can be expressed as a single 
quantum measurement and classical post-processing. 



set of quantum measurements:
<latexit sha1_base64="vtYiIs7Tbob3lJFwbVHnFl8oOEM="></latexit>

{Ma|x}, Ma|x → 0 ↑ a, x,
∑

a

Ma|x = 1 ↑ x

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

Definition. A set of quantum measurements is compatible when it can be expressed as a single 
quantum measurement and classical post-processing. 



Definition. A set of quantum measurements is compatible when it can be expressed as a single 
quantum measurement and classical post-processing. 

set of quantum measurements:

compatible set of  
quantum measurements:

<latexit sha1_base64="eYztAK60+8Cd0pGuhGhP3tOCh3c="></latexit>

→ {Jω}, Jω ↑ 0 ↓ ω,
∑

ω

Jω = 1
<latexit sha1_base64="2sPNnbBxy5l6mMp5QKmOD0U3aMk="></latexit>

→ {p(a|x,ω)}, p(a|x,ω) ↑ 0 ↓ a, x,ω,
∑

a

p(a|x,ω) = 1 ↓ x,ω

<latexit sha1_base64="vtYiIs7Tbob3lJFwbVHnFl8oOEM="></latexit>

{Ma|x}, Ma|x → 0 ↑ a, x,
∑

a

Ma|x = 1 ↑ x

<latexit sha1_base64="tncEVPQCpp5GUYp9JhVBgPPnD/g="></latexit>

Ma|x =
∑

ω

p(a|x,ω)Jω → a, x

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility



I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility
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Question. How much “worst-case” noise can I mix into a set of measurements before it becomes 
compatible?

<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v
<latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility



Question. How much “worst-case” noise can I mix into a set of measurements before it becomes 
compatible?

<latexit sha1_base64="MD4PEldX2PiLif7LRL1JWl1cJBc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSNUsA9IQplMJu3QyUyYmYglBlz5B271B9yJW//DvR/ipO3Cth64cDjnXu69J0gYVdq2v62l5ZXVtfXSRnlza3tnt7K331YilZi0sGBCdgOkCKOctDTVjHQTSVAcMNIJhpeF37knUlHB7/QoIX6M+pxGFCNtJNfLbnoZenzIvbxXqdo1ewy4SJwpqYIpmr3KjxcKnMaEa8yQUq5jJ9rPkNQUM5KXvVSRBOEh6hPXUI5iovxsfHIOj40SwkhIU1zDsfp3IkOxUqM4MJ0x0gM17xXif56b6ujCzyhPUk04niyKUga1gMX/MKSSYM1GhiAsqbkV4gGSCGuT0syWIBAsLGJx5kNYJO3TmlOv1W/Pqo2rp0lAJXAIjsAJcMA5aIBr0AQtgIEAL+AVvFnP1rv1YX1OWpesaagHYAbW1y8LS5n8</latexit>

{Ma|x}

<latexit sha1_base64="JD3ZlkHHPMQmIt/qqAX0xNZ4n3M=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSUV7AOSUCaTSTt0MhNmJmKJAVf+gVv9AXfi1v9w74c4abuwrQcuHM65l3vvCRJGlbbtb2tpeWV1bb20Ud7c2t7Zreztt5VIJSYtLJiQ3QApwignLU01I91EEhQHjHSC4WXhd+6JVFTwOz1KiB+jPqcRxUgbyfWym16GHh9yL+9VqnbNHgMuEmdKqmCKZq/y44UCpzHhGjOklOvYifYzJDXFjORlL1UkQXiI+sQ1lKOYKD8bn5zDY6OEMBLSFNdwrP6dyFCs1CgOTGeM9EDNe4X4n+emOrrwM8qTVBOOJ4uilEEtYPE/DKkkWLORIQhLam6FeIAkwtqkNLMlCAQLi1ic+RAWSfu05tRr9duzauPqaRJQCRyCI3ACHHAOGuAaNEELYCDAC3gFb9az9W59WJ+T1iVrGuoBmIH19QsM6Zn9</latexit>

{Na|x}

<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω
<latexit sha1_base64="TgOLx0pnLeElJLE0lGaHVU+KYVE=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQYEMRjRPOAZA2zk9lkyOzMMjMbCEvEH/CqP+BNvPov3v0QJ4+DSSxoKKq66e4KYs60cd1vJ7Oyura+kd3MbW3v7O7l9w9qWiaK0CqRXKpGgDXlTNCqYYbTRqwojgJO60H/euzXB1RpJsWDGcbUj3BXsJARbKx0P3g8a+cLbtGdAC0Tb0YKMEOlnf9pdSRJIioM4VjrpufGxk+xMoxwOsq1Ek1jTPq4S5uWChxR7aeTU0foxCodFEplSxg0Uf9OpDjSehgFtjPCpqcXvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHfqMMUJYYPLcFEMXsrIj2sMDE2nbktQSB5Z2Rj8RZDWCa186JXKpbuLgrlm+dpQFk4gmM4BQ8uoQy3UIEqEOjCC7zCm/PkvDsfzue0NePMQj2EOThfv/yClgE=</latexit>

v→

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v
<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

} <latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

Compatible

All



Question. How much “worst-case” noise can I mix into a set of measurements before it becomes 
compatible?

<latexit sha1_base64="MD4PEldX2PiLif7LRL1JWl1cJBc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSNUsA9IQplMJu3QyUyYmYglBlz5B271B9yJW//DvR/ipO3Cth64cDjnXu69J0gYVdq2v62l5ZXVtfXSRnlza3tnt7K331YilZi0sGBCdgOkCKOctDTVjHQTSVAcMNIJhpeF37knUlHB7/QoIX6M+pxGFCNtJNfLbnoZenzIvbxXqdo1ewy4SJwpqYIpmr3KjxcKnMaEa8yQUq5jJ9rPkNQUM5KXvVSRBOEh6hPXUI5iovxsfHIOj40SwkhIU1zDsfp3IkOxUqM4MJ0x0gM17xXif56b6ujCzyhPUk04niyKUga1gMX/MKSSYM1GhiAsqbkV4gGSCGuT0syWIBAsLGJx5kNYJO3TmlOv1W/Pqo2rp0lAJXAIjsAJcMA5aIBr0AQtgIEAL+AVvFnP1rv1YX1OWpesaagHYAbW1y8LS5n8</latexit>

{Ma|x}

<latexit sha1_base64="JD3ZlkHHPMQmIt/qqAX0xNZ4n3M=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSUV7AOSUCaTSTt0MhNmJmKJAVf+gVv9AXfi1v9w74c4abuwrQcuHM65l3vvCRJGlbbtb2tpeWV1bb20Ud7c2t7Zreztt5VIJSYtLJiQ3QApwignLU01I91EEhQHjHSC4WXhd+6JVFTwOz1KiB+jPqcRxUgbyfWym16GHh9yL+9VqnbNHgMuEmdKqmCKZq/y44UCpzHhGjOklOvYifYzJDXFjORlL1UkQXiI+sQ1lKOYKD8bn5zDY6OEMBLSFNdwrP6dyFCs1CgOTGeM9EDNe4X4n+emOrrwM8qTVBOOJ4uilEEtYPE/DKkkWLORIQhLam6FeIAkwtqkNLMlCAQLi1ic+RAWSfu05tRr9duzauPqaRJQCRyCI3ACHHAOGuAaNEELYCDAC3gFb9az9W59WJ+T1iVrGuoBmIH19QsM6Zn9</latexit>

{Na|x}

<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω
<latexit sha1_base64="TgOLx0pnLeElJLE0lGaHVU+KYVE=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQYEMRjRPOAZA2zk9lkyOzMMjMbCEvEH/CqP+BNvPov3v0QJ4+DSSxoKKq66e4KYs60cd1vJ7Oyura+kd3MbW3v7O7l9w9qWiaK0CqRXKpGgDXlTNCqYYbTRqwojgJO60H/euzXB1RpJsWDGcbUj3BXsJARbKx0P3g8a+cLbtGdAC0Tb0YKMEOlnf9pdSRJIioM4VjrpufGxk+xMoxwOsq1Ek1jTPq4S5uWChxR7aeTU0foxCodFEplSxg0Uf9OpDjSehgFtjPCpqcXvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHfqMMUJYYPLcFEMXsrIj2sMDE2nbktQSB5Z2Rj8RZDWCa186JXKpbuLgrlm+dpQFk4gmM4BQ8uoQy3UIEqEOjCC7zCm/PkvDsfzue0NePMQj2EOThfv/yClgE=</latexit>

v→

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v
<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

} <latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="pC6LUmxFOcL2L3w/Pu6gyiqYGdI=">AAACBnicbZDLSgMxFIYzXmu9VV26CRbBVZkRqS4LgrisYC/QDiWTOW1DM8k0yRTKUHDpG7jVF3Anbn0N9z6I6bQL23og4ef/z+EcviDmTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcV3LRFGoUcmlagZEA2cCaoYZDs1YAYkCDo1gcDvNGyNQmknxaMYx+BHpCdZllBhr+W6bwxCPst/rFIpuyc0KrwpvLopoXtVO4acdSppEIAzlROuW58bGT4kyjHKY5NuJhpjQAelBy0pBItB+mh09wefWCXFXKvuEwZn7dyIlkdbjKLCdETF9vZxNzf+yVmK6N37KRJwYEHS2qJtwbCSeEsAhU0ANH1tBqGL2Vkz7RBFqLKeFLUEgeTixWLxlCKuiflnyyqXyw1Wxcvc0A5RDp+gMXSAPXaMKukdVVEMUDdELekVvzrPz7nw4n7PWNWcO9QQtlPP1C9Ffmbo=</latexit>

0 → v → 1
<latexit sha1_base64="T1F2kQIBEfxf0woSz00IwWhfJLo="></latexit>

Na|x → 0,
∑

a

Na|x = 1
<latexit sha1_base64="5CiweK6wtrZ0yGD7kqBTHn3cxyc="></latexit>

Jω → 0,
∑

ω

Jω = 1

<latexit sha1_base64="6qQF235ZVCgS23m0g9XpdJJODME="></latexit>

p(a|x,ω) → 0,
∑

a

p(a|x,ω) = 1

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

Compatible

All



Question. How much “worst-case” noise can I mix into a set of measurements before it becomes 
compatible?

<latexit sha1_base64="MD4PEldX2PiLif7LRL1JWl1cJBc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSNUsA9IQplMJu3QyUyYmYglBlz5B271B9yJW//DvR/ipO3Cth64cDjnXu69J0gYVdq2v62l5ZXVtfXSRnlza3tnt7K331YilZi0sGBCdgOkCKOctDTVjHQTSVAcMNIJhpeF37knUlHB7/QoIX6M+pxGFCNtJNfLbnoZenzIvbxXqdo1ewy4SJwpqYIpmr3KjxcKnMaEa8yQUq5jJ9rPkNQUM5KXvVSRBOEh6hPXUI5iovxsfHIOj40SwkhIU1zDsfp3IkOxUqM4MJ0x0gM17xXif56b6ujCzyhPUk04niyKUga1gMX/MKSSYM1GhiAsqbkV4gGSCGuT0syWIBAsLGJx5kNYJO3TmlOv1W/Pqo2rp0lAJXAIjsAJcMA5aIBr0AQtgIEAL+AVvFnP1rv1YX1OWpesaagHYAbW1y8LS5n8</latexit>

{Ma|x}

<latexit sha1_base64="JD3ZlkHHPMQmIt/qqAX0xNZ4n3M=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSUV7AOSUCaTSTt0MhNmJmKJAVf+gVv9AXfi1v9w74c4abuwrQcuHM65l3vvCRJGlbbtb2tpeWV1bb20Ud7c2t7Zreztt5VIJSYtLJiQ3QApwignLU01I91EEhQHjHSC4WXhd+6JVFTwOz1KiB+jPqcRxUgbyfWym16GHh9yL+9VqnbNHgMuEmdKqmCKZq/y44UCpzHhGjOklOvYifYzJDXFjORlL1UkQXiI+sQ1lKOYKD8bn5zDY6OEMBLSFNdwrP6dyFCs1CgOTGeM9EDNe4X4n+emOrrwM8qTVBOOJ4uilEEtYPE/DKkkWLORIQhLam6FeIAkwtqkNLMlCAQLi1ic+RAWSfu05tRr9duzauPqaRJQCRyCI3ACHHAOGuAaNEELYCDAC3gFb9az9W59WJ+T1iVrGuoBmIH19QsM6Zn9</latexit>

{Na|x}

<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω
<latexit sha1_base64="TgOLx0pnLeElJLE0lGaHVU+KYVE=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQYEMRjRPOAZA2zk9lkyOzMMjMbCEvEH/CqP+BNvPov3v0QJ4+DSSxoKKq66e4KYs60cd1vJ7Oyura+kd3MbW3v7O7l9w9qWiaK0CqRXKpGgDXlTNCqYYbTRqwojgJO60H/euzXB1RpJsWDGcbUj3BXsJARbKx0P3g8a+cLbtGdAC0Tb0YKMEOlnf9pdSRJIioM4VjrpufGxk+xMoxwOsq1Ek1jTPq4S5uWChxR7aeTU0foxCodFEplSxg0Uf9OpDjSehgFtjPCpqcXvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHfqMMUJYYPLcFEMXsrIj2sMDE2nbktQSB5Z2Rj8RZDWCa186JXKpbuLgrlm+dpQFk4gmM4BQ8uoQy3UIEqEOjCC7zCm/PkvDsfzue0NePMQj2EOThfv/yClgE=</latexit>

v→

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v
<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

} <latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

Compatible

All

<latexit sha1_base64="pC6LUmxFOcL2L3w/Pu6gyiqYGdI=">AAACBnicbZDLSgMxFIYzXmu9VV26CRbBVZkRqS4LgrisYC/QDiWTOW1DM8k0yRTKUHDpG7jVF3Anbn0N9z6I6bQL23og4ef/z+EcviDmTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcV3LRFGoUcmlagZEA2cCaoYZDs1YAYkCDo1gcDvNGyNQmknxaMYx+BHpCdZllBhr+W6bwxCPst/rFIpuyc0KrwpvLopoXtVO4acdSppEIAzlROuW58bGT4kyjHKY5NuJhpjQAelBy0pBItB+mh09wefWCXFXKvuEwZn7dyIlkdbjKLCdETF9vZxNzf+yVmK6N37KRJwYEHS2qJtwbCSeEsAhU0ANH1tBqGL2Vkz7RBFqLKeFLUEgeTixWLxlCKuiflnyyqXyw1Wxcvc0A5RDp+gMXSAPXaMKukdVVEMUDdELekVvzrPz7nw4n7PWNWcO9QQtlPP1C9Ffmbo=</latexit>

0 → v → 1
<latexit sha1_base64="T1F2kQIBEfxf0woSz00IwWhfJLo="></latexit>

Na|x → 0,
∑

a

Na|x = 1
<latexit sha1_base64="5CiweK6wtrZ0yGD7kqBTHn3cxyc="></latexit>

Jω → 0,
∑

ω

Jω = 1

<latexit sha1_base64="6qQF235ZVCgS23m0g9XpdJJODME="></latexit>

p(a|x,ω) → 0,
∑

a

p(a|x,ω) = 1



decomposition into deterministic distributions
<latexit sha1_base64="FRPYPF0o7SauSr4oA46BHmjv1Hs="></latexit>

p(a|x,ω) =
∑

µ

ε(µ|ω)D(a|x, µ)

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility



decomposition into deterministic distributions
<latexit sha1_base64="FRPYPF0o7SauSr4oA46BHmjv1Hs="></latexit>

p(a|x,ω) =
∑

µ

ε(µ|ω)D(a|x, µ)

given list

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility



decomposition into deterministic distributions

<latexit sha1_base64="nfN1diPFsOQmxLLNKSs5XJXv8h8="></latexit>∑

ω

p(a|x,ω)Jω =
∑

ω

∑

µ

ε(µ|ω)D(a|x, µ)Jω

=
∑

µ

D(a|x, µ)Gµ

<latexit sha1_base64="FRPYPF0o7SauSr4oA46BHmjv1Hs="></latexit>

p(a|x,ω) =
∑

µ

ε(µ|ω)D(a|x, µ)

given list

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility



decomposition into deterministic distributions

<latexit sha1_base64="nfN1diPFsOQmxLLNKSs5XJXv8h8="></latexit>∑

ω

p(a|x,ω)Jω =
∑

ω

∑

µ

ε(µ|ω)D(a|x, µ)Jω

=
∑

µ

D(a|x, µ)Gµ

<latexit sha1_base64="FRPYPF0o7SauSr4oA46BHmjv1Hs="></latexit>

p(a|x,ω) =
∑

µ

ε(µ|ω)D(a|x, µ)

given list

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

Change of variable
<latexit sha1_base64="HcqlC9b7VeC09Bi907PAzCde7qs="></latexit>

Jω →↑ Gµ =
∑

ω

ω(µ|ε)Jω



decomposition into deterministic distributions

<latexit sha1_base64="nfN1diPFsOQmxLLNKSs5XJXv8h8="></latexit>∑

ω

p(a|x,ω)Jω =
∑

ω

∑

µ

ε(µ|ω)D(a|x, µ)Jω

=
∑

µ

D(a|x, µ)Gµ

<latexit sha1_base64="FRPYPF0o7SauSr4oA46BHmjv1Hs="></latexit>

p(a|x,ω) =
∑

µ

ε(µ|ω)D(a|x, µ)

given list

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

Change of variable
<latexit sha1_base64="HcqlC9b7VeC09Bi907PAzCde7qs="></latexit>

Jω →↑ Gµ =
∑

ω

ω(µ|ε)Jω



decomposition into deterministic distributions

Change of variable

<latexit sha1_base64="nfN1diPFsOQmxLLNKSs5XJXv8h8="></latexit>∑

ω

p(a|x,ω)Jω =
∑

ω

∑

µ

ε(µ|ω)D(a|x, µ)Jω

=
∑

µ

D(a|x, µ)Gµ

<latexit sha1_base64="FRPYPF0o7SauSr4oA46BHmjv1Hs="></latexit>

p(a|x,ω) =
∑

µ

ε(µ|ω)D(a|x, µ)

<latexit sha1_base64="HcqlC9b7VeC09Bi907PAzCde7qs="></latexit>

Jω →↑ Gµ =
∑

ω

ω(µ|ε)Jω

<latexit sha1_base64="6j3VqGMK6uO3A+EguYdwBdORpcU="></latexit>

Gµ =
∑

ω

ω(µ|ε)Jω → 0,

∑

µ

Gµ =
∑

µ

∑

ω

ω(µ|ε)Jω =
∑

ω

Jω = 1

given list

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

<latexit sha1_base64="6j3VqGMK6uO3A+EguYdwBdORpcU="></latexit>

Gµ =
∑

ω

ω(µ|ε)Jω → 0,

∑

µ

Gµ =
∑

µ

∑

ω

ω(µ|ε)Jω =
∑

ω

Jω = 1

1)

2)



decomposition into deterministic distributions

Change of variable

<latexit sha1_base64="nfN1diPFsOQmxLLNKSs5XJXv8h8="></latexit>∑

ω

p(a|x,ω)Jω =
∑

ω

∑

µ

ε(µ|ω)D(a|x, µ)Jω

=
∑

µ

D(a|x, µ)Gµ

<latexit sha1_base64="FRPYPF0o7SauSr4oA46BHmjv1Hs="></latexit>

p(a|x,ω) =
∑

µ

ε(µ|ω)D(a|x, µ)

<latexit sha1_base64="HcqlC9b7VeC09Bi907PAzCde7qs="></latexit>

Jω →↑ Gµ =
∑

ω

ω(µ|ε)Jω

given list

<latexit sha1_base64="QTG5cgT4f0LtQRum2RrOyuFUHqs="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω ↑↓ vMa|x + (1→ v)Na|x =
∑

µ

D(a|x, µ)Gµ

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

<latexit sha1_base64="6j3VqGMK6uO3A+EguYdwBdORpcU="></latexit>

Gµ =
∑

ω

ω(µ|ε)Jω → 0,

∑

µ

Gµ =
∑

µ

∑

ω

ω(µ|ε)Jω =
∑

ω

Jω = 1

<latexit sha1_base64="6j3VqGMK6uO3A+EguYdwBdORpcU="></latexit>

Gµ =
∑

ω

ω(µ|ε)Jω → 0,

∑

µ

Gµ =
∑

µ

∑

ω

ω(µ|ε)Jω =
∑

ω

Jω = 1

1)

2)



Change of variable
<latexit sha1_base64="Kh6wvo5urowUPW0lD4fe6fWcnj0=">AAACEnicbZDLSsNAFIYnXmu9RV24cDNYBEEoiUh1WRDEZQV7gSaUyWTSDp3MhJlJoYSAD+EbuNUXcCdufQH3PoiTtgvb+sPAz3/OcM75goRRpR3n21pZXVvf2Cxtlbd3dvf27YPDlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvC3q7RGRigr+qMcJ8WPU5zSiGGkT9ezjEfRilCgtoBdJhDM3z/SFm/fsilN1JoLLxp2ZCpip0bN/vFDgNCZcY4aU6rpOov0MSU0xI3nZSxVJEB6iPukay1FMlJ9NDsjhmUlCGAlpHtdwkv79kaFYqXEcmM4Y6YFarBXhf7VuqqMbP6M8STXheDooShk05xY0YEglwZqNjUFYUrMrxANkOGjDbG5KEAgWFljcRQjLpnVZdWvV2sNVpX73NAVUAifgFJwDF1yDOrgHDdAEGOTgBbyCN+vZerc+rM9p64o1g3oE5mR9/QK6Yp6L</latexit>

v →↑ 1

t+ 1

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility



Change of variable
<latexit sha1_base64="Kh6wvo5urowUPW0lD4fe6fWcnj0=">AAACEnicbZDLSsNAFIYnXmu9RV24cDNYBEEoiUh1WRDEZQV7gSaUyWTSDp3MhJlJoYSAD+EbuNUXcCdufQH3PoiTtgvb+sPAz3/OcM75goRRpR3n21pZXVvf2Cxtlbd3dvf27YPDlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvC3q7RGRigr+qMcJ8WPU5zSiGGkT9ezjEfRilCgtoBdJhDM3z/SFm/fsilN1JoLLxp2ZCpip0bN/vFDgNCZcY4aU6rpOov0MSU0xI3nZSxVJEB6iPukay1FMlJ9NDsjhmUlCGAlpHtdwkv79kaFYqXEcmM4Y6YFarBXhf7VuqqMbP6M8STXheDooShk05xY0YEglwZqNjUFYUrMrxANkOGjDbG5KEAgWFljcRQjLpnVZdWvV2sNVpX73NAVUAifgFJwDF1yDOrgHDdAEGOTgBbyCN+vZerc+rM9p64o1g3oE5mR9/QK6Yp6L</latexit>

v →↑ 1

t+ 1

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

<latexit sha1_base64="W8G47awYWpEyW/PVlEAeBr0wGhA="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω ↑↓
Ma|x + tNa|x

t+ 1
=

∑

µ

D(a|x, µ)Gµ

<latexit sha1_base64="QTG5cgT4f0LtQRum2RrOyuFUHqs="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω ↑↓ vMa|x + (1→ v)Na|x =
∑

µ

D(a|x, µ)Gµ



Change of variable
<latexit sha1_base64="Kh6wvo5urowUPW0lD4fe6fWcnj0=">AAACEnicbZDLSsNAFIYnXmu9RV24cDNYBEEoiUh1WRDEZQV7gSaUyWTSDp3MhJlJoYSAD+EbuNUXcCdufQH3PoiTtgvb+sPAz3/OcM75goRRpR3n21pZXVvf2Cxtlbd3dvf27YPDlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvC3q7RGRigr+qMcJ8WPU5zSiGGkT9ezjEfRilCgtoBdJhDM3z/SFm/fsilN1JoLLxp2ZCpip0bN/vFDgNCZcY4aU6rpOov0MSU0xI3nZSxVJEB6iPukay1FMlJ9NDsjhmUlCGAlpHtdwkv79kaFYqXEcmM4Y6YFarBXhf7VuqqMbP6M8STXheDooShk05xY0YEglwZqNjUFYUrMrxANkOGjDbG5KEAgWFljcRQjLpnVZdWvV2sNVpX73NAVUAifgFJwDF1yDOrgHDdAEGOTgBbyCN+vZerc+rM9p64o1g3oE5mR9/QK6Yp6L</latexit>

v →↑ 1

t+ 1

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

<latexit sha1_base64="W8G47awYWpEyW/PVlEAeBr0wGhA="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω ↑↓
Ma|x + tNa|x

t+ 1
=

∑

µ

D(a|x, µ)Gµ

<latexit sha1_base64="QTG5cgT4f0LtQRum2RrOyuFUHqs="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω ↑↓ vMa|x + (1→ v)Na|x =
∑

µ

D(a|x, µ)Gµ



Change of variable
<latexit sha1_base64="Kh6wvo5urowUPW0lD4fe6fWcnj0=">AAACEnicbZDLSsNAFIYnXmu9RV24cDNYBEEoiUh1WRDEZQV7gSaUyWTSDp3MhJlJoYSAD+EbuNUXcCdufQH3PoiTtgvb+sPAz3/OcM75goRRpR3n21pZXVvf2Cxtlbd3dvf27YPDlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvC3q7RGRigr+qMcJ8WPU5zSiGGkT9ezjEfRilCgtoBdJhDM3z/SFm/fsilN1JoLLxp2ZCpip0bN/vFDgNCZcY4aU6rpOov0MSU0xI3nZSxVJEB6iPukay1FMlJ9NDsjhmUlCGAlpHtdwkv79kaFYqXEcmM4Y6YFarBXhf7VuqqMbP6M8STXheDooShk05xY0YEglwZqNjUFYUrMrxANkOGjDbG5KEAgWFljcRQjLpnVZdWvV2sNVpX73NAVUAifgFJwDF1yDOrgHDdAEGOTgBbyCN+vZerc+rM9p64o1g3oE5mR9/QK6Yp6L</latexit>

v →↑ 1

t+ 1

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

1)

2)

<latexit sha1_base64="W8G47awYWpEyW/PVlEAeBr0wGhA="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω ↑↓
Ma|x + tNa|x

t+ 1
=

∑

µ

D(a|x, µ)Gµ

<latexit sha1_base64="QTG5cgT4f0LtQRum2RrOyuFUHqs="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω ↑↓ vMa|x + (1→ v)Na|x =
∑

µ

D(a|x, µ)Gµ



<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility



<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}
Change of variable

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility



<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}
Change of variable

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

1)

2)



Change of variable

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

1)

2)

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}



<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v

<latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="pC6LUmxFOcL2L3w/Pu6gyiqYGdI=">AAACBnicbZDLSgMxFIYzXmu9VV26CRbBVZkRqS4LgrisYC/QDiWTOW1DM8k0yRTKUHDpG7jVF3Anbn0N9z6I6bQL23og4ef/z+EcviDmTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcV3LRFGoUcmlagZEA2cCaoYZDs1YAYkCDo1gcDvNGyNQmknxaMYx+BHpCdZllBhr+W6bwxCPst/rFIpuyc0KrwpvLopoXtVO4acdSppEIAzlROuW58bGT4kyjHKY5NuJhpjQAelBy0pBItB+mh09wefWCXFXKvuEwZn7dyIlkdbjKLCdETF9vZxNzf+yVmK6N37KRJwYEHS2qJtwbCSeEsAhU0ANH1tBqGL2Vkz7RBFqLKeFLUEgeTixWLxlCKuiflnyyqXyw1Wxcvc0A5RDp+gMXSAPXaMKukdVVEMUDdELekVvzrPz7nw4n7PWNWcO9QQtlPP1C9Ffmbo=</latexit>

0 → v → 1
<latexit sha1_base64="T1F2kQIBEfxf0woSz00IwWhfJLo="></latexit>

Na|x → 0,
∑

a

Na|x = 1
<latexit sha1_base64="5CiweK6wtrZ0yGD7kqBTHn3cxyc="></latexit>

Jω → 0,
∑

ω

Jω = 1

<latexit sha1_base64="6qQF235ZVCgS23m0g9XpdJJODME="></latexit>

p(a|x,ω) → 0,
∑

a

p(a|x,ω) = 1

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

Original



<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v

<latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="pC6LUmxFOcL2L3w/Pu6gyiqYGdI=">AAACBnicbZDLSgMxFIYzXmu9VV26CRbBVZkRqS4LgrisYC/QDiWTOW1DM8k0yRTKUHDpG7jVF3Anbn0N9z6I6bQL23og4ef/z+EcviDmTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcV3LRFGoUcmlagZEA2cCaoYZDs1YAYkCDo1gcDvNGyNQmknxaMYx+BHpCdZllBhr+W6bwxCPst/rFIpuyc0KrwpvLopoXtVO4acdSppEIAzlROuW58bGT4kyjHKY5NuJhpjQAelBy0pBItB+mh09wefWCXFXKvuEwZn7dyIlkdbjKLCdETF9vZxNzf+yVmK6N37KRJwYEHS2qJtwbCSeEsAhU0ANH1tBqGL2Vkz7RBFqLKeFLUEgeTixWLxlCKuiflnyyqXyw1Wxcvc0A5RDp+gMXSAPXaMKukdVVEMUDdELekVvzrPz7nw4n7PWNWcO9QQtlPP1C9Ffmbo=</latexit>

0 → v → 1
<latexit sha1_base64="T1F2kQIBEfxf0woSz00IwWhfJLo="></latexit>

Na|x → 0,
∑

a

Na|x = 1
<latexit sha1_base64="5CiweK6wtrZ0yGD7kqBTHn3cxyc="></latexit>

Jω → 0,
∑

ω

Jω = 1

<latexit sha1_base64="6qQF235ZVCgS23m0g9XpdJJODME="></latexit>

p(a|x,ω) → 0,
∑

a

p(a|x,ω) = 1

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}
Original Rewritten



<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v

<latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="pC6LUmxFOcL2L3w/Pu6gyiqYGdI=">AAACBnicbZDLSgMxFIYzXmu9VV26CRbBVZkRqS4LgrisYC/QDiWTOW1DM8k0yRTKUHDpG7jVF3Anbn0N9z6I6bQL23og4ef/z+EcviDmTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcV3LRFGoUcmlagZEA2cCaoYZDs1YAYkCDo1gcDvNGyNQmknxaMYx+BHpCdZllBhr+W6bwxCPst/rFIpuyc0KrwpvLopoXtVO4acdSppEIAzlROuW58bGT4kyjHKY5NuJhpjQAelBy0pBItB+mh09wefWCXFXKvuEwZn7dyIlkdbjKLCdETF9vZxNzf+yVmK6N37KRJwYEHS2qJtwbCSeEsAhU0ANH1tBqGL2Vkz7RBFqLKeFLUEgeTixWLxlCKuiflnyyqXyw1Wxcvc0A5RDp+gMXSAPXaMKukdVVEMUDdELekVvzrPz7nw4n7PWNWcO9QQtlPP1C9Ffmbo=</latexit>

0 → v → 1
<latexit sha1_base64="T1F2kQIBEfxf0woSz00IwWhfJLo="></latexit>

Na|x → 0,
∑

a

Na|x = 1
<latexit sha1_base64="5CiweK6wtrZ0yGD7kqBTHn3cxyc="></latexit>

Jω → 0,
∑

ω

Jω = 1

<latexit sha1_base64="6qQF235ZVCgS23m0g9XpdJJODME="></latexit>

p(a|x,ω) → 0,
∑

a

p(a|x,ω) = 1

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}
Original Rewritten



SDP!

<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v

<latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="pC6LUmxFOcL2L3w/Pu6gyiqYGdI=">AAACBnicbZDLSgMxFIYzXmu9VV26CRbBVZkRqS4LgrisYC/QDiWTOW1DM8k0yRTKUHDpG7jVF3Anbn0N9z6I6bQL23og4ef/z+EcviDmTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcV3LRFGoUcmlagZEA2cCaoYZDs1YAYkCDo1gcDvNGyNQmknxaMYx+BHpCdZllBhr+W6bwxCPst/rFIpuyc0KrwpvLopoXtVO4acdSppEIAzlROuW58bGT4kyjHKY5NuJhpjQAelBy0pBItB+mh09wefWCXFXKvuEwZn7dyIlkdbjKLCdETF9vZxNzf+yVmK6N37KRJwYEHS2qJtwbCSeEsAhU0ANH1tBqGL2Vkz7RBFqLKeFLUEgeTixWLxlCKuiflnyyqXyw1Wxcvc0A5RDp+gMXSAPXaMKukdVVEMUDdELekVvzrPz7nw4n7PWNWcO9QQtlPP1C9Ffmbo=</latexit>

0 → v → 1
<latexit sha1_base64="T1F2kQIBEfxf0woSz00IwWhfJLo="></latexit>

Na|x → 0,
∑

a

Na|x = 1
<latexit sha1_base64="5CiweK6wtrZ0yGD7kqBTHn3cxyc="></latexit>

Jω → 0,
∑

ω

Jω = 1

<latexit sha1_base64="6qQF235ZVCgS23m0g9XpdJJODME="></latexit>

p(a|x,ω) → 0,
∑

a

p(a|x,ω) = 1

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

I. Rewriting your problem as an SDP
Generalized noise robustness of measurement incompatibility

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}
Original Rewritten
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Channel discrimination and the diamond distance



Choi operator: Every linear map can be represented by a linear operator, acting on the joint input 
and output space of the map, defined as

<latexit sha1_base64="qyD+zEU7n53kwjX3Ln0/4nPi3WA="></latexit>

C :=
∑

ij

|i→↑j|↓ C̃(|i→↑j|) ↔ L(HI ↓HO)

<latexit sha1_base64="nbrhEKe5qkZsVNTngCSUUeZSa/A="></latexit>

C̃ : L(HI) → L(HO) linear map

linear operator

Output state: Consequently, the output of a linear map can be expressed as function of the Choi 
operator of the map and its input according to

<latexit sha1_base64="nuGxRMYZ5ioqGMfPWxXdAX1Gek8="></latexit>

C̃(ω) = ω→ = trI [C (ωT → 1O)] =: ω ↑ C

Quantum channels:

I. Rewriting your problem as an SDP
Channel discrimination and the diamond distance
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Diamond distance: The diamond distance between two quantum channels is related to the 
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I. Rewriting your problem as an SDP

SDP!

Channel discrimination and the diamond distance

Diamond distance: The diamond distance between two quantum channels is related to the 
probability of successfully discriminating this pair of channels with a uniform prior.



I. Rewriting

MAIN MESSAGE: 

 
Not every SDP is created in an SDP form.

 
Properties of the specific problem and changes of variables 
are useful tools to recognize that your problem is an SDP.



I. Rewriting

OTHER SDP REWRITING APPLICATIONS
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Most incompatible set of quantum measurements

II. Approximation: Attainability

<latexit sha1_base64="PAIwBtI0OC5hqw+u1pmk53RnlqI=">AAAB+nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EohePLdhaaJeSzWbb0GyyJFmhrP0FXvUPeBOv/hnv/hDTdg+29cHA470ZZuYFCWfauO63U1hb39jcKm6Xdnb39g/Kh0dtLVNFaItILlUnwJpyJmjLMMNpJ1EUxwGnj8Hobuo/PlGlmRQPZpxQP8YDwSJGsLFS86ZfrrhVdwa0SrycVCBHo1/+6YWSpDEVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSwWOqfaz2aETdGaVEEVS2RIGzdS/ExmOtR7Hge2MsRnqZW8q/ud1UxNd+xkTSWqoIPNFUcqRkWj6NQqZosTwsSWYKGZvRWSIFSbGZrOwJQgkDyc2Fm85hFXSvqh6tWqteVmp3+YBFeEETuEcPLiCOtxDA1pAgMILvMKb8+y8Ox/O57y14OQzx7AA5+sXV/GUqA==</latexit>=
<latexit sha1_base64="I33pUlRcev36W0lc0ERlpXeiT74=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjRuhgn1AG8pkMmmHTiZhZiKW2I1/4FZ/wJ249U/c+yFO2ixs64ELh3Pu5d57vJgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHQ8rypmgTc00p51YUhx6nLa90XXmtx+oVCwS93ocUzfEA8ECRrA2Uvu2n+Knx0m/XLGr9hRomTg5qUCORr/80/MjkoRUaMKxUl3HjrWbYqkZ4XRS6iWKxpiM8IB2DRU4pMpNp+dO0IlRfBRE0pTQaKr+nUhxqNQ49ExniPVQLXqZ+J/XTXRw6aZMxImmgswWBQlHOkLZ78hnkhLNx4ZgIpm5FZEhlphok9DcFs+LuJ/F4iyGsExaZ1WnVq3dnVfqV3lARTiCYzgFBy6gDjfQgCYQGMELvMKb9Wy9Wx/W56y1YOUzhzAH6+sXlG6XoA==</latexit>

Ma|x
<latexit sha1_base64="7SjKefi++hEUMGCeTIAxkQeSjPM=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBPqANZTKZtEMnM2FmIpRQ/AO3+gPuxK3f4t4PcdJmYVsPXDiccy/33hMknGnjut/O2vrG5tZ2aae8u7d/cFg5Om5rmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOO73O88UaWZFI9mklA/xkPBIkawyaW+GslBperW3BnQKvEKUoUCzUHlpx9KksZUGMKx1j3PTYyfYWUY4XRa7qeaJpiM8ZD2LBU4ptrPZrdO0blVQhRJZUsYNFP/TmQ41noSB7Yzxmakl71c/M/rpSa68TMmktRQQeaLopQjI1H+OAqZosTwiSWYKGZvRWSEFSbGxrOwJQgkD6c2Fm85hFXSvqx59Vr94arauC0CKsEpnMEFeHANDbiHJrSAwAhe4BXenGfn3flwPueta04xcwILcL5+AQRWli4=</latexit>ω

<latexit sha1_base64="7Ye3Yn9e9VN9CxK+zc4cVLeFZpA=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA7O5sMmZ1ZZmaFsOYLvOoPeBOv/ox3P8RJsgeTWNBQVHXT3RUknGnjut9OYWNza3unuFva2z84PCofn7S1TBWhLSK5VN0Aa8qZoC3DDKfdRFEcB5x2gvH9zO88UaWZFI9mklA/xkPBIkawsVITD8oVt+rOgdaJl5MK5GgMyj/9UJI0psIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepwDHVfjY/dIourBKiSCpbwqC5+nciw7HWkziwnTE2I73qzcT/vF5qols/YyJJDRVksShKOTISzb5GIVOUGD6xBBPF7K2IjLDCxNhslrYEgeTh1MbirYawTtpXVa9WrTWvK/W7PKAinME5XIIHN1CHB2hACwhQeIFXeHOenXfnw/lctBacfOYUluB8/QKRCZTM</latexit>a

<latexit sha1_base64="O87dQPIW0kB21sqSRf4ntDvZk6k=">AAAB+nicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx6JXjxCImACG9LtdqGh227arpGs/AKv+ge8Ga/+Ge/+EAvsQcCXTPLy3kxm5gUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20tU0Voi0gu1UOANeVM0JZhhtOHRFEcB5x2gtHt1O88UqWZFPdmnFA/xgPBIkawsVLzqV+uuFV3BrRKvJxUIEejX/7phZKkMRWGcKx113MT42dYGUY4nZR6qaYJJiM8oF1LBY6p9rPZoRN0ZpUQRVLZEgbN1L8TGY61HseB7YyxGeplbyr+53VTE137GRNJaqgg80VRypGRaPo1CpmixPCxJZgoZm9FZIgVJsZms7AlCCQPJzYWbzmEVdK+qHq1aq15Wanf5AEV4QRO4Rw8uII63EEDWkCAwgu8wpvz7Lw7H87nvLXg5DPHsADn6xe1g5Tj</latexit>x

<latexit sha1_base64="4TFHVAVqWgDHwkjtjQKiReIEUtY=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN+Kqgn1IO5RMJtOGZpIhyQhl6M4/cKs/4E7c+iPu/RDTdha2eiBwOOdc7s0JEs60cd0vp7Cyura+UdwsbW3v7O6V9w9aWqaK0CaRXKpOgDXlTNCmYYbTTqIojgNO28Hoeuq3H6nSTIp7M06oH+OBYBEj2Fjp4bbf4zYc4n654lbdGdBf4uWkAjka/fJ3L5QkjakwhGOtu56bGD/DyjDC6aTUSzVNMBnhAe1aKnBMtZ/NDp6gE6uEKJLKPmHQTP09keFY63Ec2GSMzVAve1PxP6+bmujSz5hIUkMFmS+KUo6MRNPfo5ApSgwfW4KJYvZWRIZYYWJsRwtbgkDycGJr8ZZL+EtaZ1WvVq3dnVfqV3lBRTiCYzgFDy6gDjfQgCYQiOEZXuDVeXLenHfnYx4tOPnMISzA+fwBkFmYIQ==</latexit>

Jω
<latexit sha1_base64="YagWiT/92FsdyDJ1srPyvvu4zxE=">AAACB3icbVDLSsNAFJ34rPVVdelmsAgVpCQi1WXRjcsK9gFtLDeTSTt0MgkzE7HEfoB/4FZ/wJ249TPc+yFO2yxs64ELh3Pu4V6OF3OmtG1/W0vLK6tr67mN/ObW9s5uYW+/oaJEElonEY9kywNFORO0rpnmtBVLCqHHadMbXI/95gOVikXiTg9j6obQEyxgBLSR7uMSPD2edrgJ+HDSLRTtsj0BXiRORoooQ61b+On4EUlCKjThoFTbsWPtpiA1I5yO8p1E0RjIAHq0baiAkCo3nXw9wsdG8XEQSTNC44n6N5FCqNQw9MxmCLqv5r2x+J/XTnRw6aZMxImmgkwPBQnHOsLjCrDPJCWaDw0BIpn5FZM+SCDaFDVzxfMi7o9MLc58CYukcVZ2KuXK7XmxepUVlEOH6AiVkIMuUBXdoBqqI4IkekGv6M16tt6tD+tzurpkZZkDNAPr6xfmXZns</latexit>

p(a|x,ω)
<latexit sha1_base64="7SjKefi++hEUMGCeTIAxkQeSjPM=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBPqANZTKZtEMnM2FmIpRQ/AO3+gPuxK3f4t4PcdJmYVsPXDiccy/33hMknGnjut/O2vrG5tZ2aae8u7d/cFg5Om5rmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOO73O88UaWZFI9mklA/xkPBIkawyaW+GslBperW3BnQKvEKUoUCzUHlpx9KksZUGMKx1j3PTYyfYWUY4XRa7qeaJpiM8ZD2LBU4ptrPZrdO0blVQhRJZUsYNFP/TmQ41noSB7Yzxmakl71c/M/rpSa68TMmktRQQeaLopQjI1H+OAqZosTwiSWYKGZvRWSEFSbGxrOwJQgkD6c2Fm85hFXSvqx59Vr94arauC0CKsEpnMEFeHANDbiHJrSAwAhe4BXenGfn3flwPueta04xcwILcL5+AQRWli4=</latexit>ω

<latexit sha1_base64="7Ye3Yn9e9VN9CxK+zc4cVLeFZpA=">AAAB+nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA7O5sMmZ1ZZmaFsOYLvOoPeBOv/ox3P8RJsgeTWNBQVHXT3RUknGnjut9OYWNza3unuFva2z84PCofn7S1TBWhLSK5VN0Aa8qZoC3DDKfdRFEcB5x2gvH9zO88UaWZFI9mklA/xkPBIkawsVITD8oVt+rOgdaJl5MK5GgMyj/9UJI0psIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepwDHVfjY/dIourBKiSCpbwqC5+nciw7HWkziwnTE2I73qzcT/vF5qols/YyJJDRVksShKOTISzb5GIVOUGD6xBBPF7K2IjLDCxNhslrYEgeTh1MbirYawTtpXVa9WrTWvK/W7PKAinME5XIIHN1CHB2hACwhQeIFXeHOenXfnw/lctBacfOYUluB8/QKRCZTM</latexit>a

<latexit sha1_base64="O87dQPIW0kB21sqSRf4ntDvZk6k=">AAAB+nicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx6JXjxCImACG9LtdqGh227arpGs/AKv+ge8Ga/+Ge/+EAvsQcCXTPLy3kxm5gUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20tU0Voi0gu1UOANeVM0JZhhtOHRFEcB5x2gtHt1O88UqWZFPdmnFA/xgPBIkawsVLzqV+uuFV3BrRKvJxUIEejX/7phZKkMRWGcKx113MT42dYGUY4nZR6qaYJJiM8oF1LBY6p9rPZoRN0ZpUQRVLZEgbN1L8TGY61HseB7YyxGeplbyr+53VTE137GRNJaqgg80VRypGRaPo1CpmixPCxJZgoZm9FZIgVJsZms7AlCCQPJzYWbzmEVdK+qHq1aq15Wanf5AEV4QRO4Rw8uII63EEDWkCAwgu8wpvz7Lw7H87nvLXg5DPHsADn6xe1g5Tj</latexit>x

<latexit sha1_base64="lqdxUVEMCtIt3nuVTfcJgejh1Nk=">AAACAHicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9oh5LJZNrQTDIkGaEM3fgHbvUH3Ilb/8S9H2LazsK2HggczjmXe3OChDNtXPfbKWxsbm3vFHdLe/sHh0fl45O2lqkitEUkl6obYE05E7RlmOG0myiK44DTTjC+m/mdJ6o0k+LRTBLqx3goWMQINlbq9LmNhnhQrrhVdw60TrycVCBHc1D+6YeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+blTdGGVEEVS2ScMmqt/JzIcaz2JA5uMsRnpVW8m/uf1UhPd+BkTSWqoIItFUcqRkWj2dxQyRYnhE0swUczeisgIK0yMbWhpSxBIHk5tLd5qCeukfVX1atXaw3WlcZsXVIQzOIdL8KAODbiHJrSAwBhe4BXenGfn3flwPhfRgpPPnMISnK9fNVWXZA==</latexit>

ω

<latexit sha1_base64="l7SG4mET8HNbPuP7pbV+qv3PjDM=">AAACB3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0xpLJpG1oJhmSjFCGfoB/4FZ/wJ249TPc+yGm7Sxs64ELh3Pu5R5OmHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVhDaJ5FJ1QqwpZ4I2DTOcdhJFcRxy2g5Ht1O//USVZlI8mHFCgxgPBOszgo2VHv2+VJhz5CNfDWWvXHGr7gxolXg5qUCORq/840eSpDEVhnCsdddzExNkWBlGOJ2U/FTTBJMRHtCupQLHVAfZLPUEnVklQjaAHWHQTP17keFY63Ec2s0Ym6Fe9qbif143Nf3rIGMiSQ0VZP6on3JkJJpWgCKmKDF8bAkmitmsiAyxwsTYoha+hKHk0cTW4i2XsEpaF1WvVq3dX1bqN3lBRTiBUzgHD66gDnfQgCYQUPACr/DmPDvvzofzOV8tOPnNMSzA+foFFreaCg==</latexit>

→ ωcompatible set of  
quantum measurements:

set of quantum  
measurements

single quantum  
measurements

classical 
post-processing



Most incompatible set of quantum measurements

II. Approximation: Attainability

Question. What is the most incompatible set of  N d-dimensional measurements with k outcomes?



Most incompatible set of quantum measurements

II. Approximation: Attainability

Question. What is the most incompatible set of  N d-dimensional measurements with k outcomes?

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}



Most incompatible set of quantum measurements

II. Approximation: Attainability

can I tackle this with a seesaw algorithm? 



Most incompatible set of quantum measurements

II. Approximation: Attainability

Seesaw algorithm



Most incompatible set of quantum measurements

II. Approximation: Attainability

Seesaw algorithm



Most incompatible set of quantum measurements

II. Approximation: Attainability

Seesaw algorithm

constant

seesaw doesn’t go anywhere



Most incompatible set of quantum measurements

II. Approximation: Attainability

Seesaw algorithm



Most incompatible set of quantum measurements

II. Approximation: Attainability

Seesaw algorithm

duality theory



Most incompatible set of quantum measurements

II. Approximation: Attainability



Most incompatible set of quantum measurements

II. Approximation: Attainability

Dual  
problem



II. Approximation: Attainability
Most incompatible set of quantum measurements

Original Rewritten



II. Approximation: Attainability
Most incompatible set of quantum measurements

Original Rewritten



II. Approximation: Attainability
Most incompatible set of quantum measurements

Rewritten

can I tackle this with a seesaw algorithm? 



II. Approximation: Attainability
Most incompatible set of quantum measurements

Seesaw algorithm



II. Approximation: Attainability
Most incompatible set of quantum measurements

Seesaw algorithm



Most incompatible set of quantum measurements

II. Approximation: Attainability

Primal problem

Compatible

All
<latexit sha1_base64="MD4PEldX2PiLif7LRL1JWl1cJBc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSNUsA9IQplMJu3QyUyYmYglBlz5B271B9yJW//DvR/ipO3Cth64cDjnXu69J0gYVdq2v62l5ZXVtfXSRnlza3tnt7K331YilZi0sGBCdgOkCKOctDTVjHQTSVAcMNIJhpeF37knUlHB7/QoIX6M+pxGFCNtJNfLbnoZenzIvbxXqdo1ewy4SJwpqYIpmr3KjxcKnMaEa8yQUq5jJ9rPkNQUM5KXvVSRBOEh6hPXUI5iovxsfHIOj40SwkhIU1zDsfp3IkOxUqM4MJ0x0gM17xXif56b6ujCzyhPUk04niyKUga1gMX/MKSSYM1GhiAsqbkV4gGSCGuT0syWIBAsLGJx5kNYJO3TmlOv1W/Pqo2rp0lAJXAIjsAJcMA5aIBr0AQtgIEAL+AVvFnP1rv1YX1OWpesaagHYAbW1y8LS5n8</latexit>

{Ma|x}

<latexit sha1_base64="JD3ZlkHHPMQmIt/qqAX0xNZ4n3M=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSUV7AOSUCaTSTt0MhNmJmKJAVf+gVv9AXfi1v9w74c4abuwrQcuHM65l3vvCRJGlbbtb2tpeWV1bb20Ud7c2t7Zreztt5VIJSYtLJiQ3QApwignLU01I91EEhQHjHSC4WXhd+6JVFTwOz1KiB+jPqcRxUgbyfWym16GHh9yL+9VqnbNHgMuEmdKqmCKZq/y44UCpzHhGjOklOvYifYzJDXFjORlL1UkQXiI+sQ1lKOYKD8bn5zDY6OEMBLSFNdwrP6dyFCs1CgOTGeM9EDNe4X4n+emOrrwM8qTVBOOJ4uilEEtYPE/DKkkWLORIQhLam6FeIAkwtqkNLMlCAQLi1ic+RAWSfu05tRr9duzauPqaRJQCRyCI3ACHHAOGuAaNEELYCDAC3gFb9az9W59WJ+T1iVrGuoBmIH19QsM6Zn9</latexit>

{Na|x}

<latexit sha1_base64="TgOLx0pnLeElJLE0lGaHVU+KYVE=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQYEMRjRPOAZA2zk9lkyOzMMjMbCEvEH/CqP+BNvPov3v0QJ4+DSSxoKKq66e4KYs60cd1vJ7Oyura+kd3MbW3v7O7l9w9qWiaK0CqRXKpGgDXlTNCqYYbTRqwojgJO60H/euzXB1RpJsWDGcbUj3BXsJARbKx0P3g8a+cLbtGdAC0Tb0YKMEOlnf9pdSRJIioM4VjrpufGxk+xMoxwOsq1Ek1jTPq4S5uWChxR7aeTU0foxCodFEplSxg0Uf9OpDjSehgFtjPCpqcXvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHfqMMUJYYPLcFEMXsrIj2sMDE2nbktQSB5Z2Rj8RZDWCa186JXKpbuLgrlm+dpQFk4gmM4BQ8uoQy3UIEqEOjCC7zCm/PkvDsfzue0NePMQj2EOThfv/yClgE=</latexit>

v→
<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

}

Geometric interpretation 

<latexit sha1_base64="dejan0gljw8HBrR5frIHkL8RX5Q="></latexit>

vMa|x + (1→ v)Na|x =
∑

ω

p(a|x,ω)Jω

<latexit sha1_base64="LwZTbt2DdVHRu3tmVOZ6D93JOQo=">AAACB3icbZDLSgMxGIUz9VbrrerSTbAI4qLMiFQ3QkEQlxXsBdppyWQybWguQ5IplqHg1jdwqy/gTtz6GO59ENPLwrYeCBzO+cP/8wUxo9q47reTWVldW9/Ibua2tnd29/L7BzUtE4VJFUsmVSNAmjAqSNVQw0gjVgTxgJF60L8Z9/UBUZpK8WCGMfE56goaUYyMjdqD9hm8hi2OHmELDjr5glt0J4LLxpuZApip0sn/tEKJE06EwQxp3fTc2PgpUoZiRka5VqJJjHAfdUnTWoE40X46uXoET2wSwkgq+4SBk/TvjxRxrYc8sJMcmZ5e7Mbhf10zMdGVn1IRJ4YIPF0UJQwaCccIYEgVwYYNrUFYUXsrxD2kEDYW1NyWIJAsHFks3iKEZVM7L3qlYun+olC+fZoCyoIjcAxOgQcuQRncgQqoAgwUeAGv4M15dt6dD+dzOppxZlAPwZycr1+9K5mg</latexit>

v→ = max v
<latexit sha1_base64="zJMhoNyXYGbGstOLTWHdpGmBPYk=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuQiJSXRYEcVnBPiANZTKZtEMnmTBzI5ZQcOUfuNUfcCdu/Q/3foiTtgvbeuDC4Zx7ufeeIBVcg+N8Wyura+sbm6Wt8vbO7t5+5eCwpWWmKGtSKaTqBEQzwRPWBA6CdVLFSBwI1g6G14XffmBKc5ncwyhlfkz6CY84JWAkrwvsEXJtgz3uVaqO7UyAl4k7I1U0Q6NX+emGkmYxS4AKorXnOin4OVHAqWDjcjfTLCV0SPrMMzQhMdN+Pjl5jE+NEuJIKlMJ4In6dyInsdajODCdMYGBXvQK8T/PyyC68nOepBmwhE4XRZnAIHHxPw65YhTEyBBCFTe3YjogilAwKc1tCQIpwiIWdzGEZdI6t92aXbu7qNZvnqYBldAxOkFnyEWXqI5uUQM1EUUSvaBX9GY9W+/Wh/U5bV2xZqEeoTlYX7+RZJmv</latexit>

s.t.

<latexit sha1_base64="RIEthMnymudulKJHeBMRFp0PalE=">AAACFXicbZDNSsNAFIUn/tb/qDvdDBbBVUlEqktBEDeCgtVCE8pketsOnUzCzE2xxEDfwjdwqy/gTty6du+DmLRdaPXAwOGcO9yZL4ilMOg4n9bM7Nz8wmJpaXlldW19w97cujVRojnUeCQjXQ+YASkU1FCghHqsgYWBhLugd1b0d33QRkTqBgcx+CHrKNEWnGEeNe0dD+Ee047og8qoR730spmyh/vMy5p22ak4I9G/xp2YMpnoqml/ea2IJyEo5JIZ03CdGP2UaRRcQrbsJQZixnusA43cKhaC8dPRHzK6nyct2o50fhTSUfrzRspCYwZhkE+GDLtmuivC/7pGgu0TPxUqThAUHy9qJ5JiRAsgtCU0cJSD3DCuRf5WyrtMM445tl9bgiCSrQKLOw3hr7k9rLjVSvX6qHx6PhwDKpFdskcOiEuOySm5IFekRjgZkifyTF6sR+vVerPex6Mz1gTqNvkl6+MbVHegkQ==</latexit>

given {Ma|x}

<latexit sha1_base64="pC6LUmxFOcL2L3w/Pu6gyiqYGdI=">AAACBnicbZDLSgMxFIYzXmu9VV26CRbBVZkRqS4LgrisYC/QDiWTOW1DM8k0yRTKUHDpG7jVF3Anbn0N9z6I6bQL23og4ef/z+EcviDmTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcV3LRFGoUcmlagZEA2cCaoYZDs1YAYkCDo1gcDvNGyNQmknxaMYx+BHpCdZllBhr+W6bwxCPst/rFIpuyc0KrwpvLopoXtVO4acdSppEIAzlROuW58bGT4kyjHKY5NuJhpjQAelBy0pBItB+mh09wefWCXFXKvuEwZn7dyIlkdbjKLCdETF9vZxNzf+yVmK6N37KRJwYEHS2qJtwbCSeEsAhU0ANH1tBqGL2Vkz7RBFqLKeFLUEgeTixWLxlCKuiflnyyqXyw1Wxcvc0A5RDp+gMXSAPXaMKukdVVEMUDdELekVvzrPz7nw4n7PWNWcO9QQtlPP1C9Ffmbo=</latexit>

0 → v → 1
<latexit sha1_base64="T1F2kQIBEfxf0woSz00IwWhfJLo="></latexit>

Na|x → 0,
∑

a

Na|x = 1



Most incompatible set of quantum measurements

II. Approximation: Attainability

Dual problem

Geometric interpretation 

Compatible

All
<latexit sha1_base64="MD4PEldX2PiLif7LRL1JWl1cJBc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSNUsA9IQplMJu3QyUyYmYglBlz5B271B9yJW//DvR/ipO3Cth64cDjnXu69J0gYVdq2v62l5ZXVtfXSRnlza3tnt7K331YilZi0sGBCdgOkCKOctDTVjHQTSVAcMNIJhpeF37knUlHB7/QoIX6M+pxGFCNtJNfLbnoZenzIvbxXqdo1ewy4SJwpqYIpmr3KjxcKnMaEa8yQUq5jJ9rPkNQUM5KXvVSRBOEh6hPXUI5iovxsfHIOj40SwkhIU1zDsfp3IkOxUqM4MJ0x0gM17xXif56b6ujCzyhPUk04niyKUga1gMX/MKSSYM1GhiAsqbkV4gGSCGuT0syWIBAsLGJx5kNYJO3TmlOv1W/Pqo2rp0lAJXAIjsAJcMA5aIBr0AQtgIEAL+AVvFnP1rv1YX1OWpesaagHYAbW1y8LS5n8</latexit>

{Ma|x}

?



Most incompatible set of quantum measurements

II. Approximation: Attainability



Most incompatible set of quantum measurements

II. Approximation: Attainability



Most incompatible set of quantum measurements

II. Approximation: Attainability



Most incompatible set of quantum measurements

II. Approximation: Attainability



Most incompatible set of quantum measurements

II. Approximation: Attainability

incompatibility witness



Most incompatible set of quantum measurements

II. Approximation: Attainability

Dual problem

<latexit sha1_base64="MD4PEldX2PiLif7LRL1JWl1cJBc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRYEcSNUsA9IQplMJu3QyUyYmYglBlz5B271B9yJW//DvR/ipO3Cth64cDjnXu69J0gYVdq2v62l5ZXVtfXSRnlza3tnt7K331YilZi0sGBCdgOkCKOctDTVjHQTSVAcMNIJhpeF37knUlHB7/QoIX6M+pxGFCNtJNfLbnoZenzIvbxXqdo1ewy4SJwpqYIpmr3KjxcKnMaEa8yQUq5jJ9rPkNQUM5KXvVSRBOEh6hPXUI5iovxsfHIOj40SwkhIU1zDsfp3IkOxUqM4MJ0x0gM17xXif56b6ujCzyhPUk04niyKUga1gMX/MKSSYM1GhiAsqbkV4gGSCGuT0syWIBAsLGJx5kNYJO3TmlOv1W/Pqo2rp0lAJXAIjsAJcMA5aIBr0AQtgIEAL+AVvFnP1rv1YX1OWpesaagHYAbW1y8LS5n8</latexit>

{Ma|x}

All

Compatible

<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

}



Most incompatible set of quantum measurements

II. Approximation: Attainability

All

Compatible

<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

}

SDP 1
Seesaw algorithm



Most incompatible set of quantum measurements

II. Approximation: Attainability

All

Compatible

<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

}
SDP 2

Seesaw algorithm



Most incompatible set of quantum measurements

II. Approximation: Attainability

All

Compatible

<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

}
SDP 1

Seesaw algorithm



Most incompatible set of quantum measurements

II. Approximation: Attainability

All

Compatible

<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

} <latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

}
SDP 2

Seesaw algorithm



Most incompatible set of quantum measurements

II. Approximation: Attainability

All

Compatible

<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

}
SDP 1
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Seesaw algorithm
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Seesaw algorithm
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SDP 2

seesaw goes somewhere!

Seesaw algorithm



II. Approximating: Attainability

MAIN MESSAGE: 

 
Seesaws are useful tools to tackle multilinear problems

 
Duality theory can help you convert max-min problems into  

max-max problems and tackle it with seesaws.



II. Approximating: Attainability

OTHER SDP SEESAW APPLICATIONS
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How can I show that the optimal tester 
requires memory for implementation 
(does not accept such decomposition)?
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II. Approximation: Impossibility
Channel discrimination without memory
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II. Approximation: Impossibility
Channel discrimination without memory

outer  
approximation
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upper bound



General

Memoryless
PPT

II. Approximation: Impossibility
Channel discrimination without memory

outer  
approximation

SDP lower bound: heuristic, potentially tight, but uncertain

SDP upper bound: deterministic but generally not tight

inner search



General

Memoryless
PPT

II. Approximation: Impossibility
Channel discrimination without memory

outer  
approximation

inner search

optimal strategy 
requires memory

optimal strategy 
is memoryless
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II. Approximation: Impossibility

Question. How can I determine whether a given quantum state is entangled?

separable quantum state:

A seesaw approach might prove it is separable  
if it finds a separable decomposition;  
But it can never prove such decomposition 
does not exist.

Entanglement and the k-symmetric extension hierarchy



II. Approximation: Impossibility

Question. How can I determine whether a given quantum state is entangled?

separable quantum state:

Entanglement and the k-symmetric extension hierarchy

PTT revisited:
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II. Approximation: Impossibility
Entanglement and the k-symmetric extension hierarchy

k-symmetric extension hierarchy—a.k.a the Doherty-Parrilo-Spedalieri (DPS) hierarchy

All

Separable

1-sym

2-sym

k-sym

∞-sym

convergence

For all entangled states



II. Approximating: Impossibility

MAIN MESSAGE: 

SDPs are useful tools to provide outer approximations 
of sets that do not accept a linear characterization.

 
Converging SDP hierarchies can fully characterize some very  

complicated problems in quantum information.



II. Approximating: Impossibility

OTHER SDP SEESAW APPLICATIONS



Summary

All

Separable

1-sym

2-sym
k-sym

∞-sym

General

Memoryless

PP

outer  
approximation

inner 
searchAll

Compatible

<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>

} <latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>}
<latexit sha1_base64="cH8v8HWMQ9duafxVdhz0oJNmdnU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMQ9IljA7O5sMmZ1ZZmaFsAT8AK/6A97Eqx/j3Q9xNsnBJBY0FFXddHcFCWfauO63U1hb39jcKm6Xdnb39g/Kh0ctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0k/vtJ6o0k+LRjBPqx3ggWMQINlZ66E365YpbdadAq8SbkwrM0eiXf3qhJGlMhSEca9313MT4GVaGEU4npV6qaYLJCA9o11KBY6r9bHrpBJ1ZJUSRVLaEQVP170SGY63HcWA7Y2yGetnLxf+8bmqiaz9jIkkNFWS2KEo5MhLlb6OQKUoMH1uCiWL2VkSGWGFibDgLW4JA8jCPxVsOYZW0LqperVq7v6zUb59nARXhBE7hHDy4gjrcQQOaQCCCF3iFN2fivDsfzuesteDMQz2GBThfv5vuldI=</latexit>}

Measurement incompatibility Channel discrimination

Entanglement



Summary

Measurement incompatibility Channel discrimination

Entanglement

• Rewriting

• Changes of variables

• Max-min -> Max-max via dual formulation

• Seesaw

• Rewriting

• Proof of linear characterization 

• Seesaw

• Outer approximation via PPT

• Seesaw

• Outer approximation via PPT

• Outer approximation via  
converging hierarchy



Conclusions

Thank you!

• Rewriting

• Changes of variables

• Max-min -> Max-max via dual formulation

• Seesaw


