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Motivation

• Develop new protocols that show quantum computational 
advantages.

• Study the sources of the computational advantages.

• Study the relation between non-classicality and 
irreversibility.

Motivation
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CHSH game

Preliminaries

a
x = x(a,�) y = y(b,�)

b

Referee

Alice Bob

Goal: x+ y = a · b .



CHSH game – optimal strategies

Preliminaries

• Optimal classical strategy achieves

For example always output 0:

• Optimal quantum strategy achieves

For example Alice and Bob share 
a Bell state and perform 

psuc(x+ y = a · b) = 0.75.

psuc(x+ y = a · b) ⇡ 0.85.

a b x+y ab
0 0 0 0
0 1 0 0
1 0 0 0
1 1 0 1

A0 = X

A1 = Y

B0 = T †XT

B1 = TXT †
T = Rz(

⇡

4
)
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CHSH* game

Description of the protocol

• Inputs                  .

• Goal:

a, b 2 Z2
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a · b

a b

Aa BbSystem c
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!(CHSH
⇤) = max

all strategies

1

4

X

a,b2Z2

p(c = a · b|a, b).
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Description of the protocol

Settings

Name of 
setting

System 
type(d=2)

Initial 
states

Transformations Measurements ⍵(CHSH*)

Unitary Quantum Any Unitary gates Two-outcome 
PVM

Clifford Quantum Stabilizer Clifford gates Pauli
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Classical

Classical Any Reversible gates n/a



Description of the protocol

Settings

Name of 
setting

System 
type(d=2)

Initial 
states

Transformations Measurements ⍵(CHSH*)

Unitary Quantum Any Unitary gates Two-outcome 
PVM

Clifford Quantum Stabilizer Clifford gates Pauli

Reversible 
Classical

Classical Any Reversible gates n/a

Irreversible Classical/
Quantum

Any Any Any



Unitary setting

Description of the protocol

a · b

a b

Aa Bb
Input 

System cX|+i

System: one qubit.

Measurement: Two outcome projective measurement.

Controlled gates: Unitary.



Description of the protocol

Theorem. Any strategy in the CHSH* game can be mapped to a 
strategy in the CHSH game with the same success probability.

Proof sketch:



Unitary setting

Description of the protocol

a

b

Aa Bb c
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Mapping to the CHSH game

Description of the protocol

a

b

Bb
X

<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

|+i
<latexit sha1_base64="+LJ1eAjaZVC2JB5/8HolPQh5/NQ=">AAAB/nicbVDLSgNBEJyNrxhfq4IXL4NBEISwK4J6C3rxGMGYQDaE2UlvMmR2dpnpFUKSg7/ixYOKV7/Dm3/j5HHQxIKGoqqb7q4wlcKg5307uaXlldW1/HphY3Nre8fd3XswSaY5VHkiE10PmQEpFFRRoIR6qoHFoYRa2LsZ+7VH0EYk6h77KTRj1lEiEpyhlVruQSAhQjo8pYEWnS4GmqmOhJZb9EreBHSR+DNSJDNUWu5X0E54FoNCLpkxDd9LsTlgGgWXMCoEmYGU8R7rQMNSxWIwzcHk/hE9tkqbRom2pZBO1N8TAxYb049D2xkz7Jp5byz+5zUyjC6bA6HSDEHx6aIokxQTOg6DtoUGjrJvCeNa2Fsp7zLNONrICjYEf/7lRVI9K12V/LvzYvl6lkaeHJIjckJ8ckHK5JZUSJVwMiTP5JW8OU/Oi/PufExbc85sZp/8gfP5A+hflZg=</latexit><latexit sha1_base64="+LJ1eAjaZVC2JB5/8HolPQh5/NQ=">AAAB/nicbVDLSgNBEJyNrxhfq4IXL4NBEISwK4J6C3rxGMGYQDaE2UlvMmR2dpnpFUKSg7/ixYOKV7/Dm3/j5HHQxIKGoqqb7q4wlcKg5307uaXlldW1/HphY3Nre8fd3XswSaY5VHkiE10PmQEpFFRRoIR6qoHFoYRa2LsZ+7VH0EYk6h77KTRj1lEiEpyhlVruQSAhQjo8pYEWnS4GmqmOhJZb9EreBHSR+DNSJDNUWu5X0E54FoNCLpkxDd9LsTlgGgWXMCoEmYGU8R7rQMNSxWIwzcHk/hE9tkqbRom2pZBO1N8TAxYb049D2xkz7Jp5byz+5zUyjC6bA6HSDEHx6aIokxQTOg6DtoUGjrJvCeNa2Fsp7zLNONrICjYEf/7lRVI9K12V/LvzYvl6lkaeHJIjckJ8ckHK5JZUSJVwMiTP5JW8OU/Oi/PufExbc85sZp/8gfP5A+hflZg=</latexit><latexit sha1_base64="+LJ1eAjaZVC2JB5/8HolPQh5/NQ=">AAAB/nicbVDLSgNBEJyNrxhfq4IXL4NBEISwK4J6C3rxGMGYQDaE2UlvMmR2dpnpFUKSg7/ixYOKV7/Dm3/j5HHQxIKGoqqb7q4wlcKg5307uaXlldW1/HphY3Nre8fd3XswSaY5VHkiE10PmQEpFFRRoIR6qoHFoYRa2LsZ+7VH0EYk6h77KTRj1lEiEpyhlVruQSAhQjo8pYEWnS4GmqmOhJZb9EreBHSR+DNSJDNUWu5X0E54FoNCLpkxDd9LsTlgGgWXMCoEmYGU8R7rQMNSxWIwzcHk/hE9tkqbRom2pZBO1N8TAxYb049D2xkz7Jp5byz+5zUyjC6bA6HSDEHx6aIokxQTOg6DtoUGjrJvCeNa2Fsp7zLNONrICjYEf/7lRVI9K12V/LvzYvl6lkaeHJIjckJ8ckHK5JZUSJVwMiTP5JW8OU/Oi/PufExbc85sZp/8gfP5A+hflZg=</latexit><latexit sha1_base64="+LJ1eAjaZVC2JB5/8HolPQh5/NQ=">AAAB/nicbVDLSgNBEJyNrxhfq4IXL4NBEISwK4J6C3rxGMGYQDaE2UlvMmR2dpnpFUKSg7/ixYOKV7/Dm3/j5HHQxIKGoqqb7q4wlcKg5307uaXlldW1/HphY3Nre8fd3XswSaY5VHkiE10PmQEpFFRRoIR6qoHFoYRa2LsZ+7VH0EYk6h77KTRj1lEiEpyhlVruQSAhQjo8pYEWnS4GmqmOhJZb9EreBHSR+DNSJDNUWu5X0E54FoNCLpkxDd9LsTlgGgWXMCoEmYGU8R7rQMNSxWIwzcHk/hE9tkqbRom2pZBO1N8TAxYb049D2xkz7Jp5byz+5zUyjC6bA6HSDEHx6aIokxQTOg6DtoUGjrJvCeNa2Fsp7zLNONrICjYEf/7lRVI9K12V/LvzYvl6lkaeHJIjckJ8ckHK5JZUSJVwMiTP5JW8OU/Oi/PufExbc85sZp/8gfP5A+hflZg=</latexit>

Alice

Bob

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

AT
a

<latexit sha1_base64="NFiaUqsg1hn7z4Ge3GY8UafOdrg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rNLbQxrLZTtulm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j2XDjBMMIjqQvM8ZNVbyr7v0sdEtV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBhmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14m/ln1qurdn1dqN3kaRTiCYzgFDy6gBndQBx8YcHiGV3hzpPPivDsf89aCk88cwh84nz/Hx44z</latexit><latexit sha1_base64="NFiaUqsg1hn7z4Ge3GY8UafOdrg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rNLbQxrLZTtulm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j2XDjBMMIjqQvM8ZNVbyr7v0sdEtV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBhmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14m/ln1qurdn1dqN3kaRTiCYzgFDy6gBndQBx8YcHiGV3hzpPPivDsf89aCk88cwh84nz/Hx44z</latexit><latexit sha1_base64="NFiaUqsg1hn7z4Ge3GY8UafOdrg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rNLbQxrLZTtulm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j2XDjBMMIjqQvM8ZNVbyr7v0sdEtV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBhmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14m/ln1qurdn1dqN3kaRTiCYzgFDy6gBndQBx8YcHiGV3hzpPPivDsf89aCk88cwh84nz/Hx44z</latexit><latexit sha1_base64="NFiaUqsg1hn7z4Ge3GY8UafOdrg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4rNLbQxrLZTtulm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j2XDjBMMIjqQvM8ZNVbyr7v0sdEtV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBhmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14m/ln1qurdn1dqN3kaRTiCYzgFDy6gBndQBx8YcHiGV3hzpPPivDsf89aCk88cwh84nz/Hx44z</latexit>

x
<latexit sha1_base64="XLchz3HyEU/cK4JC9xcF0ETZao0=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03Y3Ygl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/Wbj6g0j+WdGScYRHQgeZ8zaqzUeOqWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9Un4zQ</latexit><latexit sha1_base64="XLchz3HyEU/cK4JC9xcF0ETZao0=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03Y3Ygl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/Wbj6g0j+WdGScYRHQgeZ8zaqzUeOqWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9Un4zQ</latexit><latexit sha1_base64="XLchz3HyEU/cK4JC9xcF0ETZao0=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03Y3Ygl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/Wbj6g0j+WdGScYRHQgeZ8zaqzUeOqWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9Un4zQ</latexit><latexit sha1_base64="XLchz3HyEU/cK4JC9xcF0ETZao0=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03Y3Ygl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/Wbj6g0j+WdGScYRHQgeZ8zaqzUeOqWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9Un4zQ</latexit>
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<latexit sha1_base64="Ftdg1ax4fNtFu/s3INsUuYVzURA=">AAAB/3icbVA9SwNBEN2LXzF+nVpY2CwGwSrciaB2QRvLCMYEckfY28wlS/b2jt05IcQ0/hUbCxVb/4ad/8bNR6GJD4Z5vDfD7rwok8Kg5307haXlldW14nppY3Nre8fd3bs3aa451HkqU92MmAEpFNRRoIRmpoElkYRG1L8e+40H0Eak6g4HGYQJ6yoRC87QSm33IJAQI330aKBFt4e2MdWV0HbLXsWbgC4Sf0bKZIZa2/0KOinPE1DIJTOm5XsZhkOmUXAJo1KQG8gY77MutCxVLAETDicHjOixVTo0TrUthXSi/t4YssSYQRLZyYRhz8x7Y/E/r5VjfBEOhcpyBMWnD8W5pJjScRq0IzRwlANLGNfC/pXyHtOMo82sZEPw509eJPXTymXFvz0rV69maRTJITkiJ8Qn56RKbkiN1AknI/JMXsmb8+S8OO/Ox3S04Mx29skfOJ8/TByVxw==</latexit><latexit sha1_base64="Ftdg1ax4fNtFu/s3INsUuYVzURA=">AAAB/3icbVA9SwNBEN2LXzF+nVpY2CwGwSrciaB2QRvLCMYEckfY28wlS/b2jt05IcQ0/hUbCxVb/4ad/8bNR6GJD4Z5vDfD7rwok8Kg5307haXlldW14nppY3Nre8fd3bs3aa451HkqU92MmAEpFNRRoIRmpoElkYRG1L8e+40H0Eak6g4HGYQJ6yoRC87QSm33IJAQI330aKBFt4e2MdWV0HbLXsWbgC4Sf0bKZIZa2/0KOinPE1DIJTOm5XsZhkOmUXAJo1KQG8gY77MutCxVLAETDicHjOixVTo0TrUthXSi/t4YssSYQRLZyYRhz8x7Y/E/r5VjfBEOhcpyBMWnD8W5pJjScRq0IzRwlANLGNfC/pXyHtOMo82sZEPw509eJPXTymXFvz0rV69maRTJITkiJ8Qn56RKbkiN1AknI/JMXsmb8+S8OO/Ox3S04Mx29skfOJ8/TByVxw==</latexit><latexit sha1_base64="Ftdg1ax4fNtFu/s3INsUuYVzURA=">AAAB/3icbVA9SwNBEN2LXzF+nVpY2CwGwSrciaB2QRvLCMYEckfY28wlS/b2jt05IcQ0/hUbCxVb/4ad/8bNR6GJD4Z5vDfD7rwok8Kg5307haXlldW14nppY3Nre8fd3bs3aa451HkqU92MmAEpFNRRoIRmpoElkYRG1L8e+40H0Eak6g4HGYQJ6yoRC87QSm33IJAQI330aKBFt4e2MdWV0HbLXsWbgC4Sf0bKZIZa2/0KOinPE1DIJTOm5XsZhkOmUXAJo1KQG8gY77MutCxVLAETDicHjOixVTo0TrUthXSi/t4YssSYQRLZyYRhz8x7Y/E/r5VjfBEOhcpyBMWnD8W5pJjScRq0IzRwlANLGNfC/pXyHtOMo82sZEPw509eJPXTymXFvz0rV69maRTJITkiJ8Qn56RKbkiN1AknI/JMXsmb8+S8OO/Ox3S04Mx29skfOJ8/TByVxw==</latexit><latexit sha1_base64="Ftdg1ax4fNtFu/s3INsUuYVzURA=">AAAB/3icbVA9SwNBEN2LXzF+nVpY2CwGwSrciaB2QRvLCMYEckfY28wlS/b2jt05IcQ0/hUbCxVb/4ad/8bNR6GJD4Z5vDfD7rwok8Kg5307haXlldW14nppY3Nre8fd3bs3aa451HkqU92MmAEpFNRRoIRmpoElkYRG1L8e+40H0Eak6g4HGYQJ6yoRC87QSm33IJAQI330aKBFt4e2MdWV0HbLXsWbgC4Sf0bKZIZa2/0KOinPE1DIJTOm5XsZhkOmUXAJo1KQG8gY77MutCxVLAETDicHjOixVTo0TrUthXSi/t4YssSYQRLZyYRhz8x7Y/E/r5VjfBEOhcpyBMWnD8W5pJjScRq0IzRwlANLGNfC/pXyHtOMo82sZEPw509eJPXTymXFvz0rV69maRTJITkiJ8Qn56RKbkiN1AknI/JMXsmb8+S8OO/Ox3S04Mx29skfOJ8/TByVxw==</latexit>



Description of the protocol

Theorem. Any strategy in the CHSH* game can be mapped to a 
strategy in the CHSH game with the same success probability.

Proof sketch:

Teleportation stage works as                                                                          .

State on Bob before the measurement: 

Explicitly compute the probabilities and show that 

Therefore the Tsirelson bound holds also in the CHSH* game.

AT
a ⌦ I( |00i+ |11ip

2
) = I⌦Aa(

|00i+ |11ip
2

)

psuc(c = a · b) = psuc(x+ y = a · b).

BbAaZ
x |+i .

<latexit sha1_base64="K/iwqqtD3Hw8E+nsT//+2LfaN7U=">AAACC3icbZDNSgMxFIUz/tb6N+rSTbAIglBmRNBl1Y3LClbFTh0y6Z02NJMZkjtiGd278VXcuFDErS/gzrcxrV1o9ULIxzn3ktwTZVIY9LxPZ2JyanpmtjRXnl9YXFp2V1bPTJprDg2eylRfRMyAFAoaKFDCRaaBJZGE86h3NPDPr0EbkapT7GfQSlhHiVhwhlYK3Y3DMDoI2eXVTSAhRnpLt2mgRaeL9mKqI6EauhWv6g2L/gV/BBUyqnrofgTtlOcJKOSSGdP0vQxbBdMouIS7cpAbyBjvsQ40LSqWgGkVw13u6KZV2jROtT0K6VD9OVGwxJh+EtnOhGHXjHsD8T+vmWO83yqEynIExb8finNJMaWDYGhbaOAo+xYY18L+lfIu04yjja9sQ/DHV/4LZztV3/LJbqV2OIqjRNbJBtkiPtkjNXJM6qRBOLknj+SZvDgPzpPz6rx9t044o5k18quc9y8yCpne</latexit><latexit sha1_base64="K/iwqqtD3Hw8E+nsT//+2LfaN7U=">AAACC3icbZDNSgMxFIUz/tb6N+rSTbAIglBmRNBl1Y3LClbFTh0y6Z02NJMZkjtiGd278VXcuFDErS/gzrcxrV1o9ULIxzn3ktwTZVIY9LxPZ2JyanpmtjRXnl9YXFp2V1bPTJprDg2eylRfRMyAFAoaKFDCRaaBJZGE86h3NPDPr0EbkapT7GfQSlhHiVhwhlYK3Y3DMDoI2eXVTSAhRnpLt2mgRaeL9mKqI6EauhWv6g2L/gV/BBUyqnrofgTtlOcJKOSSGdP0vQxbBdMouIS7cpAbyBjvsQ40LSqWgGkVw13u6KZV2jROtT0K6VD9OVGwxJh+EtnOhGHXjHsD8T+vmWO83yqEynIExb8finNJMaWDYGhbaOAo+xYY18L+lfIu04yjja9sQ/DHV/4LZztV3/LJbqV2OIqjRNbJBtkiPtkjNXJM6qRBOLknj+SZvDgPzpPz6rx9t044o5k18quc9y8yCpne</latexit><latexit sha1_base64="K/iwqqtD3Hw8E+nsT//+2LfaN7U=">AAACC3icbZDNSgMxFIUz/tb6N+rSTbAIglBmRNBl1Y3LClbFTh0y6Z02NJMZkjtiGd278VXcuFDErS/gzrcxrV1o9ULIxzn3ktwTZVIY9LxPZ2JyanpmtjRXnl9YXFp2V1bPTJprDg2eylRfRMyAFAoaKFDCRaaBJZGE86h3NPDPr0EbkapT7GfQSlhHiVhwhlYK3Y3DMDoI2eXVTSAhRnpLt2mgRaeL9mKqI6EauhWv6g2L/gV/BBUyqnrofgTtlOcJKOSSGdP0vQxbBdMouIS7cpAbyBjvsQ40LSqWgGkVw13u6KZV2jROtT0K6VD9OVGwxJh+EtnOhGHXjHsD8T+vmWO83yqEynIExb8finNJMaWDYGhbaOAo+xYY18L+lfIu04yjja9sQ/DHV/4LZztV3/LJbqV2OIqjRNbJBtkiPtkjNXJM6qRBOLknj+SZvDgPzpPz6rx9t044o5k18quc9y8yCpne</latexit><latexit sha1_base64="K/iwqqtD3Hw8E+nsT//+2LfaN7U=">AAACC3icbZDNSgMxFIUz/tb6N+rSTbAIglBmRNBl1Y3LClbFTh0y6Z02NJMZkjtiGd278VXcuFDErS/gzrcxrV1o9ULIxzn3ktwTZVIY9LxPZ2JyanpmtjRXnl9YXFp2V1bPTJprDg2eylRfRMyAFAoaKFDCRaaBJZGE86h3NPDPr0EbkapT7GfQSlhHiVhwhlYK3Y3DMDoI2eXVTSAhRnpLt2mgRaeL9mKqI6EauhWv6g2L/gV/BBUyqnrofgTtlOcJKOSSGdP0vQxbBdMouIS7cpAbyBjvsQ40LSqWgGkVw13u6KZV2jROtT0K6VD9OVGwxJh+EtnOhGHXjHsD8T+vmWO83yqEynIExb8finNJMaWDYGhbaOAo+xYY18L+lfIu04yjja9sQ/DHV/4LZztV3/LJbqV2OIqjRNbJBtkiPtkjNXJM6qRBOLknj+SZvDgPzpPz6rx9t044o5k18quc9y8yCpne</latexit>



Optimal quantum strategies

CHSH optimal strategy was,

A0 = X

A1 = Y

B0 = T †XT

B1 = TXT †

|+i

A0 = I

A1 = S B1 = T

B0 = T †
S = Rz(

⇡

2
)

T = Rz(
⇡

4
)

T = Rz(
⇡

4
)

X
System: one qubit in state       . 
Measurement: Pauli     . 
Controlled gates: gates that map between above observables,

Description of the protocol



Classical reversible setting

Description of the protocol

Mod 3 arithmetic
a · b

a b

Aa Bb
Input 

System c0

• System: one bit.
• Controlled gates: reversible classical gates.



Classical reversible setting

Description of the protocol

• System: one bit.
• Controlled gates: reversible classical gates.

• The value of the game is

e.g. Input system in state 0 and A0 = A1 = B0 = B1 = I.

!(CHSH
⇤) = 0.75.

<latexit sha1_base64="d12BIk3CckmX7BieLy6k26URUnE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASLUF2UGVHqRih202VFe4F2LJk004YmmSHJCHUovoobF4q49T3c+Tam7Sy09YfAx3/O4Zz8fsSo0o7zbWWWlldW17LruY3Nre0de3evocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rEzqzQciFQ3FnR5FxOOoL2hAMdLG6toHnZCTPipUqrfV+9OTK6dYuih27bxTdKaCi+CmkAepal37q9MLccyJ0JghpdquE2kvQVJTzMg414kViRAeoj5pGxSIE+Ul0+vH8Ng4PRiE0jyh4dT9PZEgrtSI+6aTIz1Q87WJ+V+tHevg0kuoiGJNBJ4tCmIGdQgnUcAelQRrNjKAsKTmVogHSCKsTWA5E4I7/+VFaJwVXcM35/nydRpHFhyCI1AALiiBMqiCGqgDDB7BM3gFb9aT9WK9Wx+z1oyVzuyDP7I+fwAhP5MM</latexit><latexit sha1_base64="d12BIk3CckmX7BieLy6k26URUnE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASLUF2UGVHqRih202VFe4F2LJk004YmmSHJCHUovoobF4q49T3c+Tam7Sy09YfAx3/O4Zz8fsSo0o7zbWWWlldW17LruY3Nre0de3evocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rEzqzQciFQ3FnR5FxOOoL2hAMdLG6toHnZCTPipUqrfV+9OTK6dYuih27bxTdKaCi+CmkAepal37q9MLccyJ0JghpdquE2kvQVJTzMg414kViRAeoj5pGxSIE+Ul0+vH8Ng4PRiE0jyh4dT9PZEgrtSI+6aTIz1Q87WJ+V+tHevg0kuoiGJNBJ4tCmIGdQgnUcAelQRrNjKAsKTmVogHSCKsTWA5E4I7/+VFaJwVXcM35/nydRpHFhyCI1AALiiBMqiCGqgDDB7BM3gFb9aT9WK9Wx+z1oyVzuyDP7I+fwAhP5MM</latexit><latexit sha1_base64="d12BIk3CckmX7BieLy6k26URUnE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASLUF2UGVHqRih202VFe4F2LJk004YmmSHJCHUovoobF4q49T3c+Tam7Sy09YfAx3/O4Zz8fsSo0o7zbWWWlldW17LruY3Nre0de3evocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rEzqzQciFQ3FnR5FxOOoL2hAMdLG6toHnZCTPipUqrfV+9OTK6dYuih27bxTdKaCi+CmkAepal37q9MLccyJ0JghpdquE2kvQVJTzMg414kViRAeoj5pGxSIE+Ul0+vH8Ng4PRiE0jyh4dT9PZEgrtSI+6aTIz1Q87WJ+V+tHevg0kuoiGJNBJ4tCmIGdQgnUcAelQRrNjKAsKTmVogHSCKsTWA5E4I7/+VFaJwVXcM35/nydRpHFhyCI1AALiiBMqiCGqgDDB7BM3gFb9aT9WK9Wx+z1oyVzuyDP7I+fwAhP5MM</latexit><latexit sha1_base64="d12BIk3CckmX7BieLy6k26URUnE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASLUF2UGVHqRih202VFe4F2LJk004YmmSHJCHUovoobF4q49T3c+Tam7Sy09YfAx3/O4Zz8fsSo0o7zbWWWlldW17LruY3Nre0de3evocJYYlLHIQtly0eKMCpIXVPNSCuSBHGfkaY/rEzqzQciFQ3FnR5FxOOoL2hAMdLG6toHnZCTPipUqrfV+9OTK6dYuih27bxTdKaCi+CmkAepal37q9MLccyJ0JghpdquE2kvQVJTzMg414kViRAeoj5pGxSIE+Ul0+vH8Ng4PRiE0jyh4dT9PZEgrtSI+6aTIz1Q87WJ+V+tHevg0kuoiGJNBJ4tCmIGdQgnUcAelQRrNjKAsKTmVogHSCKsTWA5E4I7/+VFaJwVXcM35/nydRpHFhyCI1AALiiBMqiCGqgDDB7BM3gFb9aT9WK9Wx+z1oyVzuyDP7I+fwAhP5MM</latexit>



Irreversible setting

In our protocol an irreversible transformation allows us to win the 
game with certainty.

a · b

a b

Aa Bb
Input 

System0 a · b

A0 = B1 = I, A1 = NOT,B0 = ERASE.

!(CHSH
⇤) = 1.
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Settings

Name of 
setting

System 
type(d=2)

Initial 
states

Transformations Measurements ⍵(CHSH*)

Unitary Quantum Any Unitary gates Two-outcome 
PVM

Clifford Quantum Stabilizer Clifford gates Pauli

Reversible 
Classical

Classical Any Reversible gates n/a

Irreversible Classical/Q
uantum

Any Any Any

cos2(
⇡

8
)
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Landauer’s principle

Sources of computational advantages

Every irreversible classical operation on logical bits must be accompanied by an 
entropic cost in the physical bits or the environment.

Rolf Landauer (1927-1999)

e.g. irreversible computation on one bit = 
reversible computation on two bits, where one is erased (                        ).�S = k log 2
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Sources of computational advantages

In our protocol an irreversible transformation allows us to win the 
game with certainty.

a · b

a b

Aa Bb
Input 

System0 a · b

A0 = B1 = I, A1 = NOT,B0 = ERASE.

Notice that only when           and           the erasure is actually needed.a = 1 b = 0

!(CHSH
⇤) = 1.
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Irreversible Setting



Sources of computational advantages

• We can imagine a quantum strategy (                      ) as the 
optimal classical reversible strategy + partial erasure. 

• We define the Landauer’s Erasure (LE) as the erasure needed 
to obtain a success probability greater than the Bell bound.

psuc > 0.75
<latexit sha1_base64="V7u28PcuxNNoJsWg3EC0+uNfzfI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozotSVFN24rGAv0A4lk2ba0Ewm5CKUoa/hxoUibn0Zd76NaTsLbf0h8PGfczgnfyQ508b3v73C2vrG5lZxu7Szu7d/UD48aunUKkKbJOWp6kRYU84EbRpmOO1IRXEScdqOxnezevuJKs1S8WgmkoYJHgoWM4KNs3qyn2lLpjd+tXbVL1f8qj8XWoUghwrkavTLX71BSmxChSEca90NfGnCDCvDCKfTUs9qKjEZ4yHtOhQ4oTrM5jdP0ZlzBihOlXvCoLn7eyLDidaTJHKdCTYjvVybmf/VutbE12HGhLSGCrJYFFuOTIpmAaABU5QYPnGAiWLuVkRGWGFiXEwlF0Kw/OVVaF1UA8cPl5X6bR5HEU7gFM4hgBrU4R4a0AQCEp7hFd486714797HorXg5TPH8Efe5w8Y95EM</latexit><latexit sha1_base64="V7u28PcuxNNoJsWg3EC0+uNfzfI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozotSVFN24rGAv0A4lk2ba0Ewm5CKUoa/hxoUibn0Zd76NaTsLbf0h8PGfczgnfyQ508b3v73C2vrG5lZxu7Szu7d/UD48aunUKkKbJOWp6kRYU84EbRpmOO1IRXEScdqOxnezevuJKs1S8WgmkoYJHgoWM4KNs3qyn2lLpjd+tXbVL1f8qj8XWoUghwrkavTLX71BSmxChSEca90NfGnCDCvDCKfTUs9qKjEZ4yHtOhQ4oTrM5jdP0ZlzBihOlXvCoLn7eyLDidaTJHKdCTYjvVybmf/VutbE12HGhLSGCrJYFFuOTIpmAaABU5QYPnGAiWLuVkRGWGFiXEwlF0Kw/OVVaF1UA8cPl5X6bR5HEU7gFM4hgBrU4R4a0AQCEp7hFd486714797HorXg5TPH8Efe5w8Y95EM</latexit><latexit sha1_base64="V7u28PcuxNNoJsWg3EC0+uNfzfI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozotSVFN24rGAv0A4lk2ba0Ewm5CKUoa/hxoUibn0Zd76NaTsLbf0h8PGfczgnfyQ508b3v73C2vrG5lZxu7Szu7d/UD48aunUKkKbJOWp6kRYU84EbRpmOO1IRXEScdqOxnezevuJKs1S8WgmkoYJHgoWM4KNs3qyn2lLpjd+tXbVL1f8qj8XWoUghwrkavTLX71BSmxChSEca90NfGnCDCvDCKfTUs9qKjEZ4yHtOhQ4oTrM5jdP0ZlzBihOlXvCoLn7eyLDidaTJHKdCTYjvVybmf/VutbE12HGhLSGCrJYFFuOTIpmAaABU5QYPnGAiWLuVkRGWGFiXEwlF0Kw/OVVaF1UA8cPl5X6bR5HEU7gFM4hgBrU4R4a0AQCEp7hFd486714797HorXg5TPH8Efe5w8Y95EM</latexit><latexit sha1_base64="V7u28PcuxNNoJsWg3EC0+uNfzfI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozotSVFN24rGAv0A4lk2ba0Ewm5CKUoa/hxoUibn0Zd76NaTsLbf0h8PGfczgnfyQ508b3v73C2vrG5lZxu7Szu7d/UD48aunUKkKbJOWp6kRYU84EbRpmOO1IRXEScdqOxnezevuJKs1S8WgmkoYJHgoWM4KNs3qyn2lLpjd+tXbVL1f8qj8XWoUghwrkavTLX71BSmxChSEca90NfGnCDCvDCKfTUs9qKjEZ4yHtOhQ4oTrM5jdP0ZlzBihOlXvCoLn7eyLDidaTJHKdCTYjvVybmf/VutbE12HGhLSGCrJYFFuOTIpmAaABU5QYPnGAiWLuVkRGWGFiXEwlF0Kw/OVVaF1UA8cPl5X6bR5HEU7gFM4hgBrU4R4a0AQCEp7hFd486714797HorXg5TPH8Efe5w8Y95EM</latexit>



Sources of computational advantages

More formally :

- Distance on functions:

- Non-linearity of a function

- Landauer’s Erasure (LE) of a strategy for the CHSH* game with        :

i.e. psuc = prevsuc + ⌫(f = a · b)LE =
3

4
+

1

4
LE ⇡ 0.85 ! LE ⇡ 0.41.

f : (Z2)
n ! Z2

<latexit sha1_base64="ILwFOot195VVDf3LcGoB5GQHnZ4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqC4KrpxWcFesIlhMp20QyeTMDNRSuhDuPFV3LhQxK0Ld76NkzaL2npg4OP/z2HO+f2YUaks68coLC2vrK4V10sbm1vbO+buXktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vAq89sPREga8Vs1iokboj6nAcVIackzT4ILWHFCpAa+n96NvdrxPXcE7Q8UEiJ6hLOWZ5atqjUpuAh2DmWQV8Mzv51ehJOQcIUZkrJrW7FyUyQUxYyMS04iSYzwEPVJVyNHIZFuOjlqDI+00oNBJPTjCk7U2YkUhVKOQl93ZjvKeS8T//O6iQrO3ZTyOFGE4+lHQcKgimCWEOxRQbBiIw0IC6p3hXiABMJK51jSIdjzJy9Cq1a1Nd+cluuXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL0AgnlU=</latexit><latexit sha1_base64="ILwFOot195VVDf3LcGoB5GQHnZ4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqC4KrpxWcFesIlhMp20QyeTMDNRSuhDuPFV3LhQxK0Ld76NkzaL2npg4OP/z2HO+f2YUaks68coLC2vrK4V10sbm1vbO+buXktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vAq89sPREga8Vs1iokboj6nAcVIackzT4ILWHFCpAa+n96NvdrxPXcE7Q8UEiJ6hLOWZ5atqjUpuAh2DmWQV8Mzv51ehJOQcIUZkrJrW7FyUyQUxYyMS04iSYzwEPVJVyNHIZFuOjlqDI+00oNBJPTjCk7U2YkUhVKOQl93ZjvKeS8T//O6iQrO3ZTyOFGE4+lHQcKgimCWEOxRQbBiIw0IC6p3hXiABMJK51jSIdjzJy9Cq1a1Nd+cluuXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL0AgnlU=</latexit><latexit sha1_base64="ILwFOot195VVDf3LcGoB5GQHnZ4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqC4KrpxWcFesIlhMp20QyeTMDNRSuhDuPFV3LhQxK0Ld76NkzaL2npg4OP/z2HO+f2YUaks68coLC2vrK4V10sbm1vbO+buXktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vAq89sPREga8Vs1iokboj6nAcVIackzT4ILWHFCpAa+n96NvdrxPXcE7Q8UEiJ6hLOWZ5atqjUpuAh2DmWQV8Mzv51ehJOQcIUZkrJrW7FyUyQUxYyMS04iSYzwEPVJVyNHIZFuOjlqDI+00oNBJPTjCk7U2YkUhVKOQl93ZjvKeS8T//O6iQrO3ZTyOFGE4+lHQcKgimCWEOxRQbBiIw0IC6p3hXiABMJK51jSIdjzJy9Cq1a1Nd+cluuXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL0AgnlU=</latexit><latexit sha1_base64="ILwFOot195VVDf3LcGoB5GQHnZ4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqC4KrpxWcFesIlhMp20QyeTMDNRSuhDuPFV3LhQxK0Ld76NkzaL2npg4OP/z2HO+f2YUaks68coLC2vrK4V10sbm1vbO+buXktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vAq89sPREga8Vs1iokboj6nAcVIackzT4ILWHFCpAa+n96NvdrxPXcE7Q8UEiJ6hLOWZ5atqjUpuAh2DmWQV8Mzv51ehJOQcIUZkrJrW7FyUyQUxYyMS04iSYzwEPVJVyNHIZFuOjlqDI+00oNBJPTjCk7U2YkUhVKOQl93ZjvKeS8T//O6iQrO3ZTyOFGE4+lHQcKgimCWEOxRQbBiIw0IC6p3hXiABMJK51jSIdjzJy9Cq1a1Nd+cluuXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL0AgnlU=</latexit>

Given f, g : (Z2)
n ! Z2,

<latexit sha1_base64="XjZ6jZ0OdjZwV4+sgG1GNpnRtn4="></latexit><latexit sha1_base64="XjZ6jZ0OdjZwV4+sgG1GNpnRtn4="></latexit><latexit sha1_base64="XjZ6jZ0OdjZwV4+sgG1GNpnRtn4="></latexit><latexit sha1_base64="XjZ6jZ0OdjZwV4+sgG1GNpnRtn4="></latexit>

d(f, g) = 2�n
��{i|f(i) 6= g(i)}

��.
<latexit sha1_base64="GSW7dvRLgXAHHVFpcsFShNg7UZM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSxCC7UkRdCNUHTjsoK9QBPLZDpJh04mcWYilLQv4cZXceNCEbeCO9/GSduFtv4w8PGfczhzfi9mVCrL+jaWlldW19ZzG/nNre2dXXNvvymjRGDSwBGLRNtDkjDKSUNRxUg7FgSFHiMtb3CV1VsPREga8Vs1jIkbooBTn2KktNU1y72iXw5KF7B6l57wsePRYOSkdOQXacnh5B4GGUz9StcsWBVrIrgI9gwKYKZ61/xyehFOQsIVZkjKjm3Fyk2RUBQzMs47iSQxwgMUkI5GjkIi3XRy1Rgea6cH/UjoxxWcuL8nUhRKOQw93Rki1Zfztcz8r9ZJlH/uppTHiSIcTxf5CYMqgllEsEcFwYoNNSAsqP4rxH0kEFY6yLwOwZ4/eRGa1Yqt+ea0ULucxZEDh+AIFIENzkANXIM6aAAMHsEzeAVvxpPxYrwbH9PWJWM2cwD+yPj8AeQfnWk=</latexit><latexit sha1_base64="GSW7dvRLgXAHHVFpcsFShNg7UZM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSxCC7UkRdCNUHTjsoK9QBPLZDpJh04mcWYilLQv4cZXceNCEbeCO9/GSduFtv4w8PGfczhzfi9mVCrL+jaWlldW19ZzG/nNre2dXXNvvymjRGDSwBGLRNtDkjDKSUNRxUg7FgSFHiMtb3CV1VsPREga8Vs1jIkbooBTn2KktNU1y72iXw5KF7B6l57wsePRYOSkdOQXacnh5B4GGUz9StcsWBVrIrgI9gwKYKZ61/xyehFOQsIVZkjKjm3Fyk2RUBQzMs47iSQxwgMUkI5GjkIi3XRy1Rgea6cH/UjoxxWcuL8nUhRKOQw93Rki1Zfztcz8r9ZJlH/uppTHiSIcTxf5CYMqgllEsEcFwYoNNSAsqP4rxH0kEFY6yLwOwZ4/eRGa1Yqt+ea0ULucxZEDh+AIFIENzkANXIM6aAAMHsEzeAVvxpPxYrwbH9PWJWM2cwD+yPj8AeQfnWk=</latexit><latexit sha1_base64="GSW7dvRLgXAHHVFpcsFShNg7UZM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSxCC7UkRdCNUHTjsoK9QBPLZDpJh04mcWYilLQv4cZXceNCEbeCO9/GSduFtv4w8PGfczhzfi9mVCrL+jaWlldW19ZzG/nNre2dXXNvvymjRGDSwBGLRNtDkjDKSUNRxUg7FgSFHiMtb3CV1VsPREga8Vs1jIkbooBTn2KktNU1y72iXw5KF7B6l57wsePRYOSkdOQXacnh5B4GGUz9StcsWBVrIrgI9gwKYKZ61/xyehFOQsIVZkjKjm3Fyk2RUBQzMs47iSQxwgMUkI5GjkIi3XRy1Rgea6cH/UjoxxWcuL8nUhRKOQw93Rki1Zfztcz8r9ZJlH/uppTHiSIcTxf5CYMqgllEsEcFwYoNNSAsqP4rxH0kEFY6yLwOwZ4/eRGa1Yqt+ea0ULucxZEDh+AIFIENzkANXIM6aAAMHsEzeAVvxpPxYrwbH9PWJWM2cwD+yPj8AeQfnWk=</latexit><latexit sha1_base64="GSW7dvRLgXAHHVFpcsFShNg7UZM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSxCC7UkRdCNUHTjsoK9QBPLZDpJh04mcWYilLQv4cZXceNCEbeCO9/GSduFtv4w8PGfczhzfi9mVCrL+jaWlldW19ZzG/nNre2dXXNvvymjRGDSwBGLRNtDkjDKSUNRxUg7FgSFHiMtb3CV1VsPREga8Vs1jIkbooBTn2KktNU1y72iXw5KF7B6l57wsePRYOSkdOQXacnh5B4GGUz9StcsWBVrIrgI9gwKYKZ61/xyehFOQsIVZkjKjm3Fyk2RUBQzMs47iSQxwgMUkI5GjkIi3XRy1Rgea6cH/UjoxxWcuL8nUhRKOQw93Rki1Zfztcz8r9ZJlH/uppTHiSIcTxf5CYMqgllEsEcFwYoNNSAsqP4rxH0kEFY6yLwOwZ4/eRGa1Yqt+ea0ULucxZEDh+AIFIENzkANXIM6aAAMHsEzeAVvxpPxYrwbH9PWJWM2cwD+yPj8AeQfnWk=</latexit>

⌫(f) = min{d(f, g)| g : (Z2)
n ! Z2 linear}.

<latexit sha1_base64="ddN6SQcdDL4AGHvdFn1mAWhWDwg="></latexit><latexit sha1_base64="ddN6SQcdDL4AGHvdFn1mAWhWDwg="></latexit><latexit sha1_base64="ddN6SQcdDL4AGHvdFn1mAWhWDwg="></latexit><latexit sha1_base64="ddN6SQcdDL4AGHvdFn1mAWhWDwg="></latexit>

psuc > 0.75
<latexit sha1_base64="V7u28PcuxNNoJsWg3EC0+uNfzfI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozotSVFN24rGAv0A4lk2ba0Ewm5CKUoa/hxoUibn0Zd76NaTsLbf0h8PGfczgnfyQ508b3v73C2vrG5lZxu7Szu7d/UD48aunUKkKbJOWp6kRYU84EbRpmOO1IRXEScdqOxnezevuJKs1S8WgmkoYJHgoWM4KNs3qyn2lLpjd+tXbVL1f8qj8XWoUghwrkavTLX71BSmxChSEca90NfGnCDCvDCKfTUs9qKjEZ4yHtOhQ4oTrM5jdP0ZlzBihOlXvCoLn7eyLDidaTJHKdCTYjvVybmf/VutbE12HGhLSGCrJYFFuOTIpmAaABU5QYPnGAiWLuVkRGWGFiXEwlF0Kw/OVVaF1UA8cPl5X6bR5HEU7gFM4hgBrU4R4a0AQCEp7hFd486714797HorXg5TPH8Efe5w8Y95EM</latexit><latexit sha1_base64="V7u28PcuxNNoJsWg3EC0+uNfzfI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozotSVFN24rGAv0A4lk2ba0Ewm5CKUoa/hxoUibn0Zd76NaTsLbf0h8PGfczgnfyQ508b3v73C2vrG5lZxu7Szu7d/UD48aunUKkKbJOWp6kRYU84EbRpmOO1IRXEScdqOxnezevuJKs1S8WgmkoYJHgoWM4KNs3qyn2lLpjd+tXbVL1f8qj8XWoUghwrkavTLX71BSmxChSEca90NfGnCDCvDCKfTUs9qKjEZ4yHtOhQ4oTrM5jdP0ZlzBihOlXvCoLn7eyLDidaTJHKdCTYjvVybmf/VutbE12HGhLSGCrJYFFuOTIpmAaABU5QYPnGAiWLuVkRGWGFiXEwlF0Kw/OVVaF1UA8cPl5X6bR5HEU7gFM4hgBrU4R4a0AQCEp7hFd486714797HorXg5TPH8Efe5w8Y95EM</latexit><latexit sha1_base64="V7u28PcuxNNoJsWg3EC0+uNfzfI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozotSVFN24rGAv0A4lk2ba0Ewm5CKUoa/hxoUibn0Zd76NaTsLbf0h8PGfczgnfyQ508b3v73C2vrG5lZxu7Szu7d/UD48aunUKkKbJOWp6kRYU84EbRpmOO1IRXEScdqOxnezevuJKs1S8WgmkoYJHgoWM4KNs3qyn2lLpjd+tXbVL1f8qj8XWoUghwrkavTLX71BSmxChSEca90NfGnCDCvDCKfTUs9qKjEZ4yHtOhQ4oTrM5jdP0ZlzBihOlXvCoLn7eyLDidaTJHKdCTYjvVybmf/VutbE12HGhLSGCrJYFFuOTIpmAaABU5QYPnGAiWLuVkRGWGFiXEwlF0Kw/OVVaF1UA8cPl5X6bR5HEU7gFM4hgBrU4R4a0AQCEp7hFd486714797HorXg5TPH8Efe5w8Y95EM</latexit><latexit sha1_base64="V7u28PcuxNNoJsWg3EC0+uNfzfI=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozotSVFN24rGAv0A4lk2ba0Ewm5CKUoa/hxoUibn0Zd76NaTsLbf0h8PGfczgnfyQ508b3v73C2vrG5lZxu7Szu7d/UD48aunUKkKbJOWp6kRYU84EbRpmOO1IRXEScdqOxnezevuJKs1S8WgmkoYJHgoWM4KNs3qyn2lLpjd+tXbVL1f8qj8XWoUghwrkavTLX71BSmxChSEca90NfGnCDCvDCKfTUs9qKjEZ4yHtOhQ4oTrM5jdP0ZlzBihOlXvCoLn7eyLDidaTJHKdCTYjvVybmf/VutbE12HGhLSGCrJYFFuOTIpmAaABU5QYPnGAiWLuVkRGWGFiXEwlF0Kw/OVVaF1UA8cPl5X6bR5HEU7gFM4hgBrU4R4a0AQCEp7hFd486714797HorXg5TPH8Efe5w8Y95EM</latexit>

LE � psuc � prevsuc

⌫(f)
<latexit sha1_base64="7HjFm8dCDuSD3MELnrFZsk8bdaw=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARqmCZEUGXRRFcuKhgL9CpJZOeaUMzmSHJFMow7+DGV3HjQhG3btz5NqaXhVZ/CHz5zzkk5/djzpR2nC8rt7C4tLySXy2srW9sbtnbO3UVJZJCjUY8kk2fKOBMQE0zzaEZSyChz6HhDy7H9cYQpGKRuNOjGNoh6QkWMEq0sTr20c2V1wPsBZLQNO6kKqHZcXyfShhm01uWeiIpBYdZxy46ZWci/BfcGRTRTNWO/el1I5qEIDTlRKmW68S6nRKpGeWQFbxEQUzogPSgZVCQEFQ7neyU4QPjdHEQSXOExhP350RKQqVGoW86Q6L7ar42Nv+rtRIdnLdTJuJEg6DTh4KEYx3hcUC4yyRQzUcGCJXM/BXTPjHxaBNjwYTgzq/8F+onZdfw7WmxcjGLI4/20D4qIRedoQq6RlVUQxQ9oCf0gl6tR+vZerPep605azazi37J+vgGLaGe+g==</latexit><latexit sha1_base64="7HjFm8dCDuSD3MELnrFZsk8bdaw=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARqmCZEUGXRRFcuKhgL9CpJZOeaUMzmSHJFMow7+DGV3HjQhG3btz5NqaXhVZ/CHz5zzkk5/djzpR2nC8rt7C4tLySXy2srW9sbtnbO3UVJZJCjUY8kk2fKOBMQE0zzaEZSyChz6HhDy7H9cYQpGKRuNOjGNoh6QkWMEq0sTr20c2V1wPsBZLQNO6kKqHZcXyfShhm01uWeiIpBYdZxy46ZWci/BfcGRTRTNWO/el1I5qEIDTlRKmW68S6nRKpGeWQFbxEQUzogPSgZVCQEFQ7neyU4QPjdHEQSXOExhP350RKQqVGoW86Q6L7ar42Nv+rtRIdnLdTJuJEg6DTh4KEYx3hcUC4yyRQzUcGCJXM/BXTPjHxaBNjwYTgzq/8F+onZdfw7WmxcjGLI4/20D4qIRedoQq6RlVUQxQ9oCf0gl6tR+vZerPep605azazi37J+vgGLaGe+g==</latexit><latexit sha1_base64="7HjFm8dCDuSD3MELnrFZsk8bdaw=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARqmCZEUGXRRFcuKhgL9CpJZOeaUMzmSHJFMow7+DGV3HjQhG3btz5NqaXhVZ/CHz5zzkk5/djzpR2nC8rt7C4tLySXy2srW9sbtnbO3UVJZJCjUY8kk2fKOBMQE0zzaEZSyChz6HhDy7H9cYQpGKRuNOjGNoh6QkWMEq0sTr20c2V1wPsBZLQNO6kKqHZcXyfShhm01uWeiIpBYdZxy46ZWci/BfcGRTRTNWO/el1I5qEIDTlRKmW68S6nRKpGeWQFbxEQUzogPSgZVCQEFQ7neyU4QPjdHEQSXOExhP350RKQqVGoW86Q6L7ar42Nv+rtRIdnLdTJuJEg6DTh4KEYx3hcUC4yyRQzUcGCJXM/BXTPjHxaBNjwYTgzq/8F+onZdfw7WmxcjGLI4/20D4qIRedoQq6RlVUQxQ9oCf0gl6tR+vZerPep605azazi37J+vgGLaGe+g==</latexit><latexit sha1_base64="7HjFm8dCDuSD3MELnrFZsk8bdaw=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARqmCZEUGXRRFcuKhgL9CpJZOeaUMzmSHJFMow7+DGV3HjQhG3btz5NqaXhVZ/CHz5zzkk5/djzpR2nC8rt7C4tLySXy2srW9sbtnbO3UVJZJCjUY8kk2fKOBMQE0zzaEZSyChz6HhDy7H9cYQpGKRuNOjGNoh6QkWMEq0sTr20c2V1wPsBZLQNO6kKqHZcXyfShhm01uWeiIpBYdZxy46ZWci/BfcGRTRTNWO/el1I5qEIDTlRKmW68S6nRKpGeWQFbxEQUzogPSgZVCQEFQ7neyU4QPjdHEQSXOExhP350RKQqVGoW86Q6L7ar42Nv+rtRIdnLdTJuJEg6DTh4KEYx3hcUC4yyRQzUcGCJXM/BXTPjHxaBNjwYTgzq/8F+onZdfw7WmxcjGLI4/20D4qIRedoQq6RlVUQxQ9oCf0gl6tR+vZerPep605azazi37J+vgGLaGe+g==</latexit>
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Sources of computational advantages

Sources of computational advantages

Quantum mechanicsIrreversibility



Which features of quantum mechanics are responsible for the 
computational advantage?

• Kochen- Specker Contextuality.         
Contexts (different sets of commuting projectors) are not present.

• Generalized Contextuality.            
Contexts (different operationally equivalent decompositions of a 
quantum channel, state or measurement element) are not present.

• Non-locality.       
Just one party.

• …?

Sources of computational advantages

Quantum advantages



Sequential transformation noncontextuality

Sources of computational advantages

• Context = sequence of transformations,

• Same gate in different contexts has the same ontological representation:   

• Theorem.
A sequential transformation noncontextual l2-ontological model cannot in 
general represent the CHSH* protocol in the unitary setting (                    ).

Contextuality (with the assumption of l2-ontology) is a resource for the game.

S. Mansfield, E. Kashefi, PRL 121, 230401 (2018)

C = {Ui}ti=1.
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�U(C) = �U(C0) .
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psuc > 0.75
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Contextual fraction

• Empirical model: for every context a distribution over possible outcomes.

• Given an empirical model    , compute               over all decompositions

Contextual fraction:

• Theorem. 
Given                              and a l2-TBQC protocol (e.g. CHSH* protocol) that uses 
the empirical model     to compute     with average success probability              
and corresponding failure probability
Then

• Same relation for CF and LE!!

S. Abramsky, R. S. Barbosa, S. Mansfield PRL 119, 050504 (2017)

e
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CF = 1�max�.
<latexit sha1_base64="C10Zj0MamtXhPwPTH4t23Ob1008=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWBIRdCMUC+Kygn1AE8rNZNoOnUzCzEQtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnHu6dEyScKe0439bS8srq2npho7i5tb2za5f2mipOJaENEvNYtgNQlDNBG5ppTtuJpBAFnLaCYW3it+6pVCwWd3qUUD+CvmA9RkAbqWuXateX7okXwaPHTSqEStcuOxVnCrxI3JyUUY561/7ywpikERWacFCq4zqJ9jOQmhFOx0UvVTQBMoQ+7RgqIKLKz6anj/GRUULci6V5QuOp+juRQaTUKArMZAR6oOa9ifif10l178LPmEhSTQWZLeqlHOsYT3rAIZOUaD4yBIhk5lZMBiCBaNNW0ZTgzn95kTRPK67ht2fl6lVeRwEdoEN0jFx0jqroBtVRAxH0gJ7RK3qznqwX6936mI0uWXlmH/2B9fkDwvOTBg==</latexit><latexit sha1_base64="C10Zj0MamtXhPwPTH4t23Ob1008=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWBIRdCMUC+Kygn1AE8rNZNoOnUzCzEQtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnHu6dEyScKe0439bS8srq2npho7i5tb2za5f2mipOJaENEvNYtgNQlDNBG5ppTtuJpBAFnLaCYW3it+6pVCwWd3qUUD+CvmA9RkAbqWuXateX7okXwaPHTSqEStcuOxVnCrxI3JyUUY561/7ywpikERWacFCq4zqJ9jOQmhFOx0UvVTQBMoQ+7RgqIKLKz6anj/GRUULci6V5QuOp+juRQaTUKArMZAR6oOa9ifif10l178LPmEhSTQWZLeqlHOsYT3rAIZOUaD4yBIhk5lZMBiCBaNNW0ZTgzn95kTRPK67ht2fl6lVeRwEdoEN0jFx0jqroBtVRAxH0gJ7RK3qznqwX6936mI0uWXlmH/2B9fkDwvOTBg==</latexit><latexit sha1_base64="C10Zj0MamtXhPwPTH4t23Ob1008=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWBIRdCMUC+Kygn1AE8rNZNoOnUzCzEQtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnHu6dEyScKe0439bS8srq2npho7i5tb2za5f2mipOJaENEvNYtgNQlDNBG5ppTtuJpBAFnLaCYW3it+6pVCwWd3qUUD+CvmA9RkAbqWuXateX7okXwaPHTSqEStcuOxVnCrxI3JyUUY561/7ywpikERWacFCq4zqJ9jOQmhFOx0UvVTQBMoQ+7RgqIKLKz6anj/GRUULci6V5QuOp+juRQaTUKArMZAR6oOa9ifif10l178LPmEhSTQWZLeqlHOsYT3rAIZOUaD4yBIhk5lZMBiCBaNNW0ZTgzn95kTRPK67ht2fl6lVeRwEdoEN0jFx0jqroBtVRAxH0gJ7RK3qznqwX6936mI0uWXlmH/2B9fkDwvOTBg==</latexit><latexit sha1_base64="C10Zj0MamtXhPwPTH4t23Ob1008=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWBIRdCMUC+Kygn1AE8rNZNoOnUzCzEQtsZ/ixoUibv0Sd/6N0zYLbT0wcDjnHu6dEyScKe0439bS8srq2npho7i5tb2za5f2mipOJaENEvNYtgNQlDNBG5ppTtuJpBAFnLaCYW3it+6pVCwWd3qUUD+CvmA9RkAbqWuXateX7okXwaPHTSqEStcuOxVnCrxI3JyUUY561/7ywpikERWacFCq4zqJ9jOQmhFOx0UvVTQBMoQ+7RgqIKLKz6anj/GRUULci6V5QuOp+juRQaTUKArMZAR6oOa9ifif10l178LPmEhSTQWZLeqlHOsYT3rAIZOUaD4yBIhk5lZMBiCBaNNW0ZTgzn95kTRPK67ht2fl6lVeRwEdoEN0jFx0jqroBtVRAxH0gJ7RK3qznqwX6936mI0uWXlmH/2B9fkDwvOTBg==</latexit>

max�
<latexit sha1_base64="RZoHnVWQiDqIFJHL1kDnWZjKwng=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZodzJZNrQZDIkGbEM/Qw3LhRx69e4829M21lo64HA4Zxzyb0nyjjTxnW/ncra+sbmVnW7trO7t39QPzzqapkrQjtEcqn6EWjKWUo7hhlO+5miICJOe9H4dub3HqnSTKYPZpLRUMAwZQkjYKzkBwKeAm7jMQzqDbfpzoFXiVeSBirRHtS/gliSXNDUEA5a+56bmbAAZRjhdFoLck0zIGMYUt/SFATVYTFfeYrPrBLjRCr7UoPn6u+JAoTWExHZpAAz0sveTPzP83OTXIcFS7Pc0JQsPkpyjo3Es/txzBQlhk8sAaKY3RWTESggxrZUsyV4yyevku5F07P8/rLRuinrqKITdIrOkYeuUAvdoTbqIIIkekav6M0xzovz7nwsohWnnDlGf+B8/gBYBZFH</latexit><latexit sha1_base64="RZoHnVWQiDqIFJHL1kDnWZjKwng=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZodzJZNrQZDIkGbEM/Qw3LhRx69e4829M21lo64HA4Zxzyb0nyjjTxnW/ncra+sbmVnW7trO7t39QPzzqapkrQjtEcqn6EWjKWUo7hhlO+5miICJOe9H4dub3HqnSTKYPZpLRUMAwZQkjYKzkBwKeAm7jMQzqDbfpzoFXiVeSBirRHtS/gliSXNDUEA5a+56bmbAAZRjhdFoLck0zIGMYUt/SFATVYTFfeYrPrBLjRCr7UoPn6u+JAoTWExHZpAAz0sveTPzP83OTXIcFS7Pc0JQsPkpyjo3Es/txzBQlhk8sAaKY3RWTESggxrZUsyV4yyevku5F07P8/rLRuinrqKITdIrOkYeuUAvdoTbqIIIkekav6M0xzovz7nwsohWnnDlGf+B8/gBYBZFH</latexit><latexit sha1_base64="RZoHnVWQiDqIFJHL1kDnWZjKwng=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZodzJZNrQZDIkGbEM/Qw3LhRx69e4829M21lo64HA4Zxzyb0nyjjTxnW/ncra+sbmVnW7trO7t39QPzzqapkrQjtEcqn6EWjKWUo7hhlO+5miICJOe9H4dub3HqnSTKYPZpLRUMAwZQkjYKzkBwKeAm7jMQzqDbfpzoFXiVeSBirRHtS/gliSXNDUEA5a+56bmbAAZRjhdFoLck0zIGMYUt/SFATVYTFfeYrPrBLjRCr7UoPn6u+JAoTWExHZpAAz0sveTPzP83OTXIcFS7Pc0JQsPkpyjo3Es/txzBQlhk8sAaKY3RWTESggxrZUsyV4yyevku5F07P8/rLRuinrqKITdIrOkYeuUAvdoTbqIIIkekav6M0xzovz7nwsohWnnDlGf+B8/gBYBZFH</latexit><latexit sha1_base64="RZoHnVWQiDqIFJHL1kDnWZjKwng=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZodzJZNrQZDIkGbEM/Qw3LhRx69e4829M21lo64HA4Zxzyb0nyjjTxnW/ncra+sbmVnW7trO7t39QPzzqapkrQjtEcqn6EWjKWUo7hhlO+5miICJOe9H4dub3HqnSTKYPZpLRUMAwZQkjYKzkBwKeAm7jMQzqDbfpzoFXiVeSBirRHtS/gliSXNDUEA5a+56bmbAAZRjhdFoLck0zIGMYUt/SFATVYTFfeYrPrBLjRCr7UoPn6u+JAoTWExHZpAAz0sveTPzP83OTXIcFS7Pc0JQsPkpyjo3Es/txzBQlhk8sAaKY3RWTESggxrZUsyV4yyevku5F07P8/rLRuinrqKITdIrOkYeuUAvdoTbqIIIkekav6M0xzovz7nwsohWnnDlGf+B8/gBYBZFH</latexit>

e = �eNC + (1� �)e0.
<latexit sha1_base64="M0UYEEeM6lKA6X/2DlzfbVXo9Es=">AAACDHicbVDLSgMxFM3UV62vqks3wSJWxDIjgm6EYjeupIJ9QDuWTOa2Dc1khiQjlKEf4MZfceNCEbd+gDv/xrSdhbYeCBzOOZebe7yIM6Vt+9vKLCwuLa9kV3Nr6xubW/ntnboKY0mhRkMeyqZHFHAmoKaZ5tCMJJDA49DwBpWx33gAqVgo7vQwAjcgPcG6jBJtpE6+AJe4zU3eJxjuk5vKCB/jonOSakcYDksmZZfsCfA8cVJSQCmqnfxX2w9pHIDQlBOlWo4daTchUjPKYZRrxwoiQgekBy1DBQlAucnkmBE+MIqPu6E0T2g8UX9PJCRQahh4JhkQ3Vez3lj8z2vFunvhJkxEsQZBp4u6Mcc6xONmsM8kUM2HhhAqmfkrpn0iCdWmv5wpwZk9eZ7UT0uO4bdnhfJVWkcW7aF9VEQOOkdldI2qqIYoekTP6BW9WU/Wi/VufUyjGSud2UV/YH3+AGhCmKU=</latexit><latexit sha1_base64="M0UYEEeM6lKA6X/2DlzfbVXo9Es=">AAACDHicbVDLSgMxFM3UV62vqks3wSJWxDIjgm6EYjeupIJ9QDuWTOa2Dc1khiQjlKEf4MZfceNCEbd+gDv/xrSdhbYeCBzOOZebe7yIM6Vt+9vKLCwuLa9kV3Nr6xubW/ntnboKY0mhRkMeyqZHFHAmoKaZ5tCMJJDA49DwBpWx33gAqVgo7vQwAjcgPcG6jBJtpE6+AJe4zU3eJxjuk5vKCB/jonOSakcYDksmZZfsCfA8cVJSQCmqnfxX2w9pHIDQlBOlWo4daTchUjPKYZRrxwoiQgekBy1DBQlAucnkmBE+MIqPu6E0T2g8UX9PJCRQahh4JhkQ3Vez3lj8z2vFunvhJkxEsQZBp4u6Mcc6xONmsM8kUM2HhhAqmfkrpn0iCdWmv5wpwZk9eZ7UT0uO4bdnhfJVWkcW7aF9VEQOOkdldI2qqIYoekTP6BW9WU/Wi/VufUyjGSud2UV/YH3+AGhCmKU=</latexit><latexit sha1_base64="M0UYEEeM6lKA6X/2DlzfbVXo9Es=">AAACDHicbVDLSgMxFM3UV62vqks3wSJWxDIjgm6EYjeupIJ9QDuWTOa2Dc1khiQjlKEf4MZfceNCEbd+gDv/xrSdhbYeCBzOOZebe7yIM6Vt+9vKLCwuLa9kV3Nr6xubW/ntnboKY0mhRkMeyqZHFHAmoKaZ5tCMJJDA49DwBpWx33gAqVgo7vQwAjcgPcG6jBJtpE6+AJe4zU3eJxjuk5vKCB/jonOSakcYDksmZZfsCfA8cVJSQCmqnfxX2w9pHIDQlBOlWo4daTchUjPKYZRrxwoiQgekBy1DBQlAucnkmBE+MIqPu6E0T2g8UX9PJCRQahh4JhkQ3Vez3lj8z2vFunvhJkxEsQZBp4u6Mcc6xONmsM8kUM2HhhAqmfkrpn0iCdWmv5wpwZk9eZ7UT0uO4bdnhfJVWkcW7aF9VEQOOkdldI2qqIYoekTP6BW9WU/Wi/VufUyjGSud2UV/YH3+AGhCmKU=</latexit><latexit sha1_base64="M0UYEEeM6lKA6X/2DlzfbVXo9Es=">AAACDHicbVDLSgMxFM3UV62vqks3wSJWxDIjgm6EYjeupIJ9QDuWTOa2Dc1khiQjlKEf4MZfceNCEbd+gDv/xrSdhbYeCBzOOZebe7yIM6Vt+9vKLCwuLa9kV3Nr6xubW/ntnboKY0mhRkMeyqZHFHAmoKaZ5tCMJJDA49DwBpWx33gAqVgo7vQwAjcgPcG6jBJtpE6+AJe4zU3eJxjuk5vKCB/jonOSakcYDksmZZfsCfA8cVJSQCmqnfxX2w9pHIDQlBOlWo4daTchUjPKYZRrxwoiQgekBy1DBQlAucnkmBE+MIqPu6E0T2g8UX9PJCRQahh4JhkQ3Vez3lj8z2vFunvhJkxEsQZBp4u6Mcc6xONmsM8kUM2HhhAqmfkrpn0iCdWmv5wpwZk9eZ7UT0uO4bdnhfJVWkcW7aF9VEQOOkdldI2qqIYoekTP6BW9WU/Wi/VufUyjGSud2UV/YH3+AGhCmKU=</latexit>

e
<latexit sha1_base64="CLsiyEWp0xtCLpPUdWHVggUcFvw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrSYOyhW36i5E1sHLoQK5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7FiWNUPvZYtEZubDOkISxsk8asnB/T2Q00noaBbYzomasV2tz879aLzXhjZ9xmaQGJVt+FKaCmJjMryZDrpAZMbVAmeJ2V8LGVFFmbDYlG4K3evI6tK+qnuXmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w/Jb4zp</latexit><latexit sha1_base64="CLsiyEWp0xtCLpPUdWHVggUcFvw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrSYOyhW36i5E1sHLoQK5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7FiWNUPvZYtEZubDOkISxsk8asnB/T2Q00noaBbYzomasV2tz879aLzXhjZ9xmaQGJVt+FKaCmJjMryZDrpAZMbVAmeJ2V8LGVFFmbDYlG4K3evI6tK+qnuXmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w/Jb4zp</latexit><latexit sha1_base64="CLsiyEWp0xtCLpPUdWHVggUcFvw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrSYOyhW36i5E1sHLoQK5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7FiWNUPvZYtEZubDOkISxsk8asnB/T2Q00noaBbYzomasV2tz879aLzXhjZ9xmaQGJVt+FKaCmJjMryZDrpAZMbVAmeJ2V8LGVFFmbDYlG4K3evI6tK+qnuXmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w/Jb4zp</latexit><latexit sha1_base64="CLsiyEWp0xtCLpPUdWHVggUcFvw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrSYOyhW36i5E1sHLoQK5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7FiWNUPvZYtEZubDOkISxsk8asnB/T2Q00noaBbYzomasV2tz879aLzXhjZ9xmaQGJVt+FKaCmJjMryZDrpAZMbVAmeJ2V8LGVFFmbDYlG4K3evI6tK+qnuXmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8EfO5w/Jb4zp</latexit> f : (Zd)

n ! Zd, psuc
<latexit sha1_base64="UkEuC0r4RststubgOIDkPg1G3R8=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds9mQzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRloKi77/7a2tb2xubZd2yrt7+weHlaPjlk0zw3iTpTI1nYhaLoXiTRQoeUcbTpNI8nY0vpvV20/cWJGqR5xoHiZ0qEQsGEVntXU/txmb9itVv+bPRVYhKKAKhRr9yldvkLIs4QqZpNZ2A19jmFODgkk+LfcyyzVlYzrkXYeKJtyG+XzdKTl3zoDEqXFPIZm7vydymlg7SSLXmVAc2eXazPyv1s0wvglzoXSGXLHFR3EmCaZkdjsZCMMZyokDyoxwuxI2ooYydAmVXQjB8smr0LqsBY4frqr12yKOEpzCGVxAANdQh3toQBMYjOEZXuHN096L9+59LFrXvGLmBP7I+/wBvnGP0g==</latexit><latexit sha1_base64="UkEuC0r4RststubgOIDkPg1G3R8=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds9mQzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRloKi77/7a2tb2xubZd2yrt7+weHlaPjlk0zw3iTpTI1nYhaLoXiTRQoeUcbTpNI8nY0vpvV20/cWJGqR5xoHiZ0qEQsGEVntXU/txmb9itVv+bPRVYhKKAKhRr9yldvkLIs4QqZpNZ2A19jmFODgkk+LfcyyzVlYzrkXYeKJtyG+XzdKTl3zoDEqXFPIZm7vydymlg7SSLXmVAc2eXazPyv1s0wvglzoXSGXLHFR3EmCaZkdjsZCMMZyokDyoxwuxI2ooYydAmVXQjB8smr0LqsBY4frqr12yKOEpzCGVxAANdQh3toQBMYjOEZXuHN096L9+59LFrXvGLmBP7I+/wBvnGP0g==</latexit><latexit sha1_base64="UkEuC0r4RststubgOIDkPg1G3R8=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds9mQzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRloKi77/7a2tb2xubZd2yrt7+weHlaPjlk0zw3iTpTI1nYhaLoXiTRQoeUcbTpNI8nY0vpvV20/cWJGqR5xoHiZ0qEQsGEVntXU/txmb9itVv+bPRVYhKKAKhRr9yldvkLIs4QqZpNZ2A19jmFODgkk+LfcyyzVlYzrkXYeKJtyG+XzdKTl3zoDEqXFPIZm7vydymlg7SSLXmVAc2eXazPyv1s0wvglzoXSGXLHFR3EmCaZkdjsZCMMZyokDyoxwuxI2ooYydAmVXQjB8smr0LqsBY4frqr12yKOEpzCGVxAANdQh3toQBMYjOEZXuHN096L9+59LFrXvGLmBP7I+/wBvnGP0g==</latexit><latexit sha1_base64="UkEuC0r4RststubgOIDkPg1G3R8=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds9mQzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRloKi77/7a2tb2xubZd2yrt7+weHlaPjlk0zw3iTpTI1nYhaLoXiTRQoeUcbTpNI8nY0vpvV20/cWJGqR5xoHiZ0qEQsGEVntXU/txmb9itVv+bPRVYhKKAKhRr9yldvkLIs4QqZpNZ2A19jmFODgkk+LfcyyzVlYzrkXYeKJtyG+XzdKTl3zoDEqXFPIZm7vydymlg7SSLXmVAc2eXazPyv1s0wvglzoXSGXLHFR3EmCaZkdjsZCMMZyokDyoxwuxI2ooYydAmVXQjB8smr0LqsBY4frqr12yKOEpzCGVxAANdQh3toQBMYjOEZXuHN096L9+59LFrXvGLmBP7I+/wBvnGP0g==</latexit>

pfail = 1� psuc.
<latexit sha1_base64="+czULmc4/evNjFPUR/D/ku+RvCY=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpZrAIbiyJCLoRim5cVrAXaEOYTCft0MkkzEyEEOKruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+QcKa043xbK6tr6xubla3q9s7u3r59cNhRcSoJbZOYx7IXYEU5E7Stmea0l0iKo4DTbjC5nda7j1QqFosHnSXUi/BIsJARrI3l27XEz0PMeHHtnhlUKSkavl13Gs5MaBncEupQquXbX4NhTNKICk04VqrvOon2ciw1I5wW1UGqaILJBI9o36DAEVVePju+QCfGGaIwluYJjWbu74kcR0plUWA6I6zHarE2Nf+r9VMdXnk5E0mqqSDzRWHKkY7RNAk0ZJISzTMDmEhmbkVkjCUm2uRVNSG4i19ehs55wzV8f1Fv3pRxVOAIjuEUXLiEJtxBC9pAIINneIU368l6sd6tj3nrilXO1OCPrM8ffx2Upw==</latexit><latexit sha1_base64="+czULmc4/evNjFPUR/D/ku+RvCY=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpZrAIbiyJCLoRim5cVrAXaEOYTCft0MkkzEyEEOKruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+QcKa043xbK6tr6xubla3q9s7u3r59cNhRcSoJbZOYx7IXYEU5E7Stmea0l0iKo4DTbjC5nda7j1QqFosHnSXUi/BIsJARrI3l27XEz0PMeHHtnhlUKSkavl13Gs5MaBncEupQquXbX4NhTNKICk04VqrvOon2ciw1I5wW1UGqaILJBI9o36DAEVVePju+QCfGGaIwluYJjWbu74kcR0plUWA6I6zHarE2Nf+r9VMdXnk5E0mqqSDzRWHKkY7RNAk0ZJISzTMDmEhmbkVkjCUm2uRVNSG4i19ehs55wzV8f1Fv3pRxVOAIjuEUXLiEJtxBC9pAIINneIU368l6sd6tj3nrilXO1OCPrM8ffx2Upw==</latexit><latexit sha1_base64="+czULmc4/evNjFPUR/D/ku+RvCY=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpZrAIbiyJCLoRim5cVrAXaEOYTCft0MkkzEyEEOKruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+QcKa043xbK6tr6xubla3q9s7u3r59cNhRcSoJbZOYx7IXYEU5E7Stmea0l0iKo4DTbjC5nda7j1QqFosHnSXUi/BIsJARrI3l27XEz0PMeHHtnhlUKSkavl13Gs5MaBncEupQquXbX4NhTNKICk04VqrvOon2ciw1I5wW1UGqaILJBI9o36DAEVVePju+QCfGGaIwluYJjWbu74kcR0plUWA6I6zHarE2Nf+r9VMdXnk5E0mqqSDzRWHKkY7RNAk0ZJISzTMDmEhmbkVkjCUm2uRVNSG4i19ehs55wzV8f1Fv3pRxVOAIjuEUXLiEJtxBC9pAIINneIU368l6sd6tj3nrilXO1OCPrM8ffx2Upw==</latexit><latexit sha1_base64="+czULmc4/evNjFPUR/D/ku+RvCY=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpZrAIbiyJCLoRim5cVrAXaEOYTCft0MkkzEyEEOKruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+QcKa043xbK6tr6xubla3q9s7u3r59cNhRcSoJbZOYx7IXYEU5E7Stmea0l0iKo4DTbjC5nda7j1QqFosHnSXUi/BIsJARrI3l27XEz0PMeHHtnhlUKSkavl13Gs5MaBncEupQquXbX4NhTNKICk04VqrvOon2ciw1I5wW1UGqaILJBI9o36DAEVVePju+QCfGGaIwluYJjWbu74kcR0plUWA6I6zHarE2Nf+r9VMdXnk5E0mqqSDzRWHKkY7RNAk0ZJISzTMDmEhmbkVkjCUm2uRVNSG4i19ehs55wzV8f1Fv3pRxVOAIjuEUXLiEJtxBC9pAIINneIU368l6sd6tj3nrilXO1OCPrM8ffx2Upw==</latexit>

f : (Z2)
n ! Z2

<latexit sha1_base64="ILwFOot195VVDf3LcGoB5GQHnZ4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqC4KrpxWcFesIlhMp20QyeTMDNRSuhDuPFV3LhQxK0Ld76NkzaL2npg4OP/z2HO+f2YUaks68coLC2vrK4V10sbm1vbO+buXktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vAq89sPREga8Vs1iokboj6nAcVIackzT4ILWHFCpAa+n96NvdrxPXcE7Q8UEiJ6hLOWZ5atqjUpuAh2DmWQV8Mzv51ehJOQcIUZkrJrW7FyUyQUxYyMS04iSYzwEPVJVyNHIZFuOjlqDI+00oNBJPTjCk7U2YkUhVKOQl93ZjvKeS8T//O6iQrO3ZTyOFGE4+lHQcKgimCWEOxRQbBiIw0IC6p3hXiABMJK51jSIdjzJy9Cq1a1Nd+cluuXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL0AgnlU=</latexit><latexit sha1_base64="ILwFOot195VVDf3LcGoB5GQHnZ4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqC4KrpxWcFesIlhMp20QyeTMDNRSuhDuPFV3LhQxK0Ld76NkzaL2npg4OP/z2HO+f2YUaks68coLC2vrK4V10sbm1vbO+buXktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vAq89sPREga8Vs1iokboj6nAcVIackzT4ILWHFCpAa+n96NvdrxPXcE7Q8UEiJ6hLOWZ5atqjUpuAh2DmWQV8Mzv51ehJOQcIUZkrJrW7FyUyQUxYyMS04iSYzwEPVJVyNHIZFuOjlqDI+00oNBJPTjCk7U2YkUhVKOQl93ZjvKeS8T//O6iQrO3ZTyOFGE4+lHQcKgimCWEOxRQbBiIw0IC6p3hXiABMJK51jSIdjzJy9Cq1a1Nd+cluuXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL0AgnlU=</latexit><latexit sha1_base64="ILwFOot195VVDf3LcGoB5GQHnZ4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqC4KrpxWcFesIlhMp20QyeTMDNRSuhDuPFV3LhQxK0Ld76NkzaL2npg4OP/z2HO+f2YUaks68coLC2vrK4V10sbm1vbO+buXktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vAq89sPREga8Vs1iokboj6nAcVIackzT4ILWHFCpAa+n96NvdrxPXcE7Q8UEiJ6hLOWZ5atqjUpuAh2DmWQV8Mzv51ehJOQcIUZkrJrW7FyUyQUxYyMS04iSYzwEPVJVyNHIZFuOjlqDI+00oNBJPTjCk7U2YkUhVKOQl93ZjvKeS8T//O6iQrO3ZTyOFGE4+lHQcKgimCWEOxRQbBiIw0IC6p3hXiABMJK51jSIdjzJy9Cq1a1Nd+cluuXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL0AgnlU=</latexit><latexit sha1_base64="ILwFOot195VVDf3LcGoB5GQHnZ4=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKkJJiqC4KrpxWcFesIlhMp20QyeTMDNRSuhDuPFV3LhQxK0Ld76NkzaL2npg4OP/z2HO+f2YUaks68coLC2vrK4V10sbm1vbO+buXktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vAq89sPREga8Vs1iokboj6nAcVIackzT4ILWHFCpAa+n96NvdrxPXcE7Q8UEiJ6hLOWZ5atqjUpuAh2DmWQV8Mzv51ehJOQcIUZkrJrW7FyUyQUxYyMS04iSYzwEPVJVyNHIZFuOjlqDI+00oNBJPTjCk7U2YkUhVKOQl93ZjvKeS8T//O6iQrO3ZTyOFGE4+lHQcKgimCWEOxRQbBiIw0IC6p3hXiABMJK51jSIdjzJy9Cq1a1Nd+cluuXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL0AgnlU=</latexit>

pfail � (1� CF )⌫(f).
<latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit>

Sources of computational advantages



Sources of computational advantages

Sources of computational advantages

Quantum mechanicsIrreversibility

pfail � (1� CF )⌫(f).
<latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit>

pfail � (1� LE)⌫(f)
<latexit sha1_base64="k+SqkPnsJoSCynMkwVEdZ8CG+9s=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhHZhSUTQZVEEFy4q2As0pUymJ+3QySTMTIQS6sZXceNCEbe+hTvfxmmbhbb+MPDxn3M4c34/5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBqUm8+gFQsEvd6FEMnJH3BAkaJNlbXPoi7aUAYH3t9wCX35Pa67ImkFJS7dtGpOFPhRXAzKKJMta795fUimoQgNOVEqbbrxLqTEqkZ5TAueImCmNAh6UPboCAhqE46vWCMj43Tw0EkzRMaT93fEykJlRqFvukMiR6o+drE/K/WTnRw0UmZiBMNgs4WBQnHOsKTOHCPSaCajwwQKpn5K6YDIgnVJrSCCcGdP3kRGqcV1/DdWbF6mcWRR4foCJWQi85RFd2gGqojih7RM3pFb9aT9WK9Wx+z1pyVzeyjP7I+fwBRG5V8</latexit><latexit sha1_base64="k+SqkPnsJoSCynMkwVEdZ8CG+9s=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhHZhSUTQZVEEFy4q2As0pUymJ+3QySTMTIQS6sZXceNCEbe+hTvfxmmbhbb+MPDxn3M4c34/5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBqUm8+gFQsEvd6FEMnJH3BAkaJNlbXPoi7aUAYH3t9wCX35Pa67ImkFJS7dtGpOFPhRXAzKKJMta795fUimoQgNOVEqbbrxLqTEqkZ5TAueImCmNAh6UPboCAhqE46vWCMj43Tw0EkzRMaT93fEykJlRqFvukMiR6o+drE/K/WTnRw0UmZiBMNgs4WBQnHOsKTOHCPSaCajwwQKpn5K6YDIgnVJrSCCcGdP3kRGqcV1/DdWbF6mcWRR4foCJWQi85RFd2gGqojih7RM3pFb9aT9WK9Wx+z1pyVzeyjP7I+fwBRG5V8</latexit><latexit sha1_base64="k+SqkPnsJoSCynMkwVEdZ8CG+9s=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhHZhSUTQZVEEFy4q2As0pUymJ+3QySTMTIQS6sZXceNCEbe+hTvfxmmbhbb+MPDxn3M4c34/5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBqUm8+gFQsEvd6FEMnJH3BAkaJNlbXPoi7aUAYH3t9wCX35Pa67ImkFJS7dtGpOFPhRXAzKKJMta795fUimoQgNOVEqbbrxLqTEqkZ5TAueImCmNAh6UPboCAhqE46vWCMj43Tw0EkzRMaT93fEykJlRqFvukMiR6o+drE/K/WTnRw0UmZiBMNgs4WBQnHOsKTOHCPSaCajwwQKpn5K6YDIgnVJrSCCcGdP3kRGqcV1/DdWbF6mcWRR4foCJWQi85RFd2gGqojih7RM3pFb9aT9WK9Wx+z1pyVzeyjP7I+fwBRG5V8</latexit><latexit sha1_base64="k+SqkPnsJoSCynMkwVEdZ8CG+9s=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhHZhSUTQZVEEFy4q2As0pUymJ+3QySTMTIQS6sZXceNCEbe+hTvfxmmbhbb+MPDxn3M4c34/5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBqUm8+gFQsEvd6FEMnJH3BAkaJNlbXPoi7aUAYH3t9wCX35Pa67ImkFJS7dtGpOFPhRXAzKKJMta795fUimoQgNOVEqbbrxLqTEqkZ5TAueImCmNAh6UPboCAhqE46vWCMj43Tw0EkzRMaT93fEykJlRqFvukMiR6o+drE/K/WTnRw0UmZiBMNgs4WBQnHOsKTOHCPSaCajwwQKpn5K6YDIgnVJrSCCcGdP3kRGqcV1/DdWbF6mcWRR4foCJWQi85RFd2gGqojih7RM3pFb9aT9WK9Wx+z1pyVzeyjP7I+fwBRG5V8</latexit>



2-bits parity oblivious multiplexing

Alice Bob

• Bob needs to know one of 2 bits. Alice does not know which one.

• Goal: maximize the least probability of success.

• Constraint: Alice cannot communicate the parity of the 2 bits.

• Optimal strategy with bits achieves                     With qubits psuc = 0.75. psuc ⇡ 0.85.

Sources of computational advantages

2 bits encoded in 1 (qu)bit
<latexit sha1_base64="LY7EmFUptJjlXJD2732deOE6EtY=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxC3ZSZIih0U3TjsoK9QGcomUymDc0kY5IRytDncOOruHGhiDtx49uYdmahrQcO+fKfc0jOHySMKu0439bK6tr6xmZpq7y9s7u3bx8cdpRIJSZtLJiQvQApwignbU01I71EEhQHjHSD8fWs3n0gUlHB7/QkIX6MhpxGFCNtpIHt1qHX8BowoFrlRDgWIQnzC+X56Zqs3qdnpm1gV5yaMw+4DG4BFVBEa2B/eqHAaUy4xgwp1XedRPsZkppiRqZlL1UkQXiMhqRvkKOYKD+brzaFp0YJYSSkSa7hXP09kaFYqUkcmM4Y6ZFarM3E/2r9VEeXfkZ5kmqzcf5QlDKoBZz5BEMqCdZsYgBhSc1fIR4hibA2bpaNCe7iysvQqddcw7fnleZVYUcJHIMTUAUuuABNcANaoA0weATP4BW8WU/Wi/VufeStK1YxcwT+hPX1AyyOnTg=</latexit><latexit sha1_base64="LY7EmFUptJjlXJD2732deOE6EtY=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxC3ZSZIih0U3TjsoK9QGcomUymDc0kY5IRytDncOOruHGhiDtx49uYdmahrQcO+fKfc0jOHySMKu0439bK6tr6xmZpq7y9s7u3bx8cdpRIJSZtLJiQvQApwignbU01I71EEhQHjHSD8fWs3n0gUlHB7/QkIX6MhpxGFCNtpIHt1qHX8BowoFrlRDgWIQnzC+X56Zqs3qdnpm1gV5yaMw+4DG4BFVBEa2B/eqHAaUy4xgwp1XedRPsZkppiRqZlL1UkQXiMhqRvkKOYKD+brzaFp0YJYSSkSa7hXP09kaFYqUkcmM4Y6ZFarM3E/2r9VEeXfkZ5kmqzcf5QlDKoBZz5BEMqCdZsYgBhSc1fIR4hibA2bpaNCe7iysvQqddcw7fnleZVYUcJHIMTUAUuuABNcANaoA0weATP4BW8WU/Wi/VufeStK1YxcwT+hPX1AyyOnTg=</latexit><latexit sha1_base64="LY7EmFUptJjlXJD2732deOE6EtY=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxC3ZSZIih0U3TjsoK9QGcomUymDc0kY5IRytDncOOruHGhiDtx49uYdmahrQcO+fKfc0jOHySMKu0439bK6tr6xmZpq7y9s7u3bx8cdpRIJSZtLJiQvQApwignbU01I71EEhQHjHSD8fWs3n0gUlHB7/QkIX6MhpxGFCNtpIHt1qHX8BowoFrlRDgWIQnzC+X56Zqs3qdnpm1gV5yaMw+4DG4BFVBEa2B/eqHAaUy4xgwp1XedRPsZkppiRqZlL1UkQXiMhqRvkKOYKD+brzaFp0YJYSSkSa7hXP09kaFYqUkcmM4Y6ZFarM3E/2r9VEeXfkZ5kmqzcf5QlDKoBZz5BEMqCdZsYgBhSc1fIR4hibA2bpaNCe7iysvQqddcw7fnleZVYUcJHIMTUAUuuABNcANaoA0weATP4BW8WU/Wi/VufeStK1YxcwT+hPX1AyyOnTg=</latexit><latexit sha1_base64="LY7EmFUptJjlXJD2732deOE6EtY=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxC3ZSZIih0U3TjsoK9QGcomUymDc0kY5IRytDncOOruHGhiDtx49uYdmahrQcO+fKfc0jOHySMKu0439bK6tr6xmZpq7y9s7u3bx8cdpRIJSZtLJiQvQApwignbU01I71EEhQHjHSD8fWs3n0gUlHB7/QkIX6MhpxGFCNtpIHt1qHX8BowoFrlRDgWIQnzC+X56Zqs3qdnpm1gV5yaMw+4DG4BFVBEa2B/eqHAaUy4xgwp1XedRPsZkppiRqZlL1UkQXiMhqRvkKOYKD+brzaFp0YJYSSkSa7hXP09kaFYqUkcmM4Y6ZFarM3E/2r9VEeXfkZ5kmqzcf5QlDKoBZz5BEMqCdZsYgBhSc1fIR4hibA2bpaNCe7iysvQqddcw7fnleZVYUcJHIMTUAUuuABNcANaoA0weATP4BW8WU/Wi/VufeStK1YxcwT+hPX1AyyOnTg=</latexit>

R. W. Spekkens et al. PRL 102, 010401 (2009)



Sources of computational advantages

• Contexts = possible preparations      of a mixed state

• Operationally equivalent preparations are represented by the same ontological 
stochastic map:

µP (�) = µe(P )(�) 8P.⇢µP (�) = µe(P )(�) 8P.

P =
<latexit sha1_base64="sgjYzNnH0OK9v4wbWf3wV1fZryY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHrxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkey0czSdCP6FDykDNqrPXQINf9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU145WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wKrYuqZ/n+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+CPn8weBKI1F</latexit><latexit sha1_base64="sgjYzNnH0OK9v4wbWf3wV1fZryY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHrxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkey0czSdCP6FDykDNqrPXQINf9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU145WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wKrYuqZ/n+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+CPn8weBKI1F</latexit><latexit sha1_base64="sgjYzNnH0OK9v4wbWf3wV1fZryY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHrxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkey0czSdCP6FDykDNqrPXQINf9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU145WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wKrYuqZ/n+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+CPn8weBKI1F</latexit><latexit sha1_base64="sgjYzNnH0OK9v4wbWf3wV1fZryY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHrxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkey0czSdCP6FDykDNqrPXQINf9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU145WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wKrYuqZ/n+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+CPn8weBKI1F</latexit>

8 P, 8 � 2 ⌦.
<latexit sha1_base64="LocbZ8hZpooRkqXeEwHFw4oE2KU=">AAACGXicbVBNSwMxEM36WevXqkcvwSJ4kLIrgoKXohdvVrAf0F3KbDbbhmazS5IVytK/4cW/4sWDIh715L8xbRfU1gfJPN7MJDMvSDlT2nG+rIXFpeWV1dJaeX1jc2vb3tltqiSThDZIwhPZDkBRzgRtaKY5baeSQhxw2goGV+N8655KxRJxp4cp9WPoCRYxAtpIXdvxokQC59i7wPVjc5v4I3ncvBQC9pjA3k1Me1Dt2hWn6kyA54lbkAoqUO/aH16YkCymQhMOSnVcJ9V+DlIzwumo7GWKpkAG0KMdQwXEVPn5ZLMRPjRKiM085giNJ+rvjhxipYZxYCpj0H01mxuL/+U6mY7O/ZyJNNNUkOlHUcaxTvDYJhwySYnmQ0OASGZmxaQPEog2ZpaNCe7syvOkeVJ1Db89rdQuCztKaB8doCPkojNUQ9eojhqIoAf0hF7Qq/VoPVtv1vu0dMEqevbQH1if3+fPnl4=</latexit><latexit sha1_base64="LocbZ8hZpooRkqXeEwHFw4oE2KU=">AAACGXicbVBNSwMxEM36WevXqkcvwSJ4kLIrgoKXohdvVrAf0F3KbDbbhmazS5IVytK/4cW/4sWDIh715L8xbRfU1gfJPN7MJDMvSDlT2nG+rIXFpeWV1dJaeX1jc2vb3tltqiSThDZIwhPZDkBRzgRtaKY5baeSQhxw2goGV+N8655KxRJxp4cp9WPoCRYxAtpIXdvxokQC59i7wPVjc5v4I3ncvBQC9pjA3k1Me1Dt2hWn6kyA54lbkAoqUO/aH16YkCymQhMOSnVcJ9V+DlIzwumo7GWKpkAG0KMdQwXEVPn5ZLMRPjRKiM085giNJ+rvjhxipYZxYCpj0H01mxuL/+U6mY7O/ZyJNNNUkOlHUcaxTvDYJhwySYnmQ0OASGZmxaQPEog2ZpaNCe7syvOkeVJ1Db89rdQuCztKaB8doCPkojNUQ9eojhqIoAf0hF7Qq/VoPVtv1vu0dMEqevbQH1if3+fPnl4=</latexit><latexit sha1_base64="LocbZ8hZpooRkqXeEwHFw4oE2KU=">AAACGXicbVBNSwMxEM36WevXqkcvwSJ4kLIrgoKXohdvVrAf0F3KbDbbhmazS5IVytK/4cW/4sWDIh715L8xbRfU1gfJPN7MJDMvSDlT2nG+rIXFpeWV1dJaeX1jc2vb3tltqiSThDZIwhPZDkBRzgRtaKY5baeSQhxw2goGV+N8655KxRJxp4cp9WPoCRYxAtpIXdvxokQC59i7wPVjc5v4I3ncvBQC9pjA3k1Me1Dt2hWn6kyA54lbkAoqUO/aH16YkCymQhMOSnVcJ9V+DlIzwumo7GWKpkAG0KMdQwXEVPn5ZLMRPjRKiM085giNJ+rvjhxipYZxYCpj0H01mxuL/+U6mY7O/ZyJNNNUkOlHUcaxTvDYJhwySYnmQ0OASGZmxaQPEog2ZpaNCe7syvOkeVJ1Db89rdQuCztKaB8doCPkojNUQ9eojhqIoAf0hF7Qq/VoPVtv1vu0dMEqevbQH1if3+fPnl4=</latexit><latexit sha1_base64="LocbZ8hZpooRkqXeEwHFw4oE2KU=">AAACGXicbVBNSwMxEM36WevXqkcvwSJ4kLIrgoKXohdvVrAf0F3KbDbbhmazS5IVytK/4cW/4sWDIh715L8xbRfU1gfJPN7MJDMvSDlT2nG+rIXFpeWV1dJaeX1jc2vb3tltqiSThDZIwhPZDkBRzgRtaKY5baeSQhxw2goGV+N8655KxRJxp4cp9WPoCRYxAtpIXdvxokQC59i7wPVjc5v4I3ncvBQC9pjA3k1Me1Dt2hWn6kyA54lbkAoqUO/aH16YkCymQhMOSnVcJ9V+DlIzwumo7GWKpkAG0KMdQwXEVPn5ZLMRPjRKiM085giNJ+rvjhxipYZxYCpj0H01mxuL/+U6mY7O/ZyJNNNUkOlHUcaxTvDYJhwySYnmQ0OASGZmxaQPEog2ZpaNCe7syvOkeVJ1Db89rdQuCztKaB8doCPkojNUQ9eojhqIoAf0hF7Qq/VoPVtv1vu0dMEqevbQH1if3+fPnl4=</latexit>

a preparation of the state ⇢.
<latexit sha1_base64="Ja0taDl6vF8oqCiagc8S9EEjvL8=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCm4ttEvJpmkbmk2WZFYoS3+DFw+KePUHefPfmLZ70NYXAg/vzJCZN06lsOj7315pbX1jc6u8XdnZ3ds/qB4etazODOMh01Kbdkwtl0LxEAVK3k4Np0ks+WM8vp3VH5+4sUKrB5ykPEroUImBYBSdFXbNSNd71Zpf9+ciqxAUUINCzV71q9vXLEu4QiaptZ3ATzHKqUHBJJ9WupnlKWVjOuQdh4om3Eb5fNkpOXNOnwy0cU8hmbu/J3KaWDtJYteZUBzZ5drM/K/WyXBwHeVCpRlyxRYfDTJJUJPZ5aQvDGcoJw4oM8LtStiIGsrQ5VNxIQTLJ69C66IeOL6/rDVuijjKcAKncA4BXEED7qAJITAQ8Ayv8OYp78V79z4WrSWvmDmGP/I+fwCL9Y5/</latexit><latexit sha1_base64="Ja0taDl6vF8oqCiagc8S9EEjvL8=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCm4ttEvJpmkbmk2WZFYoS3+DFw+KePUHefPfmLZ70NYXAg/vzJCZN06lsOj7315pbX1jc6u8XdnZ3ds/qB4etazODOMh01Kbdkwtl0LxEAVK3k4Np0ks+WM8vp3VH5+4sUKrB5ykPEroUImBYBSdFXbNSNd71Zpf9+ciqxAUUINCzV71q9vXLEu4QiaptZ3ATzHKqUHBJJ9WupnlKWVjOuQdh4om3Eb5fNkpOXNOnwy0cU8hmbu/J3KaWDtJYteZUBzZ5drM/K/WyXBwHeVCpRlyxRYfDTJJUJPZ5aQvDGcoJw4oM8LtStiIGsrQ5VNxIQTLJ69C66IeOL6/rDVuijjKcAKncA4BXEED7qAJITAQ8Ayv8OYp78V79z4WrSWvmDmGP/I+fwCL9Y5/</latexit><latexit sha1_base64="Ja0taDl6vF8oqCiagc8S9EEjvL8=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCm4ttEvJpmkbmk2WZFYoS3+DFw+KePUHefPfmLZ70NYXAg/vzJCZN06lsOj7315pbX1jc6u8XdnZ3ds/qB4etazODOMh01Kbdkwtl0LxEAVK3k4Np0ks+WM8vp3VH5+4sUKrB5ykPEroUImBYBSdFXbNSNd71Zpf9+ciqxAUUINCzV71q9vXLEu4QiaptZ3ATzHKqUHBJJ9WupnlKWVjOuQdh4om3Eb5fNkpOXNOnwy0cU8hmbu/J3KaWDtJYteZUBzZ5drM/K/WyXBwHeVCpRlyxRYfDTJJUJPZ5aQvDGcoJw4oM8LtStiIGsrQ5VNxIQTLJ69C66IeOL6/rDVuijjKcAKncA4BXEED7qAJITAQ8Ayv8OYp78V79z4WrSWvmDmGP/I+fwCL9Y5/</latexit><latexit sha1_base64="Ja0taDl6vF8oqCiagc8S9EEjvL8=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCm4ttEvJpmkbmk2WZFYoS3+DFw+KePUHefPfmLZ70NYXAg/vzJCZN06lsOj7315pbX1jc6u8XdnZ3ds/qB4etazODOMh01Kbdkwtl0LxEAVK3k4Np0ks+WM8vp3VH5+4sUKrB5ykPEroUImBYBSdFXbNSNd71Zpf9+ciqxAUUINCzV71q9vXLEu4QiaptZ3ATzHKqUHBJJ9WupnlKWVjOuQdh4om3Eb5fNkpOXNOnwy0cU8hmbu/J3KaWDtJYteZUBzZ5drM/K/WyXBwHeVCpRlyxRYfDTJJUJPZ5aQvDGcoJw4oM8LtStiIGsrQ5VNxIQTLJ69C66IeOL6/rDVuijjKcAKncA4BXEED7qAJITAQ8Ayv8OYp78V79z4WrSWvmDmGP/I+fwCL9Y5/</latexit>

Two preparations            are operationally equivalent if P, P 0

p(k|P, T,M) = p(k|P 0, T,M) 8 T,M.

⌦ =
<latexit sha1_base64="XZcytPVYJz1iXYqSqGNk5n+JQaE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14s4L9gDaUzXbSLt1N4u5GKKF/wosHRbz6d7z5b9y2OWjrCwsP78ywM2+QCK6N6347hZXVtfWN4mZpa3tnd6+8f9DUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehmWm89odI8jh7MOEFf0kHEQ86osVa7eydxQMlVr1xxq+5MZBm8HCqQq94rf3X7MUslRoYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wYzGiErWfzfadkBPr9EkYK/siQ2bu74mMSq3HMrCdkpqhXqxNzf9qndSEl37GoyQ1GLH5R2EqiInJ9HjS5wqZEWMLlCludyVsSBVlxkZUsiF4iycvQ/Os6lm+P6/UrvM4inAEx3AKHlxADW6hDg1gIOAZXuHNeXRenHfnY95acPKZQ/gj5/MHOr6PbA==</latexit><latexit sha1_base64="XZcytPVYJz1iXYqSqGNk5n+JQaE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14s4L9gDaUzXbSLt1N4u5GKKF/wosHRbz6d7z5b9y2OWjrCwsP78ywM2+QCK6N6347hZXVtfWN4mZpa3tnd6+8f9DUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehmWm89odI8jh7MOEFf0kHEQ86osVa7eydxQMlVr1xxq+5MZBm8HCqQq94rf3X7MUslRoYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wYzGiErWfzfadkBPr9EkYK/siQ2bu74mMSq3HMrCdkpqhXqxNzf9qndSEl37GoyQ1GLH5R2EqiInJ9HjS5wqZEWMLlCludyVsSBVlxkZUsiF4iycvQ/Os6lm+P6/UrvM4inAEx3AKHlxADW6hDg1gIOAZXuHNeXRenHfnY95acPKZQ/gj5/MHOr6PbA==</latexit><latexit sha1_base64="XZcytPVYJz1iXYqSqGNk5n+JQaE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14s4L9gDaUzXbSLt1N4u5GKKF/wosHRbz6d7z5b9y2OWjrCwsP78ywM2+QCK6N6347hZXVtfWN4mZpa3tnd6+8f9DUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehmWm89odI8jh7MOEFf0kHEQ86osVa7eydxQMlVr1xxq+5MZBm8HCqQq94rf3X7MUslRoYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wYzGiErWfzfadkBPr9EkYK/siQ2bu74mMSq3HMrCdkpqhXqxNzf9qndSEl37GoyQ1GLH5R2EqiInJ9HjS5wqZEWMLlCludyVsSBVlxkZUsiF4iycvQ/Os6lm+P6/UrvM4inAEx3AKHlxADW6hDg1gIOAZXuHNeXRenHfnY95acPKZQ/gj5/MHOr6PbA==</latexit><latexit sha1_base64="XZcytPVYJz1iXYqSqGNk5n+JQaE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14s4L9gDaUzXbSLt1N4u5GKKF/wosHRbz6d7z5b9y2OWjrCwsP78ywM2+QCK6N6347hZXVtfWN4mZpa3tnd6+8f9DUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehmWm89odI8jh7MOEFf0kHEQ86osVa7eydxQMlVr1xxq+5MZBm8HCqQq94rf3X7MUslRoYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wYzGiErWfzfadkBPr9EkYK/siQ2bu74mMSq3HMrCdkpqhXqxNzf9qndSEl37GoyQ1GLH5R2EqiInJ9HjS5wqZEWMLlCludyVsSBVlxkZUsiF4iycvQ/Os6lm+P6/UrvM4inAEx3AKHlxADW6hDg1gIOAZXuHNeXRenHfnY95acPKZQ/gj5/MHOr6PbA==</latexit>

ontic space.

• Preparation contextuality necessary for psuc > 0.75.
<latexit sha1_base64="tHixrtZCZZXAYrOwpqr/cY5A+30=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJKHUlRTcuK9gLtKFMppN26GQS51Iooc/hxoUibn0Yd76N0zYLbf1h4OM/53DO/GHKmdKe9+0U1tY3NreK26Wd3b39g/LhUVMlRhLaIAlPZDvEinImaEMzzWk7lRTHIaetcHQ3q7fGVCqWiEc9SWkQ44FgESNYWytIe5kyZHrjudUrt1eueK43F1oFP4cK5Kr3yl/dfkJMTIUmHCvV8b1UBxmWmhFOp6WuUTTFZIQHtGNR4JiqIJsfPUVn1umjKJH2CY3m7u+JDMdKTeLQdsZYD9VybWb+V+sYHV0HGROp0VSQxaLIcKQTNEsA9ZmkRPOJBUwks7ciMsQSE21zKtkQ/OUvr0LzwvUtP1xWard5HEU4gVM4Bx+qUIN7qEMDCDzBM7zCmzN2Xpx352PRWnDymWP4I+fzB4fDkUQ=</latexit><latexit sha1_base64="tHixrtZCZZXAYrOwpqr/cY5A+30=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJKHUlRTcuK9gLtKFMppN26GQS51Iooc/hxoUibn0Yd76N0zYLbf1h4OM/53DO/GHKmdKe9+0U1tY3NreK26Wd3b39g/LhUVMlRhLaIAlPZDvEinImaEMzzWk7lRTHIaetcHQ3q7fGVCqWiEc9SWkQ44FgESNYWytIe5kyZHrjudUrt1eueK43F1oFP4cK5Kr3yl/dfkJMTIUmHCvV8b1UBxmWmhFOp6WuUTTFZIQHtGNR4JiqIJsfPUVn1umjKJH2CY3m7u+JDMdKTeLQdsZYD9VybWb+V+sYHV0HGROp0VSQxaLIcKQTNEsA9ZmkRPOJBUwks7ciMsQSE21zKtkQ/OUvr0LzwvUtP1xWard5HEU4gVM4Bx+qUIN7qEMDCDzBM7zCmzN2Xpx352PRWnDymWP4I+fzB4fDkUQ=</latexit><latexit sha1_base64="tHixrtZCZZXAYrOwpqr/cY5A+30=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJKHUlRTcuK9gLtKFMppN26GQS51Iooc/hxoUibn0Yd76N0zYLbf1h4OM/53DO/GHKmdKe9+0U1tY3NreK26Wd3b39g/LhUVMlRhLaIAlPZDvEinImaEMzzWk7lRTHIaetcHQ3q7fGVCqWiEc9SWkQ44FgESNYWytIe5kyZHrjudUrt1eueK43F1oFP4cK5Kr3yl/dfkJMTIUmHCvV8b1UBxmWmhFOp6WuUTTFZIQHtGNR4JiqIJsfPUVn1umjKJH2CY3m7u+JDMdKTeLQdsZYD9VybWb+V+sYHV0HGROp0VSQxaLIcKQTNEsA9ZmkRPOJBUwks7ciMsQSE21zKtkQ/OUvr0LzwvUtP1xWard5HEU4gVM4Bx+qUIN7qEMDCDzBM7zCmzN2Xpx352PRWnDymWP4I+fzB4fDkUQ=</latexit><latexit sha1_base64="tHixrtZCZZXAYrOwpqr/cY5A+30=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJKHUlRTcuK9gLtKFMppN26GQS51Iooc/hxoUibn0Yd76N0zYLbf1h4OM/53DO/GHKmdKe9+0U1tY3NreK26Wd3b39g/LhUVMlRhLaIAlPZDvEinImaEMzzWk7lRTHIaetcHQ3q7fGVCqWiEc9SWkQ44FgESNYWytIe5kyZHrjudUrt1eueK43F1oFP4cK5Kr3yl/dfkJMTIUmHCvV8b1UBxmWmhFOp6WuUTTFZIQHtGNR4JiqIJsfPUVn1umjKJH2CY3m7u+JDMdKTeLQdsZYD9VybWb+V+sYHV0HGROp0VSQxaLIcKQTNEsA9ZmkRPOJBUwks7ciMsQSE21zKtkQ/OUvr0LzwvUtP1xWard5HEU4gVM4Bx+qUIN7qEMDCDzBM7zCmzN2Xpx352PRWnDymWP4I+fzB4fDkUQ=</latexit>

Preparation noncontextuality

P =
<latexit sha1_base64="sgjYzNnH0OK9v4wbWf3wV1fZryY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHrxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkey0czSdCP6FDykDNqrPXQINf9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU145WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wKrYuqZ/n+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+CPn8weBKI1F</latexit><latexit sha1_base64="sgjYzNnH0OK9v4wbWf3wV1fZryY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHrxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkey0czSdCP6FDykDNqrPXQINf9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU145WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wKrYuqZ/n+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+CPn8weBKI1F</latexit><latexit sha1_base64="sgjYzNnH0OK9v4wbWf3wV1fZryY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHrxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkey0czSdCP6FDykDNqrPXQINf9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU145WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wKrYuqZ/n+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+CPn8weBKI1F</latexit><latexit sha1_base64="sgjYzNnH0OK9v4wbWf3wV1fZryY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEepFKHrxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkey0czSdCP6FDykDNqrPXQINf9csWtunORVfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSuRUkj1H42X3VKzqwzIGGs7JOGzN3fExmNtJ5Ege2MqBnp5drM/K/WTU145WdcJqlByRYfhakgJiazu8mAK2RGTCxQprjdlbARVZQZm07JhuAtn7wKrYuqZ/n+slK/yeMowgmcwjl4UIM63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+CPn8weBKI1F</latexit>

⇢.
<latexit sha1_base64="Ja0taDl6vF8oqCiagc8S9EEjvL8=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCm4ttEvJpmkbmk2WZFYoS3+DFw+KePUHefPfmLZ70NYXAg/vzJCZN06lsOj7315pbX1jc6u8XdnZ3ds/qB4etazODOMh01Kbdkwtl0LxEAVK3k4Np0ks+WM8vp3VH5+4sUKrB5ykPEroUImBYBSdFXbNSNd71Zpf9+ciqxAUUINCzV71q9vXLEu4QiaptZ3ATzHKqUHBJJ9WupnlKWVjOuQdh4om3Eb5fNkpOXNOnwy0cU8hmbu/J3KaWDtJYteZUBzZ5drM/K/WyXBwHeVCpRlyxRYfDTJJUJPZ5aQvDGcoJw4oM8LtStiIGsrQ5VNxIQTLJ69C66IeOL6/rDVuijjKcAKncA4BXEED7qAJITAQ8Ayv8OYp78V79z4WrSWvmDmGP/I+fwCL9Y5/</latexit><latexit sha1_base64="Ja0taDl6vF8oqCiagc8S9EEjvL8=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCm4ttEvJpmkbmk2WZFYoS3+DFw+KePUHefPfmLZ70NYXAg/vzJCZN06lsOj7315pbX1jc6u8XdnZ3ds/qB4etazODOMh01Kbdkwtl0LxEAVK3k4Np0ks+WM8vp3VH5+4sUKrB5ykPEroUImBYBSdFXbNSNd71Zpf9+ciqxAUUINCzV71q9vXLEu4QiaptZ3ATzHKqUHBJJ9WupnlKWVjOuQdh4om3Eb5fNkpOXNOnwy0cU8hmbu/J3KaWDtJYteZUBzZ5drM/K/WyXBwHeVCpRlyxRYfDTJJUJPZ5aQvDGcoJw4oM8LtStiIGsrQ5VNxIQTLJ69C66IeOL6/rDVuijjKcAKncA4BXEED7qAJITAQ8Ayv8OYp78V79z4WrSWvmDmGP/I+fwCL9Y5/</latexit><latexit sha1_base64="Ja0taDl6vF8oqCiagc8S9EEjvL8=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCm4ttEvJpmkbmk2WZFYoS3+DFw+KePUHefPfmLZ70NYXAg/vzJCZN06lsOj7315pbX1jc6u8XdnZ3ds/qB4etazODOMh01Kbdkwtl0LxEAVK3k4Np0ks+WM8vp3VH5+4sUKrB5ykPEroUImBYBSdFXbNSNd71Zpf9+ciqxAUUINCzV71q9vXLEu4QiaptZ3ATzHKqUHBJJ9WupnlKWVjOuQdh4om3Eb5fNkpOXNOnwy0cU8hmbu/J3KaWDtJYteZUBzZ5drM/K/WyXBwHeVCpRlyxRYfDTJJUJPZ5aQvDGcoJw4oM8LtStiIGsrQ5VNxIQTLJ69C66IeOL6/rDVuijjKcAKncA4BXEED7qAJITAQ8Ayv8OYp78V79z4WrSWvmDmGP/I+fwCL9Y5/</latexit><latexit sha1_base64="Ja0taDl6vF8oqCiagc8S9EEjvL8=">AAAB7HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCm4ttEvJpmkbmk2WZFYoS3+DFw+KePUHefPfmLZ70NYXAg/vzJCZN06lsOj7315pbX1jc6u8XdnZ3ds/qB4etazODOMh01Kbdkwtl0LxEAVK3k4Np0ks+WM8vp3VH5+4sUKrB5ykPEroUImBYBSdFXbNSNd71Zpf9+ciqxAUUINCzV71q9vXLEu4QiaptZ3ATzHKqUHBJJ9WupnlKWVjOuQdh4om3Eb5fNkpOXNOnwy0cU8hmbu/J3KaWDtJYteZUBzZ5drM/K/WyXBwHeVCpRlyxRYfDTJJUJPZ5aQvDGcoJw4oM8LtStiIGsrQ5VNxIQTLJ69C66IeOL6/rDVuijjKcAKncA4BXEED7qAJITAQ8Ayv8OYp78V79z4WrSWvmDmGP/I+fwCL9Y5/</latexit>

R.W. Spekkens, Phys. Rev. A 71, 052108 (2005)



• We can perform the same analysis of the CHSH* game. 

• Landauer’s erasure (LE) = Fraction of parity communicated.

• Contextual fraction (CF) now associated to a decomposition 
of the ontological model.

• Again CF and LE obey analogous relations.

Sources of computational advantages

2-bits parity oblivious multiplexing



Sources of computational advantages

Sources of computational advantages

Quantum mechanicsParity Communicated

pfail � (1� CF )⌫(f).
<latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit><latexit sha1_base64="3c/NzlVdAttDUzFKQQg7t9Jkv5A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWoV1YEhF0WSyIywr2Ak0pk+lJO3QyCTMToYTixldx40IRtz6FO9/GaZuFtv4w8PGfczhzfj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIik0aMQj2faJAs4ENDTTHNqxBBL6HFr+qDattx5AKhaJez2OoRuSgWABo0Qbq2cfxb00IIxPvAHgkntWuyl7IikF5UrPLjoVZya8DG4GRZSp3rO/vH5EkxCEppwo1XGdWHdTIjWjHCYFL1EQEzoiA+gYFCQE1U1nJ0zwqXH6OIikeULjmft7IiWhUuPQN50h0UO1WJua/9U6iQ6uuikTcaJB0PmiIOFYR3iaB+4zCVTzsQFCJTN/xXRIJKHapFYwIbiLJy9D87ziGr67KFavszjy6BidoBJy0SWqoltURw1E0SN6Rq/ozXqyXqx362PemrOymUP0R9bnD7d8law=</latexit>

pfail � (1� LE)⌫(f)
<latexit sha1_base64="k+SqkPnsJoSCynMkwVEdZ8CG+9s=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhHZhSUTQZVEEFy4q2As0pUymJ+3QySTMTIQS6sZXceNCEbe+hTvfxmmbhbb+MPDxn3M4c34/5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBqUm8+gFQsEvd6FEMnJH3BAkaJNlbXPoi7aUAYH3t9wCX35Pa67ImkFJS7dtGpOFPhRXAzKKJMta795fUimoQgNOVEqbbrxLqTEqkZ5TAueImCmNAh6UPboCAhqE46vWCMj43Tw0EkzRMaT93fEykJlRqFvukMiR6o+drE/K/WTnRw0UmZiBMNgs4WBQnHOsKTOHCPSaCajwwQKpn5K6YDIgnVJrSCCcGdP3kRGqcV1/DdWbF6mcWRR4foCJWQi85RFd2gGqojih7RM3pFb9aT9WK9Wx+z1pyVzeyjP7I+fwBRG5V8</latexit><latexit sha1_base64="k+SqkPnsJoSCynMkwVEdZ8CG+9s=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhHZhSUTQZVEEFy4q2As0pUymJ+3QySTMTIQS6sZXceNCEbe+hTvfxmmbhbb+MPDxn3M4c34/5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBqUm8+gFQsEvd6FEMnJH3BAkaJNlbXPoi7aUAYH3t9wCX35Pa67ImkFJS7dtGpOFPhRXAzKKJMta795fUimoQgNOVEqbbrxLqTEqkZ5TAueImCmNAh6UPboCAhqE46vWCMj43Tw0EkzRMaT93fEykJlRqFvukMiR6o+drE/K/WTnRw0UmZiBMNgs4WBQnHOsKTOHCPSaCajwwQKpn5K6YDIgnVJrSCCcGdP3kRGqcV1/DdWbF6mcWRR4foCJWQi85RFd2gGqojih7RM3pFb9aT9WK9Wx+z1pyVzeyjP7I+fwBRG5V8</latexit><latexit sha1_base64="k+SqkPnsJoSCynMkwVEdZ8CG+9s=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhHZhSUTQZVEEFy4q2As0pUymJ+3QySTMTIQS6sZXceNCEbe+hTvfxmmbhbb+MPDxn3M4c34/5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBqUm8+gFQsEvd6FEMnJH3BAkaJNlbXPoi7aUAYH3t9wCX35Pa67ImkFJS7dtGpOFPhRXAzKKJMta795fUimoQgNOVEqbbrxLqTEqkZ5TAueImCmNAh6UPboCAhqE46vWCMj43Tw0EkzRMaT93fEykJlRqFvukMiR6o+drE/K/WTnRw0UmZiBMNgs4WBQnHOsKTOHCPSaCajwwQKpn5K6YDIgnVJrSCCcGdP3kRGqcV1/DdWbF6mcWRR4foCJWQi85RFd2gGqojih7RM3pFb9aT9WK9Wx+z1pyVzeyjP7I+fwBRG5V8</latexit><latexit sha1_base64="k+SqkPnsJoSCynMkwVEdZ8CG+9s=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhHZhSUTQZVEEFy4q2As0pUymJ+3QySTMTIQS6sZXceNCEbe+hTvfxmmbhbb+MPDxn3M4c34/5kxpx/m2ckvLK6tr+fXCxubW9o69u9dQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/vBqUm8+gFQsEvd6FEMnJH3BAkaJNlbXPoi7aUAYH3t9wCX35Pa67ImkFJS7dtGpOFPhRXAzKKJMta795fUimoQgNOVEqbbrxLqTEqkZ5TAueImCmNAh6UPboCAhqE46vWCMj43Tw0EkzRMaT93fEykJlRqFvukMiR6o+drE/K/WTnRw0UmZiBMNgs4WBQnHOsKTOHCPSaCajwwQKpn5K6YDIgnVJrSCCcGdP3kRGqcV1/DdWbF6mcWRR4foCJWQi85RFd2gGqojih7RM3pFb9aT9WK9Wx+z1pyVzeyjP7I+fwBRG5V8</latexit>
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Erasure of information and contextuality

Irreversibility and contextuality

Contextuality as compression of information in all its formulations:

• Generalized notion: Information loss from the ontological to the 
operational level.

• GPT approach: contextual theories seen as non-contextual theories 
in higher dimensions with restrictions on measurements.



Irreversibility and contextuality

e.g. a 3 dimensional simplex with 4 extremals (non-contextual 
state space) can be projected down to the 2 dimensional gbit
(contextual state space) by restrictions on allowed effects.



Erasure of information and contextuality

Irreversibility and contextuality

Contextuality as compression of information in all its formulations:

• Generalized notion: Information loss from the ontological to the 
operational level.

• GPT approach: contextual theories seen as non-contextual theories 
in higher dimensions with restrictions on measurements.

• Kochen-Specker: Performing a context erases the information 
associated to the other context. Memory cost of contextuality.

• Sheaf theoretic approach: Local consistency but global 
inconsistency in the family of data because of lack of information?!



Erasure of information and contextuality

Irreversibility and contextuality

Contextuality as compression of information in all its formulations.

Can it be explained from a physical mechanism of erasure of 
information (proper to QT)?
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Conclusion

• Novel single system protocol (CHSH* game) showing the Bell and 
Tsirelson bounds. 

• Computational advantages from irreversibility (LE) and sequential 
transformation contextuality (CF). 
CF and LE obey the same relations. 

• Further study the relation between irreversibility and contextuality.

• Extend the results to the CHSH* game in arithmetic modulo 

Conclusion

Future challenges

q > 2.
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