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Uncertainty relations
Heisenberg’s uncertainty principle1 
 
 

Robertson’s relation2

[1] E. H. Kennard. Zur quantenmechanik einfacher bewegungstypen. Zeitschrift für Physik, 44(4):326– 352, Apr 1927.  
[2] H.P. Robertson. The uncertainty principle. Phys. rev. 34:163-164, Jul 1929.
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Definitions and notation

: Von Neumann entropy of state   on system   : ⇢
<latexit sha1_base64="s1j1YQGCU/P4z4qzVwfF6c9FpvQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyY55Xy27taIKMov0EJFh2j5HQr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0dtGyVGYEtEKjLdACwqqbFFkhR2Y4MQBgo7wfQm8zsPaKyM9D3NYvRDGGs5kgIok/pmEg2qNbfu5uCrxCtIjRVoDqpf/WEkkhA1CQXW9jw3Jn8OhqRQuKj0E4sxiCmMsZdSDSFaf55nXfCzxAJFPEbDpeK5iL835hBaOwuDdDIEmthlLxP/83oJja79udRxQqhFdoikwvyQFUamJSAfSoNEkCVHLjUXYIAIjeQgRComaSuVtA9v+ftV0r6oe27du7usNRpFM2V2wk7ZOfPYFWuwW9ZkLSbYhD2xZ/biPDqvzpvz/jNacoqdY/YHzsc3zGOSyg==</latexit><latexit sha1_base64="s1j1YQGCU/P4z4qzVwfF6c9FpvQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyY55Xy27taIKMov0EJFh2j5HQr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0dtGyVGYEtEKjLdACwqqbFFkhR2Y4MQBgo7wfQm8zsPaKyM9D3NYvRDGGs5kgIok/pmEg2qNbfu5uCrxCtIjRVoDqpf/WEkkhA1CQXW9jw3Jn8OhqRQuKj0E4sxiCmMsZdSDSFaf55nXfCzxAJFPEbDpeK5iL835hBaOwuDdDIEmthlLxP/83oJja79udRxQqhFdoikwvyQFUamJSAfSoNEkCVHLjUXYIAIjeQgRComaSuVtA9v+ftV0r6oe27du7usNRpFM2V2wk7ZOfPYFWuwW9ZkLSbYhD2xZ/biPDqvzpvz/jNacoqdY/YHzsc3zGOSyg==</latexit><latexit sha1_base64="s1j1YQGCU/P4z4qzVwfF6c9FpvQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyY55Xy27taIKMov0EJFh2j5HQr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0dtGyVGYEtEKjLdACwqqbFFkhR2Y4MQBgo7wfQm8zsPaKyM9D3NYvRDGGs5kgIok/pmEg2qNbfu5uCrxCtIjRVoDqpf/WEkkhA1CQXW9jw3Jn8OhqRQuKj0E4sxiCmMsZdSDSFaf55nXfCzxAJFPEbDpeK5iL835hBaOwuDdDIEmthlLxP/83oJja79udRxQqhFdoikwvyQFUamJSAfSoNEkCVHLjUXYIAIjeQgRComaSuVtA9v+ftV0r6oe27du7usNRpFM2V2wk7ZOfPYFWuwW9ZkLSbYhD2xZ/biPDqvzpvz/jNacoqdY/YHzsc3zGOSyg==</latexit><latexit sha1_base64="s1j1YQGCU/P4z4qzVwfF6c9FpvQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaCiDRB5SYkXryyY55Xy27taIKMov0EJFh2j5HQr+Bdu4gISpRjO72tkJYiUtue6nU1pb39jcKm9Xdnb39g+qh0dtGyVGYEtEKjLdACwqqbFFkhR2Y4MQBgo7wfQm8zsPaKyM9D3NYvRDGGs5kgIok/pmEg2qNbfu5uCrxCtIjRVoDqpf/WEkkhA1CQXW9jw3Jn8OhqRQuKj0E4sxiCmMsZdSDSFaf55nXfCzxAJFPEbDpeK5iL835hBaOwuDdDIEmthlLxP/83oJja79udRxQqhFdoikwvyQFUamJSAfSoNEkCVHLjUXYIAIjeQgRComaSuVtA9v+ftV0r6oe27du7usNRpFM2V2wk7ZOfPYFWuwW9ZkLSbYhD2xZ/biPDqvzpvz/jNacoqdY/YHzsc3zGOSyg==</latexit>

A
<latexit sha1_base64="aYYUUay9qkqotz7yW14+t7oHxmI=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeIF48JmAckS+iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LwKCSEbZJksJeohHCQGE3mN5mfvcRtZFxdE+zBP0QJpEcSwGUSq2bYbXm1t0cfJV4BamxAs1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0o6F3XPrXuty1qjUTRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxbHOq/PmvP+Mlpxi55j9gfPxDTA2kUg=</latexit><latexit sha1_base64="aYYUUay9qkqotz7yW14+t7oHxmI=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeIF48JmAckS+iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LwKCSEbZJksJeohHCQGE3mN5mfvcRtZFxdE+zBP0QJpEcSwGUSq2bYbXm1t0cfJV4BamxAs1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0o6F3XPrXuty1qjUTRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxbHOq/PmvP+Mlpxi55j9gfPxDTA2kUg=</latexit><latexit sha1_base64="aYYUUay9qkqotz7yW14+t7oHxmI=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeIF48JmAckS+iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LwKCSEbZJksJeohHCQGE3mN5mfvcRtZFxdE+zBP0QJpEcSwGUSq2bYbXm1t0cfJV4BamxAs1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0o6F3XPrXuty1qjUTRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxbHOq/PmvP+Mlpxi55j9gfPxDTA2kUg=</latexit><latexit sha1_base64="aYYUUay9qkqotz7yW14+t7oHxmI=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeIF48JmAckS+iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LwKCSEbZJksJeohHCQGE3mN5mfvcRtZFxdE+zBP0QJpEcSwGUSq2bYbXm1t0cfJV4BamxAs1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0o6F3XPrXuty1qjUTRTZifslJ0zj12xBrtjTdZmgiF7Ys/sxbHOq/PmvP+Mlpxi55j9gfPxDTA2kUg=</latexit>
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 state on Hilbert space         :  

D(⇢||�) =
(
Tr(⇢(log ⇢� log �)) if supp⇢ ✓ supp�

1 otherwise
<latexit sha1_base64="FQiRBwDFxgsiVtEOIxXbYUKmj5s="></latexit>

Relative entropy: state s and positive s⇢
<latexit sha1_base64="xl6yvCYdKlPJTSFUuoL/b33ED5M=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIDEpSRaCiDRB5SYkXryyY55fzQ3RoRWfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhjwlgLbItQhbrngUElA2yTJIW9SCP4nsKuN7vJ/O4DaiPD4J7mEbo+TAI5lgIokwZ6Gg6rNbtu5+CrxClIjRVoDatfg1EoYh8DEgqM6Tt2RG4CmqRQuKgMYoMRiBlMsJ/SAHw0bpJnXfCz2ACFPELNpeK5iL83EvCNmfteOukDTc2yl4n/ef2YxtduIoMoJgxEdoikwvyQEVqmJSAfSY1EkCVHLgMuQAMRaslBiFSM01YqaR/O8verpNOoOxf1xt1lrdksmimzE3bKzpnDrliT3bIWazPBpuyJPbMX69F6td6s95/RklXsHLM/sD6+Ac2xks4=</latexit>

�
<latexit sha1_base64="E/h0XfreUyWaMsiBaDtwY8ws+dU=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIDEpSRaCiDRB5SYkXryyYcOT90t0YKVv6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8yv/uA2sgwuKVZhK4Pk0COpQBKpc7AyIkPw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5Gnn/CQ2QCGPUHOpeC7i740EfGNmvpdO+kB3ZtHLxP+8fkzjSzeRQRQTBiI7RFJhfsgILdMakI+kRiLIkiOXAReggQi15CBEKsZpL5W0D2fx+2XSadSds3rj5rzWbBbNlNkRO2anzGEXrMmuWYu1mWD37Ik9sxfr0Xq13qz3n9GSVewcsj+wPr4BUyGTqg==</latexit>

S(A)⇢ = �D(⇢A||1) = �Tr(⇢A log ⇢A)
<latexit sha1_base64="RllLJnYFSDCunlU0NPicfboyUng="></latexit>

Conditional entropy:

S(A|B)⇢ = �D(⇢AB ||1A ⌦ ⇢B) = S(AB)⇢ � S(B)⇢
<latexit sha1_base64="weyzQ7IPkTJ9Mbbwj3biPIKuGco="></latexit>



Guessing game



1. Two players, Alice and Bob, agree upon:  
- A state      on Alice’s Hilbert space. 
- Two observables    and     both acting on Alice’s Hilbert space. 

2. Alice randomly decides between measuring    or     , and 
communicates her choice to Bob. 

3. Bob guesses the measurement result.

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

⇢A
<latexit sha1_base64="EQjYIu2vgtSENzWemW0UW+U/ryM=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXVbcuKxgH9CGMpnetkMnM2HmRiihvyC41d9wJ279B//CTzCJWWjrWR3OuZdz7wkiKSy67qezsrq2vrFZ2ipv7+zu7VcODttWx4ZDi2upTTdgFqRQ0EKBErqRARYGEjrB9CbzOw9grNDqHmcR+CEbKzESnGEqdfpmogfX5UGl6tbcHHSZeAWpkgLNQeWrP9Q8DkEhl8zanudG6CfMoOAS5uV+bCFifMrG0EupYiFYP8nPndPT2DLUNAJDhaS5CL83EhZaOwuDdDJkOLGLXib+6wWBlsOFcBxd+YlQUYygeJaNQkKebbkRaTVAh8IAIsueASoU5cwwRDCCMs5TMU67yiryFgtZJu16zTuv1e8uqo1GUVaJHJMTckY8ckka5JY0SYtwMiVP5Jm8OI/Oq/PmvP+MrjjFzhH5A+fjGyaom4I=</latexit>

Guessing game



1. Two players, Alice and Bob, agree upon:  
- A state      on Alice’s Hilbert space. 
- Two observables    and     both acting on Alice’s Hilbert space. 

2. Alice randomly decides between measuring    or     , and 
communicates her choice to Bob. 

3. Bob guesses the measurement result.

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

⇢A
<latexit sha1_base64="EQjYIu2vgtSENzWemW0UW+U/ryM=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXVbcuKxgH9CGMpnetkMnM2HmRiihvyC41d9wJ279B//CTzCJWWjrWR3OuZdz7wkiKSy67qezsrq2vrFZ2ipv7+zu7VcODttWx4ZDi2upTTdgFqRQ0EKBErqRARYGEjrB9CbzOw9grNDqHmcR+CEbKzESnGEqdfpmogfX5UGl6tbcHHSZeAWpkgLNQeWrP9Q8DkEhl8zanudG6CfMoOAS5uV+bCFifMrG0EupYiFYP8nPndPT2DLUNAJDhaS5CL83EhZaOwuDdDJkOLGLXib+6wWBlsOFcBxd+YlQUYygeJaNQkKebbkRaTVAh8IAIsueASoU5cwwRDCCMs5TMU67yiryFgtZJu16zTuv1e8uqo1GUVaJHJMTckY8ckka5JY0SYtwMiVP5Jm8OI/Oq/PmvP+MrjjFzhH5A+fjGyaom4I=</latexit>

Guessing game

At step 3, Bob effectively has a probability distribution from which 
he knows that Alice has sampled, for example if    is measured 

MV (⇢) =
X

k

hvk|⇢|vki|vkihvk|
<latexit sha1_base64="IR+j15NTgbJWnpgTg3Q+wZm/nSo="></latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

Eigenvectors of V V<latexit sha1_base64="D7HS3vIE4BDBiyu5D/1I1AeQ544=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndooiWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrW7w2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvot5oX9aazaKZMjthp+yceeyKNdkta7EOEwzZE3tmL451Xp035/1ntOQUO8fsD5yPb1I/kWE=</latexit>



1. Two players, Alice and Bob, agree upon:  
- A state      on Alice’s Hilbert space. 
- Two observables    and     both acting on Alice’s Hilbert space. 

2. Alice randomly decides between measuring    or     , and 
communicates her choice to Bob. 

3. Bob guesses the measurement result.

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

⇢A
<latexit sha1_base64="EQjYIu2vgtSENzWemW0UW+U/ryM=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXVbcuKxgH9CGMpnetkMnM2HmRiihvyC41d9wJ279B//CTzCJWWjrWR3OuZdz7wkiKSy67qezsrq2vrFZ2ipv7+zu7VcODttWx4ZDi2upTTdgFqRQ0EKBErqRARYGEjrB9CbzOw9grNDqHmcR+CEbKzESnGEqdfpmogfX5UGl6tbcHHSZeAWpkgLNQeWrP9Q8DkEhl8zanudG6CfMoOAS5uV+bCFifMrG0EupYiFYP8nPndPT2DLUNAJDhaS5CL83EhZaOwuDdDJkOLGLXib+6wWBlsOFcBxd+YlQUYygeJaNQkKebbkRaTVAh8IAIsueASoU5cwwRDCCMs5TMU67yiryFgtZJu16zTuv1e8uqo1GUVaJHJMTckY8ckka5JY0SYtwMiVP5Jm8OI/Oq/PmvP+MrjjFzhH5A+fjGyaom4I=</latexit>

Guessing game

At step 3, Bob effectively has a probability distribution from which 
he knows that Alice has sampled, for example if    is measured 

MV (⇢) =
X

k

hvk|⇢|vki|vkihvk|
<latexit sha1_base64="IR+j15NTgbJWnpgTg3Q+wZm/nSo="></latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

The entropy of this distribution represents how well is Bob able 
to guess

Eigenvectors of V V<latexit sha1_base64="D7HS3vIE4BDBiyu5D/1I1AeQ544=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndooiWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrW7w2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvot5oX9aazaKZMjthp+yceeyKNdkta7EOEwzZE3tmL451Xp035/1ntOQUO8fsD5yPb1I/kWE=</latexit>



Maassen-Uffink relation

How bad is Bob at guessing 
 if    is measured

How bad is Bob at guessing 
 if      is measured

If Bob is good at guessing the 
result when one observable is 
measured, he is bad at 
guessing when the other is 
measured.

S(A)MV (⇢) + S(A)MW (⇢) � log
1

c
<latexit sha1_base64="TW19EnUHxvATo7t5wT6SYmRC+ag="></latexit>

MV (⇢) =
X

k

hvk|⇢|vki|vkihvk|
<latexit sha1_base64="IR+j15NTgbJWnpgTg3Q+wZm/nSo="></latexit>

c = max
i,j

|hvi|wji|2
<latexit sha1_base64="OJEoXoKCO/oawXuioWFgZVNlUbg=">AAACGnicbVC7TsNAEDzzJrwClDQnIhAFiuyABA1SJBpKkAggxcFaH0s4OJ+tu3UAOfkDPoGvoIWKDtHSUPAv2CEFr6nmZna1NxMmSlpy3XdnaHhkdGx8YrI0NT0zO1eeXziycWoENkSsYnMSgkUlNTZIksKTxCBEocLj8Gq38I87aKyM9SHdJtiKoK3luRRAuRSUV8WOH8FNkMn1y17XV6DbCnknkN3r4NI3/Wf3tBaUK27V7YP/Jd6AVNgA+0H5wz+LRRqhJqHA2qbnJtTKwJAUCnslP7WYgLiCNjZzqiFC28r6eXp8JbVAMU/QcKl4X8TvGxlE1t5GYT4ZAV3Y314h/uc1UzrfbmVSJymhFsUhknnc4pAVRuZFIT+TBomg+DlyqbkAA0RoJAchcjHNmyvlfXi/0/8lR7Wqt1GtHWxW6vVBMxNsiS2zNeaxLVZne2yfNZhgd+yBPbIn5955dl6c16/RIWews8h+wHn7BOOLoYw=</latexit>

Eigenvectors of V and V
<latexit sha1_base64="D7HS3vIE4BDBiyu5D/1I1AeQ544=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndooiWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrW7w2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvot5oX9aazaKZMjthp+yceeyKNdkta7EOEwzZE3tmL451Xp035/1ntOQUO8fsD5yPb1I/kWE=</latexit>

W
<latexit sha1_base64="Z0c1qVG49I5eWAvxa7mgwKiLRZA=">AAAB83icbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjISDWUikYeUWNH5sgmnnM/W3RopivIFtFDRIVo+iIJ/wTYuIGGq0cyudnaCWElLrvvprK1vbG5tl3bKu3v7B4eVo+OOjRIjsC0iFZlewC0qqbFNkhT2YoM8DBR2g+lt5ncf0VgZ6XuaxeiHfKLlWApOqdTqDitVt+bmYKvEK0gVCjSHla/BKBJJiJqE4tb2PTcmf84NSaFwUR4kFmMupnyC/ZRqHqL153nQBTtPLKeIxWiYVCwX8ffGnIfWzsIgnQw5PdhlLxP/8/oJjW/8udRxQqhFdoikwvyQFUamDSAbSYNEPEuOTGomuOFEaCTjQqRiklZSTvvwlr9fJZ16zbus1VtX1UajaKYEp3AGF+DBNTTgDprQBgEIT/AML07ivDpvzvvP6JpT7JzAHzgf31POkWI=</latexit>

[3] Hans Maassen and J. B. M. Uffink. Generalized entropic uncertainty relations.  
         Phys. Rev. Lett., 60:1103–1106, Mar 1988. 

 

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>



Maassen-Uffink relation

How bad is Bob at guessing 
 if    is measured

How bad is Bob at guessing 
 if      is measured

If Bob is good at guessing the 
result when one observable is 
measured, he is bad at 
guessing when the other is 
measured.

S(A)MV (⇢) + S(A)MW (⇢) � log
1

c
<latexit sha1_base64="TW19EnUHxvATo7t5wT6SYmRC+ag="></latexit>

MV (⇢) =
X

k

hvk|⇢|vki|vkihvk|
<latexit sha1_base64="IR+j15NTgbJWnpgTg3Q+wZm/nSo="></latexit>

c = max
i,j

|hvi|wji|2
<latexit sha1_base64="OJEoXoKCO/oawXuioWFgZVNlUbg=">AAACGnicbVC7TsNAEDzzJrwClDQnIhAFiuyABA1SJBpKkAggxcFaH0s4OJ+tu3UAOfkDPoGvoIWKDtHSUPAv2CEFr6nmZna1NxMmSlpy3XdnaHhkdGx8YrI0NT0zO1eeXziycWoENkSsYnMSgkUlNTZIksKTxCBEocLj8Gq38I87aKyM9SHdJtiKoK3luRRAuRSUV8WOH8FNkMn1y17XV6DbCnknkN3r4NI3/Wf3tBaUK27V7YP/Jd6AVNgA+0H5wz+LRRqhJqHA2qbnJtTKwJAUCnslP7WYgLiCNjZzqiFC28r6eXp8JbVAMU/QcKl4X8TvGxlE1t5GYT4ZAV3Y314h/uc1UzrfbmVSJymhFsUhknnc4pAVRuZFIT+TBomg+DlyqbkAA0RoJAchcjHNmyvlfXi/0/8lR7Wqt1GtHWxW6vVBMxNsiS2zNeaxLVZne2yfNZhgd+yBPbIn5955dl6c16/RIWews8h+wHn7BOOLoYw=</latexit>

Eigenvectors of V and V
<latexit sha1_base64="D7HS3vIE4BDBiyu5D/1I1AeQ544=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndooiWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrW7w2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvot5oX9aazaKZMjthp+yceeyKNdkta7EOEwzZE3tmL451Xp035/1ntOQUO8fsD5yPb1I/kWE=</latexit>

W
<latexit sha1_base64="Z0c1qVG49I5eWAvxa7mgwKiLRZA=">AAAB83icbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjISDWUikYeUWNH5sgmnnM/W3RopivIFtFDRIVo+iIJ/wTYuIGGq0cyudnaCWElLrvvprK1vbG5tl3bKu3v7B4eVo+OOjRIjsC0iFZlewC0qqbFNkhT2YoM8DBR2g+lt5ncf0VgZ6XuaxeiHfKLlWApOqdTqDitVt+bmYKvEK0gVCjSHla/BKBJJiJqE4tb2PTcmf84NSaFwUR4kFmMupnyC/ZRqHqL153nQBTtPLKeIxWiYVCwX8ffGnIfWzsIgnQw5PdhlLxP/8/oJjW/8udRxQqhFdoikwvyQFUamDSAbSYNEPEuOTGomuOFEaCTjQqRiklZSTvvwlr9fJZ16zbus1VtX1UajaKYEp3AGF+DBNTTgDprQBgEIT/AML07ivDpvzvvP6JpT7JzAHzgf31POkWI=</latexit>

[3] Hans Maassen and J. B. M. Uffink. Generalized entropic uncertainty relations.  
         Phys. Rev. Lett., 60:1103–1106, Mar 1988. 

 

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>



Maassen-Uffink relation

How bad is Bob at guessing 
 if    is measured

How bad is Bob at guessing 
 if      is measured

If Bob is good at guessing the 
result when one observable is 
measured, he is bad at 
guessing when the other is 
measured.

S(A)MV (⇢) + S(A)MW (⇢) � log
1

c
<latexit sha1_base64="TW19EnUHxvATo7t5wT6SYmRC+ag="></latexit>

MV (⇢) =
X

k

hvk|⇢|vki|vkihvk|
<latexit sha1_base64="IR+j15NTgbJWnpgTg3Q+wZm/nSo="></latexit>

c = max
i,j

|hvi|wji|2
<latexit sha1_base64="OJEoXoKCO/oawXuioWFgZVNlUbg=">AAACGnicbVC7TsNAEDzzJrwClDQnIhAFiuyABA1SJBpKkAggxcFaH0s4OJ+tu3UAOfkDPoGvoIWKDtHSUPAv2CEFr6nmZna1NxMmSlpy3XdnaHhkdGx8YrI0NT0zO1eeXziycWoENkSsYnMSgkUlNTZIksKTxCBEocLj8Gq38I87aKyM9SHdJtiKoK3luRRAuRSUV8WOH8FNkMn1y17XV6DbCnknkN3r4NI3/Wf3tBaUK27V7YP/Jd6AVNgA+0H5wz+LRRqhJqHA2qbnJtTKwJAUCnslP7WYgLiCNjZzqiFC28r6eXp8JbVAMU/QcKl4X8TvGxlE1t5GYT4ZAV3Y314h/uc1UzrfbmVSJymhFsUhknnc4pAVRuZFIT+TBomg+DlyqbkAA0RoJAchcjHNmyvlfXi/0/8lR7Wqt1GtHWxW6vVBMxNsiS2zNeaxLVZne2yfNZhgd+yBPbIn5955dl6c16/RIWews8h+wHn7BOOLoYw=</latexit>

Eigenvectors of V and V
<latexit sha1_base64="D7HS3vIE4BDBiyu5D/1I1AeQ544=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndooiWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrW7w2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvot5oX9aazaKZMjthp+yceeyKNdkta7EOEwzZE3tmL451Xp035/1ntOQUO8fsD5yPb1I/kWE=</latexit>

W
<latexit sha1_base64="Z0c1qVG49I5eWAvxa7mgwKiLRZA=">AAAB83icbVC7TsNAEFzzDOEVoKQ5ESFRRXZAgjISDWUikYeUWNH5sgmnnM/W3RopivIFtFDRIVo+iIJ/wTYuIGGq0cyudnaCWElLrvvprK1vbG5tl3bKu3v7B4eVo+OOjRIjsC0iFZlewC0qqbFNkhT2YoM8DBR2g+lt5ncf0VgZ6XuaxeiHfKLlWApOqdTqDitVt+bmYKvEK0gVCjSHla/BKBJJiJqE4tb2PTcmf84NSaFwUR4kFmMupnyC/ZRqHqL153nQBTtPLKeIxWiYVCwX8ffGnIfWzsIgnQw5PdhlLxP/8/oJjW/8udRxQqhFdoikwvyQFUamDSAbSYNEPEuOTGomuOFEaCTjQqRiklZSTvvwlr9fJZ16zbus1VtX1UajaKYEp3AGF+DBNTTgDprQBgEIT/AML07ivDpvzvvP6JpT7JzAHzgf31POkWI=</latexit>

[3] Hans Maassen and J. B. M. Uffink. Generalized entropic uncertainty relations.  
         Phys. Rev. Lett., 60:1103–1106, Mar 1988. 

 

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>



Bob can at best randomly guess by choosing the most likely 
outcome! 
Change the game to give Bob a “quantum” help to win the game

Bipartite guessing game

[4] M. Berta, M. Christandl, R. Colbeck, J. M. Renes, and R. Renner. The uncertainty  
         principle in the presence of quantum memory. Nature Physics, 6:659 EP –, 07 2010. 

 



1. Two players, Alice and Bob, hold each a Hilbert space, they agree upon:  
- A bipartite state         . 
- Two observables V and W both acting on Alices Hilbert space. 

2. Alice randomly decides between measuring V or W, and communicates 
her choice to Bob. 

3. Bob guesses the measurement result using      .

Bob can at best randomly guess by choosing the most likely 
outcome! 
Change the game to give Bob a “quantum” help to win the game

Bipartite game:

Bipartite guessing game

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

⇢AB
<latexit sha1_base64="p+yPyrby22VSFIDu5aH1xBY/L5c=">AAACD3icbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjJAQxkk8hBJFJ0vm+SU8511t0aKrHwEEi38Bh2i5RP4Cz4B27iAhKlGM7ua3fFDKSy67qeztLyyurZe2Chubm3v7Jb29ptWR4ZDg2upTdtnFqRQ0ECBEtqhARb4Elr+5Dr1Ww9grNDqDqch9AI2UmIoOMNEuu+ase7Hl1ezYr9UdituBrpIvJyUSY56v/TVHWgeBaCQS2Ztx3ND7MXMoOASZsVuZCFkfMJG0EmoYgHYXpxdPKPHkWWoaQiGCkkzEX5vxCywdhr4yWTAcGznvVT81/N9LQdz4Ti86MVChRGC4mk2CglZtuVGJO0AHQgDiCx9BqhQlDPDEMEIyjhPxCipK63Imy9kkTSrFe+0Ur09K9dqeVkFckiOyAnxyDmpkRtSJw3CiSJP5Jm8OI/Oq/PmvP+MLjn5zgH5A+fjG6AlnNo=</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

⇢B
<latexit sha1_base64="h6BzYLI3MXGmQQDr4WL/o4rLFPE=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmIckIcxOOsmQmZ1lplcIS/5B8Kq/4U28+gv+hZ/g7roHTaxTUdVNdZcfSmHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRkOTa6lNh2fWZAigCYKlNAJDTDlS2j70+vUbz+AsUIHdzgLoa/YOBAjwRkm0n3PTPQgvpqXBuWKW3Uz0GXi5aRCcjQG5a/eUPNIQYBcMmu7nhtiP2YGBZcwL/UiCyHjUzaGbkIDpsD24+zgOT2JLENNQzBUSJqJ8HsjZsramfKTScVwYhe9VPzX830thwvhOLrsxyIII4SAp9koJGTZlhuRlAN0KAwgsvQZoCKgnBmGCEZQxnkiRklbaUXeYiHLpFWremfV2u15pV7PyyqSI3JMTolHLkid3JAGaRJOFHkiz+TFeXRenTfn/We04OQ7h+QPnI9vDa+cjw==</latexit>

[4] M. Berta, M. Christandl, R. Colbeck, J. M. Renes, and R. Renner. The uncertainty  
         principle in the presence of quantum memory. Nature Physics, 6:659 EP –, 07 2010. 

 



S(A|B)MV (⇢) + S(A|B)MW (⇢) � log
1

c
+ S(A|B)⇢

<latexit sha1_base64="cdbIAsF3bY98NDBcKP7lBFdCSqk="></latexit>

EUR with quantum memory

[4] M. Berta, M. Christandl, R. Colbeck, J. M. Renes, and R. Renner. The uncertainty  
         principle in the presence of quantum memory. Nature Physics, 6:659 EP –, 07 2010. 

 



How bad is Bob at guessing 
 if V is measured, given 

How bad is Bob at guessing 
 if W is measured, given

S(A|B)MV (⇢) + S(A|B)MW (⇢) � log
1

c
+ S(A|B)⇢

<latexit sha1_base64="cdbIAsF3bY98NDBcKP7lBFdCSqk="></latexit>

EUR with quantum memory

[4] M. Berta, M. Christandl, R. Colbeck, J. M. Renes, and R. Renner. The uncertainty  
         principle in the presence of quantum memory. Nature Physics, 6:659 EP –, 07 2010. 

 

⇢B
<latexit sha1_base64="h6BzYLI3MXGmQQDr4WL/o4rLFPE=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmIckIcxOOsmQmZ1lplcIS/5B8Kq/4U28+gv+hZ/g7roHTaxTUdVNdZcfSmHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRkOTa6lNh2fWZAigCYKlNAJDTDlS2j70+vUbz+AsUIHdzgLoa/YOBAjwRkm0n3PTPQgvpqXBuWKW3Uz0GXi5aRCcjQG5a/eUPNIQYBcMmu7nhtiP2YGBZcwL/UiCyHjUzaGbkIDpsD24+zgOT2JLENNQzBUSJqJ8HsjZsramfKTScVwYhe9VPzX830thwvhOLrsxyIII4SAp9koJGTZlhuRlAN0KAwgsvQZoCKgnBmGCEZQxnkiRklbaUXeYiHLpFWremfV2u15pV7PyyqSI3JMTolHLkid3JAGaRJOFHkiz+TFeXRenTfn/We04OQ7h+QPnI9vDa+cjw==</latexit>

⇢B
<latexit sha1_base64="h6BzYLI3MXGmQQDr4WL/o4rLFPE=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmIckIcxOOsmQmZ1lplcIS/5B8Kq/4U28+gv+hZ/g7roHTaxTUdVNdZcfSmHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRkOTa6lNh2fWZAigCYKlNAJDTDlS2j70+vUbz+AsUIHdzgLoa/YOBAjwRkm0n3PTPQgvpqXBuWKW3Uz0GXi5aRCcjQG5a/eUPNIQYBcMmu7nhtiP2YGBZcwL/UiCyHjUzaGbkIDpsD24+zgOT2JLENNQzBUSJqJ8HsjZsramfKTScVwYhe9VPzX830thwvhOLrsxyIII4SAp9koJGTZlhuRlAN0KAwgsvQZoCKgnBmGCEZQxnkiRklbaUXeYiHLpFWremfV2u15pV7PyyqSI3JMTolHLkid3JAGaRJOFHkiz+TFeXRenTfn/We04OQ7h+QPnI9vDa+cjw==</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>



             can be negative for entangled states!

S(A|B)MV (⇢) + S(A|B)MW (⇢) � log
1

c
+ S(A|B)⇢

<latexit sha1_base64="cdbIAsF3bY98NDBcKP7lBFdCSqk="></latexit>

S(A|B)⇢
<latexit sha1_base64="uf6YhXd6k4ijPIhmfVS+9dRIcAg=">AAACEXicbVC7TgJBFJ31ifhCLU3MBGKCDdnFQkvUxhKjPBIgZHa4wITZnc3MXROyUvkJJrbqZ9gZW7/Av7C1c1koFDzVyTn35tx73EAKg7b9aS0sLi2vrKbW0usbm1vbmZ3dqlGh5lDhSipdd5kBKXyooEAJ9UAD81wJNXdwMfZrt6CNUP4NDgNoeazni67gDGOpmb7On92dH7Wbuq/amZxdsBPQeeJMSa6Ufbn/Puiocjvz1ewoHnrgI5fMmIZjB9iKmEbBJYzSzdBAwPiA9aARU595YFpRcvOIHoaGoaIBaCokTUT4vRExz5ih58aTHsO+mfXG4r+e6yrZmQnH7mkrEn4QIvh8nI1CQpJtuBZxP0A7QgMiGz8DVPiUM80QQQvKOI/FMC4sHVfkzBYyT6rFgnNcKF7FXZXIBCmyT7IkTxxyQkrkkpRJhXASkEfyRJ6tB+vVerPeJ6ML1nRnj/yB9fEDMD2ggg==</latexit>

There are cases where the RHS and the LHS vanish 
simultaneously for noncommuting observables.

EUR with quantum memory

[4] M. Berta, M. Christandl, R. Colbeck, J. M. Renes, and R. Renner. The uncertainty  
         principle in the presence of quantum memory. Nature Physics, 6:659 EP –, 07 2010. 

 

How bad is Bob at guessing 
 if V is measured, given 

How bad is Bob at guessing 
 if W is measured, given⇢B

<latexit sha1_base64="h6BzYLI3MXGmQQDr4WL/o4rLFPE=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmIckIcxOOsmQmZ1lplcIS/5B8Kq/4U28+gv+hZ/g7roHTaxTUdVNdZcfSmHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRkOTa6lNh2fWZAigCYKlNAJDTDlS2j70+vUbz+AsUIHdzgLoa/YOBAjwRkm0n3PTPQgvpqXBuWKW3Uz0GXi5aRCcjQG5a/eUPNIQYBcMmu7nhtiP2YGBZcwL/UiCyHjUzaGbkIDpsD24+zgOT2JLENNQzBUSJqJ8HsjZsramfKTScVwYhe9VPzX830thwvhOLrsxyIII4SAp9koJGTZlhuRlAN0KAwgsvQZoCKgnBmGCEZQxnkiRklbaUXeYiHLpFWremfV2u15pV7PyyqSI3JMTolHLkid3JAGaRJOFHkiz+TFeXRenTfn/We04OQ7h+QPnI9vDa+cjw==</latexit>

⇢B
<latexit sha1_base64="h6BzYLI3MXGmQQDr4WL/o4rLFPE=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmIckIcxOOsmQmZ1lplcIS/5B8Kq/4U28+gv+hZ/g7roHTaxTUdVNdZcfSmHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRkOTa6lNh2fWZAigCYKlNAJDTDlS2j70+vUbz+AsUIHdzgLoa/YOBAjwRkm0n3PTPQgvpqXBuWKW3Uz0GXi5aRCcjQG5a/eUPNIQYBcMmu7nhtiP2YGBZcwL/UiCyHjUzaGbkIDpsD24+zgOT2JLENNQzBUSJqJ8HsjZsramfKTScVwYhe9VPzX830thwvhOLrsxyIII4SAp9koJGTZlhuRlAN0KAwgsvQZoCKgnBmGCEZQxnkiRklbaUXeYiHLpFWremfV2u15pV7PyyqSI3JMTolHLkid3JAGaRJOFHkiz+TFeXRenTfn/We04OQ7h+QPnI9vDa+cjw==</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>



Tripartite guessing game

[4] M. Berta, M. Christandl, R. Colbeck, J. M. Renes, and R. Renner. The uncertainty  
         principle in the presence of quantum memory. Nature Physics, 6:659 EP –, 07 2010. 

 

Can Bob guess both outcomes simultaneously? No. 
To make sure, define a tripartite game



1. Three players, Alice and Bob 1 and Bob 2, hold each a Hilbert space, they agree 
upon:  
-  A tripartite state              . 
-  Two observables V and W both acting on Alices Hilbert space. 

2. Alice randomly decides between measuring V or W and communicates her choice to 
- Bob 1 if V is chosen 
- Bob 2 if W is chosen. 

3. The player who received the choice information guesses the corresponding result.

Can Bob guess both outcomes simultaneously? No. 
To make sure, define a tripartite game

Tripartite game:

Tripartite guessing game

⇢AB1B2<latexit sha1_base64="kDGz+l33C5aUmG8loavZTrmLCjo=">AAACFnicbVC7TsNAEDyHVwiPGChpTkRIVJEdkKAMoaEMEnlIiWWdL5vklPNDd2ukyMp/INHCb9AhWlr+gk/ANi4gYarRzK5md7xICo2W9WmU1tY3NrfK25Wd3b39qnlw2NVhrDh0eChD1feYBikC6KBACf1IAfM9CT1vdpP5vQdQWoTBPc4jcHw2CcRYcIap5JrVoZqGbnLdcu2W21hUXLNm1a0cdJXYBamRAm3X/BqOQh77ECCXTOuBbUXoJEyh4BIWlWGsIWJ8xiYwSGnAfNBOkh++oKexZhjSCBQVkuYi/N5ImK/13PfSSZ/hVC97mfiv53mhHC2F4/jKSUQQxQgBz7JRSMizNVciLQnoSChAZNkzQEVAOVMMEZSgjPNUjNPWsors5UJWSbdRt8/rjbuLWrNZlFUmx+SEnBGbXJImuSVt0iGcxOSJPJMX49F4Nd6M95/RklHsHJE/MD6+AS2YnqA=</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>

W
<latexit sha1_base64="uhutHFgnmCF0WPzTJ95MHetTYWU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BLx6jmAckS+iddOKQ2QczvUJY8gGCV/0Nb+LVz/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc8Dg0oG2CZJCnuRRvA9hV1vepX53QfURobBHc0idH2YBHIsBVAq3XYrw2rNrts5+DJxClJjBVrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5JfO+UlsgEIeoeZS8VzE3xsJ+MbMfC+d9IHuzaKXif96nheq0UI4jS/dRAZRTBiILJukwjzbCC3TVpCPpEYiyJ5BLgMuQAMRaslBiFSM05qyipzFQpZJp1F3zuqNm/Nas1mUVWZH7JidModdsCa7Zi3WZoKN2RN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDPrGZYg==</latexit>

V
<latexit sha1_base64="3KmRQAxj8HTowoAIkrRqs3s1yoE=">AAACBnicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4TMA9IljA76cQhsw9meoWw5C541d/wJl79Df/CT3B33YMm1qmo6qa6y4uUNGTbn1ZpbX1jc6u8XdnZ3ds/qB4edU0Ya4EdEapQ9z1uUMkAOyRJYT/SyH1PYc+b3WR+7wG1kWFwR/MIXZ9PAzmRglMqtbujas2u2znYKnEKUoMCrVH1azgORexjQEJxYwaOHZGbcE1SKFxUhrHBiIsZn+IgpQH30bhJfuiCncWGU8gi1Ewqlov4eyPhvjFz30snfU73ZtnLxH89zwvVeCmcJtduIoMoJgxElk1SYZ5thJZpKcjGUiMRz55BJgMmuOZEqCXjQqRinLZUSStylgtZJd1G3bmoN9qXtWazKKsMJ3AK5+DAFTThFlrQAQEIT/AML9aj9Wq9We8/oyWr2DmGP7A+vgEHYplN</latexit>
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Two adversaries, with quantum memory [Berta et al., 2010]:
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It is difficult to find a well defined operator corresponding  
to time in quantum mechanics5

[5] W. Pauli. Die allgemeinen Prinzipien der Wellenmechanik, pages 21–192. Springer Berlin Heidel- berg, Berlin,   a    c   c    
c   Heidelberg, 1990.  
[6] P. J. Coles, V. Katariya, S. Lloyd, I. Marvian, and M. M. Wilde. Entropic energy-time uncertainty relation.  
     Phys. Rev. Lett., 122:100401, Mar 2019.  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Measuring the time of a 
quantum system

Estimating how much time has 
passed since some reference 
time using the system

Idea6:



Time-energy EUR
Guessing game between6:

- Performing an energy measurement and guessing the result 
- Waiting a random amount of time and guessing the amount

[6] P. J. Coles, V. Katariya, S. Lloyd, I. Marvian, and M. M. Wilde. Entropic energy-time uncertainty relation.  
     Phys. Rev. Lett., 122:100401, Mar 2019.  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Guessing game between6:
- Performing an energy measurement and guessing the result 
- Waiting a random amount of time and guessing the amount

[6] P. J. Coles, V. Katariya, S. Lloyd, I. Marvian, and M. M. Wilde. Entropic energy-time uncertainty relation.  
     Phys. Rev. Lett., 122:100401, Mar 2019.  

 

 



Time-energy EUR

G $ e�iGr
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- Performing an energy measurement and guessing the result 
- Waiting a random amount of time and guessing the amount
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<latexit sha1_base64="RIew2dxbN4+aM6mZCoP6SIdgo3o=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCF8OuCHoMeskxgnlAsobeSScZMvtgplcJS/AT/AqvevImXv0GD/6Lm5iDJtapqOqmu8qPlTTkOJ/WwuLS8spqbi2/vrG5tW3v7NZMlGiBVRGpSDd8MKhkiFWSpLARa4TAV1j3B1djv36H2sgovKFhjF4AvVB2pQDKpLa9X24p7JKWvT6B1tE9x9v0RJZp1LYLTtGZgM8Td0oKbIpK2/5qdSKRBBiSUGBM03Vi8lLQJIXCUb6VGIxBDKCHzYyGEKDx0kmEET9KDFDEY9RcKj4R8fdGCoExw8DPJgOgvpn1xuJ/XjOh7oWXyjBOCEMxPkRS4eSQEVpm3SDvSI1EMP4cuQy5AA1EqCUHITIxycrKZ324s+nnSe206DpF9/qsULqcNpNjB+yQHTOXnbMSK7MKqzLBHtgTe2Yv1qP1ar1Z7z+jC9Z0Z4/9gfXxDW+Am+8=</latexit><latexit sha1_base64="RIew2dxbN4+aM6mZCoP6SIdgo3o=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCF8OuCHoMeskxgnlAsobeSScZMvtgplcJS/AT/AqvevImXv0GD/6Lm5iDJtapqOqmu8qPlTTkOJ/WwuLS8spqbi2/vrG5tW3v7NZMlGiBVRGpSDd8MKhkiFWSpLARa4TAV1j3B1djv36H2sgovKFhjF4AvVB2pQDKpLa9X24p7JKWvT6B1tE9x9v0RJZp1LYLTtGZgM8Td0oKbIpK2/5qdSKRBBiSUGBM03Vi8lLQJIXCUb6VGIxBDKCHzYyGEKDx0kmEET9KDFDEY9RcKj4R8fdGCoExw8DPJgOgvpn1xuJ/XjOh7oWXyjBOCEMxPkRS4eSQEVpm3SDvSI1EMP4cuQy5AA1EqCUHITIxycrKZ324s+nnSe206DpF9/qsULqcNpNjB+yQHTOXnbMSK7MKqzLBHtgTe2Yv1qP1ar1Z7z+jC9Z0Z4/9gfXxDW+Am+8=</latexit><latexit sha1_base64="RIew2dxbN4+aM6mZCoP6SIdgo3o=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCF8OuCHoMeskxgnlAsobeSScZMvtgplcJS/AT/AqvevImXv0GD/6Lm5iDJtapqOqmu8qPlTTkOJ/WwuLS8spqbi2/vrG5tW3v7NZMlGiBVRGpSDd8MKhkiFWSpLARa4TAV1j3B1djv36H2sgovKFhjF4AvVB2pQDKpLa9X24p7JKWvT6B1tE9x9v0RJZp1LYLTtGZgM8Td0oKbIpK2/5qdSKRBBiSUGBM03Vi8lLQJIXCUb6VGIxBDKCHzYyGEKDx0kmEET9KDFDEY9RcKj4R8fdGCoExw8DPJgOgvpn1xuJ/XjOh7oWXyjBOCEMxPkRS4eSQEVpm3SDvSI1EMP4cuQy5AA1EqCUHITIxycrKZ324s+nnSe206DpF9/qsULqcNpNjB+yQHTOXnbMSK7MKqzLBHtgTe2Yv1qP1ar1Z7z+jC9Z0Z4/9gfXxDW+Am+8=</latexit><latexit sha1_base64="RIew2dxbN4+aM6mZCoP6SIdgo3o=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCF8OuCHoMeskxgnlAsobeSScZMvtgplcJS/AT/AqvevImXv0GD/6Lm5iDJtapqOqmu8qPlTTkOJ/WwuLS8spqbi2/vrG5tW3v7NZMlGiBVRGpSDd8MKhkiFWSpLARa4TAV1j3B1djv36H2sgovKFhjF4AvVB2pQDKpLa9X24p7JKWvT6B1tE9x9v0RJZp1LYLTtGZgM8Td0oKbIpK2/5qdSKRBBiSUGBM03Vi8lLQJIXCUb6VGIxBDKCHzYyGEKDx0kmEET9KDFDEY9RcKj4R8fdGCoExw8DPJgOgvpn1xuJ/XjOh7oWXyjBOCEMxPkRS4eSQEVpm3SDvSI1EMP4cuQy5AA1EqCUHITIxycrKZ324s+nnSe206DpF9/qsULqcNpNjB+yQHTOXnbMSK7MKqzLBHtgTe2Yv1qP1ar1Z7z+jC9Z0Z4/9gfXxDW+Am+8=</latexit>



1. Two players, Alice and Bob, hold each a Hilbert space, they agree 
upon:  
- A bipartite state  
- One observable  
- A finite list of real numbers                    called angles 
- A probability distribution on the angles  

2. Alice randomly decides between  
- Measuring  
- Picking     with probability     and applying   

3. Alice communicates her choice to Bob, then 
- If Alice measured   , he must guess the measurement result 
- If Alice performed the rotation, she sends      to Bob,  

who must guess

{rk}|R|
k=1 ⇢ R

<latexit sha1_base64="XT+v8kB8JLTTe/FD2vRINYip5mQ=">AAACK3icbVC7TsNAEDzzJrwMlDQnAhJVZAMSNEiRaChDRAAJG+vusoFTzg/drZEi4x/gX5Bo4TeoQLT0fAK2SQEJU41mdjW7wxMlDTrOmzUxOTU9Mzs3X1tYXFpesVfXzk2cagEdEatYX3JmQMkIOihRwWWigYVcwQXvH5f+xR1oI+PoDAcJ+CG7iWRPCoaFFNhbXqaDvpcHWf/Iza+z+/Z97pmUG0DqhQxvOaftwK47DacCHSfukNTJEK3A/vK6sUhDiFAoZsyV6yToZ0yjFArympcaSJjosxu4KmjEQjB+Vn2T0+3UMIxpAppKRSsRfm9kLDRmEPJisjzQjHql+K/Heay6I+HYO/QzGSUpQiTKbJQKqmwjtCyaA9qVGhBZ+QxQGVHBNEMELSkTohDTospaUZE7Wsg4Od9tuHuN3dP9erM5LGuObJBNskNcckCa5IS0SIcI8kCeyDN5sR6tV+vd+vgZnbCGO+vkD6zPb/hmqJA=</latexit>

{pk}|R|
k=1

<latexit sha1_base64="c1OG6pFLVQy19qbzdlqvHW0FZCk=">AAACGnicbVDLSsNAFJ3UV62vaJduBovgqiRV0I1QcOOyin1AG8NkeluHTh7M3AglzZ8IbvU33IlbN/6Fn2ASu9DqWR3OuZdz7/EiKTRa1odRWlpeWV0rr1c2Nre2d8zdvY4OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k4vc796D0iIMbnAageOzcSBGgjPMJNesDpLInQxSN5mc2+ltMruepa5Zs+pWAfqX2HNSI3O0XPNzMAx57EOAXDKt+7YVoZMwhYJLSCuDWEPE+ISNoZ/RgPmgnaQ4PqWHsWYY0ggUFZIWIvzcSJiv9dT3skmf4Z1e9HLxX8/zQjlcCMfRmZOIIIoRAp5no5BQZGuuRFYU0KFQgMjyZ4CKgHKmGCIoQRnnmRhnzVWyiuzFQv6STqNuH9cbVye1ZnNeVpnskwNyRGxySprkkrRIm3AyJY/kiTwbD8aL8Wq8fY+WjPlOlfyC8f4FdXOhlg==</latexit>

⇢AB
<latexit sha1_base64="vLkGL0JNDVyJcsrNwnh32+1kzPk=">AAACDnicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjJAQxkk8kCJFZ0vm+SU8511t0aKrPwDEi38Bh2i5Rf4Cz4Bx7iAhKlGM7ua3QkiKSy67qeztLyyurZe2Chubm3v7Jb29ptWx4ZDg2upTTtgFqRQ0ECBEtqRARYGElrB+Hrmtx7AWKHVHU4i8EM2VGIgOMNUuu+ake4ll1fTXqnsVtwMdJF4OSmTHPVe6avb1zwOQSGXzNqO50boJ8yg4BKmxW5sIWJ8zIbQSaliIVg/yQ6e0uPYMtQ0AkOFpJkIvzcSFlo7CYN0MmQ4svPeTPzXCwIt+3PhOLjwE6GiGEHxWTYKCVm25Uak5QDtCwOIbPYMUKEoZ4YhghGUcZ6KcdpWMa3Imy9kkTSrFe+0Ur09K9dqeVkFckiOyAnxyDmpkRtSJw3CSUieyDN5cR6dV+fNef8ZXXLynQPyB87HN2dAnMY=</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

rk
<latexit sha1_base64="VvnCyfUXXDmRBXQC2kvvAcRIrXk=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmgckS5iddOKQ2QczvUJY8gOCV/0Nb+LVv/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc/jBpUMsE2SFPYijdz3FHa96VXmdx9QGxkGdzSL0PX5JJBjKTil0q0eTofVml23c7Bl4hSkBgVaw+rXYBSK2MeAhOLG9B07IjfhmqRQOK8MYoMRF1M+wX5KA+6jcZP81Dk7iQ2nkEWomVQsF/H3RsJ9Y2a+l076nO7NopeJ/3qeF6rRQjiNL91EBlFMGIgsm6TCPNsILdNakI2kRiKePYNMBkxwzYlQS8aFSMU47amSVuQsFrJMOo26c1Zv3JzXms2irDIcwTGcggMX0IRraEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN8pGmkc=</latexit>

pk
<latexit sha1_base64="sgy7NxDE6/bXnf69lEF4v8tFGOY=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVZIq6LLgxmVF+4A2lMn0tg6dTIaZG6GE/oDgVn/Dnbj1L/wLP8EkZqGtZ3U4517OvSfQUlh03U+ntLK6tr5R3qxsbe/s7lX3Dzo2ig2HNo9kZHoBsyCFgjYKlNDTBlgYSOgG06vM7z6AsSJSdzjT4IdsosRYcIapdKuH02G15tbdHHSZeAWpkQKtYfVrMIp4HIJCLpm1fc/V6CfMoOAS5pVBbEEzPmUT6KdUsRCsn+SnzulJbBlGVIOhQtJchN8bCQutnYVBOhkyvLeLXib+6wVBJEcL4Ti+9BOhdIygeJaNQkKebbkRaS1AR8IAIsueASoU5cwwRDCCMs5TMU57qqQVeYuFLJNOo+6d1Rs357VmsyirTI7IMTklHrkgTXJNWqRNOJmQJ/JMXpxH59V5c95/RktOsXNI/sD5+AbG/ppF</latexit>

e�iGrk
<latexit sha1_base64="LGf4XQskF+IJTjFQrCAJBB3sju0=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh4DHvQYwTwwiaF30olDZmeXmV4hLPkIwav+hjfx6if4F36CuzEHTaxTUdVNdZcfKWnJdT+d3MLi0vJKfrWwtr6xuVXc3qnbMDYCayJUoWn6YFFJjTWSpLAZGYTAV9jwhxeZ33hAY2Wob2gUYSeAgZZ9KYBS6RbvkiN5abrDcbdYcsvuBHyeeFNSYlNUu8Wvdi8UcYCahAJrW54bUScBQ1IoHBfascUIxBAG2EqphgBtJ5lcPOYHsQUKeYSGS8UnIv7eSCCwdhT46WQAdG9nvUz81/P9UPVmwql/3kmkjmJCLbJskgon2VYYmbaDvCcNEkH2DHKpuQADRGgkByFSMU7rKqQVebOFzJP6cdk7KR9fn5YqlWlZebbH9tkh89gZq7ArVmU1JphmT+yZvTiPzqvz5rz/jOac6c4u+wPn4xsZcZ0l</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

rk
<latexit sha1_base64="VvnCyfUXXDmRBXQC2kvvAcRIrXk=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmgckS5iddOKQ2QczvUJY8gOCV/0Nb+LVv/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc/jBpUMsE2SFPYijdz3FHa96VXmdx9QGxkGdzSL0PX5JJBjKTil0q0eTofVml23c7Bl4hSkBgVaw+rXYBSK2MeAhOLG9B07IjfhmqRQOK8MYoMRF1M+wX5KA+6jcZP81Dk7iQ2nkEWomVQsF/H3RsJ9Y2a+l076nO7NopeJ/3qeF6rRQjiNL91EBlFMGIgsm6TCPNsILdNakI2kRiKePYNMBkxwzYlQS8aFSMU47amSVuQsFrJMOo26c1Zv3JzXms2irDIcwTGcggMX0IRraEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN8pGmkc=</latexit>

⇢A
<latexit sha1_base64="78qk85jk9yxqG2J5mQ/qw8JvXwQ=">AAACC3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8RLx4jmAckS5iddJIxszPLTK8QQj5B8Kq/4U28+hH+hZ/g7roHTaxTUdVNdVcQSWHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRsOTa6lNp2AWZBCQRMFSuhEBlgYSGgHk+vUbz+AsUKrO5xG4IdspMRQcIaJ1OqZse5f9csVt+pmoMvEy0mF5Gj0y1+9geZxCAq5ZNZ2PTdCf8YMCi5hXurFFiLGJ2wE3YQqFoL1Z9m1c3oSW4aaRmCokDQT4ffGjIXWTsMgmQwZju2il4r/ekGg5WAhHIeX/kyoKEZQPM1GISHLttyIpBmgA2EAkaXPABWKcmYYIhhBGeeJGCdVlZKKvMVClkmrVvXOqrXb80q9npdVJEfkmJwSj1yQOrkhDdIknNyTJ/JMXpxH59V5c95/RgtOvnNI/sD5+Abu9Jtu</latexit>

Bipartite guessing game



1. Two players, Alice and Bob, hold each a Hilbert space, they agree 
upon:  
- A bipartite state  
- One observable  
- A finite list of real numbers                    called angles 
- A probability distribution on the angles  

2. Alice randomly decides between  
- Measuring  
- Picking     with probability     and applying   

3. Alice communicates her choice to Bob, then 
- If Alice measured   , he must guess the measurement result 
- If Alice performed the rotation, she sends      to Bob,  

who must guess

{rk}|R|
k=1 ⇢ R

<latexit sha1_base64="XT+v8kB8JLTTe/FD2vRINYip5mQ=">AAACK3icbVC7TsNAEDzzJrwMlDQnAhJVZAMSNEiRaChDRAAJG+vusoFTzg/drZEi4x/gX5Bo4TeoQLT0fAK2SQEJU41mdjW7wxMlDTrOmzUxOTU9Mzs3X1tYXFpesVfXzk2cagEdEatYX3JmQMkIOihRwWWigYVcwQXvH5f+xR1oI+PoDAcJ+CG7iWRPCoaFFNhbXqaDvpcHWf/Iza+z+/Z97pmUG0DqhQxvOaftwK47DacCHSfukNTJEK3A/vK6sUhDiFAoZsyV6yToZ0yjFArympcaSJjosxu4KmjEQjB+Vn2T0+3UMIxpAppKRSsRfm9kLDRmEPJisjzQjHql+K/Heay6I+HYO/QzGSUpQiTKbJQKqmwjtCyaA9qVGhBZ+QxQGVHBNEMELSkTohDTospaUZE7Wsg4Od9tuHuN3dP9erM5LGuObJBNskNcckCa5IS0SIcI8kCeyDN5sR6tV+vd+vgZnbCGO+vkD6zPb/hmqJA=</latexit>

{pk}|R|
k=1

<latexit sha1_base64="c1OG6pFLVQy19qbzdlqvHW0FZCk=">AAACGnicbVDLSsNAFJ3UV62vaJduBovgqiRV0I1QcOOyin1AG8NkeluHTh7M3AglzZ8IbvU33IlbN/6Fn2ASu9DqWR3OuZdz7/EiKTRa1odRWlpeWV0rr1c2Nre2d8zdvY4OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k4vc796D0iIMbnAageOzcSBGgjPMJNesDpLInQxSN5mc2+ltMruepa5Zs+pWAfqX2HNSI3O0XPNzMAx57EOAXDKt+7YVoZMwhYJLSCuDWEPE+ISNoZ/RgPmgnaQ4PqWHsWYY0ggUFZIWIvzcSJiv9dT3skmf4Z1e9HLxX8/zQjlcCMfRmZOIIIoRAp5no5BQZGuuRFYU0KFQgMjyZ4CKgHKmGCIoQRnnmRhnzVWyiuzFQv6STqNuH9cbVye1ZnNeVpnskwNyRGxySprkkrRIm3AyJY/kiTwbD8aL8Wq8fY+WjPlOlfyC8f4FdXOhlg==</latexit>

⇢AB
<latexit sha1_base64="vLkGL0JNDVyJcsrNwnh32+1kzPk=">AAACDnicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjJAQxkk8kCJFZ0vm+SU8511t0aKrPwDEi38Bh2i5Rf4Cz4Bx7iAhKlGM7ua3QkiKSy67qeztLyyurZe2Chubm3v7Jb29ptWx4ZDg2upTTtgFqRQ0ECBEtqRARYGElrB+Hrmtx7AWKHVHU4i8EM2VGIgOMNUuu+ake4ll1fTXqnsVtwMdJF4OSmTHPVe6avb1zwOQSGXzNqO50boJ8yg4BKmxW5sIWJ8zIbQSaliIVg/yQ6e0uPYMtQ0AkOFpJkIvzcSFlo7CYN0MmQ4svPeTPzXCwIt+3PhOLjwE6GiGEHxWTYKCVm25Uak5QDtCwOIbPYMUKEoZ4YhghGUcZ6KcdpWMa3Imy9kkTSrFe+0Ur09K9dqeVkFckiOyAnxyDmpkRtSJw3CSUieyDN5cR6dV+fNef8ZXXLynQPyB87HN2dAnMY=</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

rk
<latexit sha1_base64="VvnCyfUXXDmRBXQC2kvvAcRIrXk=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmgckS5iddOKQ2QczvUJY8gOCV/0Nb+LVv/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc/jBpUMsE2SFPYijdz3FHa96VXmdx9QGxkGdzSL0PX5JJBjKTil0q0eTofVml23c7Bl4hSkBgVaw+rXYBSK2MeAhOLG9B07IjfhmqRQOK8MYoMRF1M+wX5KA+6jcZP81Dk7iQ2nkEWomVQsF/H3RsJ9Y2a+l076nO7NopeJ/3qeF6rRQjiNL91EBlFMGIgsm6TCPNsILdNakI2kRiKePYNMBkxwzYlQS8aFSMU47amSVuQsFrJMOo26c1Zv3JzXms2irDIcwTGcggMX0IRraEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN8pGmkc=</latexit>

pk
<latexit sha1_base64="sgy7NxDE6/bXnf69lEF4v8tFGOY=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVZIq6LLgxmVF+4A2lMn0tg6dTIaZG6GE/oDgVn/Dnbj1L/wLP8EkZqGtZ3U4517OvSfQUlh03U+ntLK6tr5R3qxsbe/s7lX3Dzo2ig2HNo9kZHoBsyCFgjYKlNDTBlgYSOgG06vM7z6AsSJSdzjT4IdsosRYcIapdKuH02G15tbdHHSZeAWpkQKtYfVrMIp4HIJCLpm1fc/V6CfMoOAS5pVBbEEzPmUT6KdUsRCsn+SnzulJbBlGVIOhQtJchN8bCQutnYVBOhkyvLeLXib+6wVBJEcL4Ti+9BOhdIygeJaNQkKebbkRaS1AR8IAIsueASoU5cwwRDCCMs5TMU57qqQVeYuFLJNOo+6d1Rs357VmsyirTI7IMTklHrkgTXJNWqRNOJmQJ/JMXpxH59V5c95/RktOsXNI/sD5+AbG/ppF</latexit>

e�iGrk
<latexit sha1_base64="LGf4XQskF+IJTjFQrCAJBB3sju0=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh4DHvQYwTwwiaF30olDZmeXmV4hLPkIwav+hjfx6if4F36CuzEHTaxTUdVNdZcfKWnJdT+d3MLi0vJKfrWwtr6xuVXc3qnbMDYCayJUoWn6YFFJjTWSpLAZGYTAV9jwhxeZ33hAY2Wob2gUYSeAgZZ9KYBS6RbvkiN5abrDcbdYcsvuBHyeeFNSYlNUu8Wvdi8UcYCahAJrW54bUScBQ1IoHBfascUIxBAG2EqphgBtJ5lcPOYHsQUKeYSGS8UnIv7eSCCwdhT46WQAdG9nvUz81/P9UPVmwql/3kmkjmJCLbJskgon2VYYmbaDvCcNEkH2DHKpuQADRGgkByFSMU7rKqQVebOFzJP6cdk7KR9fn5YqlWlZebbH9tkh89gZq7ArVmU1JphmT+yZvTiPzqvz5rz/jOac6c4u+wPn4xsZcZ0l</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

rk
<latexit sha1_base64="VvnCyfUXXDmRBXQC2kvvAcRIrXk=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmgckS5iddOKQ2QczvUJY8gOCV/0Nb+LVv/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc/jBpUMsE2SFPYijdz3FHa96VXmdx9QGxkGdzSL0PX5JJBjKTil0q0eTofVml23c7Bl4hSkBgVaw+rXYBSK2MeAhOLG9B07IjfhmqRQOK8MYoMRF1M+wX5KA+6jcZP81Dk7iQ2nkEWomVQsF/H3RsJ9Y2a+l076nO7NopeJ/3qeF6rRQjiNL91EBlFMGIgsm6TCPNsILdNakI2kRiKePYNMBkxwzYlQS8aFSMU47amSVuQsFrJMOo26c1Zv3JzXms2irDIcwTGcggMX0IRraEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN8pGmkc=</latexit>

⇢A
<latexit sha1_base64="78qk85jk9yxqG2J5mQ/qw8JvXwQ=">AAACC3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8RLx4jmAckS5iddJIxszPLTK8QQj5B8Kq/4U28+hH+hZ/g7roHTaxTUdVNdVcQSWHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRsOTa6lNp2AWZBCQRMFSuhEBlgYSGgHk+vUbz+AsUKrO5xG4IdspMRQcIaJ1OqZse5f9csVt+pmoMvEy0mF5Gj0y1+9geZxCAq5ZNZ2PTdCf8YMCi5hXurFFiLGJ2wE3YQqFoL1Z9m1c3oSW4aaRmCokDQT4ffGjIXWTsMgmQwZju2il4r/ekGg5WAhHIeX/kyoKEZQPM1GISHLttyIpBmgA2EAkaXPABWKcmYYIhhBGeeJGCdVlZKKvMVClkmrVvXOqrXb80q9npdVJEfkmJwSj1yQOrkhDdIknNyTJ/JMXpxH59V5c95/RgtOvnNI/sD5+Abu9Jtu</latexit>

Bipartite guessing game



1. Two players, Alice and Bob, hold each a Hilbert space, they agree 
upon:  
- A bipartite state  
- One observable  
- A finite list of real numbers                    called angles 
- A probability distribution on the angles  

2. Alice randomly decides between  
- Measuring  
- Picking     with probability     and applying   

3. Alice communicates her choice to Bob, then 
- If Alice measured   , he must guess the measurement result 
- If Alice performed the rotation, she sends      to Bob,  

who must guess

{rk}|R|
k=1 ⇢ R

<latexit sha1_base64="XT+v8kB8JLTTe/FD2vRINYip5mQ=">AAACK3icbVC7TsNAEDzzJrwMlDQnAhJVZAMSNEiRaChDRAAJG+vusoFTzg/drZEi4x/gX5Bo4TeoQLT0fAK2SQEJU41mdjW7wxMlDTrOmzUxOTU9Mzs3X1tYXFpesVfXzk2cagEdEatYX3JmQMkIOihRwWWigYVcwQXvH5f+xR1oI+PoDAcJ+CG7iWRPCoaFFNhbXqaDvpcHWf/Iza+z+/Z97pmUG0DqhQxvOaftwK47DacCHSfukNTJEK3A/vK6sUhDiFAoZsyV6yToZ0yjFArympcaSJjosxu4KmjEQjB+Vn2T0+3UMIxpAppKRSsRfm9kLDRmEPJisjzQjHql+K/Heay6I+HYO/QzGSUpQiTKbJQKqmwjtCyaA9qVGhBZ+QxQGVHBNEMELSkTohDTospaUZE7Wsg4Od9tuHuN3dP9erM5LGuObJBNskNcckCa5IS0SIcI8kCeyDN5sR6tV+vd+vgZnbCGO+vkD6zPb/hmqJA=</latexit>

{pk}|R|
k=1

<latexit sha1_base64="c1OG6pFLVQy19qbzdlqvHW0FZCk=">AAACGnicbVDLSsNAFJ3UV62vaJduBovgqiRV0I1QcOOyin1AG8NkeluHTh7M3AglzZ8IbvU33IlbN/6Fn2ASu9DqWR3OuZdz7/EiKTRa1odRWlpeWV0rr1c2Nre2d8zdvY4OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k4vc796D0iIMbnAageOzcSBGgjPMJNesDpLInQxSN5mc2+ltMruepa5Zs+pWAfqX2HNSI3O0XPNzMAx57EOAXDKt+7YVoZMwhYJLSCuDWEPE+ISNoZ/RgPmgnaQ4PqWHsWYY0ggUFZIWIvzcSJiv9dT3skmf4Z1e9HLxX8/zQjlcCMfRmZOIIIoRAp5no5BQZGuuRFYU0KFQgMjyZ4CKgHKmGCIoQRnnmRhnzVWyiuzFQv6STqNuH9cbVye1ZnNeVpnskwNyRGxySprkkrRIm3AyJY/kiTwbD8aL8Wq8fY+WjPlOlfyC8f4FdXOhlg==</latexit>

⇢AB
<latexit sha1_base64="vLkGL0JNDVyJcsrNwnh32+1kzPk=">AAACDnicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjJAQxkk8kCJFZ0vm+SU8511t0aKrPwDEi38Bh2i5Rf4Cz4Bx7iAhKlGM7ua3QkiKSy67qeztLyyurZe2Chubm3v7Jb29ptWx4ZDg2upTTtgFqRQ0ECBEtqRARYGElrB+Hrmtx7AWKHVHU4i8EM2VGIgOMNUuu+ake4ll1fTXqnsVtwMdJF4OSmTHPVe6avb1zwOQSGXzNqO50boJ8yg4BKmxW5sIWJ8zIbQSaliIVg/yQ6e0uPYMtQ0AkOFpJkIvzcSFlo7CYN0MmQ4svPeTPzXCwIt+3PhOLjwE6GiGEHxWTYKCVm25Uak5QDtCwOIbPYMUKEoZ4YhghGUcZ6KcdpWMa3Imy9kkTSrFe+0Ur09K9dqeVkFckiOyAnxyDmpkRtSJw3CSUieyDN5cR6dV+fNef8ZXXLynQPyB87HN2dAnMY=</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

rk
<latexit sha1_base64="VvnCyfUXXDmRBXQC2kvvAcRIrXk=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmgckS5iddOKQ2QczvUJY8gOCV/0Nb+LVv/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc/jBpUMsE2SFPYijdz3FHa96VXmdx9QGxkGdzSL0PX5JJBjKTil0q0eTofVml23c7Bl4hSkBgVaw+rXYBSK2MeAhOLG9B07IjfhmqRQOK8MYoMRF1M+wX5KA+6jcZP81Dk7iQ2nkEWomVQsF/H3RsJ9Y2a+l076nO7NopeJ/3qeF6rRQjiNL91EBlFMGIgsm6TCPNsILdNakI2kRiKePYNMBkxwzYlQS8aFSMU47amSVuQsFrJMOo26c1Zv3JzXms2irDIcwTGcggMX0IRraEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN8pGmkc=</latexit>

pk
<latexit sha1_base64="sgy7NxDE6/bXnf69lEF4v8tFGOY=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVZIq6LLgxmVF+4A2lMn0tg6dTIaZG6GE/oDgVn/Dnbj1L/wLP8EkZqGtZ3U4517OvSfQUlh03U+ntLK6tr5R3qxsbe/s7lX3Dzo2ig2HNo9kZHoBsyCFgjYKlNDTBlgYSOgG06vM7z6AsSJSdzjT4IdsosRYcIapdKuH02G15tbdHHSZeAWpkQKtYfVrMIp4HIJCLpm1fc/V6CfMoOAS5pVBbEEzPmUT6KdUsRCsn+SnzulJbBlGVIOhQtJchN8bCQutnYVBOhkyvLeLXib+6wVBJEcL4Ti+9BOhdIygeJaNQkKebbkRaS1AR8IAIsueASoU5cwwRDCCMs5TMU57qqQVeYuFLJNOo+6d1Rs357VmsyirTI7IMTklHrkgTXJNWqRNOJmQJ/JMXpxH59V5c95/RktOsXNI/sD5+AbG/ppF</latexit>

e�iGrk
<latexit sha1_base64="LGf4XQskF+IJTjFQrCAJBB3sju0=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh4DHvQYwTwwiaF30olDZmeXmV4hLPkIwav+hjfx6if4F36CuzEHTaxTUdVNdZcfKWnJdT+d3MLi0vJKfrWwtr6xuVXc3qnbMDYCayJUoWn6YFFJjTWSpLAZGYTAV9jwhxeZ33hAY2Wob2gUYSeAgZZ9KYBS6RbvkiN5abrDcbdYcsvuBHyeeFNSYlNUu8Wvdi8UcYCahAJrW54bUScBQ1IoHBfascUIxBAG2EqphgBtJ5lcPOYHsQUKeYSGS8UnIv7eSCCwdhT46WQAdG9nvUz81/P9UPVmwql/3kmkjmJCLbJskgon2VYYmbaDvCcNEkH2DHKpuQADRGgkByFSMU7rKqQVebOFzJP6cdk7KR9fn5YqlWlZebbH9tkh89gZq7ArVmU1JphmT+yZvTiPzqvz5rz/jOac6c4u+wPn4xsZcZ0l</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

rk
<latexit sha1_base64="VvnCyfUXXDmRBXQC2kvvAcRIrXk=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmgckS5iddOKQ2QczvUJY8gOCV/0Nb+LVv/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc/jBpUMsE2SFPYijdz3FHa96VXmdx9QGxkGdzSL0PX5JJBjKTil0q0eTofVml23c7Bl4hSkBgVaw+rXYBSK2MeAhOLG9B07IjfhmqRQOK8MYoMRF1M+wX5KA+6jcZP81Dk7iQ2nkEWomVQsF/H3RsJ9Y2a+l076nO7NopeJ/3qeF6rRQjiNL91EBlFMGIgsm6TCPNsILdNakI2kRiKePYNMBkxwzYlQS8aFSMU47amSVuQsFrJMOo26c1Zv3JzXms2irDIcwTGcggMX0IRraEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN8pGmkc=</latexit>

⇢A
<latexit sha1_base64="78qk85jk9yxqG2J5mQ/qw8JvXwQ=">AAACC3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8RLx4jmAckS5iddJIxszPLTK8QQj5B8Kq/4U28+hH+hZ/g7roHTaxTUdVNdVcQSWHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRsOTa6lNp2AWZBCQRMFSuhEBlgYSGgHk+vUbz+AsUKrO5xG4IdspMRQcIaJ1OqZse5f9csVt+pmoMvEy0mF5Gj0y1+9geZxCAq5ZNZ2PTdCf8YMCi5hXurFFiLGJ2wE3YQqFoL1Z9m1c3oSW4aaRmCokDQT4ffGjIXWTsMgmQwZju2il4r/ekGg5WAhHIeX/kyoKEZQPM1GISHLttyIpBmgA2EAkaXPABWKcmYYIhhBGeeJGCdVlZKKvMVClkmrVvXOqrXb80q9npdVJEfkmJwSj1yQOrkhDdIknNyTJ/JMXpxH59V5c95/RgtOvnNI/sD5+Abu9Jtu</latexit>
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How bad is Bob at guessing the measurement result:

S(A|B)!, ! =

|A|X

k=1

hgk|⇢AB |gki|gkihgk|A
<latexit sha1_base64="h7pRUZP/aiKqgn+CnwOKIu+ohIo="></latexit>
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storing the angle

S(R|AB),  =

|R|X

j=1

pj |rjihrj |R ⌦ e�iGArj⇢ABe
iGArj

<latexit sha1_base64="wEnbpp67LmBJimGmXNZHaXyhSWg="></latexit>

With probability    , the register contains   
and the system is rotated by  

pj
<latexit sha1_base64="N9MsfympzglhoHTrmNOmDbxtBQM=">AAACCHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXRbcuKxoH9CGMpne1rGTyTBzI5TQHxDc6m+4E7f+hX/hJ5jELLT1rA7n3Mu59wRaCouu++ksLa+srq2XNsqbW9s7u5W9/baNYsOhxSMZmW7ALEihoIUCJXS1ARYGEjrB5DLzOw9grIjULU41+CEbKzESnGEq3ejB/aBSdWtuDrpIvIJUSYHmoPLVH0Y8DkEhl8zanudq9BNmUHAJs3I/tqAZn7Ax9FKqWAjWT/JTZ/Q4tgwjqsFQIWkuwu+NhIXWTsMgnQwZ3tl5LxP/9YIgksO5cBxd+IlQOkZQPMtGISHPttyItBagQ2EAkWXPABWKcmYYIhhBGeepGKc9ldOKvPlCFkm7XvNOa/Xrs2qjUZRVIofkiJwQj5yTBrkiTdIinIzJE3kmL86j8+q8Oe8/o0tOsXNA/sD5+AbFXJpE</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>
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<latexit sha1_base64="N9MsfympzglhoHTrmNOmDbxtBQM=">AAACCHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXRbcuKxoH9CGMpne1rGTyTBzI5TQHxDc6m+4E7f+hX/hJ5jELLT1rA7n3Mu59wRaCouu++ksLa+srq2XNsqbW9s7u5W9/baNYsOhxSMZmW7ALEihoIUCJXS1ARYGEjrB5DLzOw9grIjULU41+CEbKzESnGEq3ejB/aBSdWtuDrpIvIJUSYHmoPLVH0Y8DkEhl8zanudq9BNmUHAJs3I/tqAZn7Ax9FKqWAjWT/JTZ/Q4tgwjqsFQIWkuwu+NhIXWTsMgnQwZ3tl5LxP/9YIgksO5cBxd+IlQOkZQPMtGISHPttyItBagQ2EAkWXPABWKcmYYIhhBGeepGKc9ldOKvPlCFkm7XvNOa/Xrs2qjUZRVIofkiJwQj5yTBrkiTdIinIzJE3kmL86j8+q8Oe8/o0tOsXNA/sD5+AbFXJpE</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>
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|A|X

k=1

hgk|⇢AB |gki|gkihgk|A
<latexit sha1_base64="h7pRUZP/aiKqgn+CnwOKIu+ohIo="></latexit>
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storing the angle
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pj
<latexit sha1_base64="N9MsfympzglhoHTrmNOmDbxtBQM=">AAACCHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXRbcuKxoH9CGMpne1rGTyTBzI5TQHxDc6m+4E7f+hX/hJ5jELLT1rA7n3Mu59wRaCouu++ksLa+srq2XNsqbW9s7u5W9/baNYsOhxSMZmW7ALEihoIUCJXS1ARYGEjrB5DLzOw9grIjULU41+CEbKzESnGEq3ejB/aBSdWtuDrpIvIJUSYHmoPLVH0Y8DkEhl8zanudq9BNmUHAJs3I/tqAZn7Ax9FKqWAjWT/JTZ/Q4tgwjqsFQIWkuwu+NhIXWTsMgnQwZ3tl5LxP/9YIgksO5cBxd+IlQOkZQPMtGISHPttyItBagQ2EAkWXPABWKcmYYIhhBGeepGKc9ldOKvPlCFkm7XvNOa/Xrs2qjUZRVIofkiJwQj5yTBrkiTdIinIzJE3kmL86j8+q8Oe8/o0tOsXNA/sD5+AbFXJpE</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>

Bipartite guessing game



How bad is Bob at guessing the measurement result:

S(A|B)!, ! =

|A|X

k=1

hgk|⇢AB |gki|gkihgk|A
<latexit sha1_base64="h7pRUZP/aiKqgn+CnwOKIu+ohIo="></latexit>

How bad is Bob at guessing the rotation angle:
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storing the angle

S(R|AB),  =
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pj |rjihrj |R ⌦ e�iGArj⇢ABe
iGArj

<latexit sha1_base64="wEnbpp67LmBJimGmXNZHaXyhSWg="></latexit>
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and the system is rotated by  

pj
<latexit sha1_base64="N9MsfympzglhoHTrmNOmDbxtBQM=">AAACCHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXRbcuKxoH9CGMpne1rGTyTBzI5TQHxDc6m+4E7f+hX/hJ5jELLT1rA7n3Mu59wRaCouu++ksLa+srq2XNsqbW9s7u5W9/baNYsOhxSMZmW7ALEihoIUCJXS1ARYGEjrB5DLzOw9grIjULU41+CEbKzESnGEq3ejB/aBSdWtuDrpIvIJUSYHmoPLVH0Y8DkEhl8zanudq9BNmUHAJs3I/tqAZn7Ax9FKqWAjWT/JTZ/Q4tgwjqsFQIWkuwu+NhIXWTsMgnQwZ3tl5LxP/9YIgksO5cBxd+IlQOkZQPMtGISHPttyItBagQ2EAkWXPABWKcmYYIhhBGeepGKc9ldOKvPlCFkm7XvNOa/Xrs2qjUZRVIofkiJwQj5yTBrkiTdIinIzJE3kmL86j8+q8Oe8/o0tOsXNA/sD5+AbFXJpE</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>
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<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>
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<latexit sha1_base64="N9MsfympzglhoHTrmNOmDbxtBQM=">AAACCHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXRbcuKxoH9CGMpne1rGTyTBzI5TQHxDc6m+4E7f+hX/hJ5jELLT1rA7n3Mu59wRaCouu++ksLa+srq2XNsqbW9s7u5W9/baNYsOhxSMZmW7ALEihoIUCJXS1ARYGEjrB5DLzOw9grIjULU41+CEbKzESnGEq3ejB/aBSdWtuDrpIvIJUSYHmoPLVH0Y8DkEhl8zanudq9BNmUHAJs3I/tqAZn7Ax9FKqWAjWT/JTZ/Q4tgwjqsFQIWkuwu+NhIXWTsMgnQwZ3tl5LxP/9YIgksO5cBxd+IlQOkZQPMtGISHPttyItBagQ2EAkWXPABWKcmYYIhhBGeepGKc9ldOKvPlCFkm7XvNOa/Xrs2qjUZRVIofkiJwQj5yTBrkiTdIinIzJE3kmL86j8+q8Oe8/o0tOsXNA/sD5+AbFXJpE</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>
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<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>
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How bad is Bob at guessing the rotation angle:

Classical register 
storing the angle

S(R|AB),  =

|R|X

j=1

pj |rjihrj |R ⌦ e�iGArj⇢ABe
iGArj

<latexit sha1_base64="wEnbpp67LmBJimGmXNZHaXyhSWg="></latexit>

With probability    , the register contains   
and the system is rotated by  

pj
<latexit sha1_base64="N9MsfympzglhoHTrmNOmDbxtBQM=">AAACCHicbVDLSsNAFJ34rPVVdelmsAiuSlIFXRbcuKxoH9CGMpne1rGTyTBzI5TQHxDc6m+4E7f+hX/hJ5jELLT1rA7n3Mu59wRaCouu++ksLa+srq2XNsqbW9s7u5W9/baNYsOhxSMZmW7ALEihoIUCJXS1ARYGEjrB5DLzOw9grIjULU41+CEbKzESnGEq3ejB/aBSdWtuDrpIvIJUSYHmoPLVH0Y8DkEhl8zanudq9BNmUHAJs3I/tqAZn7Ax9FKqWAjWT/JTZ/Q4tgwjqsFQIWkuwu+NhIXWTsMgnQwZ3tl5LxP/9YIgksO5cBxd+IlQOkZQPMtGISHPttyItBagQ2EAkWXPABWKcmYYIhhBGeepGKc9ldOKvPlCFkm7XvNOa/Xrs2qjUZRVIofkiJwQj5yTBrkiTdIinIzJE3kmL86j8+q8Oe8/o0tOsXNA/sD5+AbFXJpE</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>

rj
<latexit sha1_base64="46CjhqmkxsAkDos1a6oafUBaEko=">AAACCHicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWNE84BkCbOTThwz+2CmVwhLfkDwqr/hTbz6F/6Fn+DuugdNrFNR1U11lxcpaci2P62l5ZXVtfXSRnlza3tnt7K33zZhrAW2RKhC3fW4QSUDbJEkhd1II/c9hR1vcpn5nQfURobBLU0jdH0+DuRICk6pdKMH94NK1a7ZOdgicQpShQLNQeWrPwxF7GNAQnFjeo4dkZtwTVIonJX7scGIiwkfYy+lAffRuEl+6owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tndm3svEfz3PC9VwLpxGF24igygmDESWTVJhnm2ElmktyIZSIxHPnkEmAya45kSoJeNCpGKc9lROK3LmC1kk7XrNOa3Vr8+qjUZRVgkO4QhOwIFzaMAVNKEFAsbwBM/wYj1ar9ab9f4zumQVOwfwB9bHN8ikmkY=</latexit>

Bipartite guessing game



S(R|AB) + S(A|B)! � S(R) +D(A||!A) + S(A|B)⇢
<latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit>

Bound for bipartite game



S(R|AB) + S(A|B)! � S(R) +D(A||!A) + S(A|B)⇢
<latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit>

Entropy of Positive term May be 
negative

Again, Bob can have an advantage using an entangled state.

{pk}|R|
k=1

<latexit sha1_base64="c1OG6pFLVQy19qbzdlqvHW0FZCk=">AAACGnicbVDLSsNAFJ3UV62vaJduBovgqiRV0I1QcOOyin1AG8NkeluHTh7M3AglzZ8IbvU33IlbN/6Fn2ASu9DqWR3OuZdz7/EiKTRa1odRWlpeWV0rr1c2Nre2d8zdvY4OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k4vc796D0iIMbnAageOzcSBGgjPMJNesDpLInQxSN5mc2+ltMruepa5Zs+pWAfqX2HNSI3O0XPNzMAx57EOAXDKt+7YVoZMwhYJLSCuDWEPE+ISNoZ/RgPmgnaQ4PqWHsWYY0ggUFZIWIvzcSJiv9dT3skmf4Z1e9HLxX8/zQjlcCMfRmZOIIIoRAp5no5BQZGuuRFYU0KFQgMjyZ4CKgHKmGCIoQRnnmRhnzVWyiuzFQv6STqNuH9cbVye1ZnNeVpnskwNyRGxySprkkrRIm3AyJY/kiTwbD8aL8Wq8fY+WjPlOlfyC8f4FdXOhlg==</latexit>

Bound for bipartite game



1. Three players, Alice, Bob 1 and Bob 2, hold each a Hilbert space, they 
agree upon:  
- A tripartite state             .  
- One observable   .  
- A finite list of real numbers                    called angles. 
- A probability distribution on the angles            . 

2. Alice randomly decides between  
- Measuring    . 
- Picking     with probability      and applying            .   

3. Alice announces her choice, then 
- If Alice performed the rotation, she sends      to Bob 1,  

who must guess     . 
- If Alice measured   , Bob 2 must guess the measurement result.

{rk}|R|
k=1 ⇢ R

<latexit sha1_base64="XT+v8kB8JLTTe/FD2vRINYip5mQ=">AAACK3icbVC7TsNAEDzzJrwMlDQnAhJVZAMSNEiRaChDRAAJG+vusoFTzg/drZEi4x/gX5Bo4TeoQLT0fAK2SQEJU41mdjW7wxMlDTrOmzUxOTU9Mzs3X1tYXFpesVfXzk2cagEdEatYX3JmQMkIOihRwWWigYVcwQXvH5f+xR1oI+PoDAcJ+CG7iWRPCoaFFNhbXqaDvpcHWf/Iza+z+/Z97pmUG0DqhQxvOaftwK47DacCHSfukNTJEK3A/vK6sUhDiFAoZsyV6yToZ0yjFArympcaSJjosxu4KmjEQjB+Vn2T0+3UMIxpAppKRSsRfm9kLDRmEPJisjzQjHql+K/Heay6I+HYO/QzGSUpQiTKbJQKqmwjtCyaA9qVGhBZ+QxQGVHBNEMELSkTohDTospaUZE7Wsg4Od9tuHuN3dP9erM5LGuObJBNskNcckCa5IS0SIcI8kCeyDN5sR6tV+vd+vgZnbCGO+vkD6zPb/hmqJA=</latexit>

{pk}|R|
k=1

<latexit sha1_base64="c1OG6pFLVQy19qbzdlqvHW0FZCk=">AAACGnicbVDLSsNAFJ3UV62vaJduBovgqiRV0I1QcOOyin1AG8NkeluHTh7M3AglzZ8IbvU33IlbN/6Fn2ASu9DqWR3OuZdz7/EiKTRa1odRWlpeWV0rr1c2Nre2d8zdvY4OY8WhzUMZqp7HNEgRQBsFSuhFCpjvSeh6k4vc796D0iIMbnAageOzcSBGgjPMJNesDpLInQxSN5mc2+ltMruepa5Zs+pWAfqX2HNSI3O0XPNzMAx57EOAXDKt+7YVoZMwhYJLSCuDWEPE+ISNoZ/RgPmgnaQ4PqWHsWYY0ggUFZIWIvzcSJiv9dT3skmf4Z1e9HLxX8/zQjlcCMfRmZOIIIoRAp5no5BQZGuuRFYU0KFQgMjyZ4CKgHKmGCIoQRnnmRhnzVWyiuzFQv6STqNuH9cbVye1ZnNeVpnskwNyRGxySprkkrRIm3AyJY/kiTwbD8aL8Wq8fY+WjPlOlfyC8f4FdXOhlg==</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

rk
<latexit sha1_base64="VvnCyfUXXDmRBXQC2kvvAcRIrXk=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmgckS5iddOKQ2QczvUJY8gOCV/0Nb+LVv/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc/jBpUMsE2SFPYijdz3FHa96VXmdx9QGxkGdzSL0PX5JJBjKTil0q0eTofVml23c7Bl4hSkBgVaw+rXYBSK2MeAhOLG9B07IjfhmqRQOK8MYoMRF1M+wX5KA+6jcZP81Dk7iQ2nkEWomVQsF/H3RsJ9Y2a+l076nO7NopeJ/3qeF6rRQjiNL91EBlFMGIgsm6TCPNsILdNakI2kRiKePYNMBkxwzYlQS8aFSMU47amSVuQsFrJMOo26c1Zv3JzXms2irDIcwTGcggMX0IRraEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN8pGmkc=</latexit>

pk
<latexit sha1_base64="sgy7NxDE6/bXnf69lEF4v8tFGOY=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVZIq6LLgxmVF+4A2lMn0tg6dTIaZG6GE/oDgVn/Dnbj1L/wLP8EkZqGtZ3U4517OvSfQUlh03U+ntLK6tr5R3qxsbe/s7lX3Dzo2ig2HNo9kZHoBsyCFgjYKlNDTBlgYSOgG06vM7z6AsSJSdzjT4IdsosRYcIapdKuH02G15tbdHHSZeAWpkQKtYfVrMIp4HIJCLpm1fc/V6CfMoOAS5pVBbEEzPmUT6KdUsRCsn+SnzulJbBlGVIOhQtJchN8bCQutnYVBOhkyvLeLXib+6wVBJEcL4Ti+9BOhdIygeJaNQkKebbkRaS1AR8IAIsueASoU5cwwRDCCMs5TMU57qqQVeYuFLJNOo+6d1Rs357VmsyirTI7IMTklHrkgTXJNWqRNOJmQJ/JMXpxH59V5c95/RktOsXNI/sD5+AbG/ppF</latexit>

e�iGrk
<latexit sha1_base64="LGf4XQskF+IJTjFQrCAJBB3sju0=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh4DHvQYwTwwiaF30olDZmeXmV4hLPkIwav+hjfx6if4F36CuzEHTaxTUdVNdZcfKWnJdT+d3MLi0vJKfrWwtr6xuVXc3qnbMDYCayJUoWn6YFFJjTWSpLAZGYTAV9jwhxeZ33hAY2Wob2gUYSeAgZZ9KYBS6RbvkiN5abrDcbdYcsvuBHyeeFNSYlNUu8Wvdi8UcYCahAJrW54bUScBQ1IoHBfascUIxBAG2EqphgBtJ5lcPOYHsQUKeYSGS8UnIv7eSCCwdhT46WQAdG9nvUz81/P9UPVmwql/3kmkjmJCLbJskgon2VYYmbaDvCcNEkH2DHKpuQADRGgkByFSMU7rKqQVebOFzJP6cdk7KR9fn5YqlWlZebbH9tkh89gZq7ArVmU1JphmT+yZvTiPzqvz5rz/jOac6c4u+wPn4xsZcZ0l</latexit>

G
<latexit sha1_base64="TAol8/dcme2QiB+oCCSNyTPcm5k=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BD3pMwMRAsoTeSScOmX0w0yuEJXfBq/6GN/Hqb/gXfoK76x40sU5FVTfVXV6kpCHb/rRKK6tr6xvlzcrW9s7uXnX/oGvCWAvsiFCFuueBQSUD7JAkhb1II/iewjtvepX5dw+ojQyDW5pF6PowCeRYCqBUal8PqzW7bufgy8QpSI0VaA2rX4NRKGIfAxIKjOk7dkRuApqkUDivDGKDEYgpTLCf0gB8NG6SHzrnJ7EBCnmEmkvFcxF/byTgGzPzvXTSB7o3i14m/ut5XqhGC+E0vnQTGUQxYSCybJIK82wjtExLQT6SGokgewa5DLgADUSoJQchUjFOW6qkFTmLhSyTbqPunNUb7fNas1mUVWZH7JidModdsCa7YS3WYYIhe2LP7MV6tF6tN+v9Z7RkFTuH7A+sj2/u1Zk+</latexit>

rk
<latexit sha1_base64="VvnCyfUXXDmRBXQC2kvvAcRIrXk=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmgckS5iddOKQ2QczvUJY8gOCV/0Nb+LVv/Av/AR31z1oYp2Kqm6qu7xISUO2/WmVVlbX1jfKm5Wt7Z3dver+QceEsRbYFqEKdc/jBpUMsE2SFPYijdz3FHa96VXmdx9QGxkGdzSL0PX5JJBjKTil0q0eTofVml23c7Bl4hSkBgVaw+rXYBSK2MeAhOLG9B07IjfhmqRQOK8MYoMRF1M+wX5KA+6jcZP81Dk7iQ2nkEWomVQsF/H3RsJ9Y2a+l076nO7NopeJ/3qeF6rRQjiNL91EBlFMGIgsm6TCPNsILdNakI2kRiKePYNMBkxwzYlQS8aFSMU47amSVuQsFrJMOo26c1Zv3JzXms2irDIcwTGcggMX0IRraEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN8pGmkc=</latexit>

⇢A
<latexit sha1_base64="78qk85jk9yxqG2J5mQ/qw8JvXwQ=">AAACC3icbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8RLx4jmAckS5iddJIxszPLTK8QQj5B8Kq/4U28+hH+hZ/g7roHTaxTUdVNdVcQSWHRdT+dwsrq2vpGcbO0tb2zu1feP2hZHRsOTa6lNp2AWZBCQRMFSuhEBlgYSGgHk+vUbz+AsUKrO5xG4IdspMRQcIaJ1OqZse5f9csVt+pmoMvEy0mF5Gj0y1+9geZxCAq5ZNZ2PTdCf8YMCi5hXurFFiLGJ2wE3YQqFoL1Z9m1c3oSW4aaRmCokDQT4ffGjIXWTsMgmQwZju2il4r/ekGg5WAhHIeX/kyoKEZQPM1GISHLttyIpBmgA2EAkaXPABWKcmYYIhhBGeeJGCdVlZKKvMVClkmrVvXOqrXb80q9npdVJEfkmJwSj1yQOrkhDdIknNyTJ/JMXpxH59V5c95/RgtOvnNI/sD5+Abu9Jtu</latexit>

Tripartite guessing game

⇢AB1B2<latexit sha1_base64="kDGz+l33C5aUmG8loavZTrmLCjo=">AAACFnicbVC7TsNAEDyHVwiPGChpTkRIVJEdkKAMoaEMEnlIiWWdL5vklPNDd2ukyMp/INHCb9AhWlr+gk/ANi4gYarRzK5md7xICo2W9WmU1tY3NrfK25Wd3b39qnlw2NVhrDh0eChD1feYBikC6KBACf1IAfM9CT1vdpP5vQdQWoTBPc4jcHw2CcRYcIap5JrVoZqGbnLdcu2W21hUXLNm1a0cdJXYBamRAm3X/BqOQh77ECCXTOuBbUXoJEyh4BIWlWGsIWJ8xiYwSGnAfNBOkh++oKexZhjSCBQVkuYi/N5ImK/13PfSSZ/hVC97mfiv53mhHC2F4/jKSUQQxQgBz7JRSMizNVciLQnoSChAZNkzQEVAOVMMEZSgjPNUjNPWsors5UJWSbdRt8/rjbuLWrNZlFUmx+SEnBGbXJImuSVt0iGcxOSJPJMX49F4Nd6M95/RklHsHJE/MD6+AS2YnqA=</latexit>



Bound for tripartite game
S(R|AB1) + S(A|B2)! � S(R) +D(AB1 ||!AB1)

<latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit>

+max(0, I(A : B1)! � I(B1 : B2)⇢ + S(A|B)⇢)
<latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit>



Bound for tripartite game
S(R|AB1) + S(A|B2)! � S(R) +D(AB1 ||!AB1)

<latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit>

+max(0, I(A : B1)! � I(B1 : B2)⇢ + S(A|B)⇢)
<latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit>



Bound for tripartite game
S(R|AB1) + S(A|B2)! � S(R) +D(AB1 ||!AB1)

<latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit>

+max(0, I(A : B1)! � I(B1 : B2)⇢ + S(A|B)⇢)
<latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit>



Bound for tripartite game
S(R|AB1) + S(A|B2)! � S(R) +D(AB1 ||!AB1)

<latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit>

+max(0, I(A : B1)! � I(B1 : B2)⇢ + S(A|B)⇢)
<latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit>

The negative term disappeared



Summary
Alice either measures an observables or rotates the system using it as a 
generator, how well can adversaries guess either the measurement 
result or the angle of rotation?

One adversary:

Two adversaries:

S(R|AB) + S(A|B)! � S(R) +D(A||!A) + S(A|B)⇢
<latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit><latexit sha1_base64="XZ0I6wASdrFz/QYnGiT8f01b0lM="></latexit>

S(R|AB1) + S(A|B2)! � S(R) +D(AB1 ||!AB1)
<latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit><latexit sha1_base64="C3FQdejEHhGPI+AzAOpB0pKxok8="></latexit>

+max(0, I(A : B1)! � I(B1 : B2)⇢ + S(A|B)⇢)
<latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit><latexit sha1_base64="ELiCQZ3/dtM1q0u2KbW8q+G9u4Q="></latexit>



⇢ = N (| ih |⌦ | ih |), | i = cos ✓|0i+ sin ✓|1i
<latexit sha1_base64="QnWxNwbuIVr4hKyxxwpYPQJj7fc="></latexit>

Performance of bound for the bipartite game:

S(R|AB) + S(A|B)! � S(R) +D(A||!A) + S(A|B)⇢ .
<latexit sha1_base64="jEuSyF3zFvAnxG9MMeFC/RJ4dd0="></latexit>



Comparison of bounds for the tripartite game:         B1
<latexit sha1_base64="5HDE6pVsRQzVBPk68JHXJpXkUsw=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdHs5cAaVql2zc/BF4hSkygo0B5Wv/jAUsY8BCQXG9Bw7IjcBTVIonJX7scEIxATG2EtpAD4aN8mjzvhxbIBCHqHmUvFcxN8bCfjGTH0vnfSB7s28l4n/eb2YRhduIoMoJgxEdoikwvyQEVqmHSAfSo1EkCVHLgMuQAMRaslBiFSM01LKaR/O/PeLpF2vOae1+s1ZtdEomimxQ3bETpjDzlmDXbMmazHBxuyJPbMX69F6td6s95/RJavYOWB/YH18A15VkfE=</latexit>

trivial

S(R|A) + S(A|B)! � S(R) +D(A||!A) + max{0, S(A|B)⇢}.
<latexit sha1_base64="NzIY2HdRjGCmiwOYoPaFqQ5rmd8="></latexit>

Eq. (7):

Coles et al. S(R|A) + S(A|B)! � S(R) +D(A||!A)
<latexit sha1_base64="vyZ7qOWh5yWeb88Nax1MKhFs9Is="></latexit>



Comparison of bounds for the tripartite game:         B1
<latexit sha1_base64="5HDE6pVsRQzVBPk68JHXJpXkUsw=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdHs5cAaVql2zc/BF4hSkygo0B5Wv/jAUsY8BCQXG9Bw7IjcBTVIonJX7scEIxATG2EtpAD4aN8mjzvhxbIBCHqHmUvFcxN8bCfjGTH0vnfSB7s28l4n/eb2YRhduIoMoJgxEdoikwvyQEVqmHSAfSo1EkCVHLgMuQAMRaslBiFSM01LKaR/O/PeLpF2vOae1+s1ZtdEomimxQ3bETpjDzlmDXbMmazHBxuyJPbMX69F6td6s95/RJavYOWB/YH18A15VkfE=</latexit>

non trivial

Eq. (7):

Coles et al.

S(R|AB1) + S(A|B2)! � S(R) +D(AB1 ||!AB1)

+ max{0, I(A : B1)! � I(B1 : B2)⇢ + S(A|B1B2)⇢} .
<latexit sha1_base64="vejM9Owk+V+f+jPidl8FXcQfx5g="></latexit>

S(R|AB1) + S(A|B2)! � log |R|
<latexit sha1_base64="tznD4uj9Z/r75VaxdUVjCzszK7E="></latexit>



Definition: let     be a Von Neumann algebra and let             be a 
subalgebra.  
The conditional expectation onto    is the unique CPTP unital 
map                      such that for all 

[7] L. Gao, M. Junge, and N. Laracuente. Strong subadditivity inequality and entropic uncertainty  
     relations. arXiv:1710.10038v2 [quant-ph], 2017.  

 

M
N

EN : M ! N
<latexit sha1_base64="R7Wlqp8xLQHq4ZS+OKmU0zjTurw=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NB8BR2RVA8BUTwYohgHpCE0DvpxCGzD2Z6hbDmD/wKr3ryJl79CQ/+i7sxB02sU1HVTVeXFylpyHE+rdzC4tLySn61sLa+sbllb+/UTRhrgTURqlA3PTCoZIA1kqSwGWkE31PY8IYXmd+4R21kGNzSKMKOD4NA9qUASqWuvdf2ge4EqORy3K3w8+s2hbxS6NpFp+RMwOeJOyVFNkW1a3+1e6GIfQxIKDCm5ToRdRLQJIXCcaEdG4xADGGArZQG4KPpJJP8Y34YG0jPRqi5VHwi4u+NBHxjRr6XTmZpzayXif95rZj6Z51EBlFMGIjsEEmFk0NGaJkWg7wnNRJBlhy5DLgADUSoJQchUjFOm8r6cGe/nyf145LrlNybk2K5PG0mz/bZATtiLjtlZXbFqqzGBHtgT+yZvViP1qv1Zr3/jOas6c4u+wPr4xtTj5mI</latexit><latexit sha1_base64="R7Wlqp8xLQHq4ZS+OKmU0zjTurw=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NB8BR2RVA8BUTwYohgHpCE0DvpxCGzD2Z6hbDmD/wKr3ryJl79CQ/+i7sxB02sU1HVTVeXFylpyHE+rdzC4tLySn61sLa+sbllb+/UTRhrgTURqlA3PTCoZIA1kqSwGWkE31PY8IYXmd+4R21kGNzSKMKOD4NA9qUASqWuvdf2ge4EqORy3K3w8+s2hbxS6NpFp+RMwOeJOyVFNkW1a3+1e6GIfQxIKDCm5ToRdRLQJIXCcaEdG4xADGGArZQG4KPpJJP8Y34YG0jPRqi5VHwi4u+NBHxjRr6XTmZpzayXif95rZj6Z51EBlFMGIjsEEmFk0NGaJkWg7wnNRJBlhy5DLgADUSoJQchUjFOm8r6cGe/nyf145LrlNybk2K5PG0mz/bZATtiLjtlZXbFqqzGBHtgT+yZvViP1qv1Zr3/jOas6c4u+wPr4xtTj5mI</latexit><latexit sha1_base64="R7Wlqp8xLQHq4ZS+OKmU0zjTurw=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NB8BR2RVA8BUTwYohgHpCE0DvpxCGzD2Z6hbDmD/wKr3ryJl79CQ/+i7sxB02sU1HVTVeXFylpyHE+rdzC4tLySn61sLa+sbllb+/UTRhrgTURqlA3PTCoZIA1kqSwGWkE31PY8IYXmd+4R21kGNzSKMKOD4NA9qUASqWuvdf2ge4EqORy3K3w8+s2hbxS6NpFp+RMwOeJOyVFNkW1a3+1e6GIfQxIKDCm5ToRdRLQJIXCcaEdG4xADGGArZQG4KPpJJP8Y34YG0jPRqi5VHwi4u+NBHxjRr6XTmZpzayXif95rZj6Z51EBlFMGIjsEEmFk0NGaJkWg7wnNRJBlhy5DLgADUSoJQchUjFOm8r6cGe/nyf145LrlNybk2K5PG0mz/bZATtiLjtlZXbFqqzGBHtgT+yZvViP1qv1Zr3/jOas6c4u+wPr4xtTj5mI</latexit><latexit sha1_base64="R7Wlqp8xLQHq4ZS+OKmU0zjTurw=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NB8BR2RVA8BUTwYohgHpCE0DvpxCGzD2Z6hbDmD/wKr3ryJl79CQ/+i7sxB02sU1HVTVeXFylpyHE+rdzC4tLySn61sLa+sbllb+/UTRhrgTURqlA3PTCoZIA1kqSwGWkE31PY8IYXmd+4R21kGNzSKMKOD4NA9qUASqWuvdf2ge4EqORy3K3w8+s2hbxS6NpFp+RMwOeJOyVFNkW1a3+1e6GIfQxIKDCm5ToRdRLQJIXCcaEdG4xADGGArZQG4KPpJJP8Y34YG0jPRqi5VHwi4u+NBHxjRr6XTmZpzayXif95rZj6Z51EBlFMGIjsEEmFk0NGaJkWg7wnNRJBlhy5DLgADUSoJQchUjFOm8r6cGe/nyf145LrlNybk2K5PG0mz/bZATtiLjtlZXbFqqzGBHtgT+yZvViP1qv1Zr3/jOas6c4u+wPr4xtTj5mI</latexit>

EN
<latexit sha1_base64="tjPU1VI3pK3zW1rghGTChmd5UjA=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUwZNEMA9IltA76cQhsw9neoWw5OBXeNWTN/Hqp3jwX9xd96CJdSqquunq8iIlDdn2p7WwuLS8slpaK69vbG5tV3Z2WyaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvji8xvP6A2MgxuaRKh68MokEMpgFLJ7flAdwJUcjntX/crVbtm5+DzxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOC33YoMRiDGMsJvSAHw0bpKHnvLD2ACFPELNpeK5iL83EvCNmfheOpmFNLNeJv7ndWManrmJDKKYMBDZIZIK80NGaJm2gXwgNRJBlhy5DLgADUSoJQchUjFO6ymnfTiz38+T1nHNsWvOzUm1fl40U2L77IAdMYedsjq7Yg3WZILdsyf2zF6sR+vVerPef0YXrGJnj/2B9fENo+iWoQ==</latexit><latexit sha1_base64="tjPU1VI3pK3zW1rghGTChmd5UjA=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUwZNEMA9IltA76cQhsw9neoWw5OBXeNWTN/Hqp3jwX9xd96CJdSqquunq8iIlDdn2p7WwuLS8slpaK69vbG5tV3Z2WyaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvji8xvP6A2MgxuaRKh68MokEMpgFLJ7flAdwJUcjntX/crVbtm5+DzxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOC33YoMRiDGMsJvSAHw0bpKHnvLD2ACFPELNpeK5iL83EvCNmfheOpmFNLNeJv7ndWManrmJDKKYMBDZIZIK80NGaJm2gXwgNRJBlhy5DLgADUSoJQchUjFO6ymnfTiz38+T1nHNsWvOzUm1fl40U2L77IAdMYedsjq7Yg3WZILdsyf2zF6sR+vVerPef0YXrGJnj/2B9fENo+iWoQ==</latexit><latexit sha1_base64="tjPU1VI3pK3zW1rghGTChmd5UjA=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUwZNEMA9IltA76cQhsw9neoWw5OBXeNWTN/Hqp3jwX9xd96CJdSqquunq8iIlDdn2p7WwuLS8slpaK69vbG5tV3Z2WyaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvji8xvP6A2MgxuaRKh68MokEMpgFLJ7flAdwJUcjntX/crVbtm5+DzxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOC33YoMRiDGMsJvSAHw0bpKHnvLD2ACFPELNpeK5iL83EvCNmfheOpmFNLNeJv7ndWManrmJDKKYMBDZIZIK80NGaJm2gXwgNRJBlhy5DLgADUSoJQchUjFO6ymnfTiz38+T1nHNsWvOzUm1fl40U2L77IAdMYedsjq7Yg3WZILdsyf2zF6sR+vVerPef0YXrGJnj/2B9fENo+iWoQ==</latexit><latexit sha1_base64="tjPU1VI3pK3zW1rghGTChmd5UjA=">AAAB/3icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUwZNEMA9IltA76cQhsw9neoWw5OBXeNWTN/Hqp3jwX9xd96CJdSqquunq8iIlDdn2p7WwuLS8slpaK69vbG5tV3Z2WyaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvji8xvP6A2MgxuaRKh68MokEMpgFLJ7flAdwJUcjntX/crVbtm5+DzxClIlRVo9CtfvUEoYh8DEgqM6Tp2RG4CmqRQOC33YoMRiDGMsJvSAHw0bpKHnvLD2ACFPELNpeK5iL83EvCNmfheOpmFNLNeJv7ndWManrmJDKKYMBDZIZIK80NGaJm2gXwgNRJBlhy5DLgADUSoJQchUjFO6ymnfTiz38+T1nHNsWvOzUm1fl40U2L77IAdMYedsjq7Yg3WZILdsyf2zF6sR+vVerPef0YXrGJnj/2B9fENo+iWoQ==</latexit>

M
<latexit sha1_base64="poROS6lNq1adyRvAw7OdOpDqKII=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAFy9CAuYByRJ6J504ZPbBTI8QQr7Aq568iVc/yIP/4u66B02sU1HVTVdXkChpyHU/ndLa+sbmVnm7srO7t39QPTzqmNhqgW0Rq1j3AjCoZIRtkqSwl2iEMFDYDaY3md99RG1kHN3TLEE/hEkkx1IApVLrblituXU3B18lXkFqrEBzWP0ajGJhQ4xIKDCm77kJ+XPQJIXCRWVgDSYgpjDBfkojCNH48zzogp9ZAxTzBDWXiuci/t6YQ2jMLAzSyRDowSx7mfif17c0vvbnMkosYSSyQyQV5oeM0DJtAPlIaiSCLDlyGXEBGohQSw5CpKJNK6mkfXjL36+SzkXdc+te67LWaBTNlNkJO2XnzGNXrMFuWZO1mWDIntgze3Gs8+q8Oe8/oyWn2Dlmf+B8fANC6pFU</latexit><latexit sha1_base64="poROS6lNq1adyRvAw7OdOpDqKII=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAFy9CAuYByRJ6J504ZPbBTI8QQr7Aq568iVc/yIP/4u66B02sU1HVTVdXkChpyHU/ndLa+sbmVnm7srO7t39QPTzqmNhqgW0Rq1j3AjCoZIRtkqSwl2iEMFDYDaY3md99RG1kHN3TLEE/hEkkx1IApVLrblituXU3B18lXkFqrEBzWP0ajGJhQ4xIKDCm77kJ+XPQJIXCRWVgDSYgpjDBfkojCNH48zzogp9ZAxTzBDWXiuci/t6YQ2jMLAzSyRDowSx7mfif17c0vvbnMkosYSSyQyQV5oeM0DJtAPlIaiSCLDlyGXEBGohQSw5CpKJNK6mkfXjL36+SzkXdc+te67LWaBTNlNkJO2XnzGNXrMFuWZO1mWDIntgze3Gs8+q8Oe8/oyWn2Dlmf+B8fANC6pFU</latexit><latexit sha1_base64="poROS6lNq1adyRvAw7OdOpDqKII=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAFy9CAuYByRJ6J504ZPbBTI8QQr7Aq568iVc/yIP/4u66B02sU1HVTVdXkChpyHU/ndLa+sbmVnm7srO7t39QPTzqmNhqgW0Rq1j3AjCoZIRtkqSwl2iEMFDYDaY3md99RG1kHN3TLEE/hEkkx1IApVLrblituXU3B18lXkFqrEBzWP0ajGJhQ4xIKDCm77kJ+XPQJIXCRWVgDSYgpjDBfkojCNH48zzogp9ZAxTzBDWXiuci/t6YQ2jMLAzSyRDowSx7mfif17c0vvbnMkosYSSyQyQV5oeM0DJtAPlIaiSCLDlyGXEBGohQSw5CpKJNK6mkfXjL36+SzkXdc+te67LWaBTNlNkJO2XnzGNXrMFuWZO1mWDIntgze3Gs8+q8Oe8/oyWn2Dlmf+B8fANC6pFU</latexit><latexit sha1_base64="poROS6lNq1adyRvAw7OdOpDqKII=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAFy9CAuYByRJ6J504ZPbBTI8QQr7Aq568iVc/yIP/4u66B02sU1HVTVdXkChpyHU/ndLa+sbmVnm7srO7t39QPTzqmNhqgW0Rq1j3AjCoZIRtkqSwl2iEMFDYDaY3md99RG1kHN3TLEE/hEkkx1IApVLrblituXU3B18lXkFqrEBzWP0ajGJhQ4xIKDCm77kJ+XPQJIXCRWVgDSYgpjDBfkojCNH48zzogp9ZAxTzBDWXiuci/t6YQ2jMLAzSyRDowSx7mfif17c0vvbnMkosYSSyQyQV5oeM0DJtAPlIaiSCLDlyGXEBGohQSw5CpKJNK6mkfXjL36+SzkXdc+te67LWaBTNlNkJO2XnzGNXrMFuWZO1mWDIntgze3Gs8+q8Oe8/oyWn2Dlmf+B8fANC6pFU</latexit>

N ⇢ M
<latexit sha1_base64="XRHqB9emWde6Xfbtu6vmJndpMbA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaGhAQSIPkVjR+bIJp5zP1t0eUmSFr6CFig7R8i8U/Au2cQEJU41mdrWzE8RSGHTdT6e0tLyyulZer2xsbm3vVHf32iaymkOLRzLS3YAZkEJBCwVK6MYaWBhI6ASTi8zvPIA2IlK3OI3BD9lYiZHgDFPp7rpvbGAA6dWgWnPrbg66SLyC1EiB5qD61R9G3IagkEtmTM9zY/QTplFwCbNK3xqIGZ+wMfRSqlgIxk/yxDN6ZA3DiMagqZA0F+H3RsJCY6ZhkE6GDO/NvJeJ/3k9i6NzPxEqtgiKZ4dQSMgPGa5FWgXQodCAyLLkQIWinGmGCFpQxnkq2rSbStqHN//9Immf1D237t2c1hqNopkyOSCH5Jh45Iw0yCVpkhbhRJEn8kxenEfn1Xlz3n9GS06xs0/+wPn4BuQBlQ4=</latexit><latexit sha1_base64="XRHqB9emWde6Xfbtu6vmJndpMbA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaGhAQSIPkVjR+bIJp5zP1t0eUmSFr6CFig7R8i8U/Au2cQEJU41mdrWzE8RSGHTdT6e0tLyyulZer2xsbm3vVHf32iaymkOLRzLS3YAZkEJBCwVK6MYaWBhI6ASTi8zvPIA2IlK3OI3BD9lYiZHgDFPp7rpvbGAA6dWgWnPrbg66SLyC1EiB5qD61R9G3IagkEtmTM9zY/QTplFwCbNK3xqIGZ+wMfRSqlgIxk/yxDN6ZA3DiMagqZA0F+H3RsJCY6ZhkE6GDO/NvJeJ/3k9i6NzPxEqtgiKZ4dQSMgPGa5FWgXQodCAyLLkQIWinGmGCFpQxnkq2rSbStqHN//9Immf1D237t2c1hqNopkyOSCH5Jh45Iw0yCVpkhbhRJEn8kxenEfn1Xlz3n9GS06xs0/+wPn4BuQBlQ4=</latexit><latexit sha1_base64="XRHqB9emWde6Xfbtu6vmJndpMbA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaGhAQSIPkVjR+bIJp5zP1t0eUmSFr6CFig7R8i8U/Au2cQEJU41mdrWzE8RSGHTdT6e0tLyyulZer2xsbm3vVHf32iaymkOLRzLS3YAZkEJBCwVK6MYaWBhI6ASTi8zvPIA2IlK3OI3BD9lYiZHgDFPp7rpvbGAA6dWgWnPrbg66SLyC1EiB5qD61R9G3IagkEtmTM9zY/QTplFwCbNK3xqIGZ+wMfRSqlgIxk/yxDN6ZA3DiMagqZA0F+H3RsJCY6ZhkE6GDO/NvJeJ/3k9i6NzPxEqtgiKZ4dQSMgPGa5FWgXQodCAyLLkQIWinGmGCFpQxnkq2rSbStqHN//9Immf1D237t2c1hqNopkyOSCH5Jh45Iw0yCVpkhbhRJEn8kxenEfn1Xlz3n9GS06xs0/+wPn4BuQBlQ4=</latexit><latexit sha1_base64="XRHqB9emWde6Xfbtu6vmJndpMbA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIREpSRaGhAQSIPkVjR+bIJp5zP1t0eUmSFr6CFig7R8i8U/Au2cQEJU41mdrWzE8RSGHTdT6e0tLyyulZer2xsbm3vVHf32iaymkOLRzLS3YAZkEJBCwVK6MYaWBhI6ASTi8zvPIA2IlK3OI3BD9lYiZHgDFPp7rpvbGAA6dWgWnPrbg66SLyC1EiB5qD61R9G3IagkEtmTM9zY/QTplFwCbNK3xqIGZ+wMfRSqlgIxk/yxDN6ZA3DiMagqZA0F+H3RsJCY6ZhkE6GDO/NvJeJ/3k9i6NzPxEqtgiKZ4dQSMgPGa5FWgXQodCAyLLkQIWinGmGCFpQxnkq2rSbStqHN//9Immf1D237t2c1hqNopkyOSCH5Jh45Iw0yCVpkhbhRJEn8kxenEfn1Xlz3n9GS06xs0/+wPn4BuQBlQ4=</latexit>

N
<latexit sha1_base64="RYgpDROy3yHHf7nhKWRhKFw9CKs=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAF0+SgHlAsoTeSScOmX0w0yOEkC/wqidv4tUP8uC/uLvuQRPrVFR109UVJEoact1Pp7S2vrG5Vd6u7Ozu7R9UD486JrZaYFvEKta9AAwqGWGbJCnsJRohDBR2g+lN5ncfURsZR/c0S9APYRLJsRRAqdS6G1Zrbt3NwVeJV5AaK9AcVr8Go1jYECMSCozpe25C/hw0SaFwURlYgwmIKUywn9IIQjT+PA+64GfWAMU8Qc2l4rmIvzfmEBozC4N0MgR6MMteJv7n9S2Nr/25jBJLGInsEEmF+SEjtEwbQD6SGokgS45cRlyABiLUkoMQqWjTSippH97y96ukc1H33LrXuqw1GkUzZXbCTtk589gVa7Bb1mRtJhiyJ/bMXhzrvDpvzvvPaMkpdo7ZHzgf30R5kVU=</latexit><latexit sha1_base64="RYgpDROy3yHHf7nhKWRhKFw9CKs=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAF0+SgHlAsoTeSScOmX0w0yOEkC/wqidv4tUP8uC/uLvuQRPrVFR109UVJEoact1Pp7S2vrG5Vd6u7Ozu7R9UD486JrZaYFvEKta9AAwqGWGbJCnsJRohDBR2g+lN5ncfURsZR/c0S9APYRLJsRRAqdS6G1Zrbt3NwVeJV5AaK9AcVr8Go1jYECMSCozpe25C/hw0SaFwURlYgwmIKUywn9IIQjT+PA+64GfWAMU8Qc2l4rmIvzfmEBozC4N0MgR6MMteJv7n9S2Nr/25jBJLGInsEEmF+SEjtEwbQD6SGokgS45cRlyABiLUkoMQqWjTSippH97y96ukc1H33LrXuqw1GkUzZXbCTtk589gVa7Bb1mRtJhiyJ/bMXhzrvDpvzvvPaMkpdo7ZHzgf30R5kVU=</latexit><latexit sha1_base64="RYgpDROy3yHHf7nhKWRhKFw9CKs=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAF0+SgHlAsoTeSScOmX0w0yOEkC/wqidv4tUP8uC/uLvuQRPrVFR109UVJEoact1Pp7S2vrG5Vd6u7Ozu7R9UD486JrZaYFvEKta9AAwqGWGbJCnsJRohDBR2g+lN5ncfURsZR/c0S9APYRLJsRRAqdS6G1Zrbt3NwVeJV5AaK9AcVr8Go1jYECMSCozpe25C/hw0SaFwURlYgwmIKUywn9IIQjT+PA+64GfWAMU8Qc2l4rmIvzfmEBozC4N0MgR6MMteJv7n9S2Nr/25jBJLGInsEEmF+SEjtEwbQD6SGokgS45cRlyABiLUkoMQqWjTSippH97y96ukc1H33LrXuqw1GkUzZXbCTtk589gVa7Bb1mRtJhiyJ/bMXhzrvDpvzvvPaMkpdo7ZHzgf30R5kVU=</latexit><latexit sha1_base64="RYgpDROy3yHHf7nhKWRhKFw9CKs=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAF0+SgHlAsoTeSScOmX0w0yOEkC/wqidv4tUP8uC/uLvuQRPrVFR109UVJEoact1Pp7S2vrG5Vd6u7Ozu7R9UD486JrZaYFvEKta9AAwqGWGbJCnsJRohDBR2g+lN5ncfURsZR/c0S9APYRLJsRRAqdS6G1Zrbt3NwVeJV5AaK9AcVr8Go1jYECMSCozpe25C/hw0SaFwURlYgwmIKUywn9IIQjT+PA+64GfWAMU8Qc2l4rmIvzfmEBozC4N0MgR6MMteJv7n9S2Nr/25jBJLGInsEEmF+SEjtEwbQD6SGokgS45cRlyABiLUkoMQqWjTSippH97y96ukc1H33LrXuqw1GkUzZXbCTtk589gVa7Bb1mRtJhiyJ/bMXhzrvDpvzvvPaMkpdo7ZHzgf30R5kVU=</latexit>

⇢ 2 M,� 2 N
<latexit sha1_base64="LGU3oubpuh+pFRMJyLsfIxMP7AA=">AAACC3icbVC7SgNBFJ2NrxhfUQsLm8EgWEjYFUHLgI2NEsE8ILuEu5ObZMjsg5m7Qgj5BL/CVis7sfUjLPwXd+MWmniqM+fcy51z/FhJQ7b9aRWWlldW14rrpY3Nre2d8u5e00SJFtgQkYp02weDSobYIEkK27FGCHyFLX90lfmtB9RGRuE9jWP0AhiEsi8FUCp1yweuHkauDPnNKXeNHATAs9dtt1yxq/YMfJE4OamwHPVu+cvtRSIJMCShwJiOY8fkTUCTFAqnJTcxGIMYwQA7KQ0hQONNZgGm/DgxQBGPUXOp+EzE3xsTCIwZB346GQANzbyXif95nYT6l95EhnFCGIrsEEmFs0NGaJk2g7wnNRJB9nPkaXYBGohQSw5CpGKSVlVK+3Dm0y+S5lnVsavO3XmlVsubKbJDdsROmMMuWI1dszprMMGm7Ik9sxfr0Xq13qz3n9GCle/ssz+wPr4B33iZ0w==</latexit><latexit sha1_base64="LGU3oubpuh+pFRMJyLsfIxMP7AA=">AAACC3icbVC7SgNBFJ2NrxhfUQsLm8EgWEjYFUHLgI2NEsE8ILuEu5ObZMjsg5m7Qgj5BL/CVis7sfUjLPwXd+MWmniqM+fcy51z/FhJQ7b9aRWWlldW14rrpY3Nre2d8u5e00SJFtgQkYp02weDSobYIEkK27FGCHyFLX90lfmtB9RGRuE9jWP0AhiEsi8FUCp1yweuHkauDPnNKXeNHATAs9dtt1yxq/YMfJE4OamwHPVu+cvtRSIJMCShwJiOY8fkTUCTFAqnJTcxGIMYwQA7KQ0hQONNZgGm/DgxQBGPUXOp+EzE3xsTCIwZB346GQANzbyXif95nYT6l95EhnFCGIrsEEmFs0NGaJk2g7wnNRJB9nPkaXYBGohQSw5CpGKSVlVK+3Dm0y+S5lnVsavO3XmlVsubKbJDdsROmMMuWI1dszprMMGm7Ik9sxfr0Xq13qz3n9GCle/ssz+wPr4B33iZ0w==</latexit><latexit sha1_base64="LGU3oubpuh+pFRMJyLsfIxMP7AA=">AAACC3icbVC7SgNBFJ2NrxhfUQsLm8EgWEjYFUHLgI2NEsE8ILuEu5ObZMjsg5m7Qgj5BL/CVis7sfUjLPwXd+MWmniqM+fcy51z/FhJQ7b9aRWWlldW14rrpY3Nre2d8u5e00SJFtgQkYp02weDSobYIEkK27FGCHyFLX90lfmtB9RGRuE9jWP0AhiEsi8FUCp1yweuHkauDPnNKXeNHATAs9dtt1yxq/YMfJE4OamwHPVu+cvtRSIJMCShwJiOY8fkTUCTFAqnJTcxGIMYwQA7KQ0hQONNZgGm/DgxQBGPUXOp+EzE3xsTCIwZB346GQANzbyXif95nYT6l95EhnFCGIrsEEmFs0NGaJk2g7wnNRJB9nPkaXYBGohQSw5CpGKSVlVK+3Dm0y+S5lnVsavO3XmlVsubKbJDdsROmMMuWI1dszprMMGm7Ik9sxfr0Xq13qz3n9GCle/ssz+wPr4B33iZ0w==</latexit><latexit sha1_base64="LGU3oubpuh+pFRMJyLsfIxMP7AA=">AAACC3icbVC7SgNBFJ2NrxhfUQsLm8EgWEjYFUHLgI2NEsE8ILuEu5ObZMjsg5m7Qgj5BL/CVis7sfUjLPwXd+MWmniqM+fcy51z/FhJQ7b9aRWWlldW14rrpY3Nre2d8u5e00SJFtgQkYp02weDSobYIEkK27FGCHyFLX90lfmtB9RGRuE9jWP0AhiEsi8FUCp1yweuHkauDPnNKXeNHATAs9dtt1yxq/YMfJE4OamwHPVu+cvtRSIJMCShwJiOY8fkTUCTFAqnJTcxGIMYwQA7KQ0hQONNZgGm/DgxQBGPUXOp+EzE3xsTCIwZB346GQANzbyXif95nYT6l95EhnFCGIrsEEmFs0NGaJk2g7wnNRJB9nPkaXYBGohQSw5CpGKSVlVK+3Dm0y+S5lnVsavO3XmlVsubKbJDdsROmMMuWI1dszprMMGm7Ik9sxfr0Xq13qz3n9GCle/ssz+wPr4B33iZ0w==</latexit>

Tr(�EN (⇢)) = Tr(�⇢)
<latexit sha1_base64="ClNnSfW74ekNRTl8Ug0cA26u0QA=">AAACM3icbVBNS8NAEN34bf2qevSyWIR6KYkIehFFETyJgm2FppTJOm0Xd5OwOxFK6M/xJ/grvOpBxIt49T+YxB7U+k6P994wMy+IlbTkui/OxOTU9Mzs3HxpYXFpeaW8utawUWIE1kWkInMdgEUlQ6yTJIXXsUHQgcJmcHuS+807NFZG4RUNYmxr6IWyKwVQJnXKh74G6hudXplh1beyp6FQBKj0dNg5r/qmH21vH4zHeOF0yhW35hbg48QbkQob4aJTfvNvIpFoDEkosLbluTG1UzAkhcJhyU8sxiBuoYetjIag0bbT4tEh30osUMRjNFwqXoj4cyIFbe1AB1kyv9f+9XLxP6+VUHe/ncowTghDkS8iqbBYZIWRWYPIb6RBIsgvRy5DLsAAERrJQYhMTLJKS1kf3t/vx0ljp+a5Ne9yt3J0PGpmjm2wTVZlHttjR+yMXbA6E+yePbIn9uw8OK/Ou/PxHZ1wRjPr7Beczy9wOauA</latexit><latexit sha1_base64="ClNnSfW74ekNRTl8Ug0cA26u0QA=">AAACM3icbVBNS8NAEN34bf2qevSyWIR6KYkIehFFETyJgm2FppTJOm0Xd5OwOxFK6M/xJ/grvOpBxIt49T+YxB7U+k6P994wMy+IlbTkui/OxOTU9Mzs3HxpYXFpeaW8utawUWIE1kWkInMdgEUlQ6yTJIXXsUHQgcJmcHuS+807NFZG4RUNYmxr6IWyKwVQJnXKh74G6hudXplh1beyp6FQBKj0dNg5r/qmH21vH4zHeOF0yhW35hbg48QbkQob4aJTfvNvIpFoDEkosLbluTG1UzAkhcJhyU8sxiBuoYetjIag0bbT4tEh30osUMRjNFwqXoj4cyIFbe1AB1kyv9f+9XLxP6+VUHe/ncowTghDkS8iqbBYZIWRWYPIb6RBIsgvRy5DLsAAERrJQYhMTLJKS1kf3t/vx0ljp+a5Ne9yt3J0PGpmjm2wTVZlHttjR+yMXbA6E+yePbIn9uw8OK/Ou/PxHZ1wRjPr7Beczy9wOauA</latexit><latexit sha1_base64="ClNnSfW74ekNRTl8Ug0cA26u0QA=">AAACM3icbVBNS8NAEN34bf2qevSyWIR6KYkIehFFETyJgm2FppTJOm0Xd5OwOxFK6M/xJ/grvOpBxIt49T+YxB7U+k6P994wMy+IlbTkui/OxOTU9Mzs3HxpYXFpeaW8utawUWIE1kWkInMdgEUlQ6yTJIXXsUHQgcJmcHuS+807NFZG4RUNYmxr6IWyKwVQJnXKh74G6hudXplh1beyp6FQBKj0dNg5r/qmH21vH4zHeOF0yhW35hbg48QbkQob4aJTfvNvIpFoDEkosLbluTG1UzAkhcJhyU8sxiBuoYetjIag0bbT4tEh30osUMRjNFwqXoj4cyIFbe1AB1kyv9f+9XLxP6+VUHe/ncowTghDkS8iqbBYZIWRWYPIb6RBIsgvRy5DLsAAERrJQYhMTLJKS1kf3t/vx0ljp+a5Ne9yt3J0PGpmjm2wTVZlHttjR+yMXbA6E+yePbIn9uw8OK/Ou/PxHZ1wRjPr7Beczy9wOauA</latexit><latexit sha1_base64="ClNnSfW74ekNRTl8Ug0cA26u0QA=">AAACM3icbVBNS8NAEN34bf2qevSyWIR6KYkIehFFETyJgm2FppTJOm0Xd5OwOxFK6M/xJ/grvOpBxIt49T+YxB7U+k6P994wMy+IlbTkui/OxOTU9Mzs3HxpYXFpeaW8utawUWIE1kWkInMdgEUlQ6yTJIXXsUHQgcJmcHuS+807NFZG4RUNYmxr6IWyKwVQJnXKh74G6hudXplh1beyp6FQBKj0dNg5r/qmH21vH4zHeOF0yhW35hbg48QbkQob4aJTfvNvIpFoDEkosLbluTG1UzAkhcJhyU8sxiBuoYetjIag0bbT4tEh30osUMRjNFwqXoj4cyIFbe1AB1kyv9f+9XLxP6+VUHe/ncowTghDkS8iqbBYZIWRWYPIb6RBIsgvRy5DLsAAERrJQYhMTLJKS1kf3t/vx0ljp+a5Ne9yt3J0PGpmjm2wTVZlHttjR+yMXbA6E+yePbIn9uw8OK/Ou/PxHZ1wRjPr7Beczy9wOauA</latexit>

Proving entropic uncertainty 
relations



Proving entropic uncertainty 
relations
Definition: a set of four Von Neumann algebras satisfying the 
inclusions 

is called a commuting square if the conditional expectations 
satisfy 
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<latexit sha1_base64="hB+VjI+QUTrJXQKAxYaPO+i7v8s="></latexit><latexit sha1_base64="hB+VjI+QUTrJXQKAxYaPO+i7v8s="></latexit><latexit sha1_base64="hB+VjI+QUTrJXQKAxYaPO+i7v8s="></latexit><latexit sha1_base64="hB+VjI+QUTrJXQKAxYaPO+i7v8s="></latexit>

EN � ET = ET � EN = ER.
<latexit sha1_base64="TRyeRtlBoUczQcs3PRmmvbAqagg=">AAACSXicbVC7SgNREL2b+IjxFbW0uRgEq7ArgjaBgAhWIUpekIQwezOJF+8+uHdWCEu+zE/wCywsbLWyEyt3Y4o8nOrMOWeYmeOGShqy7Vcrk11b39jMbeW3d3b39gsHh00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbcx+tUbz2hNjLw6zQOsefByJdDKYASql9odD2gBwEqvpn0q7wrpBZ8nqvz8mK7aqny8kJ/X+oXinbJnhZfBc4MFNmsav3CW3cQiMhDn4QCYzqOHVIvBk1SKJzku5HBEMQjjLCTQB88NL14+v6En0YGKOAhai4Vn5I4PxGDZ8zYcxNneqVZ1lLyP60T0fCqF0s/jAh9kS4iqXC6yAgtk1yRD6RGIkgvRy59LkADEWrJQYiEjJKg80kezvL3q6B5XnLsknN3UaxUZsnk2DE7YWfMYZeswm5ZjTWYYM/snX2wT+vF+rK+rZ8/a8aazRyxhcpkfwFXN7Kz</latexit><latexit sha1_base64="TRyeRtlBoUczQcs3PRmmvbAqagg=">AAACSXicbVC7SgNREL2b+IjxFbW0uRgEq7ArgjaBgAhWIUpekIQwezOJF+8+uHdWCEu+zE/wCywsbLWyEyt3Y4o8nOrMOWeYmeOGShqy7Vcrk11b39jMbeW3d3b39gsHh00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbcx+tUbz2hNjLw6zQOsefByJdDKYASql9odD2gBwEqvpn0q7wrpBZ8nqvz8mK7aqny8kJ/X+oXinbJnhZfBc4MFNmsav3CW3cQiMhDn4QCYzqOHVIvBk1SKJzku5HBEMQjjLCTQB88NL14+v6En0YGKOAhai4Vn5I4PxGDZ8zYcxNneqVZ1lLyP60T0fCqF0s/jAh9kS4iqXC6yAgtk1yRD6RGIkgvRy59LkADEWrJQYiEjJKg80kezvL3q6B5XnLsknN3UaxUZsnk2DE7YWfMYZeswm5ZjTWYYM/snX2wT+vF+rK+rZ8/a8aazRyxhcpkfwFXN7Kz</latexit><latexit sha1_base64="TRyeRtlBoUczQcs3PRmmvbAqagg=">AAACSXicbVC7SgNREL2b+IjxFbW0uRgEq7ArgjaBgAhWIUpekIQwezOJF+8+uHdWCEu+zE/wCywsbLWyEyt3Y4o8nOrMOWeYmeOGShqy7Vcrk11b39jMbeW3d3b39gsHh00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbcx+tUbz2hNjLw6zQOsefByJdDKYASql9odD2gBwEqvpn0q7wrpBZ8nqvz8mK7aqny8kJ/X+oXinbJnhZfBc4MFNmsav3CW3cQiMhDn4QCYzqOHVIvBk1SKJzku5HBEMQjjLCTQB88NL14+v6En0YGKOAhai4Vn5I4PxGDZ8zYcxNneqVZ1lLyP60T0fCqF0s/jAh9kS4iqXC6yAgtk1yRD6RGIkgvRy59LkADEWrJQYiEjJKg80kezvL3q6B5XnLsknN3UaxUZsnk2DE7YWfMYZeswm5ZjTWYYM/snX2wT+vF+rK+rZ8/a8aazRyxhcpkfwFXN7Kz</latexit><latexit sha1_base64="TRyeRtlBoUczQcs3PRmmvbAqagg=">AAACSXicbVC7SgNREL2b+IjxFbW0uRgEq7ArgjaBgAhWIUpekIQwezOJF+8+uHdWCEu+zE/wCywsbLWyEyt3Y4o8nOrMOWeYmeOGShqy7Vcrk11b39jMbeW3d3b39gsHh00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbcx+tUbz2hNjLw6zQOsefByJdDKYASql9odD2gBwEqvpn0q7wrpBZ8nqvz8mK7aqny8kJ/X+oXinbJnhZfBc4MFNmsav3CW3cQiMhDn4QCYzqOHVIvBk1SKJzku5HBEMQjjLCTQB88NL14+v6En0YGKOAhai4Vn5I4PxGDZ8zYcxNneqVZ1lLyP60T0fCqF0s/jAh9kS4iqXC6yAgtk1yRD6RGIkgvRy59LkADEWrJQYiEjJKg80kezvL3q6B5XnLsknN3UaxUZsnk2DE7YWfMYZeswm5ZjTWYYM/snX2wT+vF+rK+rZ8/a8aazRyxhcpkfwFXN7Kz</latexit>
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T
N

RR<latexit sha1_base64="iOe5FX/Mv5KaWjhiofCxCUmoZL0=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAF4+JmAckS+iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LwKCSEbZJksJeohHCQGE3mN5kfvcRtZFxdE+zBP0QJpEcSwGUSq27YbXm1t0cfJV4BamxAs1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0o6F3XPrXuty1qjUTRTZifslJ0zj12xBrtlTdZmgiF7Ys/sxbHOq/PmvP+Mlpxi55j9gfPxDUq1kVk=</latexit><latexit sha1_base64="iOe5FX/Mv5KaWjhiofCxCUmoZL0=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAF4+JmAckS+iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LwKCSEbZJksJeohHCQGE3mN5kfvcRtZFxdE+zBP0QJpEcSwGUSq27YbXm1t0cfJV4BamxAs1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0o6F3XPrXuty1qjUTRTZifslJ0zj12xBrtlTdZmgiF7Ys/sxbHOq/PmvP+Mlpxi55j9gfPxDUq1kVk=</latexit><latexit sha1_base64="iOe5FX/Mv5KaWjhiofCxCUmoZL0=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAF4+JmAckS+iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LwKCSEbZJksJeohHCQGE3mN5kfvcRtZFxdE+zBP0QJpEcSwGUSq27YbXm1t0cfJV4BamxAs1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0o6F3XPrXuty1qjUTRTZifslJ0zj12xBrtlTdZmgiF7Ys/sxbHOq/PmvP+Mlpxi55j9gfPxDUq1kVk=</latexit><latexit sha1_base64="iOe5FX/Mv5KaWjhiofCxCUmoZL0=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAF4+JmAckS+iddOKQ2QczPUII+QKvevImXv0gD/6Lu+seNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LwKCSEbZJksJeohHCQGE3mN5kfvcRtZFxdE+zBP0QJpEcSwGUSq27YbXm1t0cfJV4BamxAs1h9WswioUNMSKhwJi+5ybkz0GTFAoXlYE1mICYwgT7KY0gROPP86ALfmYNUMwT1Fwqnov4e2MOoTGzMEgnQ6AHs+xl4n9e39L42p/LKLGEkcgOkVSYHzJCy7QB5COpkQiy5MhlxAVoIEItOQiRijatpJL24S1/v0o6F3XPrXuty1qjUTRTZifslJ0zj12xBrtlTdZmgiF7Ys/sxbHOq/PmvP+Mlpxi55j9gfPxDUq1kVk=</latexit>

[7] L. Gao, M. Junge, and N. Laracuente. Strong subadditivity inequality and entropic uncertainty  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Proving entropic uncertainty 
relations
Theorem: if 

 

is a commuting square then the following relation holds 
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S(N)EN (⇢) + S(T )ET (⇢) � S(M)⇢ + S(R)ER(⇢)
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Conclusions
• The proof method presented encompasses a large class of 

entropic uncertainty relations, including “non conventional” 
ones such as time-energy. 

• Even with an operational definition that is quite different from 
the standard one, the uncertainty relations still follow the 
standard structure: allowing for the existence of two 
guesses at once makes the game impossible to win. 

• To do: extend the proof to Rényi entropies.
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