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Course overview

• Part I.   Quantum vs. classical correlations in nonsignalling scenarios

• Part II.  Quantum vs. classical correlations in network scenarios

• Part III. Quantum vs. classical correlations in signalling scenarios



Part I overview

Part I.   Quantum vs. classical correlations in nonsignalling scenarios.

• The CHSH game

— Classical strategies (local hidden variable models)

— Quantum strategies

— Nonsignalling strategies

— Bell inequalities and the polytope of correlations

• Nonlocality and entanglement

— Entanglement certification

— Local entangled states

— Device-independent applications

• Single-shot quantum nonlocality



The CHSH game



The CHSH game

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob



The CHSH game

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
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Alice
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The CHSH game

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>
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Alice
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Bob

Input Winning conditions

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or



<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

Input Winning conditions

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or



The CHSH game

Winning conditions

If the both receive TAILS output DIFFERENT colors

For any other input combination output MATCHING colors



<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice



The CHSH game

What strategy Alice and Bob can agree on before the game starts to  
give them the highest chance of winning each round of the game?



The CHSH game
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="Hn32cvSK7GhjYjGcOeUcjtYKROY=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BQTxGMA9MljA720mGzM4uM71iWAJ+hBcPinj1b7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmkOdxzLWrYAZkEJBHQVKaCUaWBRIaAbDq4nffABtRKzucJSAH7G+Ej3BGVrpvoPwiBlT4bhbLLlldwq6TLw5KZE5at3iVyeMeRqBQi6ZMW3PTdDPmEbBJYwLndRAwviQ9aFtqWIRGD+bXjymJ1YJaS/WthTSqfp7ImORMaMosJ0Rw4FZ9Cbif147xd6lnwmVpAiKzxb1UkkxppP3aSg0cJQjSxjXwt5K+YBpxtGGVLAheIsvL5PGWdmrlCu356Xq9dMsjjw5IsfklHjkglTJDamROuFEkWfySt4c47w4787HrDXnzCM8JH/gfP4APhWRuQ==</latexit>

and

<latexit sha1_base64="Hn32cvSK7GhjYjGcOeUcjtYKROY=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BQTxGMA9MljA720mGzM4uM71iWAJ+hBcPinj1b7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmkOdxzLWrYAZkEJBHQVKaCUaWBRIaAbDq4nffABtRKzucJSAH7G+Ej3BGVrpvoPwiBlT4bhbLLlldwq6TLw5KZE5at3iVyeMeRqBQi6ZMW3PTdDPmEbBJYwLndRAwviQ9aFtqWIRGD+bXjymJ1YJaS/WthTSqfp7ImORMaMosJ0Rw4FZ9Cbif147xd6lnwmVpAiKzxb1UkkxppP3aSg0cJQjSxjXwt5K+YBpxtGGVLAheIsvL5PGWdmrlCu356Xq9dMsjjw5IsfklHjkglTJDamROuFEkWfySt4c47w4787HrDXnzCM8JH/gfP4APhWRuQ==</latexit>

and



The CHSH game
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

assuming fair coins:

Win 3/4 rounds  
on average



The CHSH game
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

assuming fair coins:

Win 3/4 rounds  
on average

Can they do better?



The CHSH game

Can they do better?

<latexit sha1_base64="DIHf5477/gJE94CxNL0VSWxL/8Y=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgQcKuSPQYEMRjBPOA3SXMTmaTIbMzy0yvGJaAP+HFgyJe/Rpv/o2Tx0ETCxqKqm66u6JUcAOu++0UVlbX1jeKm6Wt7Z3dvfL+QcuoTFPWpEoo3YmIYYJL1gQOgnVSzUgSCdaOhtcTv/3AtOFK3sMoZWFC+pLHnBKwkv8YcBnk7pkXjLvlilt1p8DLxJuTCpqj0S1/BT1Fs4RJoIIY43tuCmFONHAq2LgUZIalhA5Jn/mWSpIwE+bTk8f4xCo9HCttSwKeqr8ncpIYM0oi25kQGJhFbyL+5/kZxFdhzmWaAZN0tijOBAaFJ//jHteMghhZQqjm9lZMB0QTCjalkg3BW3x5mbTOq16tWru7qNRvnmZxFNEROkanyEOXqI5uUQM1EUUKPaNX9OaA8+K8Ox+z1oIzj/AQ/YHz+QPNMZFf</latexit>

x → {0, 1}
<latexit sha1_base64="EQCbXixigYv5n+pNLOZt6h9Luyc=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFcSElEqsuCIC4r2AckoUymk3boZCbMTIQQCv6EGxeKuPVr3Pk3Th8LbT1w4XDOvdx7T5Rypo3rfjsrq2vrG5ulrfL2zu7efuXgsK1lpghtEcml6kZYU84EbRlmOO2miuIk4rQTjW4mfueRKs2keDB5SsMEDwSLGcHGSn4eMBEU7rkXjHuVqltzp0DLxJuTKszR7FW+gr4kWUKFIRxr7XtuasICK8MIp+NykGmaYjLCA+pbKnBCdVhMTx6jU6v0USyVLWHQVP09UeBE6zyJbGeCzVAvehPxP8/PTHwdFkykmaGCzBbFGUdGosn/qM8UJYbnlmCimL0VkSFWmBibUtmG4C2+vEzaFzWvXqvfX1Ybt0+zOEpwDCdwBh5cQQPuoAktICDhGV7hzTHOi/PufMxaV5x5hEfwB87nD86/kWA=</latexit>

y → {0, 1}
<latexit sha1_base64="G5oIY8MNnHwpZ9iBBwtQ7E73ZH8=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DgniMYB6QXcLsZDYZMju7zPQKYQn4E148KOLVr/Hm3zh5HDSxoKGo6qa7K0ylMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6p4VIo3kCBkrdTzWkcSt4KhzcTv/XItRGJesBRyoOY9pWIBKNopQ71hfJz99zzx91S2a24U5Bl4s1JGeaod0tffi9hWcwVMkmN6XhuikFONQom+bjoZ4anlA1pn3csVTTmJsinJ4/JqVV6JEq0LYVkqv6eyGlszCgObWdMcWAWvYn4n9fJMLoOcqHSDLlis0VRJgkmZPI/6QnNGcqRJZRpYW8lbEA1ZWhTKtoQvMWXl0nzouJVK9X7y3Lt9mkWRwGO4QTOwIMrqMEd1KEBDBJ4hld4c9B5cd6dj1nrijOP8Aj+wPn8AalvkUg=</latexit>

a → {0, 1}
<latexit sha1_base64="1xQOzcciOaVM1vHaRpoKG3CkAiU=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DgniMYB6QXcLsZDYZMju7zPQKYQn4E148KOLVr/Hm3zh5HDSxoKGo6qa7K0ylMOi6387K6tr6xmZhq7i9s7u3Xzo4bJok04w3WCIT3Q6p4VIo3kCBkrdTzWkcSt4KhzcTv/XItRGJesBRyoOY9pWIBKNopU7oC+Xn7rnnj7ulsltxpyDLxJuTMsxR75a+/F7CspgrZJIa0/HcFIOcahRM8nHRzwxPKRvSPu9YqmjMTZBPTx6TU6v0SJRoWwrJVP09kdPYmFEc2s6Y4sAsehPxP6+TYXQd5EKlGXLFZouiTBJMyOR/0hOaM5QjSyjTwt5K2IBqytCmVLQheIsvL5PmRcWrVqr3l+Xa7dMsjgIcwwmcgQdXUIM7qEMDGCTwDK/w5qDz4rw7H7PWFWce4RH8gfP5A6r9kUk=</latexit>

b → {0, 1}

<latexit sha1_base64="R6JC84aA48Fr0mJbF6pXHgC/JDY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OY910bE6g5HCfcj2lciFIyilW4fLtxuseSW3SnIX+LNSQnmqHWLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JkdW6ZEw1rYUkqn6cyKjkTGjKLCdEcWBWfQm4n9eO8Xw3M+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX/5LGidlr1Ku3JyWqlePszjycACHcAwenEEVrqEGdWDQhyd4gVdHOs/Om/M+a8058wj34Recj28BSI4M</latexit>

x = 0
<latexit sha1_base64="fPXegz/bws37Q5h4Bb1dahffXgA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvsISAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QNmCfcj2lciFIyile6zK7dbLLlldwqyTLw5KcEctW7xq9OLWRpxhUxSY9qem6A/ohoFk3xc6KSGJ5QNaZ+3LVU04sYfTU8dkxOr9EgYa1sKyVT9PTGikTFZFNjOiOLALHoT8T+vnWJ46Y+ESlLkis0WhakkGJPJ36QnNGcoM0so08LeStiAasrQplOwIXiLLy+TxlnZq5Qrd+el6s3TLI48HMExnIIHF1CFW6hBHRj04Rle4c2Rzovz7nzMWnPOPMJD+APn8wcCzo4N</latexit>

y = 0
<latexit sha1_base64="uASgfy9RefNcXoYzwvIjLKBm6tk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK7dbLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHeL431</latexit>

a = 0 <latexit sha1_base64="BQOh4iGacUHqbWGfffuKMV9a9j8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV263WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPftY32</latexit>

b = 0

<latexit sha1_base64="0JjHEix1vom2+Yt3xjeEO1JA/3o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV163WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPhOY33</latexit>

b = 1
<latexit sha1_base64="9O8HjnOts3VfHabd7TXDrac8Yjk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK69bLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHfs432</latexit>

a = 1
<latexit sha1_base64="VVXMF6WdOyIJDw/zRSEq4gF5xMw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvsISAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QNmCfcj2lciFIyile6zK69bLLlldwqyTLw5KcEctW7xq9OLWRpxhUxSY9qem6A/ohoFk3xc6KSGJ5QNaZ+3LVU04sYfTU8dkxOr9EgYa1sKyVT9PTGikTFZFNjOiOLALHoT8T+vnWJ46Y+ESlLkis0WhakkGJPJ36QnNGcoM0so08LeStiAasrQplOwIXiLLy+TxlnZq5Qrd+el6s3TLI48HMExnIIHF1CFW6hBHRj04Rle4c2Rzovz7nzMWnPOPMJD+APn8wcEUo4O</latexit>

y = 1
<latexit sha1_base64="52exU1rBv0Opyp7nUPht42OkS9o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OY910bE6g5HCfcj2lciFIyilW4fLrxuseSW3SnIX+LNSQnmqHWLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JkdW6ZEw1rYUkqn6cyKjkTGjKLCdEcWBWfQm4n9eO8Xw3M+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX/5LGidlr1Ku3JyWqlePszjycACHcAwenEEVrqEGdWDQhyd4gVdHOs/Om/M+a8058wj34Recj28CzI4N</latexit>

x = 1



<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

Input Winning conditions

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or



<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="R6JC84aA48Fr0mJbF6pXHgC/JDY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OY910bE6g5HCfcj2lciFIyilW4fLtxuseSW3SnIX+LNSQnmqHWLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JkdW6ZEw1rYUkqn6cyKjkTGjKLCdEcWBWfQm4n9eO8Xw3M+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX/5LGidlr1Ku3JyWqlePszjycACHcAwenEEVrqEGdWDQhyd4gVdHOs/Om/M+a8058wj34Recj28BSI4M</latexit>

x = 0

<latexit sha1_base64="52exU1rBv0Opyp7nUPht42OkS9o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OY910bE6g5HCfcj2lciFIyilW4fLrxuseSW3SnIX+LNSQnmqHWLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JkdW6ZEw1rYUkqn6cyKjkTGjKLCdEcWBWfQm4n9eO8Xw3M+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX/5LGidlr1Ku3JyWqlePszjycACHcAwenEEVrqEGdWDQhyd4gVdHOs/Om/M+a8058wj34Recj28CzI4N</latexit>

x = 1

<latexit sha1_base64="52exU1rBv0Opyp7nUPht42OkS9o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OY910bE6g5HCfcj2lciFIyilW4fLrxuseSW3SnIX+LNSQnmqHWLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JkdW6ZEw1rYUkqn6cyKjkTGjKLCdEcWBWfQm4n9eO8Xw3M+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX/5LGidlr1Ku3JyWqlePszjycACHcAwenEEVrqEGdWDQhyd4gVdHOs/Om/M+a8058wj34Recj28CzI4N</latexit>

x = 1

<latexit sha1_base64="R6JC84aA48Fr0mJbF6pXHgC/JDY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OY910bE6g5HCfcj2lciFIyilW4fLtxuseSW3SnIX+LNSQnmqHWLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JkdW6ZEw1rYUkqn6cyKjkTGjKLCdEcWBWfQm4n9eO8Xw3M+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX/5LGidlr1Ku3JyWqlePszjycACHcAwenEEVrqEGdWDQhyd4gVdHOs/Om/M+a8058wj34Recj28BSI4M</latexit>

x = 0

<latexit sha1_base64="fPXegz/bws37Q5h4Bb1dahffXgA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvsISAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QNmCfcj2lciFIyile6zK7dbLLlldwqyTLw5KcEctW7xq9OLWRpxhUxSY9qem6A/ohoFk3xc6KSGJ5QNaZ+3LVU04sYfTU8dkxOr9EgYa1sKyVT9PTGikTFZFNjOiOLALHoT8T+vnWJ46Y+ESlLkis0WhakkGJPJ36QnNGcoM0so08LeStiAasrQplOwIXiLLy+TxlnZq5Qrd+el6s3TLI48HMExnIIHF1CFW6hBHRj04Rle4c2Rzovz7nzMWnPOPMJD+APn8wcCzo4N</latexit>

y = 0

<latexit sha1_base64="VVXMF6WdOyIJDw/zRSEq4gF5xMw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvsISAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QNmCfcj2lciFIyile6zK69bLLlldwqyTLw5KcEctW7xq9OLWRpxhUxSY9qem6A/ohoFk3xc6KSGJ5QNaZ+3LVU04sYfTU8dkxOr9EgYa1sKyVT9PTGikTFZFNjOiOLALHoT8T+vnWJ46Y+ESlLkis0WhakkGJPJ36QnNGcoM0so08LeStiAasrQplOwIXiLLy+TxlnZq5Qrd+el6s3TLI48HMExnIIHF1CFW6hBHRj04Rle4c2Rzovz7nzMWnPOPMJD+APn8wcEUo4O</latexit>

y = 1

<latexit sha1_base64="fPXegz/bws37Q5h4Bb1dahffXgA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvsISAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QNmCfcj2lciFIyile6zK7dbLLlldwqyTLw5KcEctW7xq9OLWRpxhUxSY9qem6A/ohoFk3xc6KSGJ5QNaZ+3LVU04sYfTU8dkxOr9EgYa1sKyVT9PTGikTFZFNjOiOLALHoT8T+vnWJ46Y+ESlLkis0WhakkGJPJ36QnNGcoM0so08LeStiAasrQplOwIXiLLy+TxlnZq5Qrd+el6s3TLI48HMExnIIHF1CFW6hBHRj04Rle4c2Rzovz7nzMWnPOPMJD+APn8wcCzo4N</latexit>

y = 0

<latexit sha1_base64="VVXMF6WdOyIJDw/zRSEq4gF5xMw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvsISAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QNmCfcj2lciFIyile6zK69bLLlldwqyTLw5KcEctW7xq9OLWRpxhUxSY9qem6A/ohoFk3xc6KSGJ5QNaZ+3LVU04sYfTU8dkxOr9EgYa1sKyVT9PTGikTFZFNjOiOLALHoT8T+vnWJ46Y+ESlLkis0WhakkGJPJ36QnNGcoM0so08LeStiAasrQplOwIXiLLy+TxlnZq5Qrd+el6s3TLI48HMExnIIHF1CFW6hBHRj04Rle4c2Rzovz7nzMWnPOPMJD+APn8wcEUo4O</latexit>

y = 1

<latexit sha1_base64="uASgfy9RefNcXoYzwvIjLKBm6tk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK7dbLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHeL431</latexit>

a = 0
<latexit sha1_base64="9O8HjnOts3VfHabd7TXDrac8Yjk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK69bLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHfs432</latexit>

a = 1

<latexit sha1_base64="uASgfy9RefNcXoYzwvIjLKBm6tk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK7dbLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHeL431</latexit>

a = 0

<latexit sha1_base64="uASgfy9RefNcXoYzwvIjLKBm6tk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK7dbLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHeL431</latexit>

a = 0

<latexit sha1_base64="uASgfy9RefNcXoYzwvIjLKBm6tk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK7dbLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHeL431</latexit>

a = 0

<latexit sha1_base64="9O8HjnOts3VfHabd7TXDrac8Yjk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK69bLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHfs432</latexit>

a = 1

<latexit sha1_base64="9O8HjnOts3VfHabd7TXDrac8Yjk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK69bLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHfs432</latexit>

a = 1

<latexit sha1_base64="9O8HjnOts3VfHabd7TXDrac8Yjk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK69bLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHfs432</latexit>

a = 1

<latexit sha1_base64="BQOh4iGacUHqbWGfffuKMV9a9j8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV263WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPftY32</latexit>

b = 0

<latexit sha1_base64="0JjHEix1vom2+Yt3xjeEO1JA/3o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV163WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPhOY33</latexit>

b = 1

<latexit sha1_base64="BQOh4iGacUHqbWGfffuKMV9a9j8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV263WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPftY32</latexit>

b = 0

<latexit sha1_base64="BQOh4iGacUHqbWGfffuKMV9a9j8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV263WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPftY32</latexit>

b = 0

<latexit sha1_base64="0JjHEix1vom2+Yt3xjeEO1JA/3o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV163WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPhOY33</latexit>

b = 1
<latexit sha1_base64="BQOh4iGacUHqbWGfffuKMV9a9j8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV263WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPftY32</latexit>

b = 0

<latexit sha1_base64="0JjHEix1vom2+Yt3xjeEO1JA/3o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV163WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPhOY33</latexit>

b = 1

<latexit sha1_base64="0JjHEix1vom2+Yt3xjeEO1JA/3o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M1Hro2I1QOOEu5HtK9EKBhFK90HV163WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9eZpFkcejuAYTsGDC6jCLdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QPhOY33</latexit>

b = 1

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

<latexit sha1_base64="b6j0wGjAlxcMggDmDbV9zVHGhEE=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOT2WTIPJaZXjEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5VvcwTlgoyUDxmFMCTnroAnuCTJtJr1T2K/4MeJkEOSmjHPVe6avb1zSVTAEVxNpO4CcQZsQAp4JNit3UsoTQERmwjqOKSGbDbHbwBJ86pY9jbVwpwDP190RGpLVjGblOSWBoF72p+J/XSSG+CjOukhSYovNFcSowaDz9Hve5YRTE2BFCDXe3YjokhlBwGRVdCMHiy8ukeV4JqpXq3UW5dp3HUUDH6ASdoQBdohq6RXXUQBRJ9Ixe0ZtnvBfv3fuYt654+cwR+gPv8wdx55DZ</latexit>or

Input Winning conditions



The CHSH game

Winning condition:

<latexit sha1_base64="N2Iv/pGFK2dTeN0T67v9AzbK4GY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIVC9C0YvHCvYDmlA2m027dJMNuxOxhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAtSwTU4zre1tLyyurZe2ihvbm3v7Np7+y0tM0VZk0ohVScgmgmesCZwEKyTKkbiQLB2MLyZ+O0HpjSXyT2MUubHpJ/wiFMCRurZh8STqcg0DvAVfsQeDSXgUc+uOFVnCrxI3IJUUIFGz/7yQkmzmCVABdG66zop+DlRwKlg47KXaZYSOiR91jU0ITHTfj49f4xPjBLiSCpTCeCp+nsiJ7HWozgwnTGBgZ73JuJ/XjeD6NLPeZJmwBI6WxRlAoPEkyxwyBWjIEaGEKq4uRXTAVGEgkmsbEJw519eJK2zqlur1u7OK/XrIo4SOkLH6BS56ALV0S1qoCaiKEfP6BW9WU/Wi/Vufcxal6xi5gD9gfX5A69RlK4=</latexit>

a→ b = x · y

Clauser et al., PRL (1969) 



The CHSH game

Winning condition:

<latexit sha1_base64="N2Iv/pGFK2dTeN0T67v9AzbK4GY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIVC9C0YvHCvYDmlA2m027dJMNuxOxhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAtSwTU4zre1tLyyurZe2ihvbm3v7Np7+y0tM0VZk0ohVScgmgmesCZwEKyTKkbiQLB2MLyZ+O0HpjSXyT2MUubHpJ/wiFMCRurZh8STqcg0DvAVfsQeDSXgUc+uOFVnCrxI3IJUUIFGz/7yQkmzmCVABdG66zop+DlRwKlg47KXaZYSOiR91jU0ITHTfj49f4xPjBLiSCpTCeCp+nsiJ7HWozgwnTGBgZ73JuJ/XjeD6NLPeZJmwBI6WxRlAoPEkyxwyBWjIEaGEKq4uRXTAVGEgkmsbEJw519eJK2zqlur1u7OK/XrIo4SOkLH6BS56ALV0S1qoCaiKEfP6BW9WU/Wi/Vufcxal6xi5gD9gfX5A69RlK4=</latexit>

a→ b = x · y

Score:
<latexit sha1_base64="r35OX7SvGoQ21JUSCJ9e8DbjGaE="></latexit>

S = q(x = 0, y = 0)
[
p(a = 0, b = 0|x = 0, y = 0) + p(a = 1, b = 1|x = 0, y = 0)

]

+ q(x = 0, y = 1)
[
p(a = 0, b = 0|x = 0, y = 1) + p(a = 1, b = 1|x = 0, y = 1)

]

+ q(x = 1, y = 0)
[
p(a = 0, b = 0|x = 1, y = 0) + p(a = 1, b = 1|x = 1, y = 0)

]

+ q(x = 0, y = 0)
[
p(a = 0, b = 1|x = 1, y = 1) + p(a = 1, b = 0|x = 1, y = 1)

]

Clauser et al., PRL (1969) 



The CHSH game

Winning condition:

<latexit sha1_base64="N2Iv/pGFK2dTeN0T67v9AzbK4GY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIVC9C0YvHCvYDmlA2m027dJMNuxOxhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAtSwTU4zre1tLyyurZe2ihvbm3v7Np7+y0tM0VZk0ohVScgmgmesCZwEKyTKkbiQLB2MLyZ+O0HpjSXyT2MUubHpJ/wiFMCRurZh8STqcg0DvAVfsQeDSXgUc+uOFVnCrxI3IJUUIFGz/7yQkmzmCVABdG66zop+DlRwKlg47KXaZYSOiR91jU0ITHTfj49f4xPjBLiSCpTCeCp+nsiJ7HWozgwnTGBgZ73JuJ/XjeD6NLPeZJmwBI6WxRlAoPEkyxwyBWjIEaGEKq4uRXTAVGEgkmsbEJw519eJK2zqlur1u7OK/XrIo4SOkLH6BS56ALV0S1qoCaiKEfP6BW9WU/Wi/Vufcxal6xi5gD9gfX5A69RlK4=</latexit>

a→ b = x · y

<latexit sha1_base64="Nj7eyFYgwQr9xqiI4qhr2o3POng="></latexit>

S =
∑

x,y

q(x, y) p(a→ b = x · y |x y)

Score:

<latexit sha1_base64="RXaY/GplE1idJ6hfeCURbvOXUek="></latexit>

S =
∑

x,y

q(x, y)
∑

a,b

ω(a→b,x·y) p(ab |xy)

Clauser et al., PRL (1969) 



The CHSH game

<latexit sha1_base64="+lMq7VBJzDBY2VjOKli48GhePO4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)

<latexit sha1_base64="D5T8wNKwCfvM0Sn33O++Tph7/mo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b6b9Yolt+zOQFaJtyAlWKDeK351+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26YScWaVPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gEMIzvMKbM3JenHfnY96acxYRHsMfOJ8/xkqN9A==</latexit> { <latexit sha1_base64="D5T8wNKwCfvM0Sn33O++Tph7/mo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b6b9Yolt+zOQFaJtyAlWKDeK351+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26YScWaVPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gEMIzvMKbM3JenHfnY96acxYRHsMfOJ8/xkqN9A==</latexit> {

settings of  
the game

players’ 
strategy

Winning condition:

<latexit sha1_base64="N2Iv/pGFK2dTeN0T67v9AzbK4GY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIVC9C0YvHCvYDmlA2m027dJMNuxOxhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAtSwTU4zre1tLyyurZe2ihvbm3v7Np7+y0tM0VZk0ohVScgmgmesCZwEKyTKkbiQLB2MLyZ+O0HpjSXyT2MUubHpJ/wiFMCRurZh8STqcg0DvAVfsQeDSXgUc+uOFVnCrxI3IJUUIFGz/7yQkmzmCVABdG66zop+DlRwKlg47KXaZYSOiR91jU0ITHTfj49f4xPjBLiSCpTCeCp+nsiJ7HWozgwnTGBgZ73JuJ/XjeD6NLPeZJmwBI6WxRlAoPEkyxwyBWjIEaGEKq4uRXTAVGEgkmsbEJw519eJK2zqlur1u7OK/XrIo4SOkLH6BS56ALV0S1qoCaiKEfP6BW9WU/Wi/Vufcxal6xi5gD9gfX5A69RlK4=</latexit>

a→ b = x · y

Score:



The CHSH game

Classical strategies

What does it mean for Alice and Bob’s strategy to be classical?

<latexit sha1_base64="dRO7Lj5lq6jZXBtnnJw8TsRC4GM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQQcJukOgxIIjHCOYByRpmJ7PJkNnZZWZWXdaAn+HFgyJe/Rdv/o2Tx0ETCxqKqm66u7yIM6Vt+9vKLC2vrK5l13Mbm1vbO/ndvYYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHF2G/eUalYKG50ElE3wH3BfEawNtJtVMRe5wQ9mnpIjrv5gl2yJ0CLxJmRAsxQ6+a/Or2QxAEVmnCsVNuxI+2mWGpGOB3lOrGiESZD3KdtQwUOqHLTydUjdGSUHvJDaUpoNFF/T6Q4UCoJPNMZYD1Q895Y/M9rx9o/d1MmolhTQaaL/JgjHaJxBKjHJCWaJ4ZgIpm5FZEBlphoE1TOhODMv7xIGuWSUylVrk8L1cunaRxZOIBDKIIDZ1CFK6hBHQhIeIZXeLPurRfr3fqYtmasWYT78AfW5w/Kg5HW</latexit>

p(ab |xy)

Bell, Physics Physique Fizika (1965)



The CHSH game

Classical strategies

What does it mean for Alice and Bob’s strategy to be classical?

According to Bell’s theorem, they must be described by a local hidden variable model. 

<latexit sha1_base64="dRO7Lj5lq6jZXBtnnJw8TsRC4GM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQQcJukOgxIIjHCOYByRpmJ7PJkNnZZWZWXdaAn+HFgyJe/Rdv/o2Tx0ETCxqKqm66u7yIM6Vt+9vKLC2vrK5l13Mbm1vbO/ndvYYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHF2G/eUalYKG50ElE3wH3BfEawNtJtVMRe5wQ9mnpIjrv5gl2yJ0CLxJmRAsxQ6+a/Or2QxAEVmnCsVNuxI+2mWGpGOB3lOrGiESZD3KdtQwUOqHLTydUjdGSUHvJDaUpoNFF/T6Q4UCoJPNMZYD1Q895Y/M9rx9o/d1MmolhTQaaL/JgjHaJxBKjHJCWaJ4ZgIpm5FZEBlphoE1TOhODMv7xIGuWSUylVrk8L1cunaRxZOIBDKIIDZ1CFK6hBHQhIeIZXeLPurRfr3fqYtmasWYT78AfW5w/Kg5HW</latexit>

p(ab |xy)

Let’s understand it first as a classical strategy.

Bell, Physics Physique Fizika (1965)



<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x <latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a <latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

The CHSH game

<latexit sha1_base64="/uoUEGsTk+De+E7CJp+xisZN3AI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoRIoJ4jGAemCxhdjKbDJmZXWZmxbAE/AgvHhTx6t9482+cPA6aWNBQVHXT3RXEnGnjut9OZml5ZXUtu57b2Nza3snv7tV1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3GF2gsHNZfDzu5AtuyZ0ALRJvRgowQ7WT/2p3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208nFI3RklS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJz/2UyTgxVJLpojDhyERo/D7qMkWJ4UNLMFHM3opIHytMjA0pZ0Pw5l9eJPWTklculW9PC5Xrp2kcWTiAQyiCB2dQgRuoQg0ISHiGV3hztPPivDsf09aMM4twH/7A+fwBwcOQGg==</latexit>

a = fA(x)
<latexit sha1_base64="MLroOZVpS4Cbzwx+XSrPwpjEIoU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRC9CUBCPEcwDkyXMTmaTIbMzy8yssCwBP8KLB0W8+jfe/Bsnj4MmFjQUVd10dwUxZ9q47reztLyyurae28hvbm3v7Bb29htaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfB67DcfqdJMinuTxtSPcF+wkBFsrPQQoEsUdq9K6Um3UHTL7gRokXgzUoQZat3CV6cnSRJRYQjHWrc9NzZ+hpVhhNNRvpNoGmMyxH3atlTgiGo/m1w8QsdW6aFQKlvCoIn6eyLDkdZpFNjOCJuBnvfG4n9eOzHhhZ8xESeGCjJdFCYcGYnG76MeU5QYnlqCiWL2VkQGWGFibEh5G4I3//IiaZyWvUq5cndWrN48TePIwSEcQQk8OIcq3EIN6kBAwDO8wpujnRfn3fmYti45swgP4A+czx/GXJAd</latexit>

b = fB(y)



<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x <latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a <latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="Wt0jyM9yj5MMq6b01mkvCc2Tmx0=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3GlDM5khyQhlKPgLblwo4tbvceffmD4W2nogcDjnhHvvCVLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3Uz99iMqzRP5YMYp+jEdSB5xRo2V2j1hoyHtlytu1Z2BrBJvQSqwQKNf/uqFCctilIYJqnXXc1Pj51QZzgROSr1MY0rZiA6wa6mkMWo/n607IWdWCUmUKPukITP194+cxlqP48AmY2qGetmbiv953cxE137OZZoZlGw+KMoEMQmZ3k5CrpAZMbaEMsXtroQNqaLM2IZKtgRv+eRV0rqoerVq7f6yUr99mtdRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsf82jBWVR4DH/gfP4AZ4uQDA==</latexit>

ω

classical source

classical local processing classical local processing

The CHSH game

<latexit sha1_base64="Z2owM4ebQSf+v7hlusutKNtWvUA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUkJKIVDdCURCXFewD2hAmk0k7dPJgZiKGUPBL3LhQxK0/4s6/cfpYaOuBC4dz7uXee7yEM6ks69tYWl5ZXVsvbBQ3t7Z3ds29UkvGqSC0SWIei46HJeUsok3FFKedRFAcepy2veH12G8/UCFZHN2rLKFOiPsRCxjBSkuuWfLQJQrcq0p20uN6zMfHrlm2qtYEaJHYM1KGGRqu+dXzY5KGNFKEYym7tpUoJ8dCMcLpqNhLJU0wGeI+7Woa4ZBKJ5/cPkJHWvFREAtdkUIT9fdEjkMps9DTnSFWAznvjcX/vG6qggsnZ1GSKhqR6aIg5UjFaBwE8pmgRPFME0wE07ciMsACE6XjKuoQ7PmXF0nrtGrXqrW7s3L95mkaRwEO4BAqYMM51OEWGtAEAo/wDK/wZoyMF+Pd+Ji2LhmzCPfhD4zPH/Bgk4c=</latexit>

b = fB(y,ω)
<latexit sha1_base64="8WRvgI7SjuafEqY1m9u0UaWjh1Y=">AAAB+3icbVDJSgNBEO2JW4zbGI9eGoMQQcKMSPQiRATxGMEskAxDTU9P0qRnobtHEoaAX+LFgyJe/RFv/o2d5aCJDwoe71VRVc9LOJPKsr6N3Mrq2vpGfrOwtb2zu2fuF5syTgWhDRLzWLQ9kJSziDYUU5y2E0Eh9DhteYObid96pEKyOHpQo4Q6IfQiFjACSkuuWQR8hQP3ujw87XI95sOJa5asijUFXib2nJTQHHXX/Or6MUlDGinCQcqObSXKyUAoRjgdF7qppAmQAfRoR9MIQiqdbHr7GB9rxcdBLHRFCk/V3xMZhFKOQk93hqD6ctGbiP95nVQFl07GoiRVNCKzRUHKsYrxJAjsM0GJ4iNNgAimb8WkDwKI0nEVdAj24svLpHlWsauV6v15qXb7NIsjjw7RESojG12gGrpDddRABA3RM3pFb8bYeDHejY9Za86YR3iA/sD4/AHrr5OE</latexit>

a = fA(x,ω)



<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="Wt0jyM9yj5MMq6b01mkvCc2Tmx0=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3GlDM5khyQhlKPgLblwo4tbvceffmD4W2nogcDjnhHvvCVLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3Uz99iMqzRP5YMYp+jEdSB5xRo2V2j1hoyHtlytu1Z2BrBJvQSqwQKNf/uqFCctilIYJqnXXc1Pj51QZzgROSr1MY0rZiA6wa6mkMWo/n607IWdWCUmUKPukITP194+cxlqP48AmY2qGetmbiv953cxE137OZZoZlGw+KMoEMQmZ3k5CrpAZMbaEMsXtroQNqaLM2IZKtgRv+eRV0rqoerVq7f6yUr99mtdRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsf82jBWVR4DH/gfP4AZ4uQDA==</latexit>

ω

<latexit sha1_base64="8WRvgI7SjuafEqY1m9u0UaWjh1Y=">AAAB+3icbVDJSgNBEO2JW4zbGI9eGoMQQcKMSPQiRATxGMEskAxDTU9P0qRnobtHEoaAX+LFgyJe/RFv/o2d5aCJDwoe71VRVc9LOJPKsr6N3Mrq2vpGfrOwtb2zu2fuF5syTgWhDRLzWLQ9kJSziDYUU5y2E0Eh9DhteYObid96pEKyOHpQo4Q6IfQiFjACSkuuWQR8hQP3ujw87XI95sOJa5asijUFXib2nJTQHHXX/Or6MUlDGinCQcqObSXKyUAoRjgdF7qppAmQAfRoR9MIQiqdbHr7GB9rxcdBLHRFCk/V3xMZhFKOQk93hqD6ctGbiP95nVQFl07GoiRVNCKzRUHKsYrxJAjsM0GJ4iNNgAimb8WkDwKI0nEVdAj24svLpHlWsauV6v15qXb7NIsjjw7RESojG12gGrpDddRABA3RM3pFb8bYeDHejY9Za86YR3iA/sD4/AHrr5OE</latexit>

a = fA(x,ω)



<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="Wt0jyM9yj5MMq6b01mkvCc2Tmx0=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3GlDM5khyQhlKPgLblwo4tbvceffmD4W2nogcDjnhHvvCVLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3Uz99iMqzRP5YMYp+jEdSB5xRo2V2j1hoyHtlytu1Z2BrBJvQSqwQKNf/uqFCctilIYJqnXXc1Pj51QZzgROSr1MY0rZiA6wa6mkMWo/n607IWdWCUmUKPukITP194+cxlqP48AmY2qGetmbiv953cxE137OZZoZlGw+KMoEMQmZ3k5CrpAZMbaEMsXtroQNqaLM2IZKtgRv+eRV0rqoerVq7f6yUr99mtdRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsf82jBWVR4DH/gfP4AZ4uQDA==</latexit>

ω

<latexit sha1_base64="8o1ZAnNKJvCtYz46ni8U1fU+SSY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKpSSiFSXFUFcVrAPaEKYTCbt0MkkzEzEkhb0V9y4UMStv+HOv3H6WGjrgQuHc+7l3nv8hFGpLOvbyC0tr6yu5dcLG5tb2zvm7l5TxqnApIFjFou2jyRhlJOGooqRdiIIinxGWn7/auy37omQNOZ3apAQN0JdTkOKkdKSZx4k3mUJQac8dMrwoewwPRqgE88sWhVrArhI7BkpghnqnvnlBDFOI8IVZkjKjm0lys2QUBQzMio4qSQJwn3UJR1NOYqIdLPJ/SN4rJUAhrHQxRWcqL8nMhRJOYh83Rkh1ZPz3lj8z+ukKrxwM8qTVBGOp4vClEEVw3EYMKCCYMUGmiAsqL4V4h4SCCsdWUGHYM+/vEiapxW7WqnenhVr14/TOPLgEByBErDBOaiBG1AHDYDBEDyDV/BmPBkvxrvxMW3NGbMI98EfGJ8/pduVBQ==</latexit>

pA(a |x,ω)



The CHSH game

Classical strategies

<latexit sha1_base64="jb9pnJoN3KX+cMcND/wVhVfk410="></latexit>

p(ab |xy) =
∑

ω

ω(ε) pA(a |x,ε) pB(b | y,ε)



The CHSH game

Classical strategies

<latexit sha1_base64="jb9pnJoN3KX+cMcND/wVhVfk410="></latexit>

p(ab |xy) =
∑

ω

ω(ε) pA(a |x,ε) pB(b | y,ε)

<latexit sha1_base64="XhlOy7H/zTeo+Oy+LRz6oK7wVGg="></latexit>

ω(ε) →= ω(ε|xy)



The CHSH game

Classical strategies

<latexit sha1_base64="jb9pnJoN3KX+cMcND/wVhVfk410="></latexit>

p(ab |xy) =
∑

ω

ω(ε) pA(a |x,ε) pB(b | y,ε)

<latexit sha1_base64="pCh6I5up3CbT1PurMS8gjmKdVBQ=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDL/tKFJZkgySpkWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBhVGnH+bJWVtfWNzZzW/ntnd29/cLBYVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwfUkb92DVDQWd3qYgM9xT9CIEqyNVcfdQtEpO1PZy+DOoYjmqnUL314Yk5SD0IRhpTquk2g/w1JTwmCc91IFCSYD3IOOQYE5KD+bLjq2T40T2lEszRHanrq/b2SYKzXkgZnkWPfVYjYx/8s6qY6u/IyKJNUgyOyhKGW2ju3Jr+2QSiCaDQ1gIqnZ1SZ9LDHRppu8J0HAA4k5xyLMvNE480ojrzQ25biLVSxD87zsVsqV+kWxevs4qymHjtEJOkMuukRVdINqqIEIAvSMXtCr9WS9We/Wx2x0xZpXe4T+yPr8Af8pl7k=</latexit>a

<latexit sha1_base64="Hmvrnj3FfhkNuwfP4IUHlgzeRiQ=">AAACBnicbVDLSgMxFM3UV62vqks3g0VwUcqMSHVZcCO4qWAf0BlKJnOnDU0yQ5JRyrTg0q1b/Qd34tbf8Bf8CtPHQlsPXDiccy65OUHCqNKO82XlVlbX1jfym4Wt7Z3dveL+QVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwdXEb92DVDQWd3qYgM9xT9CIEqyN1PKYiYa4Wyw5FWcKe5m4c1JCc9S7xW8vjEnKQWjCsFId10m0n2GpKWEwLnipggSTAe5Bx1CBOSg/m547tk+MEtpRLM0IbU/V3xsZ5koNeWCSHOu+WvQm4n9eJ9XRpZ9RkaQaBJk9FKXM1rE9+bsdUglEs6EhmEhqbrVJH0tMtGmo4EkQ8EBizrEIM280zrzyyCuPTTnuYhXLpHlWcauV6u15qXbzOKspj47QMTpFLrpANXSN6qiBCBqgZ/SCXq0n6816tz5m0Zw1r/YQ/YH1+QOxwZpR</latexit>

ω

<latexit sha1_base64="i98/VOHBPZq8zo+Q2SrVnBk3xsI=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDL/tKFJZkgySpkWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBhVGnH+bJWVtfWNzZzW/ntnd29/cLBYVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwfUkb92DVDQWd3qYgM9xT9CIEqyNVQ+6haJTdqayl8GdQxHNVesWvr0wJikHoQnDSnVcJ9F+hqWmhME476UKEkwGuAcdgwJzUH42XXRsnxontKNYmiO0PXV/38gwV2rIAzPJse6rxWxi/pd1Uh1d+RkVSapBkNlDUcpsHduTX9shlUA0GxrARFKzq036WGKiTTd5T4KABxJzjkWYeaNx5pVGXmlsynEXq1iG5nnZrZQr9Yti9fZxVlMOHaMTdIZcdImq6AbVUAMRBOgZvaBX68l6s96tj9noijWv9gj9kfX5AwDUl7o=</latexit>

b

<latexit sha1_base64="ny08/jrQi4vLVRxCCsP6OeQDJPo=">AAACAHicbZDLSgMxGIUz9VbrrerSzWARXJQyI1JdFtwIblqwF+iUksn804YmmSHJqGVaELdu9R3ciVvfxFfwKUwvC209EPg45w/5c/yYUaUd58vKrKyurW9kN3Nb2zu7e/n9g4aKEkmgTiIWyZaPFTAqoK6pZtCKJWDuM2j6g6tJ3rwDqWgkbvUwhg7HPUFDSrA2Vu2hmy84JWcqexncORTQXNVu/tsLIpJwEJowrFTbdWLdSbHUlDAY57xEQYzJAPegbVBgDqqTThcd2yfGCewwkuYIbU/d3zdSzJUact9Mcqz7ajGbmP9l7USHl52UijjRIMjsoTBhto7sya/tgEogmg0NYCKp2dUmfSwx0aabnCdBwD2JOMciSL3ROPWKI684NuW4i1UsQ+Os5JZL5dp5oXLzOKspi47QMTpFLrpAFXSNqqiOCAL0jF7Qq/VkvVnv1sdsNGPNqz1Ef2R9/gAkPJfQ</latexit>x <latexit sha1_base64="IhrpGHOZU6zio1vT7JKBDwLkNg8=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDJ/29AkMyQZZZgWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBmVGnH+bJWVtfWNzZzW/ntnd29/cLBYVNFiSTQIBGLZDvAChgV0NBUM2jHEjAPGLSC4fUkb92DVDQSdzqNwee4L2iPEqyNVU+7haJTdqayl8GdQxHNVesWvr0wIgkHoQnDSnVcJ9Z+hqWmhME47yUKYkyGuA8dgwJzUH42XXRsnxontHuRNEdoe+r+vpFhrlTKAzPJsR6oxWxi/pd1Et278jMq4kSDILOHegmzdWRPfm2HVALRLDWAiaRmV5sMsMREm27yngQBDyTiHIsw80bjzCuNvNLYlOMuVrEMzfOyWylX6hfF6u3jrKYcOkYn6Ay56BJV0Q2qoQYiCNAzekGv1pP1Zr1bH7PRFWte7RH6I+vzByXYl9E=</latexit>y

<latexit sha1_base64="BbmGZPhfbumzkbGTel/yBxCNwVA=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBEqlJKIVJcFQbpwUcE+oAllMp20QyeTMDMRQywIbvwVNy4Uces3uPNvnLRdaOuBC4dz7uXee7yIUaks69tYWFxaXlnNreXXNza3ts2d3aYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOFF5rduiZA05DcqiYgboD6nPsVIaalrHkRF5EGndO+U4F1y7FDuBEgNRJBe1ZqjrlmwytYYcJ7YU1IAU9S75pfTC3EcEK4wQ1J2bCtSboqEopiRUd6JJYkQHqI+6WjKUUCkm47fGMEjrfSgHwpdXMGx+nsiRYGUSeDpzuxGOetl4n9eJ1b+uZtSHsWKcDxZ5McMqhBmmcAeFQQrlmiCsKD6VogHSCCsdHJ5HYI9+/I8aZ6U7Uq5cn1aqF4+TOLIgX1wCIrABmegCmqgDhoAg0fwDF7Bm/FkvBjvxsekdcGYRrgH/sD4/AHo4JiX</latexit>

p(ab |xy) → LHV

<latexit sha1_base64="XhlOy7H/zTeo+Oy+LRz6oK7wVGg="></latexit>

ω(ε) →= ω(ε|xy)



The CHSH game

Classical strategies

<latexit sha1_base64="jb9pnJoN3KX+cMcND/wVhVfk410="></latexit>

p(ab |xy) =
∑

ω

ω(ε) pA(a |x,ε) pB(b | y,ε)

<latexit sha1_base64="XhlOy7H/zTeo+Oy+LRz6oK7wVGg="></latexit>

ω(ε) →= ω(ε|xy)

<latexit sha1_base64="pCh6I5up3CbT1PurMS8gjmKdVBQ=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDL/tKFJZkgySpkWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBhVGnH+bJWVtfWNzZzW/ntnd29/cLBYVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwfUkb92DVDQWd3qYgM9xT9CIEqyNVcfdQtEpO1PZy+DOoYjmqnUL314Yk5SD0IRhpTquk2g/w1JTwmCc91IFCSYD3IOOQYE5KD+bLjq2T40T2lEszRHanrq/b2SYKzXkgZnkWPfVYjYx/8s6qY6u/IyKJNUgyOyhKGW2ju3Jr+2QSiCaDQ1gIqnZ1SZ9LDHRppu8J0HAA4k5xyLMvNE480ojrzQ25biLVSxD87zsVsqV+kWxevs4qymHjtEJOkMuukRVdINqqIEIAvSMXtCr9WS9We/Wx2x0xZpXe4T+yPr8Af8pl7k=</latexit>a

<latexit sha1_base64="Hmvrnj3FfhkNuwfP4IUHlgzeRiQ=">AAACBnicbVDLSgMxFM3UV62vqks3g0VwUcqMSHVZcCO4qWAf0BlKJnOnDU0yQ5JRyrTg0q1b/Qd34tbf8Bf8CtPHQlsPXDiccy65OUHCqNKO82XlVlbX1jfym4Wt7Z3dveL+QVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwdXEb92DVDQWd3qYgM9xT9CIEqyN1PKYiYa4Wyw5FWcKe5m4c1JCc9S7xW8vjEnKQWjCsFId10m0n2GpKWEwLnipggSTAe5Bx1CBOSg/m547tk+MEtpRLM0IbU/V3xsZ5koNeWCSHOu+WvQm4n9eJ9XRpZ9RkaQaBJk9FKXM1rE9+bsdUglEs6EhmEhqbrVJH0tMtGmo4EkQ8EBizrEIM280zrzyyCuPTTnuYhXLpHlWcauV6u15qXbzOKspj47QMTpFLrpANXSN6qiBCBqgZ/SCXq0n6816tz5m0Zw1r/YQ/YH1+QOxwZpR</latexit>

ω

<latexit sha1_base64="i98/VOHBPZq8zo+Q2SrVnBk3xsI=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDL/tKFJZkgySpkWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBhVGnH+bJWVtfWNzZzW/ntnd29/cLBYVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwfUkb92DVDQWd3qYgM9xT9CIEqyNVQ+6haJTdqayl8GdQxHNVesWvr0wJikHoQnDSnVcJ9F+hqWmhME476UKEkwGuAcdgwJzUH42XXRsnxontKNYmiO0PXV/38gwV2rIAzPJse6rxWxi/pd1Uh1d+RkVSapBkNlDUcpsHduTX9shlUA0GxrARFKzq036WGKiTTd5T4KABxJzjkWYeaNx5pVGXmlsynEXq1iG5nnZrZQr9Yti9fZxVlMOHaMTdIZcdImq6AbVUAMRBOgZvaBX68l6s96tj9noijWv9gj9kfX5AwDUl7o=</latexit>

b

<latexit sha1_base64="ny08/jrQi4vLVRxCCsP6OeQDJPo=">AAACAHicbZDLSgMxGIUz9VbrrerSzWARXJQyI1JdFtwIblqwF+iUksn804YmmSHJqGVaELdu9R3ciVvfxFfwKUwvC209EPg45w/5c/yYUaUd58vKrKyurW9kN3Nb2zu7e/n9g4aKEkmgTiIWyZaPFTAqoK6pZtCKJWDuM2j6g6tJ3rwDqWgkbvUwhg7HPUFDSrA2Vu2hmy84JWcqexncORTQXNVu/tsLIpJwEJowrFTbdWLdSbHUlDAY57xEQYzJAPegbVBgDqqTThcd2yfGCewwkuYIbU/d3zdSzJUact9Mcqz7ajGbmP9l7USHl52UijjRIMjsoTBhto7sya/tgEogmg0NYCKp2dUmfSwx0aabnCdBwD2JOMciSL3ROPWKI684NuW4i1UsQ+Os5JZL5dp5oXLzOKspi47QMTpFLrpAFXSNqqiOCAL0jF7Qq/VkvVnv1sdsNGPNqz1Ef2R9/gAkPJfQ</latexit>x <latexit sha1_base64="IhrpGHOZU6zio1vT7JKBDwLkNg8=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDJ/29AkMyQZZZgWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBmVGnH+bJWVtfWNzZzW/ntnd29/cLBYVNFiSTQIBGLZDvAChgV0NBUM2jHEjAPGLSC4fUkb92DVDQSdzqNwee4L2iPEqyNVU+7haJTdqayl8GdQxHNVesWvr0wIgkHoQnDSnVcJ9Z+hqWmhME47yUKYkyGuA8dgwJzUH42XXRsnxontHuRNEdoe+r+vpFhrlTKAzPJsR6oxWxi/pd1Et278jMq4kSDILOHegmzdWRPfm2HVALRLDWAiaRmV5sMsMREm27yngQBDyTiHIsw80bjzCuNvNLYlOMuVrEMzfOyWylX6hfF6u3jrKYcOkYn6Ay56BJV0Q2qoQYiCNAzekGv1pP1Zr1bH7PRFWte7RH6I+vzByXYl9E=</latexit>y

LHV



The CHSH game

<latexit sha1_base64="+lMq7VBJzDBY2VjOKli48GhePO4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)

Score:

Maximum classical score:



The CHSH game

<latexit sha1_base64="+lMq7VBJzDBY2VjOKli48GhePO4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)

Score:

Maximum classical score:

<latexit sha1_base64="HeyBSbGC8wW8RGud11JV3Tm/aUI="></latexit>

max
p→L

S = max
p→L

∑

a,b,x,y

q(x, y) ω(a↑b,x·y) p(ab|xy)



The CHSH game

<latexit sha1_base64="+lMq7VBJzDBY2VjOKli48GhePO4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)

Score:

Maximum classical score:

<latexit sha1_base64="nqnxaPC7dmjoJmywdaH/KckB1hU="></latexit>

= max
{ω,pA,pB}

∑

a,b,x,y

q(x, y) ω(a→b,x·y)
∑

ε

ε(ϑ) pA(a|x,ϑ) pB(b|y,ϑ)

<latexit sha1_base64="HeyBSbGC8wW8RGud11JV3Tm/aUI="></latexit>

max
p→L

S = max
p→L

∑

a,b,x,y

q(x, y) ω(a↑b,x·y) p(ab|xy)



The CHSH game

<latexit sha1_base64="+lMq7VBJzDBY2VjOKli48GhePO4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)

Score:

Maximum classical score:

<latexit sha1_base64="nqnxaPC7dmjoJmywdaH/KckB1hU="></latexit>

= max
{ω,pA,pB}

∑

a,b,x,y

q(x, y) ω(a→b,x·y)
∑

ε

ε(ϑ) pA(a|x,ϑ) pB(b|y,ϑ)

Assuming fair coins:

<latexit sha1_base64="HeyBSbGC8wW8RGud11JV3Tm/aUI="></latexit>

max
p→L

S = max
p→L

∑

a,b,x,y

q(x, y) ω(a↑b,x·y) p(ab|xy)

<latexit sha1_base64="jD/E6UVVc7Fw9plKLLXQxbCRAaU=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJlipCoSiICxcV7AWaUCbTSTt0MgkzE6GEgODGV3HjQhG3PoM738ZJ24W2/jDw858znHM+L2JUKsv6NnILi0vLK/nVwtr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3vMzqrXsiJA35nRpFxA1Qn1OfYqR01DX3YRU6vkA4OUmTclo9dwKkBhix5CLt3nTNolWyxoLzxp6aIpiq3jW/nF6I44BwhRmSsmNbkXITJBTFjKQFJ5YkQniI+qSjLUcBkW4yPiOFhzrpQT8U+nEFx+nvHwkKpBwFnu7MlpSztSz8r9aJlX/mJpRHsSIcTwb5MYMqhBkT2KOCYMVG2iAsqN4V4gHSUJQmV9AQ7NmT503zuGRXSpXbcrF29TDBkQd74AAcARucghq4BnXQABg8gmfwCt6MJ+PFeDc+Jq05Y4pwF/yR8fkDIP+Yug==</latexit>

=
3

4
=: BL



The CHSH game

Can quantum strategies do better?

What does it mean for Alice and Bob’s strategy to be quantum?

<latexit sha1_base64="dRO7Lj5lq6jZXBtnnJw8TsRC4GM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQQcJukOgxIIjHCOYByRpmJ7PJkNnZZWZWXdaAn+HFgyJe/Rdv/o2Tx0ETCxqKqm66u7yIM6Vt+9vKLC2vrK5l13Mbm1vbO/ndvYYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHF2G/eUalYKG50ElE3wH3BfEawNtJtVMRe5wQ9mnpIjrv5gl2yJ0CLxJmRAsxQ6+a/Or2QxAEVmnCsVNuxI+2mWGpGOB3lOrGiESZD3KdtQwUOqHLTydUjdGSUHvJDaUpoNFF/T6Q4UCoJPNMZYD1Q895Y/M9rx9o/d1MmolhTQaaL/JgjHaJxBKjHJCWaJ4ZgIpm5FZEBlphoE1TOhODMv7xIGuWSUylVrk8L1cunaRxZOIBDKIIDZ1CFK6hBHQhIeIZXeLPurRfr3fqYtmasWYT78AfW5w/Kg5HW</latexit>

p(ab |xy)



<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x <latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a <latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bobquantum source

quantum local processing quantum local processing

The CHSH game

<latexit sha1_base64="RI7MJbBTM/sirZXcomz/MHBwUCM=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNUEI8RzCLJEHo6PUmTXobuHiEMAf/BiwdFvPo53vwbO8tBow8KHu9VUVUvSjgz1ve/vNzS8srqWn69sLG5tb1T3N1rGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPh1cRvPlBtmJJ3dpTQUOC+ZDEj2DrpvqMHqptdXI67xZJf9qdAf0kwJyWYo9YtfnZ6iqSCSks4NqYd+IkNM6wtI5yOC53U0ASTIe7TtqMSC2rCbHrwGB05pYdipV1Ji6bqz4kMC2NGInKdAtuBWfQm4n9eO7XxeZgxmaSWSjJbFKccWYUm36Me05RYPnIEE83crYgMsMbEuowKLoRg8eW/pHFSDirlyu1pqXr9OIsjDwdwCMcQwBlU4QZqUAcCAp7gBV497T17b977rDXnzSPch1/wPr4B3ZeQ4g==</latexit>ωAB
<latexit sha1_base64="lXpx3AT4g+SHmO2BB++YcFeX2Ng=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEiiMcI5gHJEnons8mQ2dllZlYMa8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dQSK4Nq777Swtr6yurec28ptb2zu7hb39uo5TRVmNxiJWzQA1E1yymuFGsGaiGEaBYI1gcDX2G/dMaR7LOzNMmB9hT/KQUzRWalx2Mnx8GHUKRbfkTkAWiTcjRZih2il8tbsxTSMmDRWodctzE+NnqAyngo3y7VSzBOkAe6xlqcSIaT+bnDsix1bpkjBWtqQhE/X3RIaR1sMosJ0Rmr6e98bif14rNeGFn3GZpIZJOl0UpoKYmIx/J12uGDViaAlSxe2thPZRITU2obwNwZt/eZHUT0teuVS+PStWrp+mceTgEI7gBDw4hwrcQBVqQGEAz/AKb07ivDjvzse0dcmZRXgAf+B8/gCv9JA8</latexit>

Aa|x
<latexit sha1_base64="/ccfZnYr6/+26ipbeUzy71OwifU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGMA9IljA7mSRDZmeXmV5hWQP+ghcPinj1e7z5N04eB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HriNx+4NiJS95jG3A/pQIm+YBSt1LzqZsFjOu4WS27ZnYIsE29OSjBHrVv86vQiloRcIZPUmLbnxuhnVKNgko8LncTwmLIRHfC2pYqG3PjZ9NwxObFKj/QjbUshmaq/JzIaGpOGge0MKQ7NojcR//PaCfYv/UyoOEGu2GxRP5EEIzL5nfSE5gxlagllWthbCRtSTRnahAo2BG/x5WXSOCt7lXLl7rxUvXmaxZGHIziGU/DgAqpwCzWoA4MRPMMrvDmx8+K8Ox+z1pwzj/AQ/sD5/AG0ipA/</latexit>

Bb|y



<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="R6JC84aA48Fr0mJbF6pXHgC/JDY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OY910bE6g5HCfcj2lciFIyilW4fLtxuseSW3SnIX+LNSQnmqHWLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JkdW6ZEw1rYUkqn6cyKjkTGjKLCdEcWBWfQm4n9eO8Xw3M+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX/5LGidlr1Ku3JyWqlePszjycACHcAwenEEVrqEGdWDQhyd4gVdHOs/Om/M+a8058wj34Recj28BSI4M</latexit>

x = 0

<latexit sha1_base64="52exU1rBv0Opyp7nUPht42OkS9o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OY910bE6g5HCfcj2lciFIyilW4fLrxuseSW3SnIX+LNSQnmqHWLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JkdW6ZEw1rYUkqn6cyKjkTGjKLCdEcWBWfQm4n9eO8Xw3M+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX/5LGidlr1Ku3JyWqlePszjycACHcAwenEEVrqEGdWDQhyd4gVdHOs/Om/M+a8058wj34Recj28CzI4N</latexit>

x = 1

<latexit sha1_base64="9O8HjnOts3VfHabd7TXDrac8Yjk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK69bLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHfs432</latexit>

a = 1

<latexit sha1_base64="uASgfy9RefNcXoYzwvIjLKBm6tk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK7dbLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHeL431</latexit>

a = 0

<latexit sha1_base64="9O8HjnOts3VfHabd7TXDrac8Yjk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK69bLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHfs432</latexit>

a = 1

<latexit sha1_base64="uASgfy9RefNcXoYzwvIjLKBm6tk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiX0TmaTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJrayurW/kNwtb2zu7e8X9g4aOU0VZncYiVq0ANRNcsrrhRrBWohhGgWDNYHg98ZuPTGkeywczSpgfYV/ykFM0VrrHK7dbLLlldwqyTLw5KcEctW7xq9OLaRoxaahArduemxg/Q2U4FWxc6KSaJUiH2GdtSyVGTPvZ9NQxObFKj4SxsiUNmaq/JzKMtB5Fge2M0Az0ojcR//PaqQkv/YzLJDVM0tmiMBXExGTyN+lxxagRI0uQKm5vJXSACqmx6RRsCN7iy8ukcVb2KuXK3XmpevM0iyMPR3AMp+DBBVThFmpQBwp9eIZXeHOE8+K8Ox+z1pwzj/AQ/sD5/AHeL431</latexit>

a = 0

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a
<latexit sha1_base64="RI7MJbBTM/sirZXcomz/MHBwUCM=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNUEI8RzCLJEHo6PUmTXobuHiEMAf/BiwdFvPo53vwbO8tBow8KHu9VUVUvSjgz1ve/vNzS8srqWn69sLG5tb1T3N1rGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPh1cRvPlBtmJJ3dpTQUOC+ZDEj2DrpvqMHqptdXI67xZJf9qdAf0kwJyWYo9YtfnZ6iqSCSks4NqYd+IkNM6wtI5yOC53U0ASTIe7TtqMSC2rCbHrwGB05pYdipV1Ji6bqz4kMC2NGInKdAtuBWfQm4n9eO7XxeZgxmaSWSjJbFKccWYUm36Me05RYPnIEE83crYgMsMbEuowKLoRg8eW/pHFSDirlyu1pqXr9OIsjDwdwCMcQwBlU4QZqUAcCAp7gBV497T17b977rDXnzSPch1/wPr4B3ZeQ4g==</latexit>ωAB



The CHSH game

Quantum strategies

<latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]
Born rule



The CHSH game

Quantum strategies

<latexit sha1_base64="GX45HR8RcF+uLfnH19wcY3/rYoU=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahQimJSHVZEMRlC/YBTSiT6aQdOpmEmYkYYkHc+CtuXCji1n9w5984abvQ1gMXDufcy733eBGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS90WXmt2+JkDTkNyqJiBugAac+xUhpqWceRiXkOeV7pwzvkhPoUA6dAKmhCNLGuGcWrYo1AVwk9owUwQz1nvnl9EMcB4QrzJCUXduKlJsioShmZFxwYkkihEdoQLqachQQ6aaTL8bwWCt96IdCF1dwov6eSFEgZRJ4ujO7UM57mfif142Vf+GmlEexIhxPF/kxgyqEWSSwTwXBiiWaICyovhXiIRIIKx1cQYdgz7+8SFqnFbtaqTbOirWrh2kceXAAjkAJ2OAc1MA1qIMmwOARPINX8GY8GS/Gu/Exbc0Zswj3wR8Ynz8BfJgU</latexit>

p(ab |xy) → Q

<latexit sha1_base64="pCh6I5up3CbT1PurMS8gjmKdVBQ=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDL/tKFJZkgySpkWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBhVGnH+bJWVtfWNzZzW/ntnd29/cLBYVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwfUkb92DVDQWd3qYgM9xT9CIEqyNVcfdQtEpO1PZy+DOoYjmqnUL314Yk5SD0IRhpTquk2g/w1JTwmCc91IFCSYD3IOOQYE5KD+bLjq2T40T2lEszRHanrq/b2SYKzXkgZnkWPfVYjYx/8s6qY6u/IyKJNUgyOyhKGW2ju3Jr+2QSiCaDQ1gIqnZ1SZ9LDHRppu8J0HAA4k5xyLMvNE480ojrzQ25biLVSxD87zsVsqV+kWxevs4qymHjtEJOkMuukRVdINqqIEIAvSMXtCr9WS9We/Wx2x0xZpXe4T+yPr8Af8pl7k=</latexit>a
<latexit sha1_base64="i98/VOHBPZq8zo+Q2SrVnBk3xsI=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDL/tKFJZkgySpkWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBhVGnH+bJWVtfWNzZzW/ntnd29/cLBYVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwfUkb92DVDQWd3qYgM9xT9CIEqyNVQ+6haJTdqayl8GdQxHNVesWvr0wJikHoQnDSnVcJ9F+hqWmhME476UKEkwGuAcdgwJzUH42XXRsnxontKNYmiO0PXV/38gwV2rIAzPJse6rxWxi/pd1Uh1d+RkVSapBkNlDUcpsHduTX9shlUA0GxrARFKzq036WGKiTTd5T4KABxJzjkWYeaNx5pVGXmlsynEXq1iG5nnZrZQr9Yti9fZxVlMOHaMTdIZcdImq6AbVUAMRBOgZvaBX68l6s96tj9noijWv9gj9kfX5AwDUl7o=</latexit>

b

<latexit sha1_base64="ny08/jrQi4vLVRxCCsP6OeQDJPo=">AAACAHicbZDLSgMxGIUz9VbrrerSzWARXJQyI1JdFtwIblqwF+iUksn804YmmSHJqGVaELdu9R3ciVvfxFfwKUwvC209EPg45w/5c/yYUaUd58vKrKyurW9kN3Nb2zu7e/n9g4aKEkmgTiIWyZaPFTAqoK6pZtCKJWDuM2j6g6tJ3rwDqWgkbvUwhg7HPUFDSrA2Vu2hmy84JWcqexncORTQXNVu/tsLIpJwEJowrFTbdWLdSbHUlDAY57xEQYzJAPegbVBgDqqTThcd2yfGCewwkuYIbU/d3zdSzJUact9Mcqz7ajGbmP9l7USHl52UijjRIMjsoTBhto7sya/tgEogmg0NYCKp2dUmfSwx0aabnCdBwD2JOMciSL3ROPWKI684NuW4i1UsQ+Os5JZL5dp5oXLzOKspi47QMTpFLrpAFXSNqqiOCAL0jF7Qq/VkvVnv1sdsNGPNqz1Ef2R9/gAkPJfQ</latexit>x <latexit sha1_base64="IhrpGHOZU6zio1vT7JKBDwLkNg8=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDJ/29AkMyQZZZgWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBmVGnH+bJWVtfWNzZzW/ntnd29/cLBYVNFiSTQIBGLZDvAChgV0NBUM2jHEjAPGLSC4fUkb92DVDQSdzqNwee4L2iPEqyNVU+7haJTdqayl8GdQxHNVesWvr0wIgkHoQnDSnVcJ9Z+hqWmhME47yUKYkyGuA8dgwJzUH42XXRsnxontHuRNEdoe+r+vpFhrlTKAzPJsR6oxWxi/pd1Et278jMq4kSDILOHegmzdWRPfm2HVALRLDWAiaRmV5sMsMREm27yngQBDyTiHIsw80bjzCuNvNLYlOMuVrEMzfOyWylX6hfF6u3jrKYcOkYn6Ay56BJV0Q2qoQYiCNAzekGv1pP1Zr1bH7PRFWte7RH6I+vzByXYl9E=</latexit>y
<latexit sha1_base64="RI7MJbBTM/sirZXcomz/MHBwUCM=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNUEI8RzCLJEHo6PUmTXobuHiEMAf/BiwdFvPo53vwbO8tBow8KHu9VUVUvSjgz1ve/vNzS8srqWn69sLG5tb1T3N1rGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPh1cRvPlBtmJJ3dpTQUOC+ZDEj2DrpvqMHqptdXI67xZJf9qdAf0kwJyWYo9YtfnZ6iqSCSks4NqYd+IkNM6wtI5yOC53U0ASTIe7TtqMSC2rCbHrwGB05pYdipV1Ji6bqz4kMC2NGInKdAtuBWfQm4n9eO7XxeZgxmaSWSjJbFKccWYUm36Me05RYPnIEE83crYgMsMbEuowKLoRg8eW/pHFSDirlyu1pqXr9OIsjDwdwCMcQwBlU4QZqUAcCAp7gBV497T17b977rDXnzSPch1/wPr4B3ZeQ4g==</latexit>ωAB

<latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]
Born rule

<latexit sha1_base64="S+U3zZMOc0TfBDn9rR5V1EWyohg=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFqCBlRqS6LAjisoJ9QDuUTJppQzOZMcmI41Dwf7hxoYhbf4o7/43pY6GtBwIf59yQm+PHnCntON/W0vLK6tp6biO/ubW9U7B39xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IeX47x5T6VikbjVaUy9EPcFCxjB2lhdu9CRg6gj6B0KSg8n6XHXLjplZyK0CO4MijBTrWt/dXoRSUIqNOFYqbbrxNrLsNSMcDrKdxJFY0yGuE/bBgUOqfKyyeIjdGScHgoiaY7QaOL+vpHhUKk09M1kiPVAzWdj87+snejgwsuYiBNNBZk+FCQc6QiNW0A9JinRPDWAiWRmV0QGWGKiTVd5U4I7/+VFaJyW3Uq5cnNWrF49TevIwQEcQglcOIcqXEMN6kAggWd4hTfr0Xqx3q2P6eiSNatwH/7I+vwB6r+TCQ==</latexit>

ω →= f(x, y)



The CHSH game

Quantum strategies

<latexit sha1_base64="pCh6I5up3CbT1PurMS8gjmKdVBQ=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDL/tKFJZkgySpkWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBhVGnH+bJWVtfWNzZzW/ntnd29/cLBYVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwfUkb92DVDQWd3qYgM9xT9CIEqyNVcfdQtEpO1PZy+DOoYjmqnUL314Yk5SD0IRhpTquk2g/w1JTwmCc91IFCSYD3IOOQYE5KD+bLjq2T40T2lEszRHanrq/b2SYKzXkgZnkWPfVYjYx/8s6qY6u/IyKJNUgyOyhKGW2ju3Jr+2QSiCaDQ1gIqnZ1SZ9LDHRppu8J0HAA4k5xyLMvNE480ojrzQ25biLVSxD87zsVsqV+kWxevs4qymHjtEJOkMuukRVdINqqIEIAvSMXtCr9WS9We/Wx2x0xZpXe4T+yPr8Af8pl7k=</latexit>a
<latexit sha1_base64="i98/VOHBPZq8zo+Q2SrVnBk3xsI=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDL/tKFJZkgySpkWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBhVGnH+bJWVtfWNzZzW/ntnd29/cLBYVPFqSTQIDGLZTvAChgV0NBUM2gnEjAPGLSCwfUkb92DVDQWd3qYgM9xT9CIEqyNVQ+6haJTdqayl8GdQxHNVesWvr0wJikHoQnDSnVcJ9F+hqWmhME476UKEkwGuAcdgwJzUH42XXRsnxontKNYmiO0PXV/38gwV2rIAzPJse6rxWxi/pd1Uh1d+RkVSapBkNlDUcpsHduTX9shlUA0GxrARFKzq036WGKiTTd5T4KABxJzjkWYeaNx5pVGXmlsynEXq1iG5nnZrZQr9Yti9fZxVlMOHaMTdIZcdImq6AbVUAMRBOgZvaBX68l6s96tj9noijWv9gj9kfX5AwDUl7o=</latexit>

b

<latexit sha1_base64="ny08/jrQi4vLVRxCCsP6OeQDJPo=">AAACAHicbZDLSgMxGIUz9VbrrerSzWARXJQyI1JdFtwIblqwF+iUksn804YmmSHJqGVaELdu9R3ciVvfxFfwKUwvC209EPg45w/5c/yYUaUd58vKrKyurW9kN3Nb2zu7e/n9g4aKEkmgTiIWyZaPFTAqoK6pZtCKJWDuM2j6g6tJ3rwDqWgkbvUwhg7HPUFDSrA2Vu2hmy84JWcqexncORTQXNVu/tsLIpJwEJowrFTbdWLdSbHUlDAY57xEQYzJAPegbVBgDqqTThcd2yfGCewwkuYIbU/d3zdSzJUact9Mcqz7ajGbmP9l7USHl52UijjRIMjsoTBhto7sya/tgEogmg0NYCKp2dUmfSwx0aabnCdBwD2JOMciSL3ROPWKI684NuW4i1UsQ+Os5JZL5dp5oXLzOKspi47QMTpFLrpAFXSNqqiOCAL0jF7Qq/VkvVnv1sdsNGPNqz1Ef2R9/gAkPJfQ</latexit>x <latexit sha1_base64="IhrpGHOZU6zio1vT7JKBDwLkNg8=">AAACAHicbZDLSgMxGIUzXmu9VV26GSyCi1JmRKrLghvBTQv2Ap2hZDJ/29AkMyQZZZgWxK1bfQd34tY38RV8CtPLQlsPBD7O+UP+nCBmVGnH+bJWVtfWNzZzW/ntnd29/cLBYVNFiSTQIBGLZDvAChgV0NBUM2jHEjAPGLSC4fUkb92DVDQSdzqNwee4L2iPEqyNVU+7haJTdqayl8GdQxHNVesWvr0wIgkHoQnDSnVcJ9Z+hqWmhME47yUKYkyGuA8dgwJzUH42XXRsnxontHuRNEdoe+r+vpFhrlTKAzPJsR6oxWxi/pd1Et278jMq4kSDILOHegmzdWRPfm2HVALRLDWAiaRmV5sMsMREm27yngQBDyTiHIsw80bjzCuNvNLYlOMuVrEMzfOyWylX6hfF6u3jrKYcOkYn6Ay56BJV0Q2qoQYiCNAzekGv1pP1Zr1bH7PRFWte7RH6I+vzByXYl9E=</latexit>y
<latexit sha1_base64="RI7MJbBTM/sirZXcomz/MHBwUCM=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNUEI8RzCLJEHo6PUmTXobuHiEMAf/BiwdFvPo53vwbO8tBow8KHu9VUVUvSjgz1ve/vNzS8srqWn69sLG5tb1T3N1rGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPh1cRvPlBtmJJ3dpTQUOC+ZDEj2DrpvqMHqptdXI67xZJf9qdAf0kwJyWYo9YtfnZ6iqSCSks4NqYd+IkNM6wtI5yOC53U0ASTIe7TtqMSC2rCbHrwGB05pYdipV1Ji6bqz4kMC2NGInKdAtuBWfQm4n9eO7XxeZgxmaSWSjJbFKccWYUm36Me05RYPnIEE83crYgMsMbEuowKLoRg8eW/pHFSDirlyu1pqXr9OIsjDwdwCMcQwBlU4QZqUAcCAp7gBV497T17b977rDXnzSPch1/wPr4B3ZeQ4g==</latexit>ωAB

<latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]
Born rule



The CHSH game

Quantum strategies

<latexit sha1_base64="/HT2zI0+SDJmUGj9tI25j9ml0H8=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAILqTMiFSXRUFcVrAX6AxDJj1tQzMXk4wwjAU3bnwVNy4UcesjuPNtzLRdaOsJgY//P+Hk/H7MmVSW9W3MzS8sLi0XVoqra+sbm+bWdkNGiaBQpxGPRMsnEjgLoa6Y4tCKBZDA59D0Bxe537wDIVkU3qg0BjcgvZB1GSVKS565d+5l/n06dHpwiy3s5KcbCcK5Jv8o9cySVbZGhWfBnkAJTarmmV9OJ6JJAKGinEjZtq1YuRkRilEOw6KTSIgJHZAetDWGJADpZqNFhvhAKx2s5+sbKjxSf7/ISCBlGvi6MyCqL6e9XPzPayeqe+ZmLIwTBSEdD+omHKsI56ngDhNAFU81ECqY/iumfSIIVTq7og7Bnl55FhrHZbtSrlyflKqXD+M4CmgX7aNDZKNTVEVXqIbqiKJH9Ixe0ZvxZLwY78bHuHXOmES4g/6U8fkDoZiY4A==</latexit>

Bb|y → 0 ↑ b, y

<latexit sha1_base64="j8r476ZHDqvpigif4bqNLV40Wa4=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAILqTMiFSXFUFcVrAXaIfhTJppQzMXk4y0jAU3bnwVNy4UcesjuPNtzLRdaOsJgY//P+Hk/F7MmVSW9W3MzS8sLi3nVvKra+sbm+bWdk1GiSC0SiIeiYYHknIW0qpiitNGLCgEHqd1r3eR+fU7KiSLwhs1iKkTQCdkPiOgtOSae+duCvf9YatDb7GFW9nxIwGca4KjvmsWrKI1KjwL9gQKaFIV1/xqtSOSBDRUhIOUTduKlZOCUIxwOsy3EkljID3o0KbGEAIqnXS0yBAfaKWN9Xx9Q4VH6u8XKQRSDgJPdwagunLay8T/vGai/DMnZWGcKBqS8SA/4VhFOEsFt5mgRPGBBiCC6b9i0gUBROns8joEe3rlWagdF+1SsXR9UihfPozjyKFdtI8OkY1OURldoQqqIoIe0TN6RW/Gk/FivBsf49Y5YxLhDvpTxucPmbCY2w==</latexit>

Aa|x → 0 ↑ a, x

<latexit sha1_base64="6G3C5fq2UnDUovKCJwBF0k4E8Zc="></latexit>∑

b

Bb|y = 1 → y

<latexit sha1_base64="Yz98jCBqa1b5CrLWBpi5NqWB+Fc="></latexit>∑

a

Aa|x = 1 → x

<latexit sha1_base64="q2eWHcJKaEN/+IcWo/+W/wU2jpA=">AAACGHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BQTxGMA9MQpid9GaHzM6sM7PCsgT8CE+Cfos38erNT/Hm5HEwiQUNRVU33V1+zJk2rvvt5FZW19Y38puFre2d3b3i/kFDy0RRqFPJpWr5RANnAuqGGQ6tWAGJfA5Nf3g19puPoDST4s6kMXQjMhAsYJQYK913VCg7A3jAbq9YcsvuBHiZeDNSQjPUesWfTl/SJAJhKCdatz03Nt2MKMMoh1Ghk2iICR2SAbQtFSQC3c0mF4/wiVX6OJDKljB4ov6dyEikdRr5tjMiJtSL3lj8z2snJrjsZkzEiQFBp4uChGMj8fh93GcKqOGpJYQqZm/FNCSKUGNDmtvi+5L3597I4jDVjOqRzcpbTGaZNM7KXqVcuT0vVa+fpqnl0RE6RqfIQxeoim5QDdURRQI9o1f05rw4786H8zltzTmzpA/RHJyvX9xEoc8=</latexit>

ω → 0
<latexit sha1_base64="SIvO9Pp5wY16vj0ABKA5yubeRjI=">AAACGXicbVDLSsNAFJ3UV62vqks3g0Wom5KIVDdCQRCXFWwtJKFMJpNm6GQmzEyEEAr+hCtBv8WduHXlp7hz+ljY1gMXDufcy733BCmjStv2t1VaWV1b3yhvVra2d3b3qvsHXSUyiUkHCyZkL0CKMMpJR1PNSC+VBCUBIw/B8HrsPzwSqajg9zpPiZ+gAacRxUgbyfW0rHsyFqdXTr9asxv2BHCZODNSAzO0+9UfLxQ4SwjXmCGlXMdOtV8gqSlmZFTxMkVShIdoQFxDOUqI8ovJySN4YpQQRkKa4hpO1L8TBUqUypPAdCZIx2rRG4v/eW6mo0u/oDzNNOF4uijKGNQCjv+HIZUEa5YbgrCk5laIYyQR1ialuS1BIFg490aRxrmiWI1MVs5iMsuke9Zwmo3m3XmtdfM0Ta0MjsAxqAMHXIAWuAVt0AEYCPAMXsGb9WK9Wx/W57S1ZM2SPgRzsL5+ASvTofE=</latexit>

tr(ω) = 1

Alice’s measurements:

Bob’s measurements:

shared quantum state:

<latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]



The CHSH game

Quantum strategies

<latexit sha1_base64="/HT2zI0+SDJmUGj9tI25j9ml0H8=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAILqTMiFSXRUFcVrAX6AxDJj1tQzMXk4wwjAU3bnwVNy4UcesjuPNtzLRdaOsJgY//P+Hk/H7MmVSW9W3MzS8sLi0XVoqra+sbm+bWdkNGiaBQpxGPRMsnEjgLoa6Y4tCKBZDA59D0Bxe537wDIVkU3qg0BjcgvZB1GSVKS565d+5l/n06dHpwiy3s5KcbCcK5Jv8o9cySVbZGhWfBnkAJTarmmV9OJ6JJAKGinEjZtq1YuRkRilEOw6KTSIgJHZAetDWGJADpZqNFhvhAKx2s5+sbKjxSf7/ISCBlGvi6MyCqL6e9XPzPayeqe+ZmLIwTBSEdD+omHKsI56ngDhNAFU81ECqY/iumfSIIVTq7og7Bnl55FhrHZbtSrlyflKqXD+M4CmgX7aNDZKNTVEVXqIbqiKJH9Ixe0ZvxZLwY78bHuHXOmES4g/6U8fkDoZiY4A==</latexit>

Bb|y → 0 ↑ b, y

<latexit sha1_base64="j8r476ZHDqvpigif4bqNLV40Wa4=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAILqTMiFSXFUFcVrAXaIfhTJppQzMXk4y0jAU3bnwVNy4UcesjuPNtzLRdaOsJgY//P+Hk/F7MmVSW9W3MzS8sLi3nVvKra+sbm+bWdk1GiSC0SiIeiYYHknIW0qpiitNGLCgEHqd1r3eR+fU7KiSLwhs1iKkTQCdkPiOgtOSae+duCvf9YatDb7GFW9nxIwGca4KjvmsWrKI1KjwL9gQKaFIV1/xqtSOSBDRUhIOUTduKlZOCUIxwOsy3EkljID3o0KbGEAIqnXS0yBAfaKWN9Xx9Q4VH6u8XKQRSDgJPdwagunLay8T/vGai/DMnZWGcKBqS8SA/4VhFOEsFt5mgRPGBBiCC6b9i0gUBROns8joEe3rlWagdF+1SsXR9UihfPozjyKFdtI8OkY1OURldoQqqIoIe0TN6RW/Gk/FivBsf49Y5YxLhDvpTxucPmbCY2w==</latexit>

Aa|x → 0 ↑ a, x

<latexit sha1_base64="6G3C5fq2UnDUovKCJwBF0k4E8Zc="></latexit>∑

b

Bb|y = 1 → y

<latexit sha1_base64="Yz98jCBqa1b5CrLWBpi5NqWB+Fc="></latexit>∑

a

Aa|x = 1 → x

<latexit sha1_base64="q2eWHcJKaEN/+IcWo/+W/wU2jpA=">AAACGHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BQTxGMA9MQpid9GaHzM6sM7PCsgT8CE+Cfos38erNT/Hm5HEwiQUNRVU33V1+zJk2rvvt5FZW19Y38puFre2d3b3i/kFDy0RRqFPJpWr5RANnAuqGGQ6tWAGJfA5Nf3g19puPoDST4s6kMXQjMhAsYJQYK913VCg7A3jAbq9YcsvuBHiZeDNSQjPUesWfTl/SJAJhKCdatz03Nt2MKMMoh1Ghk2iICR2SAbQtFSQC3c0mF4/wiVX6OJDKljB4ov6dyEikdRr5tjMiJtSL3lj8z2snJrjsZkzEiQFBp4uChGMj8fh93GcKqOGpJYQqZm/FNCSKUGNDmtvi+5L3597I4jDVjOqRzcpbTGaZNM7KXqVcuT0vVa+fpqnl0RE6RqfIQxeoim5QDdURRQI9o1f05rw4786H8zltzTmzpA/RHJyvX9xEoc8=</latexit>

ω → 0
<latexit sha1_base64="SIvO9Pp5wY16vj0ABKA5yubeRjI=">AAACGXicbVDLSsNAFJ3UV62vqks3g0Wom5KIVDdCQRCXFWwtJKFMJpNm6GQmzEyEEAr+hCtBv8WduHXlp7hz+ljY1gMXDufcy733BCmjStv2t1VaWV1b3yhvVra2d3b3qvsHXSUyiUkHCyZkL0CKMMpJR1PNSC+VBCUBIw/B8HrsPzwSqajg9zpPiZ+gAacRxUgbyfW0rHsyFqdXTr9asxv2BHCZODNSAzO0+9UfLxQ4SwjXmCGlXMdOtV8gqSlmZFTxMkVShIdoQFxDOUqI8ovJySN4YpQQRkKa4hpO1L8TBUqUypPAdCZIx2rRG4v/eW6mo0u/oDzNNOF4uijKGNQCjv+HIZUEa5YbgrCk5laIYyQR1ialuS1BIFg490aRxrmiWI1MVs5iMsuke9Zwmo3m3XmtdfM0Ta0MjsAxqAMHXIAWuAVt0AEYCPAMXsGb9WK9Wx/W57S1ZM2SPgRzsL5+ASvTofE=</latexit>

tr(ω) = 1

Alice’s measurements:

Bob’s measurements:

shared quantum state:

<latexit sha1_base64="kIySZrljlqaHbmGHz3ECkNAQRvE=">AAACK3icbZDLSsNAFIYn9VbrLeqym8EiuCqJlupKC4K4rGgv0IQymUzaoZNMmJkIJQT0aVwJ+iyuFLc+hDsnbRe2emDg5//PcM75vJhRqSzr3SgsLa+srhXXSxubW9s75u5eW/JEYNLCnHHR9ZAkjEakpahipBsLgkKPkY43uszzzj0RkvLoTo1j4oZoENGAYqS01TfLTojUECOW3mbnTiAQTk+ytJZBB170zYpVtSYF/wp7JipgVs2++e34HCchiRRmSMqebcXKTZFQFDOSlZxEkhjhERqQnpYRCol008kRGTzUjg8DLvSLFJy4v3+kKJRyHHq6M19ZLma5+V/WS1Rw5qY0ihNFIjwdFCQMKg5zItCngmDFxlogLKjeFeIh0iSU5jY3xfM48+fOSOPhWFIsM83KXiTzV7SPq3a9Wr+pVRpXD1NqRVAGB+AI2OAUNMA1aIIWwOARPIEX8Go8G2/Gh/E5bS0YM9L7YK6Mrx/kqakF</latexit>

S >
3

4
?

<latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]



The CHSH game

Quantum strategies

<latexit sha1_base64="DSCD1hKnvUKksnA/y+p7bX2vhMM="></latexit>∣∣!+
〉
=

1→
2
(|00↑+ |11↑)

<latexit sha1_base64="+KeV7rAT7w+ag/1TWmeWNLxnYco="></latexit>

A0|0 = |m(0)→↑m(0)| , A1|0 = 1 ↓A0|0
<latexit sha1_base64="g6joF5PKTEBCA2Gud6Z5tBhOLF0="></latexit>

A0|1 = |m(ω/4)→↑m(ω/4)| , A1|1 = 1 ↓A0|1
<latexit sha1_base64="id2bPSXuMa2eERMfxWUp+gOZjXg=">AAACL3icbVDLSgMxFM3UV62vUZcuDBbBjWVGpLoRKoK4rGAf0A5Dkknb0MyDJCMM44Abv8aVoN8ibsStn+DOTNuFbT0QODnnXu69B0ecSWVZH0ZhYXFpeaW4Wlpb39jcMrd3mjKMBaENEvJQtDGSlLOANhRTnLYjQZGPOW3h4VXut+6pkCwM7lQSUcdH/YD1GEFKS665f+mm9oOdwQvY9ZEaYJzqzzHUspXLrlm2KtYIcJ7YE1IGE9Rd86frhST2aaAIR1J2bCtSToqEYoTTrNSNJY0QGaI+7WgaIJ9KJx0dksFDrXiwFwr9AgVH6t+OFPlSJj7WlfmyctbLxf+8Tqx6507KgihWNCDjQb2YQxXCPBXoMUGJ4okmiAimd4VkgAQiSmc3NQXjkHtTZ6TRIJGMyExnZc8mM0+aJxW7WqnenpZr14/j1IpgDxyAI2CDM1ADN6AOGoCAJ/AMXsGb8WK8G5/G17i0YEyS3gVTML5/AYZHqSw=</latexit>

A1|1 = 1 →A0|1

<latexit sha1_base64="zwa2UX3X2rgLQLdZtzKfIb4YWSA="></latexit>

A1|0 = 1 →A0|0

<latexit sha1_base64="166nL0ay8Fyga3zNLSqCm4p66ac="></latexit>

B1|0 = 1 →B0|0

<latexit sha1_base64="YcBgv6YDm7RNCSzSXqLu7icpi+k=">AAACL3icbVDLSgMxFM3UV62vUZcuDBbBjWVGpLoRioK4rGAf0A5Dkknb0MyDJCMM44Abv8aVoN8ibsStn+DOTNuFbT0QODnnXu69B0ecSWVZH0ZhYXFpeaW4Wlpb39jcMrd3mjKMBaENEvJQtDGSlLOANhRTnLYjQZGPOW3h4VXut+6pkCwM7lQSUcdH/YD1GEFKS665f+mm9oOdwQvY9ZEaYJzqzzHUspXLrlm2KtYIcJ7YE1IGE9Rd86frhST2aaAIR1J2bCtSToqEYoTTrNSNJY0QGaI+7WgaIJ9KJx0dksFDrXiwFwr9AgVH6t+OFPlSJj7WlfmyctbLxf+8Tqx6507KgihWNCDjQb2YQxXCPBXoMUGJ4okmiAimd4VkgAQiSmc3NQXjkHtTZ6TRIJGMyExnZc8mM0+aJxW7WqnenpZr14/j1IpgDxyAI2CDM1ADN6AOGoCAJ/AMXsGb8WK8G5/G17i0YEyS3gVTML5/AYnCqS4=</latexit>

B1|1 = 1 →B0|1

<latexit sha1_base64="RdSmgF5KjguA/o/UZ+pw78NfagM="></latexit>

B0|0 = |m(ω/8)→↑m(ω/8)| ,
<latexit sha1_base64="svDfKmkMeGTBTSS8UPglijgwSfg="></latexit>

B0|1 = |m(→ω/8)↑↓m(→ω/8)| ,

Quantum state

<latexit sha1_base64="dlIdrkBXPflblnSesFK+obRGurY="></latexit>

|m(ω)→ = cos(ω) |0→+ sin(ω) |1→

Quantum measurements

<latexit sha1_base64="D5iueaKHqYdEw0Dud9KOPCNS9Fc=">AAACJnicbZDLSsNAFIYnXmu9RQU3bgaLIAglEaluhIIgLivYCzSxTCaTZugkE2YmQogFn8WVoM/iTsSdr+HOSduFbT0w8PP/ZzjnfF7CqFSW9WUsLC4tr6yW1srrG5tb2+bObkvyVGDSxJxx0fGQJIzGpKmoYqSTCIIij5G2N7gq8vYDEZLy+E5lCXEj1I9pQDFS2uqZ+44IObyEzoAoT6DcaYT0/mTYMytW1RoVnBf2RFTApBo988fxOU4jEivMkJRd20qUmyOhKGZkWHZSSRKEB6hPulrGKCLSzUf7D+GRdnwYcKFfrODI/fsjR5GUWeTpzgipUM5mhflf1k1VcOHmNE5SRWI8HhSkDCoOCxjQp4JgxTItEBZU7wpxiATCSiObmuJ5nPlTZ+RJmEmKZcHKniUzL1qnVbtWrd2eVerXT2NqJXAADsExsME5qIMb0ABNgMEjeAav4M14Md6ND+Nz3LpgTEjvgakyvn8Br6Wm3w==</latexit>

ω =
∣∣!+

〉〈
!+

∣∣

Clauser et al., PRL (1969) 



The CHSH game

Quantum strategies

<latexit sha1_base64="DSCD1hKnvUKksnA/y+p7bX2vhMM="></latexit>∣∣!+
〉
=

1→
2
(|00↑+ |11↑)

<latexit sha1_base64="D5iueaKHqYdEw0Dud9KOPCNS9Fc=">AAACJnicbZDLSsNAFIYnXmu9RQU3bgaLIAglEaluhIIgLivYCzSxTCaTZugkE2YmQogFn8WVoM/iTsSdr+HOSduFbT0w8PP/ZzjnfF7CqFSW9WUsLC4tr6yW1srrG5tb2+bObkvyVGDSxJxx0fGQJIzGpKmoYqSTCIIij5G2N7gq8vYDEZLy+E5lCXEj1I9pQDFS2uqZ+44IObyEzoAoT6DcaYT0/mTYMytW1RoVnBf2RFTApBo988fxOU4jEivMkJRd20qUmyOhKGZkWHZSSRKEB6hPulrGKCLSzUf7D+GRdnwYcKFfrODI/fsjR5GUWeTpzgipUM5mhflf1k1VcOHmNE5SRWI8HhSkDCoOCxjQp4JgxTItEBZU7wpxiATCSiObmuJ5nPlTZ+RJmEmKZcHKniUzL1qnVbtWrd2eVerXT2NqJXAADsExsME5qIMb0ABNgMEjeAav4M14Md6ND+Nz3LpgTEjvgakyvn8Br6Wm3w==</latexit>

ω =
∣∣!+

〉〈
!+

∣∣

<latexit sha1_base64="dlIdrkBXPflblnSesFK+obRGurY="></latexit>

|m(ω)→ = cos(ω) |0→+ sin(ω) |1→

Quantum state Quantum measurements

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="J0JWEt+NRhYzrHYFFEL+vBslvvU=">AAACFXicbVBNS8NAEJ34WetX1aOXYBE8lUSkeizowWMF+wFtKJvNpl2y2Q27GyGE/ghPgv4Wb+LVsz/Fm5s2B9v6YODx3gwz8/yEUaUd59taW9/Y3Nqu7FR39/YPDmtHx10lUolJBwsmZN9HijDKSUdTzUg/kQTFPiM9P7ot/N4TkYoK/qizhHgxGnMaUoy0kXrDiOjcmY5qdafhzGCvErckdSjRHtV+hoHAaUy4xgwpNXCdRHs5kppiRqbVYapIgnCExmRgKEcxUV4+O3dqnxslsEMhTXFtz9S/EzmKlcpi33TGSE/UsleI/3mDVIc3Xk55kmrC8XxRmDJbC7v43Q6oJFizzBCEJTW32niCJMLaJLSwxfcFCxbeyJNJpihWRVbucjKrpHvZcJuN5sNVvXVXplaBUziDC3DhGlpwD23oAIYInuEV3qwX6936sD7nrWtWOXMCC7C+fgHyfaBp</latexit>

|0→

<latexit sha1_base64="hrs/TYQ7485GVzpMRZjg1lWcmU8=">AAACFXicbVBNS8NAEN34WetX1aOXYBE8lUSkeizowWMF+wFtKJvNpF2y2Q27GyGE/ghPgv4Wb+LVsz/Fm5s2B9v6YODx3gwz8/yEUaUd59taW9/Y3Nqu7FR39/YPDmtHx10lUkmgQwQTsu9jBYxy6GiqGfQTCTj2GfT86Lbwe08gFRX8UWcJeDEecxpSgrWResMIdO5OR7W603BmsFeJW5I6KtEe1X6GgSBpDFwThpUauE6ivRxLTQmDaXWYKkgwifAYBoZyHIPy8tm5U/vcKIEdCmmKa3um/p3IcaxUFvumM8Z6opa9QvzPG6Q6vPFyypNUAyfzRWHKbC3s4nc7oBKIZpkhmEhqbrXJBEtMtEloYYvvCxYsvJEnk0xRooqs3OVkVkn3suE2G82Hq3rrrkytgk7RGbpALrpGLXSP2qiDCIrQM3pFb9aL9W59WJ/z1jWrnDlBC7C+fgH0KaBq</latexit>

|1→

<latexit sha1_base64="1Cc3jDUh4fAW4csNob1TQkXZhHk=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBZBEEoiUj0W9OCxgv2ANpTNZtMu3eyG3YkQQn+EJ0F/izfx6tmf4s2kzcG2Phh4vDfDzDwvEtyAbX9bpbX1jc2t8nZlZ3dv/6B6eNQxKtaUtakSSvc8YpjgkrWBg2C9SDMSeoJ1vclt7nefmDZcyUdIIuaGZCR5wCmBTOoOJgzSi+mwWrPr9gx4lTgFqaECrWH1Z+ArGodMAhXEmL5jR+CmRAOngk0rg9iwiNAJGbF+RiUJmXHT2blTfJYpPg6UzkoCnql/J1ISGpOEXtYZEhibZS8X//P6MQQ3bsplFAOTdL4oiAUGhfPfsc81oyCSjBCqeXYrpmOiCYUsoYUtnqeEv/BGGo0Tw6nJs3KWk1klncu606g3Hq5qzbsitTI6QafoHDnoGjXRPWqhNqJogp7RK3qzXqx368P6nLeWrGLmGC3A+voF6iGgZA==</latexit>

|+→
<latexit sha1_base64="qza+Z4bfJ2dZmQMhtq9H1/Gd3CQ=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBbBiyURqR4LevBYwX5AG8pms2mXbnbD7kQIoT/Ck6C/xZt49exP8WbS5mBbHww83pthZp4XCW7Atr+t0tr6xuZWebuys7u3f1A9POoYFWvK2lQJpXseMUxwydrAQbBepBkJPcG63uQ297tPTBuu5CMkEXNDMpI84JRAJnUHEwbpxXRYrdl1ewa8SpyC1FCB1rD6M/AVjUMmgQpiTN+xI3BTooFTwaaVQWxYROiEjFg/o5KEzLjp7NwpPssUHwdKZyUBz9S/EykJjUlCL+sMCYzNspeL/3n9GIIbN+UyioFJOl8UxAKDwvnv2OeaURBJRgjVPLsV0zHRhEKW0MIWz1PCX3gjjcaJ4dTkWTnLyaySzmXdadQbD1e15l2RWhmdoFN0jhx0jZroHrVQG1E0Qc/oFb1ZL9a79WF9zltLVjFzjBZgff0C7XmgZg==</latexit>

|→↑

<latexit sha1_base64="J0JWEt+NRhYzrHYFFEL+vBslvvU=">AAACFXicbVBNS8NAEJ34WetX1aOXYBE8lUSkeizowWMF+wFtKJvNpl2y2Q27GyGE/ghPgv4Wb+LVsz/Fm5s2B9v6YODx3gwz8/yEUaUd59taW9/Y3Nqu7FR39/YPDmtHx10lUolJBwsmZN9HijDKSUdTzUg/kQTFPiM9P7ot/N4TkYoK/qizhHgxGnMaUoy0kXrDiOjcmY5qdafhzGCvErckdSjRHtV+hoHAaUy4xgwpNXCdRHs5kppiRqbVYapIgnCExmRgKEcxUV4+O3dqnxslsEMhTXFtz9S/EzmKlcpi33TGSE/UsleI/3mDVIc3Xk55kmrC8XxRmDJbC7v43Q6oJFizzBCEJTW32niCJMLaJLSwxfcFCxbeyJNJpihWRVbucjKrpHvZcJuN5sNVvXVXplaBUziDC3DhGlpwD23oAIYInuEV3qwX6936sD7nrWtWOXMCC7C+fgHyfaBp</latexit>

|0→

<latexit sha1_base64="hrs/TYQ7485GVzpMRZjg1lWcmU8=">AAACFXicbVBNS8NAEN34WetX1aOXYBE8lUSkeizowWMF+wFtKJvNpF2y2Q27GyGE/ghPgv4Wb+LVsz/Fm5s2B9v6YODx3gwz8/yEUaUd59taW9/Y3Nqu7FR39/YPDmtHx10lUkmgQwQTsu9jBYxy6GiqGfQTCTj2GfT86Lbwe08gFRX8UWcJeDEecxpSgrWResMIdO5OR7W603BmsFeJW5I6KtEe1X6GgSBpDFwThpUauE6ivRxLTQmDaXWYKkgwifAYBoZyHIPy8tm5U/vcKIEdCmmKa3um/p3IcaxUFvumM8Z6opa9QvzPG6Q6vPFyypNUAyfzRWHKbC3s4nc7oBKIZpkhmEhqbrXJBEtMtEloYYvvCxYsvJEnk0xRooqs3OVkVkn3suE2G82Hq3rrrkytgk7RGbpALrpGLXSP2qiDCIrQM3pFb9aL9W59WJ/z1jWrnDlBC7C+fgH0KaBq</latexit>

|1→

<latexit sha1_base64="1Cc3jDUh4fAW4csNob1TQkXZhHk=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBZBEEoiUj0W9OCxgv2ANpTNZtMu3eyG3YkQQn+EJ0F/izfx6tmf4s2kzcG2Phh4vDfDzDwvEtyAbX9bpbX1jc2t8nZlZ3dv/6B6eNQxKtaUtakSSvc8YpjgkrWBg2C9SDMSeoJ1vclt7nefmDZcyUdIIuaGZCR5wCmBTOoOJgzSi+mwWrPr9gx4lTgFqaECrWH1Z+ArGodMAhXEmL5jR+CmRAOngk0rg9iwiNAJGbF+RiUJmXHT2blTfJYpPg6UzkoCnql/J1ISGpOEXtYZEhibZS8X//P6MQQ3bsplFAOTdL4oiAUGhfPfsc81oyCSjBCqeXYrpmOiCYUsoYUtnqeEv/BGGo0Tw6nJs3KWk1klncu606g3Hq5qzbsitTI6QafoHDnoGjXRPWqhNqJogp7RK3qzXqx368P6nLeWrGLmGC3A+voF6iGgZA==</latexit>

|+→
<latexit sha1_base64="qza+Z4bfJ2dZmQMhtq9H1/Gd3CQ=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBbBiyURqR4LevBYwX5AG8pms2mXbnbD7kQIoT/Ck6C/xZt49exP8WbS5mBbHww83pthZp4XCW7Atr+t0tr6xuZWebuys7u3f1A9POoYFWvK2lQJpXseMUxwydrAQbBepBkJPcG63uQ297tPTBuu5CMkEXNDMpI84JRAJnUHEwbpxXRYrdl1ewa8SpyC1FCB1rD6M/AVjUMmgQpiTN+xI3BTooFTwaaVQWxYROiEjFg/o5KEzLjp7NwpPssUHwdKZyUBz9S/EykJjUlCL+sMCYzNspeL/3n9GIIbN+UyioFJOl8UxAKDwvnv2OeaURBJRgjVPLsV0zHRhEKW0MIWz1PCX3gjjcaJ4dTkWTnLyaySzmXdadQbD1e15l2RWhmdoFN0jhx0jZroHrVQG1E0Qc/oFb1ZL9a79WF9zltLVjFzjBZgff0C7XmgZg==</latexit>

|→↑

Clauser et al., PRL (1969) 



The CHSH game

Quantum strategies

<latexit sha1_base64="+KeV7rAT7w+ag/1TWmeWNLxnYco="></latexit>

A0|0 = |m(0)→↑m(0)| , A1|0 = 1 ↓A0|0
<latexit sha1_base64="g6joF5PKTEBCA2Gud6Z5tBhOLF0="></latexit>

A0|1 = |m(ω/4)→↑m(ω/4)| , A1|1 = 1 ↓A0|1
<latexit sha1_base64="id2bPSXuMa2eERMfxWUp+gOZjXg=">AAACL3icbVDLSgMxFM3UV62vUZcuDBbBjWVGpLoRKoK4rGAf0A5Dkknb0MyDJCMM44Abv8aVoN8ibsStn+DOTNuFbT0QODnnXu69B0ecSWVZH0ZhYXFpeaW4Wlpb39jcMrd3mjKMBaENEvJQtDGSlLOANhRTnLYjQZGPOW3h4VXut+6pkCwM7lQSUcdH/YD1GEFKS665f+mm9oOdwQvY9ZEaYJzqzzHUspXLrlm2KtYIcJ7YE1IGE9Rd86frhST2aaAIR1J2bCtSToqEYoTTrNSNJY0QGaI+7WgaIJ9KJx0dksFDrXiwFwr9AgVH6t+OFPlSJj7WlfmyctbLxf+8Tqx6507KgihWNCDjQb2YQxXCPBXoMUGJ4okmiAimd4VkgAQiSmc3NQXjkHtTZ6TRIJGMyExnZc8mM0+aJxW7WqnenpZr14/j1IpgDxyAI2CDM1ADN6AOGoCAJ/AMXsGb8WK8G5/G17i0YEyS3gVTML5/AYZHqSw=</latexit>

A1|1 = 1 →A0|1

<latexit sha1_base64="zwa2UX3X2rgLQLdZtzKfIb4YWSA="></latexit>

A1|0 = 1 →A0|0

<latexit sha1_base64="166nL0ay8Fyga3zNLSqCm4p66ac="></latexit>

B1|0 = 1 →B0|0

<latexit sha1_base64="YcBgv6YDm7RNCSzSXqLu7icpi+k=">AAACL3icbVDLSgMxFM3UV62vUZcuDBbBjWVGpLoRioK4rGAf0A5Dkknb0MyDJCMM44Abv8aVoN8ibsStn+DOTNuFbT0QODnnXu69B0ecSWVZH0ZhYXFpeaW4Wlpb39jcMrd3mjKMBaENEvJQtDGSlLOANhRTnLYjQZGPOW3h4VXut+6pkCwM7lQSUcdH/YD1GEFKS665f+mm9oOdwQvY9ZEaYJzqzzHUspXLrlm2KtYIcJ7YE1IGE9Rd86frhST2aaAIR1J2bCtSToqEYoTTrNSNJY0QGaI+7WgaIJ9KJx0dksFDrXiwFwr9AgVH6t+OFPlSJj7WlfmyctbLxf+8Tqx6507KgihWNCDjQb2YQxXCPBXoMUGJ4okmiAimd4VkgAQiSmc3NQXjkHtTZ6TRIJGMyExnZc8mM0+aJxW7WqnenpZr14/j1IpgDxyAI2CDM1ADN6AOGoCAJ/AMXsGb8WK8G5/G17i0YEyS3gVTML5/AYnCqS4=</latexit>

B1|1 = 1 →B0|1

<latexit sha1_base64="RdSmgF5KjguA/o/UZ+pw78NfagM="></latexit>

B0|0 = |m(ω/8)→↑m(ω/8)| ,
<latexit sha1_base64="svDfKmkMeGTBTSS8UPglijgwSfg="></latexit>

B0|1 = |m(→ω/8)↑↓m(→ω/8)| ,

<latexit sha1_base64="D5iueaKHqYdEw0Dud9KOPCNS9Fc=">AAACJnicbZDLSsNAFIYnXmu9RQU3bgaLIAglEaluhIIgLivYCzSxTCaTZugkE2YmQogFn8WVoM/iTsSdr+HOSduFbT0w8PP/ZzjnfF7CqFSW9WUsLC4tr6yW1srrG5tb2+bObkvyVGDSxJxx0fGQJIzGpKmoYqSTCIIij5G2N7gq8vYDEZLy+E5lCXEj1I9pQDFS2uqZ+44IObyEzoAoT6DcaYT0/mTYMytW1RoVnBf2RFTApBo988fxOU4jEivMkJRd20qUmyOhKGZkWHZSSRKEB6hPulrGKCLSzUf7D+GRdnwYcKFfrODI/fsjR5GUWeTpzgipUM5mhflf1k1VcOHmNE5SRWI8HhSkDCoOCxjQp4JgxTItEBZU7wpxiATCSiObmuJ5nPlTZ+RJmEmKZcHKniUzL1qnVbtWrd2eVerXT2NqJXAADsExsME5qIMb0ABNgMEjeAav4M14Md6ND+Nz3LpgTEjvgakyvn8Br6Wm3w==</latexit>

ω =
∣∣!+

〉〈
!+

∣∣

<latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]
<latexit sha1_base64="y6KlcqJNR92KNNcG7QbjDN+kGgA=">AAACFnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJZNrQTDIkGWEYCn6DK0G/xZ24deunuDN9LGzrgcDhnBvOvSdIONPGdb+dwtr6xuZWcbu0s7u3f1A+PGppmSpCm0RyqToB1pQzQZuGGU47iaI4DjhtB6Obid9+pEozKR5MllA/xgPBIkawsVKnx2KbQnW/XHGr7hRolXhzUoE5Gv3yTy+UJI2pMIRjrbuemxg/x8owwum41Es1TTAZ4QHtWipwTLWfT/cdozOrhCiSyj5h0FT9+yPHsdZZHNjJGJuhXvYm4n9eNzXRtZ8zkaSGCjILilKOjEST41HIFCWGZ5ZgopjdFZEhVpgYW9FCShBIHi6ckSfDTDOix7Yrb7mZVdK6qHq1au3+slK/fZq1VoQTOIVz8OAK6nAHDWgCAQ7P8Apvzovz7nw4n7PRgjNv+hgW4Hz9AiJ6oXw=</latexit>

=→
<latexit sha1_base64="i6v7hN3XODzYB+sDKKmbhshDgHA="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)

=
2 +

→
2

4
↑ 0.85 . . . >

3

4

Clauser et al., PRL (1969) 



The CHSH game

Quantum strategies

<latexit sha1_base64="+KeV7rAT7w+ag/1TWmeWNLxnYco="></latexit>

A0|0 = |m(0)→↑m(0)| , A1|0 = 1 ↓A0|0
<latexit sha1_base64="g6joF5PKTEBCA2Gud6Z5tBhOLF0="></latexit>

A0|1 = |m(ω/4)→↑m(ω/4)| , A1|1 = 1 ↓A0|1
<latexit sha1_base64="id2bPSXuMa2eERMfxWUp+gOZjXg=">AAACL3icbVDLSgMxFM3UV62vUZcuDBbBjWVGpLoRKoK4rGAf0A5Dkknb0MyDJCMM44Abv8aVoN8ibsStn+DOTNuFbT0QODnnXu69B0ecSWVZH0ZhYXFpeaW4Wlpb39jcMrd3mjKMBaENEvJQtDGSlLOANhRTnLYjQZGPOW3h4VXut+6pkCwM7lQSUcdH/YD1GEFKS665f+mm9oOdwQvY9ZEaYJzqzzHUspXLrlm2KtYIcJ7YE1IGE9Rd86frhST2aaAIR1J2bCtSToqEYoTTrNSNJY0QGaI+7WgaIJ9KJx0dksFDrXiwFwr9AgVH6t+OFPlSJj7WlfmyctbLxf+8Tqx6507KgihWNCDjQb2YQxXCPBXoMUGJ4okmiAimd4VkgAQiSmc3NQXjkHtTZ6TRIJGMyExnZc8mM0+aJxW7WqnenpZr14/j1IpgDxyAI2CDM1ADN6AOGoCAJ/AMXsGb8WK8G5/G17i0YEyS3gVTML5/AYZHqSw=</latexit>

A1|1 = 1 →A0|1

<latexit sha1_base64="zwa2UX3X2rgLQLdZtzKfIb4YWSA="></latexit>

A1|0 = 1 →A0|0

<latexit sha1_base64="166nL0ay8Fyga3zNLSqCm4p66ac="></latexit>

B1|0 = 1 →B0|0

<latexit sha1_base64="YcBgv6YDm7RNCSzSXqLu7icpi+k=">AAACL3icbVDLSgMxFM3UV62vUZcuDBbBjWVGpLoRioK4rGAf0A5Dkknb0MyDJCMM44Abv8aVoN8ibsStn+DOTNuFbT0QODnnXu69B0ecSWVZH0ZhYXFpeaW4Wlpb39jcMrd3mjKMBaENEvJQtDGSlLOANhRTnLYjQZGPOW3h4VXut+6pkCwM7lQSUcdH/YD1GEFKS665f+mm9oOdwQvY9ZEaYJzqzzHUspXLrlm2KtYIcJ7YE1IGE9Rd86frhST2aaAIR1J2bCtSToqEYoTTrNSNJY0QGaI+7WgaIJ9KJx0dksFDrXiwFwr9AgVH6t+OFPlSJj7WlfmyctbLxf+8Tqx6507KgihWNCDjQb2YQxXCPBXoMUGJ4okmiAimd4VkgAQiSmc3NQXjkHtTZ6TRIJGMyExnZc8mM0+aJxW7WqnenpZr14/j1IpgDxyAI2CDM1ADN6AOGoCAJ/AMXsGb8WK8G5/G17i0YEyS3gVTML5/AYnCqS4=</latexit>

B1|1 = 1 →B0|1

<latexit sha1_base64="RdSmgF5KjguA/o/UZ+pw78NfagM="></latexit>

B0|0 = |m(ω/8)→↑m(ω/8)| ,
<latexit sha1_base64="svDfKmkMeGTBTSS8UPglijgwSfg="></latexit>

B0|1 = |m(→ω/8)↑↓m(→ω/8)| ,

<latexit sha1_base64="D5iueaKHqYdEw0Dud9KOPCNS9Fc=">AAACJnicbZDLSsNAFIYnXmu9RQU3bgaLIAglEaluhIIgLivYCzSxTCaTZugkE2YmQogFn8WVoM/iTsSdr+HOSduFbT0w8PP/ZzjnfF7CqFSW9WUsLC4tr6yW1srrG5tb2+bObkvyVGDSxJxx0fGQJIzGpKmoYqSTCIIij5G2N7gq8vYDEZLy+E5lCXEj1I9pQDFS2uqZ+44IObyEzoAoT6DcaYT0/mTYMytW1RoVnBf2RFTApBo988fxOU4jEivMkJRd20qUmyOhKGZkWHZSSRKEB6hPulrGKCLSzUf7D+GRdnwYcKFfrODI/fsjR5GUWeTpzgipUM5mhflf1k1VcOHmNE5SRWI8HhSkDCoOCxjQp4JgxTItEBZU7wpxiATCSiObmuJ5nPlTZ+RJmEmKZcHKniUzL1qnVbtWrd2eVerXT2NqJXAADsExsME5qIMb0ABNgMEjeAav4M14Md6ND+Nz3LpgTEjvgakyvn8Br6Wm3w==</latexit>

ω =
∣∣!+

〉〈
!+

∣∣

<latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]
<latexit sha1_base64="y6KlcqJNR92KNNcG7QbjDN+kGgA=">AAACFnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJZNrQTDIkGWEYCn6DK0G/xZ24deunuDN9LGzrgcDhnBvOvSdIONPGdb+dwtr6xuZWcbu0s7u3f1A+PGppmSpCm0RyqToB1pQzQZuGGU47iaI4DjhtB6Obid9+pEozKR5MllA/xgPBIkawsVKnx2KbQnW/XHGr7hRolXhzUoE5Gv3yTy+UJI2pMIRjrbuemxg/x8owwum41Es1TTAZ4QHtWipwTLWfT/cdozOrhCiSyj5h0FT9+yPHsdZZHNjJGJuhXvYm4n9eNzXRtZ8zkaSGCjILilKOjEST41HIFCWGZ5ZgopjdFZEhVpgYW9FCShBIHi6ckSfDTDOix7Yrb7mZVdK6qHq1au3+slK/fZq1VoQTOIVz8OAK6nAHDWgCAQ7P8Apvzovz7nw4n7PRgjNv+hgW4Hz9AiJ6oXw=</latexit>

=→
<latexit sha1_base64="i6v7hN3XODzYB+sDKKmbhshDgHA="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)

=
2 +

→
2

4
↑ 0.85 . . . >

3

4
assuming fair coins:

Clauser et al., PRL (1969) 



The CHSH game

<latexit sha1_base64="HPtbzyCV857zZxfglGzpw9MXpGs="></latexit>

S =
1

4

∑

a,b,x,y

ω(a→b,x·y) p(ab |xy) → 3

4
<

2 +
↑
2

4

for classical (= local)  
correlations

achievable by  
quantum correlations



The CHSH game

<latexit sha1_base64="HPtbzyCV857zZxfglGzpw9MXpGs="></latexit>

S =
1

4

∑

a,b,x,y

ω(a→b,x·y) p(ab |xy) → 3

4
<

2 +
↑
2

4

for classical (= local)  
correlations

achievable by  
quantum correlations

Is there a strategy that can win the game perfectly? 
<latexit sha1_base64="nH147jMWzdTPvEIBQftmonISBWA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIdVNmRKoboSCIy4r2Ae1QMmmmDc1khiQj1KHgf7hxoYhbP8Wdf2Om7UJbD1w4nHMvOTl+zJnSjvNt5VZW19Y38puFre2d3aK9t99UUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6yvzWA5WKReJej2PqhXggWMAI1kbq2cVyN8R6SDBP7yaX7knPLjkVZwq0TNw5KcEc9Z791e1HJAmp0IRjpTquE2svxVIzwumk0E0UjTEZ4QHtGCpwSJWXToNP0LFR+iiIpBmh0VT9fZHiUKlx6JvNLKVa9DLxP6+T6ODCS5mIE00FmT0UJBzpCGUtoD6TlGg+NgQTyUxWRIZYYqJNVwVTgrv45WXSPK241Ur19qxUu36a1ZGHQziCMrhwDjW4gTo0gEACz/AKb9aj9WK9Wx+z1Zw1r/AA/sD6/AH0B5MQ</latexit>

(S = 1)



Nonsignalling scenarios

No constraints on the type of source and type of local processing function

Only constraint: no communication between Alice and Bob



In scenarios without communication, all correlations satisfy the following constraint: 

<latexit sha1_base64="ngfo918URQ2PRDhNiCje9d1RjLg="></latexit>

qA(a|x) :=
∑

b

p(ab |xy) =
∑

b

p(ab |xy→) → a, x, y, y→

<latexit sha1_base64="vB+FdarV6kiSKPvS72La8cPlzhg="></latexit>

qB(b|y) :=
∑

a

p(ab |xy) =
∑

a

p(ab |xy→) → b, y, x, x→

Alice’s marginals are  
independent of Bob’s input:

Bob’s marginals are  
independent of Alice’s input:

<latexit sha1_base64="zNO/rsOHrDsR75U+Xje9wOdI9qg=">AAACBXicbVDLSsNAFJ34rPUVdamLwSJUKCURqS4LgriSivYBTSiT6aQdOpmEmYkYYkHc+CtuXCji1n9w5984abvQ1gMXDufcy733eBGjUlnWtzE3v7C4tJxbya+urW9smlvbDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6g7PMb94SIWnIb1QSETdAPU59ipHSUsfci4rIc0r3TukuOYQO5dAJkOqLIL28HnbMglW2RoCzxJ6QApig1jG/nG6I44BwhRmSsm1bkXJTJBTFjAzzTixJhPAA9UhbU44CIt109MUQHmilC/1Q6OIKjtTfEykKpEwCT3dmJ8ppLxP/89qx8k/dlPIoVoTj8SI/ZlCFMIsEdqkgWLFEE4QF1bdC3EcCYaWDy+sQ7OmXZ0njqGxXypWr40L1/GEcRw7sgn1QBDY4AVVwAWqgDjB4BM/gFbwZT8aL8W58jFvnjEmEO+APjM8fToeYRA==</latexit>

p(ab |xy) → NS

Nonsignalling scenarios

No constraints on the type of source and type of local processing function

Only constraint: no communication between Alice and Bob



<latexit sha1_base64="Azk2qopsBd5G+yrXzskibOsDiW4="></latexit>∑

a

p(ab|xy) =
∑

a

tr
[
(Aa|x →Bb|y)ω

]

= tr

[(
∑

a

Aa|x →Bb|y

)
ω

]

= tr
[
(1 →Bb|y)ω

]
= qB(b|y)

<latexit sha1_base64="ngfo918URQ2PRDhNiCje9d1RjLg="></latexit>

qA(a|x) :=
∑

b

p(ab |xy) =
∑

b

p(ab |xy→) → a, x, y, y→

<latexit sha1_base64="vB+FdarV6kiSKPvS72La8cPlzhg="></latexit>

qB(b|y) :=
∑

a

p(ab |xy) =
∑

a

p(ab |xy→) → b, y, x, x→

Nonsignalling scenarios

Quantum correlations are nonsignalling:

Nonsignalling:

independent of x



<latexit sha1_base64="ngfo918URQ2PRDhNiCje9d1RjLg="></latexit>

qA(a|x) :=
∑

b

p(ab |xy) =
∑

b

p(ab |xy→) → a, x, y, y→

<latexit sha1_base64="vB+FdarV6kiSKPvS72La8cPlzhg="></latexit>

qB(b|y) :=
∑

a

p(ab |xy) =
∑

a

p(ab |xy→) → b, y, x, x→

Nonsignalling scenarios

Classical correlations are nonsignalling:

<latexit sha1_base64="it1YoE4rGFgh1D6UfTDfOIeXwGI="></latexit>∑

a

p(ab|xy) =
∑

a

∑

ω

ω(ε) pA(a|x,ε) pB(b|y,ε)

=
∑

ω

ω(ε)
∑

a

pA(a|x,ε) pB(b|y,ε)

=
∑

ω

ω(ε)pB(b|y,ε) = qB(b|y)

Nonsignalling:

independent of x



<latexit sha1_base64="ngfo918URQ2PRDhNiCje9d1RjLg="></latexit>

qA(a|x) :=
∑

b

p(ab |xy) =
∑

b

p(ab |xy→) → a, x, y, y→

<latexit sha1_base64="vB+FdarV6kiSKPvS72La8cPlzhg="></latexit>

qB(b|y) :=
∑

a

p(ab |xy) =
∑

a

p(ab |xy→) → b, y, x, x→

Nonsignalling scenarios

Nonsignalling:

<latexit sha1_base64="zNO/rsOHrDsR75U+Xje9wOdI9qg=">AAACBXicbVDLSsNAFJ34rPUVdamLwSJUKCURqS4LgriSivYBTSiT6aQdOpmEmYkYYkHc+CtuXCji1n9w5984abvQ1gMXDufcy733eBGjUlnWtzE3v7C4tJxbya+urW9smlvbDRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6g7PMb94SIWnIb1QSETdAPU59ipHSUsfci4rIc0r3TukuOYQO5dAJkOqLIL28HnbMglW2RoCzxJ6QApig1jG/nG6I44BwhRmSsm1bkXJTJBTFjAzzTixJhPAA9UhbU44CIt109MUQHmilC/1Q6OIKjtTfEykKpEwCT3dmJ8ppLxP/89qx8k/dlPIoVoTj8SI/ZlCFMIsEdqkgWLFEE4QF1bdC3EcCYaWDy+sQ7OmXZ0njqGxXypWr40L1/GEcRw7sgn1QBDY4AVVwAWqgDjB4BM/gFbwZT8aL8W58jFvnjEmEO+APjM8fToeYRA==</latexit>

p(ab |xy) → NS



The CHSH gameThe CHSH game

This strategy is nonsignalling.
This strategy wins the game perfectly.

“PR box”
<latexit sha1_base64="+9uxTGLb2kDT7NRpzipP+sOKy0Q=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFqFDKjEh1IxQEcVnBPqAzlEyaaUMzD5JMcRgL/hA3LhRx6z9x578xfSy09UDg45wbcnO8mDOpLOvbyK2srq1v5DcLW9s7u3vm/kFTRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzh9SRvjaiQLArvVRpTN8D9kPmMYKWtrmnGJew55Uen/JCeInSFumbRqlhToWWw51CEuepd88vpRSQJaKgIx1J2bCtWboaFYoTTccFJJI0xGeI+7WgMcUClm003H6MT7fSQHwl9QoWm7u8bGQ6kTANPTwZYDeRiNjH/yzqJ8i/djIVxomhIZg/5CUcqQpMaUI8JShRPNWAimN4VkQEWmChdVkGXYC9+eRmaZxW7WqnenRdrN0+zOvJwBMdQAhsuoAa3UIcGEBjBM7zCm5EZL8a78TEbzRnzCg/hj4zPHyQ+kng=</latexit>

p(ab |xy) =

<latexit sha1_base64="D5T8wNKwCfvM0Sn33O++Tph7/mo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b6b9Yolt+zOQFaJtyAlWKDeK351+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26YScWaVPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gEMIzvMKbM3JenHfnY96acxYRHsMfOJ8/xkqN9A==</latexit>

{ <latexit sha1_base64="OK/AyptGtLM9CnChDRfOq+c8TnQ="></latexit>

1

2
if a→ b = x · y

0 otherwise

Rastall, Foundations of Physics (1985); Tsirelson, Hadronic J. Suppl. (1993); Popescu & Rohrlich, Found. Phys (1994)



The CHSH gameThe CHSH game

This strategy is nonsignalling.
This strategy wins the game perfectly.

“PR box”

However, this strategy is not quantum.

<latexit sha1_base64="+9uxTGLb2kDT7NRpzipP+sOKy0Q=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFqFDKjEh1IxQEcVnBPqAzlEyaaUMzD5JMcRgL/hA3LhRx6z9x578xfSy09UDg45wbcnO8mDOpLOvbyK2srq1v5DcLW9s7u3vm/kFTRokgtEEiHom2hyXlLKQNxRSn7VhQHHictrzh9SRvjaiQLArvVRpTN8D9kPmMYKWtrmnGJew55Uen/JCeInSFumbRqlhToWWw51CEuepd88vpRSQJaKgIx1J2bCtWboaFYoTTccFJJI0xGeI+7WgMcUClm003H6MT7fSQHwl9QoWm7u8bGQ6kTANPTwZYDeRiNjH/yzqJ8i/djIVxomhIZg/5CUcqQpMaUI8JShRPNWAimN4VkQEWmChdVkGXYC9+eRmaZxW7WqnenRdrN0+zOvJwBMdQAhsuoAa3UIcGEBjBM7zCm5EZL8a78TEbzRnzCg/hj4zPHyQ+kng=</latexit>

p(ab |xy) =

<latexit sha1_base64="D5T8wNKwCfvM0Sn33O++Tph7/mo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b6b9Yolt+zOQFaJtyAlWKDeK351+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26YScWaVPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gEMIzvMKbM3JenHfnY96acxYRHsMfOJ8/xkqN9A==</latexit>

{ <latexit sha1_base64="OK/AyptGtLM9CnChDRfOq+c8TnQ="></latexit>

1

2
if a→ b = x · y

0 otherwise

Rastall, Foundations of Physics (1985); Tsirelson, Hadronic J. Suppl. (1993); Popescu & Rohrlich, Found. Phys (1994)



The CHSH gameThe CHSH game

<latexit sha1_base64="hFQTZfd6IYUkMC5PNc4JlZ8sRHg="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy) → BL → BQ → BNS

<latexit sha1_base64="XJZJ4Sko37IcB4DcRqWmQQ1ztXQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4kDIjUkUoFAVx2aJ9QGcYMmnahmYyQ5IRyzDgv7jxV9y4qIi481NMp8VH64HAyTn3cu89XsioVKb5YWQWFpeWV7KrubX1jc2t/PZOQwaRwKSOAxaIlockYZSTuqKKkVYoCPI9Rpre4HLsN++IkDTgt2oYEsdHPU67FCOlJTdftn2k+hix+CJxUy78uJbA8zLUv3s3Dm3Kf/TEPoLfHTeJmy+YRTMFnCfWlBTAFFU3P7I7AY58whVmSMq2ZYbKiZFQFDOS5OxIkhDhAeqRtqYc+UQ6cXpmAg+00oHdQOjHFUzV3x0x8qUc+p6uHK8oZ72x+J/XjlT3zIkpDyNFOJ4M6kYMqgCOM4MdKghWbKgJwoLqXSHuI4Gw0snmdAjW7MnzpHFctErFUu2kULl6mMSRBXtgHxwCC5yCCrgGVVAHGDyCZzACr8aT8WK8Ge+T0owxjXAX/IHx+QUsjqdD</latexit>

BQ := max
p→Q

S <latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]
quantum:

<latexit sha1_base64="gH8oTvgx53QLFvq2ujUdP/tvC9w=">AAACKHicbVBdS8MwFE39nPNr6qMvwSH4IKMVmSKIQ0F8ksncB6ylpFm2haVpSVJxlIJ/xhf/ii8iiuzVX2K6DZmbBwIn59zLvfd4IaNSmebAmJtfWFxazqxkV9fWNzZzW9s1GUQCkyoOWCAaHpKEUU6qiipGGqEgyPcYqXu9q9SvPxAhacDvVT8kjo86nLYpRkpLbu7C9pHqYsTiy8QdcuHHt5UEnp1D/X1049CmfMJI7EP421NJ3FzeLJhDwFlijUkejFF2c+92K8CRT7jCDEnZtMxQOTESimJGkqwdSRIi3EMd0tSUI59IJx4emsB9rbRgOxD6cQWH6mRHjHwp+76nK9MV5bSXiv95zUi1T52Y8jBShOPRoHbEoApgmhpsUUGwYn1NEBZU7wpxFwmElc42q0Owpk+eJbWjglUsFO+O86Xrp1EcGbAL9sABsMAJKIEbUAZVgMEzeAUf4NN4Md6ML2MwKp0zxhHugD8wvn8AleOn9w==</latexit>

BNS := max
p→NS

S

<latexit sha1_base64="ngfo918URQ2PRDhNiCje9d1RjLg="></latexit>

qA(a|x) :=
∑

b

p(ab |xy) =
∑

b

p(ab |xy→) → a, x, y, y→

<latexit sha1_base64="vB+FdarV6kiSKPvS72La8cPlzhg="></latexit>

qB(b|y) :=
∑

a

p(ab |xy) =
∑

a

p(ab |xy→) → b, y, x, x→
nonsignalling:

<latexit sha1_base64="tvsYDbHHB43f43edLHLVXLysUCI=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4kDIjUkUoFAVx4aKifUBnGDJp2oZmMkOSEcsw4L+48VfcuKiIuPNTzLTFR+uBwMk593LvPV7IqFSm+WFk5uYXFpeyy7mV1bX1jfzmVl0GkcCkhgMWiKaHJGGUk5qiipFmKAjyPUYaXv889Rt3REga8Fs1CInjoy6nHYqR0pKbL9s+Uj2MWHyWuCMu/PgqgadlqH/3bhzalP/oiX0AvztuEjdfMIvmCHCWWBNSABNU3fzQbgc48glXmCEpW5YZKidGQlHMSJKzI0lChPuoS1qacuQT6cSjMxO4p5U27ARCP67gSP3dESNfyoHv6cp0RTntpeJ/XitSnRMnpjyMFOF4PKgTMagCmGYG21QQrNhAE4QF1btC3EMCYaWTzekQrOmTZ0n9sGiViqXro0Ll4mEcRxbsgF2wDyxwDCrgElRBDWDwCJ7BELwaT8aL8Wa8j0szxiTCbfAHxucXHE6nOQ==</latexit>

BL := max
p→L

S
<latexit sha1_base64="jb9pnJoN3KX+cMcND/wVhVfk410="></latexit>

p(ab |xy) =
∑

ω

ω(ε) pA(a |x,ε) pB(b | y,ε)local:



The CHSH gameThe CHSH game

<latexit sha1_base64="hFQTZfd6IYUkMC5PNc4JlZ8sRHg="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy) → BL → BQ → BNS

<latexit sha1_base64="XJZJ4Sko37IcB4DcRqWmQQ1ztXQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4kDIjUkUoFAVx2aJ9QGcYMmnahmYyQ5IRyzDgv7jxV9y4qIi481NMp8VH64HAyTn3cu89XsioVKb5YWQWFpeWV7KrubX1jc2t/PZOQwaRwKSOAxaIlockYZSTuqKKkVYoCPI9Rpre4HLsN++IkDTgt2oYEsdHPU67FCOlJTdftn2k+hix+CJxUy78uJbA8zLUv3s3Dm3Kf/TEPoLfHTeJmy+YRTMFnCfWlBTAFFU3P7I7AY58whVmSMq2ZYbKiZFQFDOS5OxIkhDhAeqRtqYc+UQ6cXpmAg+00oHdQOjHFUzV3x0x8qUc+p6uHK8oZ72x+J/XjlT3zIkpDyNFOJ4M6kYMqgCOM4MdKghWbKgJwoLqXSHuI4Gw0snmdAjW7MnzpHFctErFUu2kULl6mMSRBXtgHxwCC5yCCrgGVVAHGDyCZzACr8aT8WK8Ge+T0owxjXAX/IHx+QUsjqdD</latexit>

BQ := max
p→Q

S <latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]
quantum:

<latexit sha1_base64="gH8oTvgx53QLFvq2ujUdP/tvC9w=">AAACKHicbVBdS8MwFE39nPNr6qMvwSH4IKMVmSKIQ0F8ksncB6ylpFm2haVpSVJxlIJ/xhf/ii8iiuzVX2K6DZmbBwIn59zLvfd4IaNSmebAmJtfWFxazqxkV9fWNzZzW9s1GUQCkyoOWCAaHpKEUU6qiipGGqEgyPcYqXu9q9SvPxAhacDvVT8kjo86nLYpRkpLbu7C9pHqYsTiy8QdcuHHt5UEnp1D/X1049CmfMJI7EP421NJ3FzeLJhDwFlijUkejFF2c+92K8CRT7jCDEnZtMxQOTESimJGkqwdSRIi3EMd0tSUI59IJx4emsB9rbRgOxD6cQWH6mRHjHwp+76nK9MV5bSXiv95zUi1T52Y8jBShOPRoHbEoApgmhpsUUGwYn1NEBZU7wpxFwmElc42q0Owpk+eJbWjglUsFO+O86Xrp1EcGbAL9sABsMAJKIEbUAZVgMEzeAUf4NN4Md6ML2MwKp0zxhHugD8wvn8AleOn9w==</latexit>

BNS := max
p→NS

S

<latexit sha1_base64="ngfo918URQ2PRDhNiCje9d1RjLg="></latexit>

qA(a|x) :=
∑

b

p(ab |xy) =
∑

b

p(ab |xy→) → a, x, y, y→

<latexit sha1_base64="vB+FdarV6kiSKPvS72La8cPlzhg="></latexit>

qB(b|y) :=
∑

a

p(ab |xy) =
∑

a

p(ab |xy→) → b, y, x, x→
nonsignalling:

<latexit sha1_base64="tvsYDbHHB43f43edLHLVXLysUCI=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4kDIjUkUoFAVx4aKifUBnGDJp2oZmMkOSEcsw4L+48VfcuKiIuPNTzLTFR+uBwMk593LvPV7IqFSm+WFk5uYXFpeyy7mV1bX1jfzmVl0GkcCkhgMWiKaHJGGUk5qiipFmKAjyPUYaXv889Rt3REga8Fs1CInjoy6nHYqR0pKbL9s+Uj2MWHyWuCMu/PgqgadlqH/3bhzalP/oiX0AvztuEjdfMIvmCHCWWBNSABNU3fzQbgc48glXmCEpW5YZKidGQlHMSJKzI0lChPuoS1qacuQT6cSjMxO4p5U27ARCP67gSP3dESNfyoHv6cp0RTntpeJ/XitSnRMnpjyMFOF4PKgTMagCmGYG21QQrNhAE4QF1btC3EMCYaWTzekQrOmTZ0n9sGiViqXro0Ll4mEcRxbsgF2wDyxwDCrgElRBDWDwCJ7BELwaT8aL8Wa8j0szxiTCbfAHxucXHE6nOQ==</latexit>

BL := max
p→L

S
<latexit sha1_base64="jb9pnJoN3KX+cMcND/wVhVfk410="></latexit>

p(ab |xy) =
∑

ω

ω(ε) pA(a |x,ε) pB(b | y,ε)local:

<latexit sha1_base64="9JKFOk5Wd4OnWjYWc6hYtPQH8Jg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8At5ONUA==</latexit>=
<latexit sha1_base64="wjgrQ0SVEvXRk7+aUgwR+n5b95s=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKexqiB4DgniMYB6wWcLsZDYZMjuzzPQKYVnwJ7x4UMSrX+PNv3HyOGhiQUNR1U13V5gIbsB1v53C2vrG5lZxu7Szu7d/UD48ahuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Gbqdx6ZNlzJB5gkLIjJUPKIUwJW8nuRJjS7zLNa3i9X3Ko7A14l3oJU0ALNfvmrN1A0jZkEKogxvucmEGREA6eC5aVealhC6JgMmW+pJDEzQTY7OcdnVhngSGlbEvBM/T2RkdiYSRzazpjAyCx7U/E/z08hug4yLpMUmKTzRVEqMCg8/R8PuGYUxMQSQjW3t2I6IjYFsCmVbAje8surpH1R9erV+n2t0rh9msdRRCfoFJ0jD12hBrpDTdRCFCn0jF7RmwPOi/PufMxbC84iwmP0B87nD2ogkcY=</latexit>

3

4

<latexit sha1_base64="ee8JrbqUq2dRQC/x8yftllXGULk=">AAAB/XicbZBLSwMxFIXv+Kz1NT52boJFEIQyU0p1WRDEZQX7gHYomTTThmYyY5IR6jDoT3HjQhG3/g93/hvTx0JbDwQO59yQm8+POVPacb6tpeWV1bX13EZ+c2t7Z9fe22+oKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9ejvvmPZWKReJWj2LqhbgvWMAI1ibq2oedQGKSls466k7qtJRlaTnr2gWn6EyEFo07MwWYqda1vzq9iCQhFZpwrFTbdWLtpVhqRjjN8p1E0RiTIe7TtrECh1R56WT7DJ2YpIeCSJojNJqkv2+kOFRqFPpmMsR6oOa7cfhf1050cOGlTMSJpoJMHwoSjnSExihQj0lKNB8Zg4lkZldEBtjg0AZY3kBw57+8aBqlolspVm7KherV0xRHDo7gGE7BhXOowjXUoA4EHuAZXuHNerRerHfrYzq6ZM0QHsAfWZ8/p4WVyw==</latexit>

2 +
→
2

4

<latexit sha1_base64="9mMj0Ftc72DovYTOcZS5NVGPRXM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip7vWKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gClY41E</latexit>

1

<latexit sha1_base64="9JKFOk5Wd4OnWjYWc6hYtPQH8Jg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8At5ONUA==</latexit>= <latexit sha1_base64="9JKFOk5Wd4OnWjYWc6hYtPQH8Jg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8At5ONUA==</latexit>=

assuming fair coins:



Geometric interpretation of CHSH

NS

Q

L



Geometric interpretation of CHSH

NS

Q

L

deterministic  
local strategies

PR box

deterministic  
local strategies



NS

Q

L

<latexit sha1_base64="Wjx2SR6oDEwX/XAf2B0cTTISiSE=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJVES3VTKAriwkVFe4EmhMl00g6dXJiZCCUEfAo3voobF4q41JVv4yQtoq0/DHz85wznnN+NGBXSML60wsLi0vJKcbW0tr6xuaVv77RFGHNMWjhkIe+6SBBGA9KSVDLSjThBvstIxx2dZ/XOHeGChsGtHEfE9tEgoB7FSCrL0Q3LR3KIEUtu0voPn6VOztxPrlJYh5bHEU6O06SaOnrZqBi54DyYUyiDqZqO/mH1Qxz7JJCYISF6phFJO0FcUsxIWrJiQSKER2hAegoD5BNhJ/llKTxQTh96IVcvkDB3f/9IkC/E2HdVZ7avmK1l5n+1Xiy9UzuhQRRLEuDJIC9mUIYwiwn2KSdYsrEChDlVu0I8RCoFqcIsqRDM2ZPnoX1UMWuV2nW13Li4n8RRBHtgHxwCE5yABrgETdACGDyAJ/ACXrVH7Vl7094nrQVtGuEu+CPt8xtvd6Gc</latexit>

S = BL =
3

4

<latexit sha1_base64="IR0HH7wUVZ7Ef2whwns3nH53P0I="></latexit>

S = BQ =
2 +

→
2

4

<latexit sha1_base64="IB4GW7QiCP8ZtVMj/HYI1JNuWyQ=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEpLopFAVxJZXaC7QhTKaTduhkEmYmQgkBX8CNr+LGhSJuXbrzbZymRbT1h4GP/5zhnPN7EaNSWdaXkVtYXFpeya8W1tY3NrfM7Z2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLzhxbjeuiNC0pDfqlFEnAD1OfUpRkpbrnnYDZAaYMSSelr54fPUzVgEyXU9hRVou2bRKlmZ4DzYUyiCqWqu+dnthTgOCFeYISk7thUpJ0FCUcxIWujGkkQID1GfdDRyFBDpJNlBKTzQTg/6odCPK5i5v38kKJByFHi6c7ymnK2Nzf9qnVj5Z05CeRQrwvFkkB8zqEI4Tgf2qCBYsZEGhAXVu0I8QAJhpTMs6BDs2ZPnoXlcssul8s1JsXp5P4kjD/bAPjgCNjgFVXAFaqABMHgAT+AFvBqPxrPxZrxPWnPGNMJd8EfGxzfNp515</latexit>

S = BNS = 1

Geometric interpretation of CHSH



Bell inequalities

<latexit sha1_base64="46JJU8Im3I9mu6B8cBDGh83DucU="></latexit> ∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)
<latexit sha1_base64="WvOV6Top7jnTyB8AVtNvcR4SlEI=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFcFVmtFSXBUFcVrAP6Awlk2ba0ExmTDKFMgz4Q9y4UMSt/8Sd/8b0sdDWA4HDOTfk5gsSzpR2nG+rsLa+sblV3C7t7O7tH9iHRy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Obad8eU6lYLB70JKF+hAeChYxgbaKebXucPiIvlJhkl3lWzXt22ak4M6FV4y5MGRZq9Owvrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aK3BElZ/NNs/RmUn6KIylOUKjWfr7RoYjpSZRYCYjrIdquZuG/3XdVIfXfsZEkmoqyPyhMOVIx2iKAfWZpETziTGYSGZ2RWSIDQVtYJUMBHf5y6umdVFxa5XafbVcv32a4yjCCZzCObhwBXW4gwY0gcAYnuEV3qzMerHerY/5aMFaIDyGP7I+fwBWLZPn</latexit>

→ 3

4CHSH inequality:



Bell inequalities

<latexit sha1_base64="46JJU8Im3I9mu6B8cBDGh83DucU="></latexit> ∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)
<latexit sha1_base64="WvOV6Top7jnTyB8AVtNvcR4SlEI=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFcFVmtFSXBUFcVrAP6Awlk2ba0ExmTDKFMgz4Q9y4UMSt/8Sd/8b0sdDWA4HDOTfk5gsSzpR2nG+rsLa+sblV3C7t7O7tH9iHRy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Obad8eU6lYLB70JKF+hAeChYxgbaKebXucPiIvlJhkl3lWzXt22ak4M6FV4y5MGRZq9Owvrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aK3BElZ/NNs/RmUn6KIylOUKjWfr7RoYjpSZRYCYjrIdquZuG/3XdVIfXfsZEkmoqyPyhMOVIx2iKAfWZpETziTGYSGZ2RWSIDQVtYJUMBHf5y6umdVFxa5XafbVcv32a4yjCCZzCObhwBXW4gwY0gcAYnuEV3qzMerHerY/5aMFaIDyGP7I+fwBWLZPn</latexit>

→ 3

4CHSH inequality:

coefficients can be generalized

<latexit sha1_base64="D5T8wNKwCfvM0Sn33O++Tph7/mo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b6b9Yolt+zOQFaJtyAlWKDeK351+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26YScWaVPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gEMIzvMKbM3JenHfnY96acxYRHsMfOJ8/xkqN9A==</latexit> {



Bell inequalities

<latexit sha1_base64="VsbGZrb3/LZWXW8SOYLjazOdY20="></latexit>

S =
∑

a,b,x,y

ωab
xy p(ab |xy) → BL < Q

<latexit sha1_base64="D5T8wNKwCfvM0Sn33O++Tph7/mo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b6b9Yolt+zOQFaJtyAlWKDeK351+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26YScWaVPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gEMIzvMKbM3JenHfnY96acxYRHsMfOJ8/xkqN9A==</latexit> {

coefficients can be generalized

<latexit sha1_base64="46JJU8Im3I9mu6B8cBDGh83DucU="></latexit> ∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)
<latexit sha1_base64="WvOV6Top7jnTyB8AVtNvcR4SlEI=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFcFVmtFSXBUFcVrAP6Awlk2ba0ExmTDKFMgz4Q9y4UMSt/8Sd/8b0sdDWA4HDOTfk5gsSzpR2nG+rsLa+sblV3C7t7O7tH9iHRy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Obad8eU6lYLB70JKF+hAeChYxgbaKebXucPiIvlJhkl3lWzXt22ak4M6FV4y5MGRZq9Owvrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aK3BElZ/NNs/RmUn6KIylOUKjWfr7RoYjpSZRYCYjrIdquZuG/3XdVIfXfsZEkmoqyPyhMOVIx2iKAfWZpETziTGYSGZ2RWSIDQVtYJUMBHf5y6umdVFxa5XafbVcv32a4yjCCZzCObhwBXW4gwY0gcAYnuEV3qzMerHerY/5aMFaIDyGP7I+fwBWLZPn</latexit>

→ 3

4CHSH inequality:

General  
Bell inequalities:



Bell inequalities

<latexit sha1_base64="VsbGZrb3/LZWXW8SOYLjazOdY20="></latexit>

S =
∑

a,b,x,y

ωab
xy p(ab |xy) → BL < Q

<latexit sha1_base64="D5T8wNKwCfvM0Sn33O++Tph7/mo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b6b9Yolt+zOQFaJtyAlWKDeK351+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26YScWaVPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gEMIzvMKbM3JenHfnY96acxYRHsMfOJ8/xkqN9A==</latexit> {

coefficients can be generalized

<latexit sha1_base64="J/pVrRWw603NK9K/oYSUmdxFdaI=">AAACHnicbVDLSgMxFM34rPU16tJNsAguSpkRX8uCIC5VrBY6Y7lJUxvMZIYkIw5Dwf9w46+4caGI4Er/xkzbhVZPCJyccy+595BEcG0878uZmJyanpktzZXnFxaXlt2V1Qsdp4qyBo1FrJoENBNcsobhRrBmohhERLBLcnNY+Je3TGkey3OTJSyM4FryLqdgrNR2dwMQSQ+uciD9dn6X9XHAJQ4iMD1C8jP7LE43ViCEZVAl1btq1nYrXs0bAP8l/ohU0Agnbfcj6MQ0jZg0VIDWLd9LTJiDMpwK1i8HqWYJ0Bu4Zi1LJURMh/lgvT7etEoH2xnslQYP1J8dOURaZxGxlcXcetwrxP+8Vmq6B2HOZZIaJunwo24qsIlxkRXucMWoEZklQBW3s2LaAwXU2ETLNgR/fOW/5GK75u/V9k53KvWj+2EcJbSONtAW8tE+qqNjdIIaiKIH9IRe0Kvz6Dw7b877sHTCGUW4hn7B+fwGVkeiXg==</latexit>

ωab
xy → R ↑ a, b, x, y

<latexit sha1_base64="46JJU8Im3I9mu6B8cBDGh83DucU="></latexit> ∑

a,b,x,y

q(x, y) ω(a→b,x·y) p(ab |xy)
<latexit sha1_base64="WvOV6Top7jnTyB8AVtNvcR4SlEI=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFcFVmtFSXBUFcVrAP6Awlk2ba0ExmTDKFMgz4Q9y4UMSt/8Sd/8b0sdDWA4HDOTfk5gsSzpR2nG+rsLa+sblV3C7t7O7tH9iHRy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Obad8eU6lYLB70JKF+hAeChYxgbaKebXucPiIvlJhkl3lWzXt22ak4M6FV4y5MGRZq9Owvrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aK3BElZ/NNs/RmUn6KIylOUKjWfr7RoYjpSZRYCYjrIdquZuG/3XdVIfXfsZEkmoqyPyhMOVIx2iKAfWZpETziTGYSGZ2RWSIDQVtYJUMBHf5y6umdVFxa5XafbVcv32a4yjCCZzCObhwBXW4gwY0gcAYnuEV3qzMerHerY/5aMFaIDyGP7I+fwBWLZPn</latexit>

→ 3

4CHSH inequality:

General  
Bell inequalities:

<latexit sha1_base64="TsOUT1yiYA5tfZPYLi/vuUPeyrs="></latexit>

BL := max
p→L

∑

a,b,x,y

ωab
xy p(ab |xy)

similarly for quantum 
and nonsignalling 

bounds



Bell inequalities

“Useful” Bell inequalities are those that can by violated by quantum correlations, 
that is, have a classical vs. quantum separation.

<latexit sha1_base64="VsbGZrb3/LZWXW8SOYLjazOdY20="></latexit>

S =
∑

a,b,x,y

ωab
xy p(ab |xy) → BL < Q

linear combination  
of probabilities local bound Bell inequality

<latexit sha1_base64="upn2J9n8HWQeP0rBMhqQozH9CAU=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDm4nffESleSzvzShBP6J9yUPOqLFS7bxbKLoldwqyTLw5KcIc1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9tSyWNUPvZ9NAxObVKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89jMuk9SgZLNFYSqIicnka9LjCpkRI0soU9zeStiAKsqMzSZvQ/AWX14mjYuSVy6Va5fFyu3TLI4cHMMJnIEHV1CBO6hCHRggPMMrvDkPzovz7nzMWleceYRH8AfO5w+cS40+</latexit>

+ <latexit sha1_base64="9JKFOk5Wd4OnWjYWc6hYtPQH8Jg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8At5ONUA==</latexit>=



Relationship between entanglement and nonlocality



Nonlocality and entanglement

<latexit sha1_base64="YmohQ3Of5GJ7kHgrwwzGu4hHV7k="></latexit>

ω =
∑

ω

ε(ϑ) ωωA → ωωBseparable quantum state:

Let Alice and Bob locally measure a separable quantum state: 



Nonlocality and entanglement

<latexit sha1_base64="YmohQ3Of5GJ7kHgrwwzGu4hHV7k="></latexit>

ω =
∑

ω

ε(ϑ) ωωA → ωωBseparable quantum state:

Let Alice and Bob locally measure a separable quantum state: 

<latexit sha1_base64="clqgmXUYDrN6kYgO/yW/SH30l34="></latexit>

p(ab|xy) = tr
[
(Aa|x →Bb|y)ω

]

= tr

[
(Aa|x →Bb|y)

∑

ω

ε(ϑ)(ωωA → ωωB)

]

=
∑

ω

ε(ϑ) tr
[
(Aa|x →Bb|y)(ω

ω
A → ωωB)

]

=
∑

ω

ε(ϑ) tr
(
Aa|x ω

ω
A

)
tr
(
Bb|y ω

ω
B

)

=
∑

ω

ε(ϑ) pA(a|x,ϑ) pB(b|y,ϑ)



Nonlocality and entanglement

<latexit sha1_base64="YmohQ3Of5GJ7kHgrwwzGu4hHV7k="></latexit>

ω =
∑

ω

ε(ϑ) ωωA → ωωBseparable quantum state:

Let Alice and Bob locally measure a separable quantum state: 

<latexit sha1_base64="clqgmXUYDrN6kYgO/yW/SH30l34="></latexit>

p(ab|xy) = tr
[
(Aa|x →Bb|y)ω

]

= tr

[
(Aa|x →Bb|y)

∑

ω

ε(ϑ)(ωωA → ωωB)

]

=
∑

ω

ε(ϑ) tr
[
(Aa|x →Bb|y)(ω

ω
A → ωωB)

]

=
∑

ω

ε(ϑ) tr
(
Aa|x ω

ω
A

)
tr
(
Bb|y ω

ω
B

)

=
∑

ω

ε(ϑ) pA(a|x,ϑ) pB(b|y,ϑ) <latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→ local
correlations



Nonlocality and entanglement

Separable quantum states always lead to local correlations
in Bell scenarios



Nonlocality and entanglement

Separability of quantum states:

Separability of correlations:
<latexit sha1_base64="jb9pnJoN3KX+cMcND/wVhVfk410="></latexit>

p(ab |xy) =
∑

ω

ω(ε) pA(a |x,ε) pB(b | y,ε)

<latexit sha1_base64="YmohQ3Of5GJ7kHgrwwzGu4hHV7k="></latexit>

ω =
∑

ω

ε(ϑ) ωωA → ωωB

= convex combinations of product states

= convex combinations of product probabilities



Nonlocality and entanglement

separable quantum state local correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→

nonlocal quantum correlations

therefore
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state



Nonlocality and entanglement

separable quantum state local correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→

nonlocal quantum correlations

therefore
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state

<latexit sha1_base64="mughhcgGa/jPhovil6fJwCosEhE="></latexit>

p(ab|xy) = tr
[
(Aa|x →Bb|y)ω

]

<latexit sha1_base64="Pev9sEwCGD55ls4ZsFSfsU1iP4o="></latexit>

p(ab|xy) →=
∑

ω

ω(ε) pA(a|x,ε) pB(b|y,ε)

if

and
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→
<latexit sha1_base64="+4XYYQA+okA/IFl4zceUjHeGoPA="></latexit>

ω →=
∑

ω

ε(ϑ)ωωA ↑ ωωB



Nonlocality and entanglement

<latexit sha1_base64="mughhcgGa/jPhovil6fJwCosEhE="></latexit>

p(ab|xy) = tr
[
(Aa|x →Bb|y)ω

]

<latexit sha1_base64="Pev9sEwCGD55ls4ZsFSfsU1iP4o="></latexit>

p(ab|xy) →=
∑

ω

ω(ε) pA(a|x,ε) pB(b|y,ε)

if

and
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→
<latexit sha1_base64="+4XYYQA+okA/IFl4zceUjHeGoPA="></latexit>

ω →=
∑

ω

ε(ϑ)ωωA ↑ ωωB

This implies that entanglement can be concluded directly from 
without any need of information about the states and measurements that were implemented.

<latexit sha1_base64="eMwsBHKyHuOgX9ruSEZ2lYMpWZc=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMCOIxgnlAsoTZySQZMjs7zMyKyxrw4g941T/wJl79EH/A73DyOJjEgoaiqpvurkBypo3rfjuZldW19Y3sZm5re2d3L79/UNdRrAitkYhHqhlgTTkTtGaY4bQpFcVhwGkjGF6N/cY9VZpF4s4kkvoh7gvWYwQbKzVlEQePD8lpJ19wS+4EaJl4M1KAGaqd/E+7G5E4pMIQjrVuea40foqVYYTTUa4dayoxGeI+bVkqcEi1n07uHaETq3RRL1K2hEET9e9EikOtkzCwnSE2A73ojcX/vFZsepd+yoSMDRVkuqgXc2QiNH4edZmixPDEEkwUs7ciMsAKE2MjmtsiB4lmRI9sMN5iDMukflbyyqXy7Xmhcv00jSgLR3AMRfDgAipwA1WoAQEOL/AKb86z8+58OJ/T1owzi/UQ5uB8/QJmWJky</latexit>

p(ab|xy)
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<latexit sha1_base64="mughhcgGa/jPhovil6fJwCosEhE="></latexit>

p(ab|xy) = tr
[
(Aa|x →Bb|y)ω

]

<latexit sha1_base64="Pev9sEwCGD55ls4ZsFSfsU1iP4o="></latexit>

p(ab|xy) →=
∑

ω

ω(ε) pA(a|x,ε) pB(b|y,ε)

if

and
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→
<latexit sha1_base64="+4XYYQA+okA/IFl4zceUjHeGoPA="></latexit>

ω →=
∑

ω

ε(ϑ)ωωA ↑ ωωB

This implies that entanglement can be concluded directly from 
without any need of information about the states and measurements that were implemented.

<latexit sha1_base64="eMwsBHKyHuOgX9ruSEZ2lYMpWZc=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMCOIxgnlAsoTZySQZMjs7zMyKyxrw4g941T/wJl79EH/A73DyOJjEgoaiqpvurkBypo3rfjuZldW19Y3sZm5re2d3L79/UNdRrAitkYhHqhlgTTkTtGaY4bQpFcVhwGkjGF6N/cY9VZpF4s4kkvoh7gvWYwQbKzVlEQePD8lpJ19wS+4EaJl4M1KAGaqd/E+7G5E4pMIQjrVuea40foqVYYTTUa4dayoxGeI+bVkqcEi1n07uHaETq3RRL1K2hEET9e9EikOtkzCwnSE2A73ojcX/vFZsepd+yoSMDRVkuqgXc2QiNH4edZmixPDEEkwUs7ciMsAKE2MjmtsiB4lmRI9sMN5iDMukflbyyqXy7Xmhcv00jSgLR3AMRfDgAipwA1WoAQEOL/AKb86z8+58OJ/T1owzi/UQ5uB8/QJmWJky</latexit>

p(ab|xy)

This is know as device-independent (DI) certification of entanglement



Nonlocality and entanglement

Applications of DI certification of entanglement

• Device-independent quantum key distribution

• Strong security proofs in quantum cryptography

• Randomness generation and amplification

• Self-testing of quantum states and measurements

• …

minimal-assumption 
certification
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nonlocal quantum correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state

<latexit sha1_base64="rbolu1jg2Hhx0GMlkjM5OAqqaVc=">AAAB/HicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0ZsBQTwmYBZIhtDTqUma9Cx09wjDEPHuVf/Am3j1X/wBv8POcjCJDwoe71VRVc+LBVfatr+t3Nr6xuZWfruws7u3f1A8PGqqKJEMGywSkWx7VKHgITY01wLbsUQaeAJb3uh24rceUSoehQ86jdEN6CDkPmdUG6l+0yuW7LI9BVklzpyUYI5ar/jT7UcsCTDUTFClOo4dazejUnMmcFzoJgpjykZ0gB1DQxqgcrPpoWNyZpQ+8SNpKtRkqv6dyGigVBp4pjOgeqiWvYn4n9dJtH/tZjyME40hmy3yE0F0RCZfkz6XyLRIDaFMcnMrYUMqKdMmm4Ut8TBVnKmxCcZZjmGVNC/KTqVcqV+WqnfPs4jycAKncA4OXEEV7qEGDWCA8AKv8GY9We/Wh/U5a81Z81iPYQHW1y8NIZY6</latexit>

?

separable quantum state local correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→

nonlocal quantum correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state
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nonlocal quantum correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state

separable quantum state local correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→

nonlocal quantum correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state



Nonlocality and entanglement

Some entangled quantum states always lead to local correlations, for all choices of measurements 
of Alice and Bob



Nonlocality and entanglement

Some entangled quantum states always lead to local correlations, for all choices of measurements 
of Alice and Bob

<latexit sha1_base64="LUZihY9/hOUaqy2Wl0QDevHpXQQ="></latexit>

→ {Aa|x}, {Bb|y} ; tr
[
(Aa|x ↑Bb|y)ω

]
↓=

∑

ω

ε(ϑ) pA(a|x,ϑ) pB(b|y,ϑ)

<latexit sha1_base64="DpV2ENp7bowcgSWKZTTTBgfaZSs="></latexit>

→ {Aa|x}, {Bb|y} ; tr
[
(Aa|x ↑Bb|y)ω

]
=

∑

ω

ε(ϑ) pA(a|x,ϑ) pB(b|y,ϑ)

A quantum state     is nonlocal if<latexit sha1_base64="A0p+evFcrYs8MxZMSwC5fyrEnw8=">AAACEnicbVDLSsNAFL2pr1pfVZduBovgqiQi1WVBEJcV7APaUCaTSTN0kgkzEyGEgl/gStBvcSdu/QE/xZ2TtgvbeuDC4Zx7ufceL+FMadv+tkpr6xubW+Xtys7u3v5B9fCoo0QqCW0TwYXseVhRzmLa1kxz2kskxZHHadcb3xR+95FKxUT8oLOEuhEexSxgBOtCGshQDKs1u25PgVaJMyc1mKM1rP4MfEHSiMaacKxU37ET7eZYakY4nVQGqaIJJmM8on1DYxxR5ebTWyfozCg+CoQ0FWs0Vf9O5DhSKos80xlhHaplrxD/8/qpDq7dnMVJqmlMZouClCMtUPE48pmkRPPMEEwkM7ciEmKJiTbxLGxJwkwxohYeyT1PcH9isnKWk1klnYu606g37i9rzdunWWplOIFTOAcHrqAJd9CCNhAI4Rle4c16sd6tD+tz1lqy5kkfwwKsr1/Cdp+q</latexit>ω

A quantum state     is local if<latexit sha1_base64="A0p+evFcrYs8MxZMSwC5fyrEnw8=">AAACEnicbVDLSsNAFL2pr1pfVZduBovgqiQi1WVBEJcV7APaUCaTSTN0kgkzEyGEgl/gStBvcSdu/QE/xZ2TtgvbeuDC4Zx7ufceL+FMadv+tkpr6xubW+Xtys7u3v5B9fCoo0QqCW0TwYXseVhRzmLa1kxz2kskxZHHadcb3xR+95FKxUT8oLOEuhEexSxgBOtCGshQDKs1u25PgVaJMyc1mKM1rP4MfEHSiMaacKxU37ET7eZYakY4nVQGqaIJJmM8on1DYxxR5ebTWyfozCg+CoQ0FWs0Vf9O5DhSKos80xlhHaplrxD/8/qpDq7dnMVJqmlMZouClCMtUPE48pmkRPPMEEwkM7ciEmKJiTbxLGxJwkwxohYeyT1PcH9isnKWk1klnYu606g37i9rzdunWWplOIFTOAcHrqAJd9CCNhAI4Rle4c16sd6tD+tz1lqy5kkfwwKsr1/Cdp+q</latexit>ω

even infinitely many measurements with infinitely many outcomes



Nonlocality and entanglement

Some entangled quantum states always lead to local correlations, for all choices of measurements 
of Alice and Bob

<latexit sha1_base64="DpV2ENp7bowcgSWKZTTTBgfaZSs="></latexit>

→ {Aa|x}, {Bb|y} ; tr
[
(Aa|x ↑Bb|y)ω

]
=

∑

ω

ε(ϑ) pA(a|x,ϑ) pB(b|y,ϑ)

A quantum state     is local if<latexit sha1_base64="A0p+evFcrYs8MxZMSwC5fyrEnw8=">AAACEnicbVDLSsNAFL2pr1pfVZduBovgqiQi1WVBEJcV7APaUCaTSTN0kgkzEyGEgl/gStBvcSdu/QE/xZ2TtgvbeuDC4Zx7ufceL+FMadv+tkpr6xubW+Xtys7u3v5B9fCoo0QqCW0TwYXseVhRzmLa1kxz2kskxZHHadcb3xR+95FKxUT8oLOEuhEexSxgBOtCGshQDKs1u25PgVaJMyc1mKM1rP4MfEHSiMaacKxU37ET7eZYakY4nVQGqaIJJmM8on1DYxxR5ebTWyfozCg+CoQ0FWs0Vf9O5DhSKos80xlhHaplrxD/8/qpDq7dnMVJqmlMZouClCMtUPE48pmkRPPMEEwkM7ciEmKJiTbxLGxJwkwxohYeyT1PcH9isnKWk1klnYu606g37i9rzdunWWplOIFTOAcHrqAJd9CCNhAI4Rle4c16sd6tD+tz1lqy5kkfwwKsr1/Cdp+q</latexit>ω

The statistics generated by a local entangled states in a Bell scenario 
can always be reproduced by a separable state, and hence, 

by a classical/local hidden variable model.



Nonlocality and entanglement

Some entangled quantum states always lead to local correlations, for all choices of measurements 
of Alice and Bob

Example: Two-qubit Werner states
<latexit sha1_base64="H8dqdZe+ar6ut472CLp++AxzApc="></latexit>

ω(v) = v
∣∣!+

〉〈
!+

∣∣+ (1→ v)
1
4

<latexit sha1_base64="ulnp7wwFgd0gB40EtozTSDFNMPY=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkNLEvAH/Ak6Ld4E69+gZ/izcnjYBILGoqqbrq7gpgzbVz321lZXVvf2Mxt5bd3dvf2CweHdS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41gcDP2G0OqNJPi0aQx9SPcE6zLCDZWehheu51C0S25E6Bl4s1IEWaodgo/7VCSJKLCEI61bnlubPwMK8MIp6N8O9E0xmSAe7RlqcAR1X42OXWETq0Soq5UtoRBE/XvRIYjrdMosJ0RNn296I3F/7xWYrpXfsZEnBgqyHRRN+HISDT+G4VMUWJ4agkmitlbEeljhYmx6cxtifupZkTPPZIFgeThyGblLSazTOrnJa9cKt9fFCu3T9PUcnAMJ3AGHlxCBe6gCjUg0INneIU358V5dz6cz2nrijNL+gjm4Hz9AliLnt4=</latexit>

v = 0
<latexit sha1_base64="Dc+EmqXYBt/NqGODVRsCoqaZdhI=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkNLEvAH/Ak6Ld4E69+gZ/izcnjYBILGoqqbrq7gpgzbVz321lZXVvf2Mxt5bd3dvf2CweHdS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41gcDP2G0OqNJPi0aQx9SPcE6zLCDZWehhee51C0S25E6Bl4s1IEWaodgo/7VCSJKLCEI61bnlubPwMK8MIp6N8O9E0xmSAe7RlqcAR1X42OXWETq0Soq5UtoRBE/XvRIYjrdMosJ0RNn296I3F/7xWYrpXfsZEnBgqyHRRN+HISDT+G4VMUWJ4agkmitlbEeljhYmx6cxtifupZkTPPZIFgeThyGblLSazTOrnJa9cKt9fFCu3T9PUcnAMJ3AGHlxCBe6gCjUg0INneIU358V5dz6cz2nrijNL+gjm4Hz9Alo2nt8=</latexit>

v = 1

Werner, PRA (1989); Clauser et al., PRL (1969); Barrett, PRA(2002); Zhang, PRL (2024); Renner, PRL (2024)  



Nonlocality and entanglement

Some entangled quantum states always lead to local correlations, for all choices of measurements 
of Alice and Bob

Example: Two-qubit Werner states
<latexit sha1_base64="H8dqdZe+ar6ut472CLp++AxzApc="></latexit>

ω(v) = v
∣∣!+

〉〈
!+

∣∣+ (1→ v)
1
4

<latexit sha1_base64="ulnp7wwFgd0gB40EtozTSDFNMPY=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkNLEvAH/Ak6Ld4E69+gZ/izcnjYBILGoqqbrq7gpgzbVz321lZXVvf2Mxt5bd3dvf2CweHdS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41gcDP2G0OqNJPi0aQx9SPcE6zLCDZWehheu51C0S25E6Bl4s1IEWaodgo/7VCSJKLCEI61bnlubPwMK8MIp6N8O9E0xmSAe7RlqcAR1X42OXWETq0Soq5UtoRBE/XvRIYjrdMosJ0RNn296I3F/7xWYrpXfsZEnBgqyHRRN+HISDT+G4VMUWJ4agkmitlbEeljhYmx6cxtifupZkTPPZIFgeThyGblLSazTOrnJa9cKt9fFCu3T9PUcnAMJ3AGHlxCBe6gCjUg0INneIU358V5dz6cz2nrijNL+gjm4Hz9AliLnt4=</latexit>

v = 0

<latexit sha1_base64="mM7ltwxw6wOKu381WKyf5bqX8lI=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIrsqMSnUjFARxWcFeoB1KJpNpQzPJmGQKwzDgW7gS9FnciVsXPoo7M20XtvVA4Of/TzjnfF7EqNK2/W0VVlbX1jeKm6Wt7Z3dvfL+QUuJWGLSxIIJ2fGQIoxy0tRUM9KJJEGhx0jbG93keXtMpKKCP+gkIm6IBpwGFCNtLHd83QskwqmTpedZv1yxq/ak4LJwZqICZtXol396vsBxSLjGDCnVdexIuymSmmJGslIvViRCeIQGpGskRyFRbjpZOoMnxvFhIKR5XMOJ+/dHikKlktAznSHSQ7WY5eZ/WTfWwZWbUh7FmnA8HRTEDGoBcwLQp5JgzRIjEJbU7ArxEBkK2nCamxINE0Wxmjsk9TzB/JyVs0hmWbTOqk6tWru/qNRvn6bUiuAIHINT4IBLUAd3oAGaAINH8AxewZv1Yr1bH9bntLVgzUgfgrmyvn4BwyejXg==</latexit>

v =
1

3
<latexit sha1_base64="Dc+EmqXYBt/NqGODVRsCoqaZdhI=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkNLEvAH/Ak6Ld4E69+gZ/izcnjYBILGoqqbrq7gpgzbVz321lZXVvf2Mxt5bd3dvf2CweHdS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41gcDP2G0OqNJPi0aQx9SPcE6zLCDZWehhee51C0S25E6Bl4s1IEWaodgo/7VCSJKLCEI61bnlubPwMK8MIp6N8O9E0xmSAe7RlqcAR1X42OXWETq0Soq5UtoRBE/XvRIYjrdMosJ0RNn296I3F/7xWYrpXfsZEnBgqyHRRN+HISDT+G4VMUWJ4agkmitlbEeljhYmx6cxtifupZkTPPZIFgeThyGblLSazTOrnJa9cKt9fFCu3T9PUcnAMJ3AGHlxCBe6gCjUg0INneIU358V5dz6cz2nrijNL+gjm4Hz9Alo2nt8=</latexit>

v = 1

<latexit sha1_base64="u6nfLCCyNIuYPe0nT7EfxT406bE=">AAACIHicbZDLSsNAFIYn9VbrLerSTbAIrkoiUl0WBHFZwV6gDWUymbZDJzNh5qQYQsEHcSXos7gTl/om7py0XdjWAwM//7nOF8ScaXDdL6uwtr6xuVXcLu3s7u0f2IdHTS0TRWiDSC5VO8CaciZoAxhw2o4VxVHAaSsY3eT51pgqzaR4gDSmfoQHgvUZwWCsnm13gT5CpmmMFTZNk55ddivuNJxV4c1FGc2j3rN/uqEkSUQFEI617nhuDH6GFTBi5pW6ST6cjPCAdowUOKLaz6aXT5wz44ROXyrzBDhT929HhiOt0ygwlRGGoV7O5eZ/uU4C/Ws/YyJOgAoyW9RPuAPSyTE4IVOUAE+NwEQxc6tDhgYBAQNrYUs8TDUjeuEjWRBIHuasvGUyq6J5UfGqler9Zbl2+zSjVkQn6BSdIw9doRq6Q3XUQASN0TN6RW/Wi/VufVifs9KCNSd9jBbC+v4Fvuqldg==</latexit>

separable
<latexit sha1_base64="iZxVGyS6/l+XuGDGJpRg1pORNsA=">AAACC3icbZDLSsNAFIYn9VbrLerSTbAIrkoiUl0WBHFZwV6gDWUyPW2HTiZh5qRYQsEX8A3c6gu4E7c+hHsfxGnahW39YeDnP2fOOXxBLLhG1/22cmvrG5tb+e3Czu7e/oF9eFTXUaIY1FgkItUMqAbBJdSQo4BmrICGgYBGMLyZ1hsjUJpH8gHHMfgh7Uve44yiiTq23UZ4xBQkUtkX0J107KJbcjM5q8abmyKZq9qxf9rdiCWhGcEE1brluTH6KVXImYBJoZ1oiCkb0j60jJU0BO2n2eUT58wkXacXKfMkOln690dKQ63HYWA6Q4oDvVybhv/VWgn2rv2UyzhBkGy2qJcIByNnisHpcgUMxdgYyhQ3tzpsQBVlaGAtbAmCSGRYvGUIq6Z+UfLKpfL9ZbFy+zQDlCcn5JScE49ckQq5I1VSI4yMyAt5JW/Ws/VufVifs9acNYd6TBZkff0CvUScgQ==</latexit>

entangled

Werner, PRA (1989); Clauser et al., PRL (1969); Barrett, PRA(2002); Zhang, PRL (2024); Renner, PRL (2024)  



Nonlocality and entanglement

Some entangled quantum states always lead to local correlations, for all choices of measurements 
of Alice and Bob

Example: Two-qubit Werner states
<latexit sha1_base64="H8dqdZe+ar6ut472CLp++AxzApc="></latexit>

ω(v) = v
∣∣!+

〉〈
!+

∣∣+ (1→ v)
1
4

<latexit sha1_base64="ulnp7wwFgd0gB40EtozTSDFNMPY=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkNLEvAH/Ak6Ld4E69+gZ/izcnjYBILGoqqbrq7gpgzbVz321lZXVvf2Mxt5bd3dvf2CweHdS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41gcDP2G0OqNJPi0aQx9SPcE6zLCDZWehheu51C0S25E6Bl4s1IEWaodgo/7VCSJKLCEI61bnlubPwMK8MIp6N8O9E0xmSAe7RlqcAR1X42OXWETq0Soq5UtoRBE/XvRIYjrdMosJ0RNn296I3F/7xWYrpXfsZEnBgqyHRRN+HISDT+G4VMUWJ4agkmitlbEeljhYmx6cxtifupZkTPPZIFgeThyGblLSazTOrnJa9cKt9fFCu3T9PUcnAMJ3AGHlxCBe6gCjUg0INneIU358V5dz6cz2nrijNL+gjm4Hz9AliLnt4=</latexit>

v = 0

<latexit sha1_base64="mM7ltwxw6wOKu381WKyf5bqX8lI=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIrsqMSnUjFARxWcFeoB1KJpNpQzPJmGQKwzDgW7gS9FnciVsXPoo7M20XtvVA4Of/TzjnfF7EqNK2/W0VVlbX1jeKm6Wt7Z3dvfL+QUuJWGLSxIIJ2fGQIoxy0tRUM9KJJEGhx0jbG93keXtMpKKCP+gkIm6IBpwGFCNtLHd83QskwqmTpedZv1yxq/ak4LJwZqICZtXol396vsBxSLjGDCnVdexIuymSmmJGslIvViRCeIQGpGskRyFRbjpZOoMnxvFhIKR5XMOJ+/dHikKlktAznSHSQ7WY5eZ/WTfWwZWbUh7FmnA8HRTEDGoBcwLQp5JgzRIjEJbU7ArxEBkK2nCamxINE0Wxmjsk9TzB/JyVs0hmWbTOqk6tWru/qNRvn6bUiuAIHINT4IBLUAd3oAGaAINH8AxewZv1Yr1bH9bntLVgzUgfgrmyvn4BwyejXg==</latexit>

v =
1

3

<latexit sha1_base64="0czgMTjnXDtKcJJ0jznWvwYRkIg=">AAACJHicbZDLSsNAFIYn9VbrLV52boJFcFWSItWNUBDEZQV7gTaUyWTSDp1M4sykEIeAj+JK0GdxJy7c+B7unLRd2NYDAz//f4ZzzufFlAhp219GYWV1bX2juFna2t7Z3TP3D1oiSjjCTRTRiHc8KDAlDDclkRR3Yo5h6FHc9kbXed4eYy5IxO5lGmM3hANGAoKg1FbfPBpf9QIOkXIy1RMPXKpqlvXNsl2xJ2UtC2cmymBWjb750/MjlISYSUShEF3HjqWrIJcEUZyVeonAMUQjOMBdLRkMsXDVZPvMOtWObwUR149Ja+L+/aFgKEQaerozhHIoFrPc/C/rJjK4dBVhcSIxQ9NBQUItGVk5CssnHCNJUy0g4kTvaqEh1DCkBjY3JR6mgiAxd4jyvIj6OStnkcyyaFUrTq1Suzsv12+eptSK4BicgDPggAtQB7egAZoAgUfwDF7Bm/FivBsfxue0tWDMSB+CuTK+fwGjFKby</latexit>

v =
1→
2

<latexit sha1_base64="Dc+EmqXYBt/NqGODVRsCoqaZdhI=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkNLEvAH/Ak6Ld4E69+gZ/izcnjYBILGoqqbrq7gpgzbVz321lZXVvf2Mxt5bd3dvf2CweHdS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41gcDP2G0OqNJPi0aQx9SPcE6zLCDZWehhee51C0S25E6Bl4s1IEWaodgo/7VCSJKLCEI61bnlubPwMK8MIp6N8O9E0xmSAe7RlqcAR1X42OXWETq0Soq5UtoRBE/XvRIYjrdMosJ0RNn296I3F/7xWYrpXfsZEnBgqyHRRN+HISDT+G4VMUWJ4agkmitlbEeljhYmx6cxtifupZkTPPZIFgeThyGblLSazTOrnJa9cKt9fFCu3T9PUcnAMJ3AGHlxCBe6gCjUg0INneIU358V5dz6cz2nrijNL+gjm4Hz9Alo2nt8=</latexit>

v = 1

<latexit sha1_base64="u6nfLCCyNIuYPe0nT7EfxT406bE=">AAACIHicbZDLSsNAFIYn9VbrLerSTbAIrkoiUl0WBHFZwV6gDWUymbZDJzNh5qQYQsEHcSXos7gTl/om7py0XdjWAwM//7nOF8ScaXDdL6uwtr6xuVXcLu3s7u0f2IdHTS0TRWiDSC5VO8CaciZoAxhw2o4VxVHAaSsY3eT51pgqzaR4gDSmfoQHgvUZwWCsnm13gT5CpmmMFTZNk55ddivuNJxV4c1FGc2j3rN/uqEkSUQFEI617nhuDH6GFTBi5pW6ST6cjPCAdowUOKLaz6aXT5wz44ROXyrzBDhT929HhiOt0ygwlRGGoV7O5eZ/uU4C/Ws/YyJOgAoyW9RPuAPSyTE4IVOUAE+NwEQxc6tDhgYBAQNrYUs8TDUjeuEjWRBIHuasvGUyq6J5UfGqler9Zbl2+zSjVkQn6BSdIw9doRq6Q3XUQASN0TN6RW/Wi/VufVifs9KCNSd9jBbC+v4Fvuqldg==</latexit>

separable

<latexit sha1_base64="QT8g8NNvUQR0ZRxjg6UaT17PtsM=">AAACGnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVJcFQVxWsBdoQplMJu3QSWaYORFDKPgUrgR9Fnfi1o2P4s6k7cK2Hhj4+f8znHM+XwluwLa/rZXVtfWNzdJWeXtnd2+/cnDYNjLRlLWoFFJ3fWKY4DFrAQfBukozEvmCdfzRdZF3Hpg2XMb3kCrmRWQQ85BTArnlusAeIROSEjHuV6p2zZ4UXhbOTFTRrJr9yo8bSJpELAYqiDE9x1bgZUQDp4KNy25imCJ0RAasl8uYRMx42WTnMT7NnQCHUucvBjxx//7ISGRMGvl5Z0RgaBazwvwv6yUQXnkZj1UCLKbTQWEiMEhcAMAB14yCSHNBqOb5rpgOiSYUckxzU9QwNZyauUMy35ciKFg5i2SWRfu85tRr9buLauPmaUqthI7RCTpDDrpEDXSLmqiFKFLoGb2iN+vFerc+rM9p64o1I32E5sr6+gXaGqN5</latexit>

local
<latexit sha1_base64="/YojkUizAdgVxiy3O8pCWBUiubI=">AAACH3icbZDLSsNAFIYn9VbrpVGXboJFcFUSkeqyIIjLCvYCbSiTybQdOpkJMydiCAXfw5Wgz+JO3PZR3Dlpu7CtBwZ+/v8M55wviDnT4LpTq7CxubW9U9wt7e0fHJbto+OWlokitEkkl6oTYE05E7QJDDjtxIriKOC0HYxv87z9RJVmUjxCGlM/wkPBBoxgMFbfLveAPkMmpOCSYD7p2xW36s7KWRfeQlTQohp9+6cXSpJEVADhWOuu58bgZ1gBI5xOSr1E0xiTMR7SrpECR1T72WzxiXNunNAZSGWeAGfm/v2R4UjrNApMZ4RhpFez3Pwv6yYwuPEzJuIEqCDzQYOEOyCdnIITMkUJ8NQITBQzuzpkhBUmYFgtTYlHqWZELx2SBYHkYc7KWyWzLlqXVa9WrT1cVep3L3NqRXSKztAF8tA1qqN71EBNRFCCXtE7+rDerE/ry/qetxasBekTtFTW9Bf/GKUT</latexit>

nonlocal

<latexit sha1_base64="AY9LLAbVtkpT6mAgMx4k/tXyxsY=">AAACGXicbZDLSsNAFIZPvNZ6q7p0M1gEVyUpUl0W3AhuKtgLpKFMJpN26CQTZiZCCAVfwpWgz+JO3LryUdw5abuwrQcGfv7/DOecz084U9q2v6219Y3Nre3STnl3b//gsHJ03FEilYS2ieBC9nysKGcxbWumOe0lkuLI57Trj2+KvPtIpWIiftBZQr0ID2MWMoK1sdx+KDHJnUlenwwqVbtmTwutCmcuqjCv1qDy0w8ESSMaa8KxUq5jJ9rLsdSMcDop91NFE0zGeEhdI2McUeXl05Un6Nw4AQqFNC/WaOr+/ZHjSKks8k1nhPVILWeF+V/mpjq89nIWJ6mmMZkNClOOtEDF/ShgkhLNMyMwkczsisgIGwraUFqYkowyxYhaOCT3fcGDgpWzTGZVdOo1p1Fr3F9Wm3dPM2olOIUzuAAHrqAJt9CCNhAQ8Ayv8Ga9WO/Wh/U5a12z5qRPYKGsr19F9aKb</latexit>

1

2

<latexit sha1_base64="iZxVGyS6/l+XuGDGJpRg1pORNsA=">AAACC3icbZDLSsNAFIYn9VbrLerSTbAIrkoiUl0WBHFZwV6gDWUyPW2HTiZh5qRYQsEX8A3c6gu4E7c+hHsfxGnahW39YeDnP2fOOXxBLLhG1/22cmvrG5tb+e3Czu7e/oF9eFTXUaIY1FgkItUMqAbBJdSQo4BmrICGgYBGMLyZ1hsjUJpH8gHHMfgh7Uve44yiiTq23UZ4xBQkUtkX0J107KJbcjM5q8abmyKZq9qxf9rdiCWhGcEE1brluTH6KVXImYBJoZ1oiCkb0j60jJU0BO2n2eUT58wkXacXKfMkOln690dKQ63HYWA6Q4oDvVybhv/VWgn2rv2UyzhBkGy2qJcIByNnisHpcgUMxdgYyhQ3tzpsQBVlaGAtbAmCSGRYvGUIq6Z+UfLKpfL9ZbFy+zQDlCcn5JScE49ckQq5I1VSI4yMyAt5JW/Ws/VufVifs9acNYd6TBZkff0CvUScgQ==</latexit>

entangled

Werner, PRA (1989); Clauser et al., PRL (1969); Barrett, PRA(2002); Zhang, PRL (2024); Renner, PRL (2024)  



Nonlocality and entanglement

Some entangled quantum states always lead to local correlations, for all choices of measurements 
of Alice and Bob

Example: Two-qubit Werner states
<latexit sha1_base64="H8dqdZe+ar6ut472CLp++AxzApc="></latexit>

ω(v) = v
∣∣!+

〉〈
!+

∣∣+ (1→ v)
1
4

<latexit sha1_base64="ulnp7wwFgd0gB40EtozTSDFNMPY=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkNLEvAH/Ak6Ld4E69+gZ/izcnjYBILGoqqbrq7gpgzbVz321lZXVvf2Mxt5bd3dvf2CweHdS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41gcDP2G0OqNJPi0aQx9SPcE6zLCDZWehheu51C0S25E6Bl4s1IEWaodgo/7VCSJKLCEI61bnlubPwMK8MIp6N8O9E0xmSAe7RlqcAR1X42OXWETq0Soq5UtoRBE/XvRIYjrdMosJ0RNn296I3F/7xWYrpXfsZEnBgqyHRRN+HISDT+G4VMUWJ4agkmitlbEeljhYmx6cxtifupZkTPPZIFgeThyGblLSazTOrnJa9cKt9fFCu3T9PUcnAMJ3AGHlxCBe6gCjUg0INneIU358V5dz6cz2nrijNL+gjm4Hz9AliLnt4=</latexit>

v = 0

<latexit sha1_base64="mM7ltwxw6wOKu381WKyf5bqX8lI=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIrsqMSnUjFARxWcFeoB1KJpNpQzPJmGQKwzDgW7gS9FnciVsXPoo7M20XtvVA4Of/TzjnfF7EqNK2/W0VVlbX1jeKm6Wt7Z3dvfL+QUuJWGLSxIIJ2fGQIoxy0tRUM9KJJEGhx0jbG93keXtMpKKCP+gkIm6IBpwGFCNtLHd83QskwqmTpedZv1yxq/ak4LJwZqICZtXol396vsBxSLjGDCnVdexIuymSmmJGslIvViRCeIQGpGskRyFRbjpZOoMnxvFhIKR5XMOJ+/dHikKlktAznSHSQ7WY5eZ/WTfWwZWbUh7FmnA8HRTEDGoBcwLQp5JgzRIjEJbU7ArxEBkK2nCamxINE0Wxmjsk9TzB/JyVs0hmWbTOqk6tWru/qNRvn6bUiuAIHINT4IBLUAd3oAGaAINH8AxewZv1Yr1bH9bntLVgzUgfgrmyvn4BwyejXg==</latexit>

v =
1

3

<latexit sha1_base64="0czgMTjnXDtKcJJ0jznWvwYRkIg=">AAACJHicbZDLSsNAFIYn9VbrLV52boJFcFWSItWNUBDEZQV7gTaUyWTSDp1M4sykEIeAj+JK0GdxJy7c+B7unLRd2NYDAz//f4ZzzufFlAhp219GYWV1bX2juFna2t7Z3TP3D1oiSjjCTRTRiHc8KDAlDDclkRR3Yo5h6FHc9kbXed4eYy5IxO5lGmM3hANGAoKg1FbfPBpf9QIOkXIy1RMPXKpqlvXNsl2xJ2UtC2cmymBWjb750/MjlISYSUShEF3HjqWrIJcEUZyVeonAMUQjOMBdLRkMsXDVZPvMOtWObwUR149Ja+L+/aFgKEQaerozhHIoFrPc/C/rJjK4dBVhcSIxQ9NBQUItGVk5CssnHCNJUy0g4kTvaqEh1DCkBjY3JR6mgiAxd4jyvIj6OStnkcyyaFUrTq1Suzsv12+eptSK4BicgDPggAtQB7egAZoAgUfwDF7Bm/FivBsfxue0tWDMSB+CuTK+fwGjFKby</latexit>

v =
1→
2

<latexit sha1_base64="Dc+EmqXYBt/NqGODVRsCoqaZdhI=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkNLEvAH/Ak6Ld4E69+gZ/izcnjYBILGoqqbrq7gpgzbVz321lZXVvf2Mxt5bd3dvf2CweHdS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41gcDP2G0OqNJPi0aQx9SPcE6zLCDZWehhee51C0S25E6Bl4s1IEWaodgo/7VCSJKLCEI61bnlubPwMK8MIp6N8O9E0xmSAe7RlqcAR1X42OXWETq0Soq5UtoRBE/XvRIYjrdMosJ0RNn296I3F/7xWYrpXfsZEnBgqyHRRN+HISDT+G4VMUWJ4agkmitlbEeljhYmx6cxtifupZkTPPZIFgeThyGblLSazTOrnJa9cKt9fFCu3T9PUcnAMJ3AGHlxCBe6gCjUg0INneIU358V5dz6cz2nrijNL+gjm4Hz9Alo2nt8=</latexit>

v = 1

<latexit sha1_base64="u6nfLCCyNIuYPe0nT7EfxT406bE=">AAACIHicbZDLSsNAFIYn9VbrLerSTbAIrkoiUl0WBHFZwV6gDWUymbZDJzNh5qQYQsEHcSXos7gTl/om7py0XdjWAwM//7nOF8ScaXDdL6uwtr6xuVXcLu3s7u0f2IdHTS0TRWiDSC5VO8CaciZoAxhw2o4VxVHAaSsY3eT51pgqzaR4gDSmfoQHgvUZwWCsnm13gT5CpmmMFTZNk55ddivuNJxV4c1FGc2j3rN/uqEkSUQFEI617nhuDH6GFTBi5pW6ST6cjPCAdowUOKLaz6aXT5wz44ROXyrzBDhT929HhiOt0ygwlRGGoV7O5eZ/uU4C/Ws/YyJOgAoyW9RPuAPSyTE4IVOUAE+NwEQxc6tDhgYBAQNrYUs8TDUjeuEjWRBIHuasvGUyq6J5UfGqler9Zbl2+zSjVkQn6BSdIw9doRq6Q3XUQASN0TN6RW/Wi/VufVifs9KCNSd9jBbC+v4Fvuqldg==</latexit>

separable

<latexit sha1_base64="QT8g8NNvUQR0ZRxjg6UaT17PtsM=">AAACGnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVJcFQVxWsBdoQplMJu3QSWaYORFDKPgUrgR9Fnfi1o2P4s6k7cK2Hhj4+f8znHM+XwluwLa/rZXVtfWNzdJWeXtnd2+/cnDYNjLRlLWoFFJ3fWKY4DFrAQfBukozEvmCdfzRdZF3Hpg2XMb3kCrmRWQQ85BTArnlusAeIROSEjHuV6p2zZ4UXhbOTFTRrJr9yo8bSJpELAYqiDE9x1bgZUQDp4KNy25imCJ0RAasl8uYRMx42WTnMT7NnQCHUucvBjxx//7ISGRMGvl5Z0RgaBazwvwv6yUQXnkZj1UCLKbTQWEiMEhcAMAB14yCSHNBqOb5rpgOiSYUckxzU9QwNZyauUMy35ciKFg5i2SWRfu85tRr9buLauPmaUqthI7RCTpDDrpEDXSLmqiFKFLoGb2iN+vFerc+rM9p64o1I32E5sr6+gXaGqN5</latexit>

local
<latexit sha1_base64="/YojkUizAdgVxiy3O8pCWBUiubI=">AAACH3icbZDLSsNAFIYn9VbrpVGXboJFcFUSkeqyIIjLCvYCbSiTybQdOpkJMydiCAXfw5Wgz+JO3PZR3Dlpu7CtBwZ+/v8M55wviDnT4LpTq7CxubW9U9wt7e0fHJbto+OWlokitEkkl6oTYE05E7QJDDjtxIriKOC0HYxv87z9RJVmUjxCGlM/wkPBBoxgMFbfLveAPkMmpOCSYD7p2xW36s7KWRfeQlTQohp9+6cXSpJEVADhWOuu58bgZ1gBI5xOSr1E0xiTMR7SrpECR1T72WzxiXNunNAZSGWeAGfm/v2R4UjrNApMZ4RhpFez3Pwv6yYwuPEzJuIEqCDzQYOEOyCdnIITMkUJ8NQITBQzuzpkhBUmYFgtTYlHqWZELx2SBYHkYc7KWyWzLlqXVa9WrT1cVep3L3NqRXSKztAF8tA1qqN71EBNRFCCXtE7+rDerE/ry/qetxasBekTtFTW9Bf/GKUT</latexit>

nonlocal

<latexit sha1_base64="AY9LLAbVtkpT6mAgMx4k/tXyxsY=">AAACGXicbZDLSsNAFIZPvNZ6q7p0M1gEVyUpUl0W3AhuKtgLpKFMJpN26CQTZiZCCAVfwpWgz+JO3LryUdw5abuwrQcGfv7/DOecz084U9q2v6219Y3Nre3STnl3b//gsHJ03FEilYS2ieBC9nysKGcxbWumOe0lkuLI57Trj2+KvPtIpWIiftBZQr0ID2MWMoK1sdx+KDHJnUlenwwqVbtmTwutCmcuqjCv1qDy0w8ESSMaa8KxUq5jJ9rLsdSMcDop91NFE0zGeEhdI2McUeXl05Un6Nw4AQqFNC/WaOr+/ZHjSKks8k1nhPVILWeF+V/mpjq89nIWJ6mmMZkNClOOtEDF/ShgkhLNMyMwkczsisgIGwraUFqYkowyxYhaOCT3fcGDgpWzTGZVdOo1p1Fr3F9Wm3dPM2olOIUzuAAHrqAJt9CCNhAQ8Ayv8Ga9WO/Wh/U5a12z5qRPYKGsr19F9aKb</latexit>

1

2

<latexit sha1_base64="iZxVGyS6/l+XuGDGJpRg1pORNsA=">AAACC3icbZDLSsNAFIYn9VbrLerSTbAIrkoiUl0WBHFZwV6gDWUyPW2HTiZh5qRYQsEX8A3c6gu4E7c+hHsfxGnahW39YeDnP2fOOXxBLLhG1/22cmvrG5tb+e3Czu7e/oF9eFTXUaIY1FgkItUMqAbBJdSQo4BmrICGgYBGMLyZ1hsjUJpH8gHHMfgh7Uve44yiiTq23UZ4xBQkUtkX0J107KJbcjM5q8abmyKZq9qxf9rdiCWhGcEE1brluTH6KVXImYBJoZ1oiCkb0j60jJU0BO2n2eUT58wkXacXKfMkOln690dKQ63HYWA6Q4oDvVybhv/VWgn2rv2UyzhBkGy2qJcIByNnisHpcgUMxdgYyhQ3tzpsQBVlaGAtbAmCSGRYvGUIq6Z+UfLKpfL9ZbFy+zQDlCcn5JScE49ckQq5I1VSI4yMyAt5JW/Ws/VufVifs9acNYd6TBZkff0CvUScgQ==</latexit>

entangled

Werner, PRA (1989); Clauser et al., PRL (1969); Barrett, PRA(2002); Zhang, PRL (2024); Renner, PRL (2024)  

<latexit sha1_base64="TPLIR369yYXIqWhLmWmoHo3ZMD8=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRG8GBPGYgHlAsoTZ2U4yZHZmmZkVliXg3ZOg3+JNvPoJfoo3J4+DSSxoKKq66e4KYs60cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aWiaKQoNKLlU7IBo4E9AwzHBoxwpIFHBoBaPbid96BKWZFA8mjcGPyECwPqPEWKl+0yuW3LI7BV4l3pyU0By1XvGnG0qaRCAM5UTrjufGxs+IMoxyGBe6iYaY0BEZQMdSQSLQfjY9dIzPrBLivlS2hMFT9e9ERiKt0yiwnRExQ73sTcT/vE5i+td+xkScGBB0tqifcGwknnyNQ6aAGp5aQqhi9lZMh0QRamw2C1viYaoZ1QuPZEEgeTi2WXnLyayS5kXZq5Qr9ctS9e5plloenaBTdI48dIWq6B7VUANRBOgZvaI358V5dz6cz1lrzpknfYwW4Hz9AvugniY=</latexit>

?



Nonlocality and entanglement

nonlocal quantum correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state

nonlocal quantum correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state

Not every entangled quantum state is useful for DI quantum applications. 



Nonlocality and entanglement

nonlocal quantum correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state

nonlocal quantum correlations
<latexit sha1_base64="4RIKOhKmqFoh/NmlnfP/543xFZU=">AAACA3icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5JJb9vQTGZIMsIwFNz4A271D9yJWz/EH/A7TB8L23ogcDjnhnPvCWLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3Uz85iMqzSP5YNIY/ZAOJO9zRo2VWh0e2hTU3WLJLbtTkFXizUkJ5qh1iz+dXsSSEKVhgmrd9tzY+BlVhjOB40In0RhTNqIDbFsqaYjaz6b7jsmZVXqkHyn7pCFT9e+PjIZap2FgJ0NqhnrZm4j/ee3E9K/9jMs4MSjZLKifCGIiMjme9LhCZkRqCWWK210JG1JFmbEVLaTEw1Rzpse2GG+5hlXSuCh7lXLl/rJUvX2aVZSHEziFc/DgCqpwBzWoAwMBL/AKb86z8+58OJ+z0Zwzr/UYFuB8/QL9NJmQ</latexit>

=→entangled quantum state

Nonlocality activation: 

• Hidden nonlocality (activation via LOCC)
• Many-copy activation
• Catalytic activation
• Network activation
• Activation via broadcasting

Not every entangled quantum state is useful for DI quantum applications. 



Single-shot games



Single-shot nonlocality

<latexit sha1_base64="vv2KXkM92QhL0mOPK8CZw3xekpY="></latexit>

S =
∑

a,b,x,y

q(x, y)W (a, b, x, y) p(ab|xy)

Nonlocal games

<latexit sha1_base64="yDmB0NU6vRhz3ylj/YP06ODI/go=">AAACG3icbZDLSgMxFIYzXmu9VV26CRahQikzItWNUBDEZQV7gXYoSSZtQzPJmGTEYSj4Fq4EfRZ34taFj+LO9LKwrQcCP/9/wjnnwxFn2rjut7O0vLK6tp7ZyG5ube/s5vb261rGitAakVyqJkaaciZozTDDaTNSFIWY0wYeXI3yxgNVmklxZ5KI+iHqCdZlBBlr+Y0CKuLiYzE5gZewk8u7JXdccFF4U5EH06p2cj/tQJI4pMIQjrRueW5k/BQpwwinw2w71jRCZIB6tGWlQCHVfjpeegiPrRPArlT2CQPH7t8fKQq1TkJsO0Nk+no+G5n/Za3YdC/8lIkoNlSQyaBuzKGRcEQABkxRYnhiBSKK2V0h6SOFiLGcZqZE/UQzomcOSTGWPBhaVt48mUVRPy155VL59ixfuX6aUMuAQ3AECsAD56ACbkAV1AAB9+AZvII358V5dz6cz0nrkjMlfQBmyvn6BQIYobw=</latexit>

W (a, b, x, y) =

<latexit sha1_base64="Z7hZVk7t0wLi8kDNyZCuF8vDyTk="></latexit>

1 if (a, b, x, y) satisfy winning condition

0 otherwise

<latexit sha1_base64="N2Iv/pGFK2dTeN0T67v9AzbK4GY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIVC9C0YvHCvYDmlA2m027dJMNuxOxhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAtSwTU4zre1tLyyurZe2ihvbm3v7Np7+y0tM0VZk0ohVScgmgmesCZwEKyTKkbiQLB2MLyZ+O0HpjSXyT2MUubHpJ/wiFMCRurZh8STqcg0DvAVfsQeDSXgUc+uOFVnCrxI3IJUUIFGz/7yQkmzmCVABdG66zop+DlRwKlg47KXaZYSOiR91jU0ITHTfj49f4xPjBLiSCpTCeCp+nsiJ7HWozgwnTGBgZ73JuJ/XjeD6NLPeZJmwBI6WxRlAoPEkyxwyBWjIEaGEKq4uRXTAVGEgkmsbEJw519eJK2zqlur1u7OK/XrIo4SOkLH6BS56ALV0S1qoCaiKEfP6BW9WU/Wi/Vufcxal6xi5gD9gfX5A69RlK4=</latexit>

a→ b = x · yex.:
<latexit sha1_base64="yikXPwB/Bw4uMBtIO2wQ/idNEh0=">AAACEHicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMco5gHJEmZnZ5MhszPLzKywLAE/wJOg3+JNvPoHfoo3J4+DSSxoKKq66e4KEs60cd1vZ2V1bX1js7BV3N7Z3dsvHRw2tUwVoQ0iuVTtAGvKmaANwwyn7URRHAectoLh9dhvPVKlmRQPJkuoH+O+YBEj2Fjpvpv3SmW34k6Alok3I2WYod4r/XRDSdKYCkM41rrjuYnxc6wMI5yOit1U0wSTIe7TjqUCx1T7+eTSETq1SogiqWwJgybq34kcx1pncWA7Y2wGetEbi/95ndREV37ORJIaKsh0UZRyZCQav41CpigxPLMEE8XsrYgMsMLE2HDmtiSDTDOi5x7Jg0DycGSz8haTWSbN84pXrVTvLsq1m6dpagU4hhM4Aw8uoQa3UIcGEIjgGV7hzXlx3p0P53PauuLMkj6COThfvx6tnsg=</latexit>

{



Single-shot nonlocality

<latexit sha1_base64="vv2KXkM92QhL0mOPK8CZw3xekpY="></latexit>

S =
∑

a,b,x,y

q(x, y)W (a, b, x, y) p(ab|xy)

Nonlocal games

<latexit sha1_base64="yDmB0NU6vRhz3ylj/YP06ODI/go=">AAACG3icbZDLSgMxFIYzXmu9VV26CRahQikzItWNUBDEZQV7gXYoSSZtQzPJmGTEYSj4Fq4EfRZ34taFj+LO9LKwrQcCP/9/wjnnwxFn2rjut7O0vLK6tp7ZyG5ube/s5vb261rGitAakVyqJkaaciZozTDDaTNSFIWY0wYeXI3yxgNVmklxZ5KI+iHqCdZlBBlr+Y0CKuLiYzE5gZewk8u7JXdccFF4U5EH06p2cj/tQJI4pMIQjrRueW5k/BQpwwinw2w71jRCZIB6tGWlQCHVfjpeegiPrRPArlT2CQPH7t8fKQq1TkJsO0Nk+no+G5n/Za3YdC/8lIkoNlSQyaBuzKGRcEQABkxRYnhiBSKK2V0h6SOFiLGcZqZE/UQzomcOSTGWPBhaVt48mUVRPy155VL59ixfuX6aUMuAQ3AECsAD56ACbkAV1AAB9+AZvII358V5dz6cz0nrkjMlfQBmyvn6BQIYobw=</latexit>

W (a, b, x, y) =

<latexit sha1_base64="Z7hZVk7t0wLi8kDNyZCuF8vDyTk="></latexit>

1 if (a, b, x, y) satisfy winning condition

0 otherwise

<latexit sha1_base64="N2Iv/pGFK2dTeN0T67v9AzbK4GY=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIVC9C0YvHCvYDmlA2m027dJMNuxOxhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAtSwTU4zre1tLyyurZe2ihvbm3v7Np7+y0tM0VZk0ohVScgmgmesCZwEKyTKkbiQLB2MLyZ+O0HpjSXyT2MUubHpJ/wiFMCRurZh8STqcg0DvAVfsQeDSXgUc+uOFVnCrxI3IJUUIFGz/7yQkmzmCVABdG66zop+DlRwKlg47KXaZYSOiR91jU0ITHTfj49f4xPjBLiSCpTCeCp+nsiJ7HWozgwnTGBgZ73JuJ/XjeD6NLPeZJmwBI6WxRlAoPEkyxwyBWjIEaGEKq4uRXTAVGEgkmsbEJw519eJK2zqlur1u7OK/XrIo4SOkLH6BS56ALV0S1qoCaiKEfP6BW9WU/Wi/Vufcxal6xi5gD9gfX5A69RlK4=</latexit>

a→ b = x · yex.:
<latexit sha1_base64="yikXPwB/Bw4uMBtIO2wQ/idNEh0=">AAACEHicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMco5gHJEmZnZ5MhszPLzKywLAE/wJOg3+JNvPoHfoo3J4+DSSxoKKq66e4KEs60cd1vZ2V1bX1js7BV3N7Z3dsvHRw2tUwVoQ0iuVTtAGvKmaANwwyn7URRHAectoLh9dhvPVKlmRQPJkuoH+O+YBEj2Fjpvpv3SmW34k6Alok3I2WYod4r/XRDSdKYCkM41rrjuYnxc6wMI5yOit1U0wSTIe7TjqUCx1T7+eTSETq1SogiqWwJgybq34kcx1pncWA7Y2wGetEbi/95ndREV37ORJIaKsh0UZRyZCQav41CpigxPLMEE8XsrYgMsMLE2HDmtiSDTDOi5x7Jg0DycGSz8haTWSbN84pXrVTvLsq1m6dpagU4hhM4Aw8uoQa3UIcGEIjgGV7hzXlx3p0P53PauuLMkj6COThfvx6tnsg=</latexit>

{
each                       either wins or loses 

<latexit sha1_base64="1xTGgThtqV/esDR4mF63M2uWKds=">AAACF3icbVDJSgNBEO2JW4xb1KOXwSBECGFGJHoMCOIxglkkGUJ3pydp0svQ3SMOQ8B/8CTot3gTrx79FG92loNJfFDweK+KqnooYlQbz/t2Miura+sb2c3c1vbO7l5+/6ChZawwqWPJpGohqAmjgtQNNYy0IkUgR4w00fBq7DcfiNJUijuTRCTgsC9oSDE0VrovwhIqPZaS026+4JW9Cdxl4s9IAcxQ6+Z/Oj2JY06EwQxq3fa9yAQpVIZiRka5TqxJBPEQ9knbUgE50UE6OXjknlil54ZS2RLGnah/J1LItU44sp0cmoFe9Mbif147NuFlkFIRxYYIPF0Uxsw10h1/7/aoItiwxBKIFbW3ungAFcTGZjS3JRokmmI990iKkGS9kc3KX0xmmTTOyn6lXLk9L1Svn6apZcEROAZF4IMLUAU3oAbqAAMOnsEreHNenHfnw/mctmacWdKHYA7O1y//q6DA</latexit>

(a, b, x, y)

<latexit sha1_base64="yikXPwB/Bw4uMBtIO2wQ/idNEh0=">AAACEHicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMco5gHJEmZnZ5MhszPLzKywLAE/wJOg3+JNvPoHfoo3J4+DSSxoKKq66e4KEs60cd1vZ2V1bX1js7BV3N7Z3dsvHRw2tUwVoQ0iuVTtAGvKmaANwwyn7URRHAectoLh9dhvPVKlmRQPJkuoH+O+YBEj2Fjpvpv3SmW34k6Alok3I2WYod4r/XRDSdKYCkM41rrjuYnxc6wMI5yOit1U0wSTIe7TjqUCx1T7+eTSETq1SogiqWwJgybq34kcx1pncWA7Y2wGetEbi/95ndREV37ORJIaKsh0UZRyZCQav41CpigxPLMEE8XsrYgMsMLE2HDmtiSDTDOi5x7Jg0DycGSz8haTWSbN84pXrVTvLsq1m6dpagU4hhM4Aw8uoQa3UIcGEIjgGV7hzXlx3p0P53PauuLMkj6COThfvx6tnsg=</latexit> {
<latexit sha1_base64="3AJQ5WBlfEnn1dyzskNhSg0hR2I=">AAAB+XicbZBLSwMxFIUzPmt9jbp0EyyCqzIjUl0WBHFZwT6gHYc7aaYNzWSGJFMchgF/iBsXirj1n7jz35g+Ftp6IPBxzg25OUHCmdKO822trK6tb2yWtsrbO7t7+/bBYUvFqSS0SWIey04AinImaFMzzWknkRSigNN2MLqe5O0xlYrF4l5nCfUiGAgWMgLaWL5t94AnQ3jIISj8/DErfLviVJ2p8DK4c6iguRq+/dXrxySNqNCEg1Jd10m0l4PUjHBalHupogmQEQxo16CAiCovn25e4FPj9HEYS3OExlP3940cIqWyKDCTEeihWswm5n9ZN9XhlZczkaSaCjJ7KEw51jGe1ID7TFKieWYAiGRmV0yGIIFoU1bZlOAufnkZWudVt1at3V1U6jdPszpK6BidoDPkoktUR7eogZqIoDF6Rq/ozcqtF+vd+piNrljzCo/QH1mfP24AlJ0=</latexit>

ωab
xy



<latexit sha1_base64="1Ix6rBe32JMk/Zpb76ElRDDHG/E=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL4KXiOYByRJmZyfJkNmZZWZWXJaAP+BJ0G/xJl79Aj/Fm5PHwSQWNBRV3XR3BTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geDX2mw9UaSbFvUlj6ke4L1iPEWysdPfY9brFklt2J0DLxJuREsxQ6xZ/OqEkSUSFIRxr3fbc2PgZVoYRTkeFTqJpjMkQ92nbUoEjqv1scuoInVglRD2pbAmDJurfiQxHWqdRYDsjbAZ60RuL/3ntxPQu/YyJODFUkOmiXsKRkWj8NwqZosTw1BJMFLO3IjLAChNj05nbEg9SzYieeyQLAsnDkc3KW0xmmTTOyl6lXLk9L1Vvnqap5eEIjuEUPLiAKlxDDepAoA/P8Apvzovz7nw4n9PWnDNL+hDm4Hz9Apfpnwg=</latexit>x1

<latexit sha1_base64="Y1MH/EfjUt/pPIk47hkcE9qwcgc=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfAS0TwgWcLs7GwyZHZmmZkVliXgD3gS9Fu8iVe/wE/x5uRxMIkFDUVVN91dQcKZNq777aysrq1vbBa2its7u3v7pYPDppapIrRBJJeqHWBNORO0YZjhtJ0oiuOA01YwvB77rUeqNJPiwWQJ9WPcFyxiBBsr3Wc9r1cquxV3ArRMvBkpwwz1XumnG0qSxlQYwrHWHc9NjJ9jZRjhdFTsppommAxxn3YsFTim2s8np47QqVVCFEllSxg0Uf9O5DjWOosD2xljM9CL3lj8z+ukJrrycyaS1FBBpouilCMj0fhvFDJFieGZJZgoZm9FZIAVJsamM7clGWSaET33SB4Ekocjm5W3mMwyaZ5XvGqlendRrt0+TVMrwDGcwBl4cAk1uIE6NIBAH57hFd6cF+fd+XA+p60rzizpI5iD8/ULmZafCQ==</latexit>y1

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

Single-shot nonlocality



<latexit sha1_base64="/THZVcVXr/P/h4RTBwatuEWbBBI=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfAS0TwgWcLs7GwyZHZmmZkVliXgD3gS9Fu8iVe/wE/x5uRxMIkFDUVVN91dQcKZNq777aysrq1vbBa2its7u3v7pYPDppapIrRBJJeqHWBNORO0YZjhtJ0oiuOA01YwvB77rUeqNJPiwWQJ9WPcFyxiBBsr3Qc9r1cquxV3ArRMvBkpwwz1XumnG0qSxlQYwrHWHc9NjJ9jZRjhdFTsppommAxxn3YsFTim2s8np47QqVVCFEllSxg0Uf9O5DjWOosD2xljM9CL3lj8z+ukJrrycyaS1FBBpouilCMj0fhvFDJFieGZJZgoZm9FZIAVJsamM7clGWSaET33SB4Ekocjm5W3mMwyaZ5XvGqlendRrt0+TVMrwDGcwBl4cAk1uIE6NIBAH57hFd6cF+fd+XA+p60rzizpI5iD8/ULcwue8g==</latexit>

b1
<latexit sha1_base64="mwEDwZ/QnvsyokDvatYyN2DzyA8=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfAS0TwgWcLs7GwyZHZmmZkVliXgD3gS9Fu8iVe/wE/x5uRxMIkFDUVVN91dQcKZNq777aysrq1vbBa2its7u3v7pYPDppapIrRBJJeqHWBNORO0YZjhtJ0oiuOA01YwvB77rUeqNJPiwWQJ9WPcFyxiBBsr3eOe1yuV3Yo7AVom3oyUYYZ6r/TTDSVJYyoM4Vjrjucmxs+xMoxwOip2U00TTIa4TzuWChxT7eeTU0fo1CohiqSyJQyaqH8nchxrncWB7YyxGehFbyz+53VSE135ORNJaqgg00VRypGRaPw3CpmixPDMEkwUs7ciMsAKE2PTmduSDDLNiJ57JA8CycORzcpbTGaZNM8rXrVSvbso126fpqkV4BhO4Aw8uIQa3EAdGkCgD8/wCm/Oi/PufDif09YVZ5b0EczB+foFcV6e8Q==</latexit>a1

<latexit sha1_base64="1Ix6rBe32JMk/Zpb76ElRDDHG/E=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL4KXiOYByRJmZyfJkNmZZWZWXJaAP+BJ0G/xJl79Aj/Fm5PHwSQWNBRV3XR3BTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geDX2mw9UaSbFvUlj6ke4L1iPEWysdPfY9brFklt2J0DLxJuREsxQ6xZ/OqEkSUSFIRxr3fbc2PgZVoYRTkeFTqJpjMkQ92nbUoEjqv1scuoInVglRD2pbAmDJurfiQxHWqdRYDsjbAZ60RuL/3ntxPQu/YyJODFUkOmiXsKRkWj8NwqZosTw1BJMFLO3IjLAChNj05nbEg9SzYieeyQLAsnDkc3KW0xmmTTOyl6lXLk9L1Vvnqap5eEIjuEUPLiAKlxDDepAoA/P8Apvzovz7nw4n9PWnDNL+hDm4Hz9Apfpnwg=</latexit>x1

<latexit sha1_base64="Y1MH/EfjUt/pPIk47hkcE9qwcgc=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfAS0TwgWcLs7GwyZHZmmZkVliXgD3gS9Fu8iVe/wE/x5uRxMIkFDUVVN91dQcKZNq777aysrq1vbBa2its7u3v7pYPDppapIrRBJJeqHWBNORO0YZjhtJ0oiuOA01YwvB77rUeqNJPiwWQJ9WPcFyxiBBsr3Wc9r1cquxV3ArRMvBkpwwz1XumnG0qSxlQYwrHWHc9NjJ9jZRjhdFTsppommAxxn3YsFTim2s8np47QqVVCFEllSxg0Uf9O5DjWOosD2xljM9CL3lj8z+ukJrrycyaS1FBBpouilCMj0fhvFDJFieGZJZgoZm9FZIAVJsamM7clGWSaET33SB4Ekocjm5W3mMwyaZ5XvGqlendRrt0+TVMrwDGcwBl4cAk1uIE6NIBAH57hFd6cF+fd+XA+p60rzizpI5iD8/ULmZafCQ==</latexit>y1

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

WON!

Single-shot nonlocality



<latexit sha1_base64="qzLkK/K1CKM4qV1yyzZ8k+0W7UA=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXgQvEU0iJEuYnZ0kQ2ZnlplZcVkC/oAnQb/Fm3j1C/wUb04eB5NY0FBUddPdFcScaeO6305uZXVtfSO/Wdja3tndK+4fNLVMFKENIrlU9wHWlDNBG4YZTu9jRXEUcNoKhpdjv/VAlWZS3Jk0pn6E+4L1GMHGSreP3Uq3WHLL7gRomXgzUoIZ6t3iTyeUJImoMIRjrdueGxs/w8owwumo0Ek0jTEZ4j5tWypwRLWfTU4doROrhKgnlS1h0ET9O5HhSOs0CmxnhM1AL3pj8T+vnZjehZ8xESeGCjJd1Es4MhKN/0YhU5QYnlqCiWL2VkQGWGFibDpzW+JBqhnRc49kQSB5OLJZeYvJLJNmpexVy9Wbs1Lt+mmaWh6O4BhOwYNzqMEV1KEBBPrwDK/w5rw4786H8zltzTmzpA9hDs7XL5mUnwk=</latexit>x2

<latexit sha1_base64="5Nmy8SRaFdzZ6R5PRdFZUisYD6M=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXgQvEc0DkiXMzk6SIbMzy8yssCwBf8CToN/iTbz6BX6KNyePg0ksaCiquunuCmLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hritx6p0kyKB5PG1I/wQLA+I9hY6T7tVXrFklt2p0CrxJuTEsxR7xV/uqEkSUSFIRxr3fHc2PgZVoYRTseFbqJpjMkID2jHUoEjqv1seuoYnVklRH2pbAmDpurfiQxHWqdRYDsjbIZ62ZuI/3mdxPSv/IyJODFUkNmifsKRkWjyNwqZosTw1BJMFLO3IjLEChNj01nYEg9TzYheeCQLAsnDsc3KW05mlTQrZa9art5dlGq3T7PU8nACp3AOHlxCDW6gDg0gMIBneIU358V5dz6cz1lrzpknfQwLcL5+AZtBnwo=</latexit>y2

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

Single-shot nonlocality



<latexit sha1_base64="ilfNd7b46PTMq5CbnqQzFRXzXSk=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXgQvEc0DkiXMzk6SIbMzy8yssCwBf8CToN/iTbz6BX6KNyePg0ksaCiquunuCmLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hritx6p0kyKB5PG1I/wQLA+I9hY6R73Kr1iyS27U6BV4s1JCeao94o/3VCSJKLCEI617nhubPwMK8MIp+NCN9E0xmSEB7RjqcAR1X42PXWMzqwSor5UtoRBU/XvRIYjrdMosJ0RNkO97E3E/7xOYvpXfsZEnBgqyGxRP+HISDT5G4VMUWJ4agkmitlbERlihYmx6SxsiYepZkQvPJIFgeTh2GblLSezSpqVslctV+8uSrXbp1lqeTiBUzgHDy6hBjdQhwYQGMAzvMKb8+K8Ox/O56w158yTPoYFOF+/cwme8g==</latexit>a2

<latexit sha1_base64="qzLkK/K1CKM4qV1yyzZ8k+0W7UA=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXgQvEU0iJEuYnZ0kQ2ZnlplZcVkC/oAnQb/Fm3j1C/wUb04eB5NY0FBUddPdFcScaeO6305uZXVtfSO/Wdja3tndK+4fNLVMFKENIrlU9wHWlDNBG4YZTu9jRXEUcNoKhpdjv/VAlWZS3Jk0pn6E+4L1GMHGSreP3Uq3WHLL7gRomXgzUoIZ6t3iTyeUJImoMIRjrdueGxs/w8owwumo0Ek0jTEZ4j5tWypwRLWfTU4doROrhKgnlS1h0ET9O5HhSOs0CmxnhM1AL3pj8T+vnZjehZ8xESeGCjJd1Es4MhKN/0YhU5QYnlqCiWL2VkQGWGFibDpzW+JBqhnRc49kQSB5OLJZeYvJLJNmpexVy9Wbs1Lt+mmaWh6O4BhOwYNzqMEV1KEBBPrwDK/w5rw4786H8zltzTmzpA9hDs7XL5mUnwk=</latexit>x2

<latexit sha1_base64="5Nmy8SRaFdzZ6R5PRdFZUisYD6M=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXgQvEc0DkiXMzk6SIbMzy8yssCwBf8CToN/iTbz6BX6KNyePg0ksaCiquunuCmLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hritx6p0kyKB5PG1I/wQLA+I9hY6T7tVXrFklt2p0CrxJuTEsxR7xV/uqEkSUSFIRxr3fHc2PgZVoYRTseFbqJpjMkID2jHUoEjqv1seuoYnVklRH2pbAmDpurfiQxHWqdRYDsjbIZ62ZuI/3mdxPSv/IyJODFUkNmifsKRkWjyNwqZosTw1BJMFLO3IjLEChNj01nYEg9TzYheeCQLAsnDsc3KW05mlTQrZa9art5dlGq3T7PU8nACp3AOHlxCDW6gDg0gMIBneIU358V5dz6cz1lrzpknfQwLcL5+AZtBnwo=</latexit>y2

<latexit sha1_base64="YMEulUnYv1NjNoonfI7ANfKuGVQ=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR4DXgQvEc0DkiXMzk6SIbMzy8yssCwBf8CToN/iTbz6BX6KNyePg0ksaCiquunuCmLOtHHdbye3tr6xuZXfLuzs7u0fFA+PmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hritx6p0kyKB5PG1I/wQLA+I9hY6T7oVXrFklt2p0CrxJuTEsxR7xV/uqEkSUSFIRxr3fHc2PgZVoYRTseFbqJpjMkID2jHUoEjqv1seuoYnVklRH2pbAmDpurfiQxHWqdRYDsjbIZ62ZuI/3mdxPSv/IyJODFUkNmifsKRkWjyNwqZosTw1BJMFLO3IjLEChNj01nYEg9TzYheeCQLAsnDsc3KW05mlTQrZa9art5dlGq3T7PU8nACp3AOHlxCDW6gDg0gMIBneIU358V5dz6cz1lrzpknfQwLcL5+AXS2nvM=</latexit>

b2

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

LOST!

Single-shot nonlocality



Single-shot nonlocality

In a nonlocal game, the referee can decide if Alice and Bob won or lost 
in each individual round. 

 
But in an individual round, Alice and Bob can always get lucky 

and win the game even with a purely classical strategy.

So why does this matter?



Single-shot quantum nonlocality

<latexit sha1_base64="2k6iC0PS+EcethSypUbH2VKCKIM="></latexit>

S =
∑

a,b,x,y

q(x, y)W (a, b, x, y) tr
[
(Aa|x →Bb|y)ω

]
= 1

<latexit sha1_base64="ZxCtWdJKOl1t80xuOS6LTiwRjuI="></latexit>

→ {Aa|x}, {Bb|y}, ω

There exists a quantum strategy that wins with probability 1

Araújo et al., Quantum (2020)

(not the case of the CHSH game)

There exists a non local games for which



Single-shot quantum nonlocality

<latexit sha1_base64="Lkvjqfo2KsQ4fWWXwSMxW860ppU="></latexit>

→ ω(ε), pA(a|x,ε), pB(b|y,ε)
<latexit sha1_base64="gMn+BnWrp71omNkN5t3ctquLG80="></latexit>

S =
∑

a,b,x,y

q(x, y)W (a, b, x, y)
∑

ω

ω(ε) pA(a|x,ε) pB(b|y,ε) →
1

O(N)
<latexit sha1_base64="gLoPB2Pm7bEgUFqO9VSOtYFMUJM=">AAACMnicbVDLSgMxFM3U93vUpZtgEVyVGZHqUhDElVSwVeiUkslkOqGZZEjuKMNQcOnXuBL0V3Qnbv0Bd6aPhVUPBA7n3HDvOWEmuAHPe3UqM7Nz8wuLS8srq2vrG+7mVsuoXFPWpEoofRMSwwSXrAkcBLvJNCNpKNh12D8d+te3TBuu5BUUGeukpCd5zCkBK3Xd3UBZW/NeAkRrdVcGgqf4AgegcMBlDMWg61a9mjcC/kv8CamiCRpd9yuIFM1TJoEKYkzb9zLolEQDp4INloPcsIzQPumxtqWSpMx0ylGWAd6zSoRjpe2TgEfqzx8lSY0p0tBOpgQS89sbiv957Rzi407JZZYDk3S8KM4FtkGHxeCIa0ZBFJYQqrm9FdOEaELB1je1JUsKw6mZClKGoRLRsCv/dzN/Seug5tdr9cvD6snZ/bi1RbSDdtE+8tEROkHnqIGaiKIH9Iie0Yvz5Lw5787HeLTiTJreRlNwPr8BH0qszA==</latexit>→→→→→→→→↑
limN ↑ ↓

<latexit sha1_base64="/hFHVNF2Fi2PXKNOaevnAWZKPO4=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJczOziZDZmeWmVlhWQLePQn6Ld7Eq5/gp3hz8jiYxIKGoqqb7q4g4Uwb1/121tY3Nre2CzvF3b39g8PS0XFLy1QR2iSSS9UJsKacCdo0zHDaSRTFccBpOxjdTvz2I1WaSfFgsoT6MR4IFjGCjZUabr9UdivuFGiVeHNShjnq/dJPL5QkjakwhGOtu56bGD/HyjDC6bjYSzVNMBnhAe1aKnBMtZ9PDx2jc6uEKJLKljBoqv6dyHGsdRYHtjPGZqiXvYn4n9dNTXTj50wkqaGCzBZFKUdGosnXKGSKEsMzSzBRzN6KyBArTIzNZmFLMsw0I3rhkTwIJA/HNitvOZlV0rqseNVKtXFVrt09zVIrwCmcwQV4cA01uIc6NIEAhWd4hTfnxXl3PpzPWeuaM0/6BBbgfP0C4pueFw==</latexit>

0

All classical strategies win with a probability arbitrarily close to 0

N = cardinality of the inputs

Araújo et al., Quantum (2020)

<latexit sha1_base64="2k6iC0PS+EcethSypUbH2VKCKIM="></latexit>

S =
∑

a,b,x,y

q(x, y)W (a, b, x, y) tr
[
(Aa|x →Bb|y)ω

]
= 1

<latexit sha1_base64="ZxCtWdJKOl1t80xuOS6LTiwRjuI="></latexit>

→ {Aa|x}, {Bb|y}, ω

There exists a quantum strategy that wins with probability 1

There exists a non local games for which



Single-shot nonlocality

For every  there exists a nonlocal game which can be won by quantum strategy in  
every round with probability one and no classical strategy can win in any round 

with probability greater than  .

<latexit sha1_base64="v1uJwHwbn7zm9MkXJGNDktxxqjY=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRE8SEMRjBPPAZAmzs73JkNmZZWZWCEvAi3/gVX/Am3j1Q7z7IU4eB5NY0FBUddPdFSScaeO6305uZXVtfSO/Wdja3tndK+4fNLRMFYU6lVyqVkA0cCagbpjh0EoUkDjg0AwG12O/+QhKMynuzTABPyY9wSJGibHSQwcSzbgUV263WHLL7gR4mXgzUkIz1LrFn04oaRqDMJQTrduemxg/I8owymFU6KQaEkIHpAdtSwWJQfvZ5OIRPrFKiCOpbAmDJ+rfiYzEWg/jwHbGxPT1ojcW//PaqYku/YyJJDUg6HRRlHJsJB6/j0OmgBo+tIRQxeytmPaJItTYkOa2BIHk4cjG4i2GsEwaZ2WvUq7cnZeqN0/TgPLoCB2jU+ShC1RFt6iG6ogigV7QK3pznp1358P5nLbmnFmoh2gOztcvduCZDQ==</latexit>

ω > 0

<latexit sha1_base64="Z2h2hrhQuVuLZonrkYo+b/A79n8=">AAACAXicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI8BQTxGMA9IljA725sMmZ1ZZmaFEAKCf+BVf8CbePVLvPshTh4Hk1jQUFR1090Vppxp43nfTm5tfWNzK79d2Nnd2z8oHh41tMwUxTqVXKpWSDRyJrBumOHYShWSJOTYDAc3E7/5iEozKR7MMMUgIT3BYkaJsVKrg6lmXIpuseSVvSncVeLPSQnmqHWLP51I0ixBYSgnWrd9LzXBiCjDKMdxoZNpTAkdkB62LRUkQR2MpveO3TOrRG4slS1h3Kn6d2JEEq2HSWg7E2L6etmbiP957czE18GIiTQzKOhsUZxx10h38rwbMYXU8KElhCpmb3VpnyhCjY1oYUsYSh6NbSz+cgirpHFR9ivlyv1lqXr7NAsoDydwCufgwxVU4Q5qUAcKHF7gFd6cZ+fd+XA+Z605Zx7qMSzA+foFd2mYiw==</latexit>ω

Araújo et al., Quantum (2020)



Single-shot nonlocality

Quantum and classical strategies can be distinguished in a single round of 
a game with a probability arbitrarily close to 1.

For every  there exists a nonlocal game which can be won by quantum strategy in  
every round with probability one and no classical strategy can win in any round 

with probability greater than  .

<latexit sha1_base64="v1uJwHwbn7zm9MkXJGNDktxxqjY=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRE8SEMRjBPPAZAmzs73JkNmZZWZWCEvAi3/gVX/Am3j1Q7z7IU4eB5NY0FBUddPdFSScaeO6305uZXVtfSO/Wdja3tndK+4fNLRMFYU6lVyqVkA0cCagbpjh0EoUkDjg0AwG12O/+QhKMynuzTABPyY9wSJGibHSQwcSzbgUV263WHLL7gR4mXgzUkIz1LrFn04oaRqDMJQTrduemxg/I8owymFU6KQaEkIHpAdtSwWJQfvZ5OIRPrFKiCOpbAmDJ+rfiYzEWg/jwHbGxPT1ojcW//PaqYku/YyJJDUg6HRRlHJsJB6/j0OmgBo+tIRQxeytmPaJItTYkOa2BIHk4cjG4i2GsEwaZ2WvUq7cnZeqN0/TgPLoCB2jU+ShC1RFt6iG6ogigV7QK3pznp1358P5nLbmnFmoh2gOztcvduCZDQ==</latexit>

ω > 0

<latexit sha1_base64="Z2h2hrhQuVuLZonrkYo+b/A79n8=">AAACAXicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI8BQTxGMA9IljA725sMmZ1ZZmaFEAKCf+BVf8CbePVLvPshTh4Hk1jQUFR1090Vppxp43nfTm5tfWNzK79d2Nnd2z8oHh41tMwUxTqVXKpWSDRyJrBumOHYShWSJOTYDAc3E7/5iEozKR7MMMUgIT3BYkaJsVKrg6lmXIpuseSVvSncVeLPSQnmqHWLP51I0ixBYSgnWrd9LzXBiCjDKMdxoZNpTAkdkB62LRUkQR2MpveO3TOrRG4slS1h3Kn6d2JEEq2HSWg7E2L6etmbiP957czE18GIiTQzKOhsUZxx10h38rwbMYXU8KElhCpmb3VpnyhCjY1oYUsYSh6NbSz+cgirpHFR9ivlyv1lqXr7NAsoDydwCufgwxVU4Q5qUAcKHF7gFd6cZ+fd+XA+Z605Zx7qMSzA+foFd2mYiw==</latexit>ω

Araújo et al., Quantum (2020)



MAIN MESSAGE: 
 

Quantum and classical correlations 
can be distinguished in scenarios where  

communication is not allowed.
 

Quantum nonlocality guarantees the presence of entanglement  
and can be certified device-independently and 

in a single round of a game.

Part I.   Quantum vs. classical correlations in nonsignalling scenarios



Part II overview

• The triangle network

— Classical network models

— Quantum network models

— Nonlocality without inputs

— Simplest example of quantum nonlocality

Part II.   Quantum vs. classical correlations in network scenarios



The triangle network

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x <latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a <latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="Wt0jyM9yj5MMq6b01mkvCc2Tmx0=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3GlDM5khyQhlKPgLblwo4tbvceffmD4W2nogcDjnhHvvCVLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3Uz99iMqzRP5YMYp+jEdSB5xRo2V2j1hoyHtlytu1Z2BrBJvQSqwQKNf/uqFCctilIYJqnXXc1Pj51QZzgROSr1MY0rZiA6wa6mkMWo/n607IWdWCUmUKPukITP194+cxlqP48AmY2qGetmbiv953cxE137OZZoZlGw+KMoEMQmZ3k5CrpAZMbaEMsXtroQNqaLM2IZKtgRv+eRV0rqoerVq7f6yUr99mtdRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsf82jBWVR4DH/gfP4AZ4uQDA==</latexit>

ω

classical source

classical local processing classical local processing

<latexit sha1_base64="5iKIsOlGcznq10Q9Sd6yQkX+LOM=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgVpCQi1WVFEJcV7APaEG6mk3boZBJmJsUSC36IGxeKuPVP3Pk3Th8LbT1w4XDOvdx7T5BwprTjfFtLyyura+u5jfzm1vbOrr23X1dxKgmtkZjHshmAopwJWtNMc9pMJIUo4LQR9K/HfmNApWKxuNfDhHoRdAULGQFtJN+2E/+qCI8Pp21uhjpw4tsFp+RMgBeJOyMFNEPVt7/anZikERWacFCq5TqJ9jKQmhFOR/l2qmgCpA9d2jJUQESVl00uH+Fjo3RwGEtTQuOJ+nsig0ipYRSYzgh0T817Y/E/r5Xq8NLLmEhSTQWZLgpTjnWMxzHgDpOUaD40BIhk5lZMeiCBaBNW3oTgzr+8SOpnJbdcKt+dFyo3T9M4cugQHaEictEFqqBbVEU1RNAAPaNX9GZl1ov1bn1MW5esWYQH6A+szx+tQJN5</latexit>

pA(a|x,ω)
<latexit sha1_base64="o0VOMQEJVPGVYoyHiL8ytOufL1E=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkWoICURqS6LgrisYB/QhjCZTNqhk0mYmRRCLPghblwo4tY/ceffOH0stPXAhcM593LvPX7CqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXjVGDSxDGLRcdHkjDKSVNRxUgnEQRFPiNtf3gz8dsjIiSN+YPKEuJGqM9pSDFSWvJMM/GuK/5jdtZjeihAp55Ztqv2FNYyceakDHM0PPOrF8Q4jQhXmCEpu46dKDdHQlHMyLjUSyVJEB6iPulqylFEpJtPLx9bJ1oJrDAWuriypurviRxFUmaRrzsjpAZy0ZuI/3ndVIVXbk55kirC8WxRmDJLxdYkBiuggmDFMk0QFlTfauEBEggrHVZJh+AsvrxMWudVp1at3V+U67dPsziKcATHUAEHLqEOd9CAJmAYwTO8wpuRGy/Gu/Exay0Y8wgP4Q+Mzx+x7ZN8</latexit>

pB(b|y,ω)



The triangle network

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x <latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a
<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b<latexit sha1_base64="Wt0jyM9yj5MMq6b01mkvCc2Tmx0=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3GlDM5khyQhlKPgLblwo4tbvceffmD4W2nogcDjnhHvvCVLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3Uz99iMqzRP5YMYp+jEdSB5xRo2V2j1hoyHtlytu1Z2BrBJvQSqwQKNf/uqFCctilIYJqnXXc1Pj51QZzgROSr1MY0rZiA6wa6mkMWo/n607IWdWCUmUKPukITP194+cxlqP48AmY2qGetmbiv953cxE137OZZoZlGw+KMoEMQmZ3k5CrpAZMbaEMsXtroQNqaLM2IZKtgRv+eRV0rqoerVq7f6yUr99mtdRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsf82jBWVR4DH/gfP4AZ4uQDA==</latexit>

ω

classical source

classical local processing
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="5iKIsOlGcznq10Q9Sd6yQkX+LOM=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgVpCQi1WVFEJcV7APaEG6mk3boZBJmJsUSC36IGxeKuPVP3Pk3Th8LbT1w4XDOvdx7T5BwprTjfFtLyyura+u5jfzm1vbOrr23X1dxKgmtkZjHshmAopwJWtNMc9pMJIUo4LQR9K/HfmNApWKxuNfDhHoRdAULGQFtJN+2E/+qCI8Pp21uhjpw4tsFp+RMgBeJOyMFNEPVt7/anZikERWacFCq5TqJ9jKQmhFOR/l2qmgCpA9d2jJUQESVl00uH+Fjo3RwGEtTQuOJ+nsig0ipYRSYzgh0T817Y/E/r5Xq8NLLmEhSTQWZLgpTjnWMxzHgDpOUaD40BIhk5lZMeiCBaBNW3oTgzr+8SOpnJbdcKt+dFyo3T9M4cugQHaEictEFqqBbVEU1RNAAPaNX9GZl1ov1bn1MW5esWYQH6A+szx+tQJN5</latexit>

pA(a|x,ω)
<latexit sha1_base64="o0VOMQEJVPGVYoyHiL8ytOufL1E=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkWoICURqS6LgrisYB/QhjCZTNqhk0mYmRRCLPghblwo4tY/ceffOH0stPXAhcM593LvPX7CqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXjVGDSxDGLRcdHkjDKSVNRxUgnEQRFPiNtf3gz8dsjIiSN+YPKEuJGqM9pSDFSWvJMM/GuK/5jdtZjeihAp55Ztqv2FNYyceakDHM0PPOrF8Q4jQhXmCEpu46dKDdHQlHMyLjUSyVJEB6iPulqylFEpJtPLx9bJ1oJrDAWuriypurviRxFUmaRrzsjpAZy0ZuI/3ndVIVXbk55kirC8WxRmDJLxdYkBiuggmDFMk0QFlTfauEBEggrHVZJh+AsvrxMWudVp1at3V+U67dPsziKcATHUAEHLqEOd9CAJmAYwTO8wpuRGy/Gu/Exay0Y8wgP4Q+Mzx+x7ZN8</latexit>

pB(b|y,ω)

Standard bipartite Bell scenario

<latexit sha1_base64="jb9pnJoN3KX+cMcND/wVhVfk410="></latexit>

p(ab |xy) =
∑

ω

ω(ε) pA(a |x,ε) pB(b | y,ε)



The triangle network

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x <latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a
<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

quantum source

quantum local processing

Standard bipartite Bell scenario

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice
<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="/ccfZnYr6/+26ipbeUzy71OwifU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGMA9IljA7mSRDZmeXmV5hWQP+ghcPinj1e7z5N04eB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HriNx+4NiJS95jG3A/pQIm+YBSt1LzqZsFjOu4WS27ZnYIsE29OSjBHrVv86vQiloRcIZPUmLbnxuhnVKNgko8LncTwmLIRHfC2pYqG3PjZ9NwxObFKj/QjbUshmaq/JzIaGpOGge0MKQ7NojcR//PaCfYv/UyoOEGu2GxRP5EEIzL5nfSE5gxlagllWthbCRtSTRnahAo2BG/x5WXSOCt7lXLl7rxUvXmaxZGHIziGU/DgAqpwCzWoA4MRPMMrvDmx8+K8Ox+z1pwzj/AQ/sD5/AG0ipA/</latexit>

Bb|y
<latexit sha1_base64="lXpx3AT4g+SHmO2BB++YcFeX2Ng=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEiiMcI5gHJEnons8mQ2dllZlYMa8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dQSK4Nq777Swtr6yurec28ptb2zu7hb39uo5TRVmNxiJWzQA1E1yymuFGsGaiGEaBYI1gcDX2G/dMaR7LOzNMmB9hT/KQUzRWalx2Mnx8GHUKRbfkTkAWiTcjRZih2il8tbsxTSMmDRWodctzE+NnqAyngo3y7VSzBOkAe6xlqcSIaT+bnDsix1bpkjBWtqQhE/X3RIaR1sMosJ0Rmr6e98bif14rNeGFn3GZpIZJOl0UpoKYmIx/J12uGDViaAlSxe2thPZRITU2obwNwZt/eZHUT0teuVS+PStWrp+mceTgEI7gBDw4hwrcQBVqQGEAz/AKb07ivDjvzse0dcmZRXgAf+B8/gCv9JA8</latexit>

Aa|x
<latexit sha1_base64="EVakpq7N8MgGtqkSwpFqx2qHepo=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8SloX1aBWrd1fVuq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSnKO1g==</latexit>ω

<latexit sha1_base64="9nv0eOFKP6rZQu6AtR3lrqj45Vc="></latexit>

p(ab |xy) = tr
[
(Aa|x →Bb|y) ω

]



The triangle network

classical source
classical local processing

Standard tripartite Bell scenario

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="Wt0jyM9yj5MMq6b01mkvCc2Tmx0=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3GlDM5khyQhlKPgLblwo4tbvceffmD4W2nogcDjnhHvvCVLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3Uz99iMqzRP5YMYp+jEdSB5xRo2V2j1hoyHtlytu1Z2BrBJvQSqwQKNf/uqFCctilIYJqnXXc1Pj51QZzgROSr1MY0rZiA6wa6mkMWo/n607IWdWCUmUKPukITP194+cxlqP48AmY2qGetmbiv953cxE137OZZoZlGw+KMoEMQmZ3k5CrpAZMbaEMsXtroQNqaLM2IZKtgRv+eRV0rqoerVq7f6yUr99mtdRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsf82jBWVR4DH/gfP4AZ4uQDA==</latexit>

ω

<latexit sha1_base64="5iKIsOlGcznq10Q9Sd6yQkX+LOM=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgVpCQi1WVFEJcV7APaEG6mk3boZBJmJsUSC36IGxeKuPVP3Pk3Th8LbT1w4XDOvdx7T5BwprTjfFtLyyura+u5jfzm1vbOrr23X1dxKgmtkZjHshmAopwJWtNMc9pMJIUo4LQR9K/HfmNApWKxuNfDhHoRdAULGQFtJN+2E/+qCI8Pp21uhjpw4tsFp+RMgBeJOyMFNEPVt7/anZikERWacFCq5TqJ9jKQmhFOR/l2qmgCpA9d2jJUQESVl00uH+Fjo3RwGEtTQuOJ+nsig0ipYRSYzgh0T817Y/E/r5Xq8NLLmEhSTQWZLgpTjnWMxzHgDpOUaD40BIhk5lZMeiCBaBNW3oTgzr+8SOpnJbdcKt+dFyo3T9M4cugQHaEictEFqqBbVEU1RNAAPaNX9GZl1ov1bn1MW5esWYQH6A+szx+tQJN5</latexit>

pA(a|x,ω)
<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="J3unIfBL6MZ9VXRYXHyI7kJ9M1Q=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEqSElEqstCQVxWsA9oQ5hMpu3QySTMTAo1FvwQNy4UceufuPNvnD4W2nrgwuGce7n3niDhTGnH+bZWVtfWNzZzW/ntnd29ffvgsKHiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYFCd+M0hlYrF4l6PEupFuCdYlxGsjeTbduJXi+Tx4bzDzVCIz3y74JScKdAyceekAHPUfPurE8YkjajQhGOl2q6TaC/DUjPC6TjfSRVNMBngHm0bKnBElZdNLx+jU6OEqBtLU0Kjqfp7IsORUqMoMJ0R1n216E3E/7x2qrvXXsZEkmoqyGxRN+VIx2gSAwqZpETzkSGYSGZuRaSPJSbahJU3IbiLLy+TxkXJLZfKd5eFys3TLI4cHMMJFMGFK6jALdSgDgSG8Ayv8GZl1ov1bn3MWleseYRH8AfW5w+2mpN/</latexit>

pC(c|z,ω)
<latexit sha1_base64="o0VOMQEJVPGVYoyHiL8ytOufL1E=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkWoICURqS6LgrisYB/QhjCZTNqhk0mYmRRCLPghblwo4tY/ceffOH0stPXAhcM593LvPX7CqFS2/W0UVlbX1jeKm6Wt7Z3dPXP/oCXjVGDSxDGLRcdHkjDKSVNRxUgnEQRFPiNtf3gz8dsjIiSN+YPKEuJGqM9pSDFSWvJMM/GuK/5jdtZjeihAp55Ztqv2FNYyceakDHM0PPOrF8Q4jQhXmCEpu46dKDdHQlHMyLjUSyVJEB6iPulqylFEpJtPLx9bJ1oJrDAWuriypurviRxFUmaRrzsjpAZy0ZuI/3ndVIVXbk55kirC8WxRmDJLxdYkBiuggmDFMk0QFlTfauEBEggrHVZJh+AsvrxMWudVp1at3V+U67dPsziKcATHUAEHLqEOd9CAJmAYwTO8wpuRGy/Gu/Exay0Y8wgP4Q+Mzx+x7ZN8</latexit>

pB(b|y,ω)
<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="W3sYQS3guvLM8QYbLX0JdK3EWE4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwQl4B3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AEUFo2N</latexit>z
<latexit sha1_base64="v9z7M8YNPA/w1po+nTC/9VZ4bZE=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZKIjLCvYBbS2Z9E4bmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IHA454bcfH4shUHX/XYyK6tr6xvZzdzW9s7uXn7/oG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/WJn0jXvQRkTqFkcxdELWVyIQnKGN7toIj5hWBkxLAeNuvuAW3anosvHmpkDmqnbzX+1exJMQFHLJjGl5boydlGkUXMI4104MxIwPWR9a1ioWgumk063H9MQmPRpE2h6FdJr+vpGy0JhR6NvJkOHALHaT8L+ulWBw2UmFihMExWcPBYmkGNEJAtoTGjjKkTWMa2F3pdwSYBwtqJyF4C1+ednUz4peqVi6OS+Ur55mOLLkiByTU+KRC1Im16RKaoQTTZ7JK3lzHpwX5935mI1mnDnCQ/JHzucPMjSTZg==</latexit>

Charlie

<latexit sha1_base64="PX0A1mpVIJO09mh0x1j1/LWSttE="></latexit>

p(abc|xyz) =
∑

ω

ω(ε) pA(a|x,ε) pB(b|y,ε) pC(c|z,ε)



The triangle network

quantum source
quantum local processing

Standard tripartite Bell scenario

<latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="W3sYQS3guvLM8QYbLX0JdK3EWE4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwQl4B3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AEUFo2N</latexit>z

<latexit sha1_base64="/ccfZnYr6/+26ipbeUzy71OwifU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGMA9IljA7mSRDZmeXmV5hWQP+ghcPinj1e7z5N04eB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HriNx+4NiJS95jG3A/pQIm+YBSt1LzqZsFjOu4WS27ZnYIsE29OSjBHrVv86vQiloRcIZPUmLbnxuhnVKNgko8LncTwmLIRHfC2pYqG3PjZ9NwxObFKj/QjbUshmaq/JzIaGpOGge0MKQ7NojcR//PaCfYv/UyoOEGu2GxRP5EEIzL5nfSE5gxlagllWthbCRtSTRnahAo2BG/x5WXSOCt7lXLl7rxUvXmaxZGHIziGU/DgAqpwCzWoA4MRPMMrvDmx8+K8Ox+z1pwzj/AQ/sD5/AG0ipA/</latexit>

Bb|y

<latexit sha1_base64="lXpx3AT4g+SHmO2BB++YcFeX2Ng=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEiiMcI5gHJEnons8mQ2dllZlYMa8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dQSK4Nq777Swtr6yurec28ptb2zu7hb39uo5TRVmNxiJWzQA1E1yymuFGsGaiGEaBYI1gcDX2G/dMaR7LOzNMmB9hT/KQUzRWalx2Mnx8GHUKRbfkTkAWiTcjRZih2il8tbsxTSMmDRWodctzE+NnqAyngo3y7VSzBOkAe6xlqcSIaT+bnDsix1bpkjBWtqQhE/X3RIaR1sMosJ0Rmr6e98bif14rNeGFn3GZpIZJOl0UpoKYmIx/J12uGDViaAlSxe2thPZRITU2obwNwZt/eZHUT0teuVS+PStWrp+mceTgEI7gBDw4hwrcQBVqQGEAz/AKb07ivDjvzse0dcmZRXgAf+B8/gCv9JA8</latexit>

Aa|x

<latexit sha1_base64="EVakpq7N8MgGtqkSwpFqx2qHepo=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8SloX1aBWrd1fVuq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSnKO1g==</latexit>ω

<latexit sha1_base64="v9z7M8YNPA/w1po+nTC/9VZ4bZE=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZKIjLCvYBbS2Z9E4bmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IHA454bcfH4shUHX/XYyK6tr6xvZzdzW9s7uXn7/oG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/WJn0jXvQRkTqFkcxdELWVyIQnKGN7toIj5hWBkxLAeNuvuAW3anosvHmpkDmqnbzX+1exJMQFHLJjGl5boydlGkUXMI4104MxIwPWR9a1ioWgumk063H9MQmPRpE2h6FdJr+vpGy0JhR6NvJkOHALHaT8L+ulWBw2UmFihMExWcPBYmkGNEJAtoTGjjKkTWMa2F3pdwSYBwtqJyF4C1+ednUz4peqVi6OS+Ur55mOLLkiByTU+KRC1Im16RKaoQTTZ7JK3lzHpwX5935mI1mnDnCQ/JHzucPMjSTZg==</latexit>

Charlie

<latexit sha1_base64="QP6jV8tWEx40O87j/vbPGsfnIvk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI+BgHiMYB6QLGF20psMmZ1dZmaFuAb8BS8eFPHq93jzb5w8DhotaCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1aZ+6w6V5rG8NeME/YgOJA85o8ZKrVovYw/3k16x5JbdGchf4i1ICRao94qf3X7M0gilYYJq3fHcxPgZVYYzgZNCN9WYUDaiA+xYKmmE2s9m507IiVX6JIyVLWnITP05kdFI63EU2M6ImqFe9qbif14nNeGln3GZpAYlmy8KU0FMTKa/kz5XyIwYW0KZ4vZWwoZUUWZsQgUbgrf88l/SPCt7lXLl5rxUvXqcx5GHIziGU/DgAqpwDXVoAIMRPMELvDqJ8+y8Oe/z1pyziPAQfsH5+Aa5IJBC</latexit>

Cc|z

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="E5eR8Z0TDkhFQrgjzHZs/xO7Z3w="></latexit>

p(abc|xyz) = tr
[
(Aa|x →Bb|y → Cc|z) ω

]



The triangle network

Standard tripartite Bell scenario

<latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="W3sYQS3guvLM8QYbLX0JdK3EWE4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwQl4B3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AEUFo2N</latexit>z

<latexit sha1_base64="v9z7M8YNPA/w1po+nTC/9VZ4bZE=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZKIjLCvYBbS2Z9E4bmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IHA454bcfH4shUHX/XYyK6tr6xvZzdzW9s7uXn7/oG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/WJn0jXvQRkTqFkcxdELWVyIQnKGN7toIj5hWBkxLAeNuvuAW3anosvHmpkDmqnbzX+1exJMQFHLJjGl5boydlGkUXMI4104MxIwPWR9a1ioWgumk063H9MQmPRpE2h6FdJr+vpGy0JhR6NvJkOHALHaT8L+ulWBw2UmFihMExWcPBYmkGNEJAtoTGjjKkTWMa2F3pdwSYBwtqJyF4C1+ednUz4peqVi6OS+Ur55mOLLkiByTU+KRC1Im16RKaoQTTZ7JK3lzHpwX5935mI1mnDnCQ/JHzucPMjSTZg==</latexit>

Charlie

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="keBM2qhUkUXkZ6wHI+wpzdM/T60=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzQOSJcxOepMxs7PLzKwQloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVaq3XULRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+fBeXHenY9Z64ozj/AI/sD5/AHY641m</latexit>

S



The triangle network

<latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="v9z7M8YNPA/w1po+nTC/9VZ4bZE=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZKIjLCvYBbS2Z9E4bmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IHA454bcfH4shUHX/XYyK6tr6xvZzdzW9s7uXn7/oG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/WJn0jXvQRkTqFkcxdELWVyIQnKGN7toIj5hWBkxLAeNuvuAW3anosvHmpkDmqnbzX+1exJMQFHLJjGl5boydlGkUXMI4104MxIwPWR9a1ioWgumk063H9MQmPRpE2h6FdJr+vpGy0JhR6NvJkOHALHaT8L+ulWBw2UmFihMExWcPBYmkGNEJAtoTGjjKkTWMa2F3pdwSYBwtqJyF4C1+ednUz4peqVi6OS+Ur55mOLLkiByTU+KRC1Im16RKaoQTTZ7JK3lzHpwX5935mI1mnDnCQ/JHzucPMjSTZg==</latexit>

Charlie

Network Bell scenario

independent sources

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="W3sYQS3guvLM8QYbLX0JdK3EWE4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwQl4B3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AEUFo2N</latexit>z

<latexit sha1_base64="BNQyZjwGpCS/XJSPXbsjXvKaCLg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGYh6QLGF20psMmZ1dZmaFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rUdUmsfywYwT9CM6kDzkjBor1es9r1csuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns1Ak5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrz2My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7JXKVfuL0vV26d5HHk4gVM4Bw+uoAp3UIMGMBjAM7zCmyOcF+fd+Zi35pxFhMfwB87nD/4Jjgo=</latexit>

S1

<latexit sha1_base64="T8g38kWfiNhdrLvgFYm7r33sPX8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WNAEI+RmAckS5idzCZDZmeXmV4hLAF/wIsHRbz6Rd78GyePgyYWNBRV3XR3BYkUBl3321lb39jc2s7t5Hf39g8OC0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJWDzhOuB/RgRKhYBStVK/3yr1C0S25M5BV4i1IERao9Qpf3X7M0ogrZJIa0/HcBP2MahRM8km+mxqeUDaiA96xVNGIGz+bnToh51bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9qbif14nxfDaz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlCr3l8Xq7dM8jhycwhlcgAdXUIU7qEEDGAzgGV7hzZHOi/PufMxb15xFhCfwB87nD/+Njgs=</latexit>

S2
<latexit sha1_base64="oebnNC8/gGuwPKrpucBuW+yYPew=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BQTxGYh6QLGF20psMmZ1dZmaFsAT8AS8eFPHqF3nzb5w8DhotaCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5b8YJ+hEdSB5yRo2V6vXeea9YcsvuDOQv8RakBAvUesXPbj9maYTSMEG17nhuYvyMKsOZwEmhm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6cyGik9TgKbGdEzVAve1PxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt++S9pnpW9Srlyd1Gq3jzO48jDERzDKXhwCVW4hRo0gMEAnuAFXh3hPDtvzvu8NecsIjyEX3A+vgEBII4M</latexit>

S3



The triangle network

<latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="v9z7M8YNPA/w1po+nTC/9VZ4bZE=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZKIjLCvYBbS2Z9E4bmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IHA454bcfH4shUHX/XYyK6tr6xvZzdzW9s7uXn7/oG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/WJn0jXvQRkTqFkcxdELWVyIQnKGN7toIj5hWBkxLAeNuvuAW3anosvHmpkDmqnbzX+1exJMQFHLJjGl5boydlGkUXMI4104MxIwPWR9a1ioWgumk063H9MQmPRpE2h6FdJr+vpGy0JhR6NvJkOHALHaT8L+ulWBw2UmFihMExWcPBYmkGNEJAtoTGjjKkTWMa2F3pdwSYBwtqJyF4C1+ednUz4peqVi6OS+Ur55mOLLkiByTU+KRC1Im16RKaoQTTZ7JK3lzHpwX5935mI1mnDnCQ/JHzucPMjSTZg==</latexit>

Charlie

classical independent sources
classical local processing

<latexit sha1_base64="WNGM/B+xaE0oj1aZgIsvccUx6nM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEnonk2TM7MwyMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBHcWN//9lZW19Y3NnNb+e2d3b39wsFh3ahUU1ajSijdjNAwwSWrWW4FayaaYRwJ1oiG1xO/8ci04Ure21HCwhj7kvc4ReukehtFMsBOoeiX/CnIMgnmpAhzVDuFr3ZX0TRm0lKBxrQCP7FhhtpyKtg4304NS5AOsc9ajkqMmQmz6bVjcuqULukp7UpaMlV/T2QYGzOKI9cZox2YRW8i/ue1Utu7CjMuk9QySWeLeqkgVpHJ66TLNaNWjBxBqrm7ldABaqTWBZR3IQSLLy+T+nkpKJfKdxfFys3TLI4cHMMJnEEAl1CBW6hCDSg8wDO8wpunvBfv3fuYta548wiP4A+8zx+2R4+n</latexit>ω

<latexit sha1_base64="maH5Z6keuiaUMW/9XvgqtVDL1pc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4rmLbQhrLZbtqlm03YnQglFPwHXjwo4tUf5M1/4/bjoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Gbqtx65NiJRDzhOeRDTgRKRYBSt5HdDjrRXrrhVdwaySrwFqcACjV75q9tPWBZzhUxSYzqem2KQU42CST4pdTPDU8pGdMA7lioacxPks2Mn5MwqfRIl2pZCMlN/T+Q0NmYch7Yzpjg0y95U/M/rZBhdB7lQaYZcsfmiKJMEEzL9nPSF5gzl2BLKtLC3EjakmjK0+ZRsCN7yy6ukeVH1atXa/WWlfvs0j6MIJ3AK5+DBFdThDhrgAwMBz/AKb45yXpx352PeWnAWER7DHzifP+6cjzM=</latexit>

ω <latexit sha1_base64="jXq59gzbeXVMf7xZBEYJNAZJPQw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEnonk2TMzM4yMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBHcWN//9lZW19Y3NnNb+e2d3b39wsFh3ahUU1ajSijdjNAwwWNWs9wK1kw0QxkJ1oiG1xO/8ci04Sq+t6OEhRL7Me9xitZJ9XYfpcROoeiX/CnIMgnmpAhzVDuFr3ZX0VSy2FKBxrQCP7FhhtpyKtg4304NS5AOsc9ajsYomQmz6bVjcuqULukp7Sq2ZKr+nshQGjOSkeuUaAdm0ZuI/3mt1PauwozHSWpZTGeLeqkgVpHJ66TLNaNWjBxBqrm7ldABaqTWBZR3IQSLLy+T+nkpKJfKdxfFys3TLI4cHMMJnEEAl1CBW6hCDSg8wDO8wpunvBfv3fuYta548wiP4A+8zx+xsY+k</latexit>ω

Network Bell scenario

<latexit sha1_base64="b6Sl2mwIuEHOnc8tPCpq7yaVBys=">AAAB/3icbZBLS8NAFIUnPmt9RQU3boJFqFBKIlJdFgVxWcE+oAnhZjpph84kYWYilLSgf8WNC0Xc+jfc+W+cPhbaemDg45w7zJ0TJIxKZdvfxtLyyuraem4jv7m1vbNr7u03ZJwKTOo4ZrFoBSAJoxGpK6oYaSWCAA8YaQb963HefCBC0ji6V4OEeBy6EQ0pBqUt3zxM/KtiMByUXGBJD0puFziHU98s2GV7ImsRnBkU0Ew13/xyOzFOOYkUZiBl27ET5WUgFMWMjPJuKkkCuA9d0tYYASfSyyb7j6wT7XSsMBb6RMqauL9vZMClHPBAT3JQPTmfjc3/snaqwksvo1GSKhLh6UNhyiwVW+MyrA4VBCs20ABYUL2rhXsgACtdWV6X4Mx/eREaZ2WnUq7cnReqN4/TOnLoCB2jInLQBaqiW1RDdYTRED2jV/RmPBkvxrvxMR1dMmYVHqA/Mj5/AAmhleg=</latexit>

pB(b|y,ω, ε)
<latexit sha1_base64="HXwHFmZJzYz9PvHQ4/Q7sTnIjQ4=">AAAB/nicbZBLS8NAFIUnPmt9RcWVm2ARKpSSiFSXhYK4rGAf0IRwM520QyfJMDMRaiz0r7hxoYhbf4c7/43Tx0JbDwx8nHOHuXMCzqhUtv1trKyurW9s5rby2zu7e/vmwWFTJqnApIETloh2AJIwGpOGooqRNhcEooCRVjCoTfLWAxGSJvG9GnLiRdCLaUgxKG355jH3a0X89FhygfE+lNyAKDj3zYJdtqeylsGZQwHNVffNL7eb4DQiscIMpOw4NldeBkJRzMgo76aScMAD6JGOxhgiIr1suv7IOtNO1woToU+srKn7+0YGkZTDKNCTEai+XMwm5n9ZJ1XhtZfRmKeKxHj2UJgySyXWpAurSwXBig01ABZU72rhPgjASjeW1yU4i19ehuZF2amUK3eXherNeFZHDp2gU1REDrpCVXSL6qiBMMrQM3pFb8bYeDHejY/Z6Ioxr/AI/ZHx+QNFWJV6</latexit>

pC(c|z,ω,ε)

<latexit sha1_base64="/8hjPYpSwtzbYNuQhseG0CVk41I=">AAAB/nicbZBLS8NAFIUnPmt9RcWVm2ARKpSSiFSXFUFcVrAPaEK4mU7aoTNJmJmIJRb6V9y4UMStv8Od/8bpY6GtBwY+zrnD3DlBwqhUtv1tLC2vrK6t5zbym1vbO7vm3n5DxqnApI5jFotWAJIwGpG6ooqRViII8ICRZtC/HufNByIkjaN7NUiIx6Eb0ZBiUNryzcPEvyrC02PJDYiCktsFzuHUNwt22Z7IWgRnBgU0U803v9xOjFNOIoUZSNl27ER5GQhFMSPDvJtKkgDuQ5e0NUbAifSyyfpD60Q7HSuMhT6Rsibu7xsZcCkHPNCTHFRPzmdj87+snarw0stolKSKRHj6UJgyS8XWuAurQwXBig00ABZU72rhHgjASjeW1yU4819ehMZZ2amUK3fnherNaFpHDh2hY1REDrpAVXSLaqiOMMrQM3pFb8bIeDHejY/p6JIxq/AA/ZHx+QM275Vx</latexit>

pA(a|x,ω, ε)

<latexit sha1_base64="nEypkwvl2t144u3PN8aykGToT58="></latexit>

p(abc|xyz) =
∑

ω

q(ω) r(ε) s(ϑ) pA(a|x,ε, ϑ) pB(b|y,ω, ϑ) pC(c|z,ω,ε)

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="W3sYQS3guvLM8QYbLX0JdK3EWE4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwQl4B3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AEUFo2N</latexit>z



The triangle network

Network Bell scenario

<latexit sha1_base64="jaHyvB1yhZO37GOniXNWwzMqMvs="></latexit>

p(abc|xyz) = tr
[
(Aa|x →Bb|y → Cc|z)(ωω → ωε → ωϑ)

]

quantum independent sources
quantum local processing

<latexit sha1_base64="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="kya0X/JwnmdsY3BT/8A0BN6rX6s=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZEcRlBfuAzlAy6W0bmskMyR2xDAV/hRsXirj1z7jz35g+Ftp6IPBxzg25OWEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUyA1IoqKNACa1EA4tCCc1weD3Jmw+gjYjVPY4SCCLWV6InOENr+T7CI2ZXUnAYd4olt+xORZfBm0OJzFXrFL/8bszTCBRyyYxpe26CQcY0Ci5hXPBTAwnjQ9aHtkXFIjBBNt15TE+s06W9WNujkE7d3zcyFhkzikI7GTEcmMVsYv6XtVPsXQaZUEmKoPjsoV4qKcZ0UgDtCg0c5cgC41rYXSkfMM042poKtgRv8cvL0Dgre5Vy5e68VL15mtWRJ0fkmJwSj1yQKrklNVInnCTkmbySNyd1Xpx352M2mnPmFR6SP3I+fwCTbpJ4</latexit>

Alice

<latexit sha1_base64="AyWx3lafCH2VbGF5JSdIK48GWKw=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DEoiMcI5oHJEmYnvcmQ2dllplcMS8CP8OJBEa/+jTf/xsnjoIkFDUVVN91dQSKFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgauw3HkAbEas7HCbgR6ynRCg4QyvdtxEeMbuMg1GnUHRL7gR0kXgzUiQzVDuFr3Y35mkECrlkxrQ8N0E/YxoFlzDKt1MDCeMD1oOWpYpFYPxscvGIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3mtFMMLPxMqSREUny4KU0kxpuP3aVdo4CiHljCuhb2V8j7TjKMNKW9D8OZfXiT105JXLpVvz4qV66dpHDlySI7ICfHIOamQG1IlNcKJIs/klbw5xnlx3p2PaeuSM4vwgPyB8/kDDTiRmQ==</latexit>

Bob
<latexit sha1_base64="v9z7M8YNPA/w1po+nTC/9VZ4bZE=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIrsqMSHVZKIjLCvYBbS2Z9E4bmskMyR21DAV/hhsXirj1v7jz35g+Ftp6IHA454bcfH4shUHX/XYyK6tr6xvZzdzW9s7uXn7/oG6iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/WJn0jXvQRkTqFkcxdELWVyIQnKGN7toIj5hWBkxLAeNuvuAW3anosvHmpkDmqnbzX+1exJMQFHLJjGl5boydlGkUXMI4104MxIwPWR9a1ioWgumk063H9MQmPRpE2h6FdJr+vpGy0JhR6NvJkOHALHaT8L+ulWBw2UmFihMExWcPBYmkGNEJAtoTGjjKkTWMa2F3pdwSYBwtqJyF4C1+ednUz4peqVi6OS+Ur55mOLLkiByTU+KRC1Im16RKaoQTTZ7JK3lzHpwX5935mI1mnDnCQ/JHzucPMjSTZg==</latexit>

Charlie

<latexit sha1_base64="/ccfZnYr6/+26ipbeUzy71OwifU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGMA9IljA7mSRDZmeXmV5hWQP+ghcPinj1e7z5N04eB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HriNx+4NiJS95jG3A/pQIm+YBSt1LzqZsFjOu4WS27ZnYIsE29OSjBHrVv86vQiloRcIZPUmLbnxuhnVKNgko8LncTwmLIRHfC2pYqG3PjZ9NwxObFKj/QjbUshmaq/JzIaGpOGge0MKQ7NojcR//PaCfYv/UyoOEGu2GxRP5EEIzL5nfSE5gxlagllWthbCRtSTRnahAo2BG/x5WXSOCt7lXLl7rxUvXmaxZGHIziGU/DgAqpwCzWoA4MRPMMrvDmx8+K8Ox+z1pwzj/AQ/sD5/AG0ipA/</latexit>

Bb|y

<latexit sha1_base64="lXpx3AT4g+SHmO2BB++YcFeX2Ng=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEiiMcI5gHJEnons8mQ2dllZlYMa8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dQSK4Nq777Swtr6yurec28ptb2zu7hb39uo5TRVmNxiJWzQA1E1yymuFGsGaiGEaBYI1gcDX2G/dMaR7LOzNMmB9hT/KQUzRWalx2Mnx8GHUKRbfkTkAWiTcjRZih2il8tbsxTSMmDRWodctzE+NnqAyngo3y7VSzBOkAe6xlqcSIaT+bnDsix1bpkjBWtqQhE/X3RIaR1sMosJ0Rmr6e98bif14rNeGFn3GZpIZJOl0UpoKYmIx/J12uGDViaAlSxe2thPZRITU2obwNwZt/eZHUT0teuVS+PStWrp+mceTgEI7gBDw4hwrcQBVqQGEAz/AKb07ivDjvzse0dcmZRXgAf+B8/gCv9JA8</latexit>

Aa|x

<latexit sha1_base64="QP6jV8tWEx40O87j/vbPGsfnIvk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI+BgHiMYB6QLGF20psMmZ1dZmaFuAb8BS8eFPHq93jzb5w8DhotaCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1aZ+6w6V5rG8NeME/YgOJA85o8ZKrVovYw/3k16x5JbdGchf4i1ICRao94qf3X7M0gilYYJq3fHcxPgZVYYzgZNCN9WYUDaiA+xYKmmE2s9m507IiVX6JIyVLWnITP05kdFI63EU2M6ImqFe9qbif14nNeGln3GZpAYlmy8KU0FMTKa/kz5XyIwYW0KZ4vZWwoZUUWZsQgUbgrf88l/SPCt7lXLl5rxUvXqcx5GHIziGU/DgAqpwDXVoAIMRPMELvDqJ8+y8Oe/z1pyziPAQfsH5+Aa5IJBC</latexit>

Cc|z <latexit sha1_base64="fiVrgAZUvtONbUoPZzmkmuXnFxI=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rIgiMsK9gFJKJPppBk6mQkzN0IJBX/CjQtF3Po17vwbp4+Fth64cDjnXu69J8oEN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNWVtqoTSvYgYJrhkbeAgWC/TjKSRYN1odDP1u49MG67kA4wzFqZkKHnMKQEr+YFOVD8gIktIv1pz6+4MeJV4C1JDC7T61a9goGieMglUEGN8z80gLIgGTgWbVILcsIzQERky31JJUmbCYnbyBJ9ZZYBjpW1JwDP190RBUmPGaWQ7UwKJWfam4n+en0N8HRZcZjkwSeeL4lxgUHj6Px5wzSiIsSWEam5vxTQhmlCwKVVsCN7yy6ukc1H3GvXG/WWtefs0j6OMTtApOkceukJNdIdaqI0oUugZvaI3B5wX5935mLeWnEWEx+gPnM8fjWqR3Q==</latexit>ωω

<latexit sha1_base64="rHl+QYjoLSZsecX5/h6aynHVhJ0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYhA8hV2R6DEgiMcI5oHZJcxOepMhszPLTK8QloAf4cWDIl79G2/+jZPHQRMLGoqqbrq7olRwg5737aysrq1vbBa2its7u3v7pYPDplGZZtBgSijdjqgBwSU0kKOAdqqBJpGAVjS8nvitR9CGK3mPoxTChPYljzmjaKWHQA9UN4gAabdU9ireFO4y8eekTOaod0tfQU+xLAGJTFBjOr6XYphTjZwJGBeDzEBK2ZD2oWOppAmYMJ9ePHZPrdJzY6VtSXSn6u+JnCbGjJLIdiYUB2bRm4j/eZ0M46sw5zLNECSbLYoz4aJyJ++7Pa6BoRhZQpnm9laXDaimDG1IRRuCv/jyMmmeV/xqpXp3Ua7dPM3iKJBjckLOiE8uSY3ckjppEEYkeSav5M0xzovz7nzMWleceYRH5A+czx/DsZFp</latexit>ωω
<latexit sha1_base64="Ebqb2UF/njgtJqVXvmktmZ6IgyU=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNAEI8RzAKZIfR0epImvQzdPUIYAv6EFw+KePVrvPk3dpaDJj4oeLxXRVW9OOXMWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSmCW0SxZXuxNhQziRtWmY57aSaYhFz2o5HN1O//Ui1YUo+2HFKI4EHkiWMYOukbqiHqhcOsBC4V674VX8GtEqCBanAAo1e+SvsK5IJKi3h2Jhu4Kc2yrG2jHA6KYWZoSkmIzygXUclFtRE+ezkCTpzSh8lSruSFs3U3xM5FsaMRew6BbZDs+xNxf+8bmaT6yhnMs0slWS+KMk4sgpN/0d9pimxfOwIJpq5WxEZYo2JdSmVXAjB8surpHVRDWrV2v1lpX77NI+jCCdwCucQwBXU4Q4a0AQCCp7hFd486714797HvLXgLSI8hj/wPn8AiNSR2g==</latexit>ωω

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="W3sYQS3guvLM8QYbLX0JdK3EWE4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwQl4B3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AEUFo2N</latexit>z

<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a



The triangle network

Network Bell scenario

Which sets of correlations, either classical or quantum, can be created
in any given network structure? 

Complicated question, usually form non convex sets.



The triangle network

In a standard, bipartite Bell scenarios, correlations where 

that is, where Alice and Bob have a fixed, constant input value, 
also called the “no-input” scenario,

  there is no quantum vs. classical separation: 

<latexit sha1_base64="wMpAqE8ISDs8A8J26j6BrrzTOCM="></latexit>

p(ab) = tr [(Aa →Bb)ω] =
∑

ω

ε(ϑ) pA(a|ϑ) pB(b|ϑ)



The triangle network

But this is not true for “no-input” network scenarios:

Network Bell scenario

<latexit sha1_base64="z3/I0nDLA9dCzzBixa0Co+80h5c=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC+BgCAeI5gHJEuYncwmQ2Zn15nZYNwN+BdePCji1Y/x5t84eRw0saChqOqmu8uLOFPatr+tzMrq2vpGdjO3tb2zu5ffP6irMJaE1kjIQ9n0sKKcCVrTTHPajCTFgcdpwxtcTfzGkErFQnGnRxF1A9wTzGcEayO56UNaTkemHtOy08kX7KI9BVomzpwUYI5qJ//V7oYkDqjQhGOlWo4daTfBUjPC6TjXjhWNMBngHm0ZKnBAlZtMjx6jE6N0kR9KU0Kjqfp7IsGBUqPAM50B1n216E3E/7xWrP1LN2EiijUVZLbIjznSIZokgLpMUqL5yBBMJDO3ItLHEhNtcsqZEJzFl5dJ/azolIql2/NC5fppFkcWjuAYTsGBC6jADVShBgTu4Rle4c0aWi/Wu/Uxa81Y8wgP4Q+szx8mJZLG</latexit>

|x| = |y| = |z| = 1



The triangle network

But this is not true for “no-input” network scenarios:

<latexit sha1_base64="d13hmEWl8c71gueY/aWC6d+7fFc="></latexit>

p(abc) = tr [(Aa →Bb → Cc)(ωω → ωε → ωϑ)]

<latexit sha1_base64="jU2mmtTq7a4QzxQ4RW2GYf6hCRQ="></latexit>∑

ω

q(ω) r(ε) s(ϑ) pA(a|ε, ϑ) pB(b|ω, ϑ) pC(c|ω,ε)

<latexit sha1_base64="khlmFkK3ColyOGo07deL4z2Ece8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGMF0xbaUDbbSbt0s4m7G6GEgv/AiwdFvPqDvPlv3H4ctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyH1xO/+YhK80Tem1GKQUz7kkecUWMlvyPxgXRLZbfiTkGWiTcnZZij3i19dXoJy2KUhgmqddtzUxPkVBnOBI6LnUxjStmQ9rFtqaQx6iCfHjsmp1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+RRtCN7iy8ukcV7xqpXq3UW5dvM0i6MAx3ACZ+DBJdTgFurgAwMOz/AKb450Xpx352PWuuLMIzyCP3A+fwCZ3Y77</latexit>

→=

Network Bell scenario

<latexit sha1_base64="z3/I0nDLA9dCzzBixa0Co+80h5c=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC+BgCAeI5gHJEuYncwmQ2Zn15nZYNwN+BdePCji1Y/x5t84eRw0saChqOqmu8uLOFPatr+tzMrq2vpGdjO3tb2zu5ffP6irMJaE1kjIQ9n0sKKcCVrTTHPajCTFgcdpwxtcTfzGkErFQnGnRxF1A9wTzGcEayO56UNaTkemHtOy08kX7KI9BVomzpwUYI5qJ//V7oYkDqjQhGOlWo4daTfBUjPC6TjXjhWNMBngHm0ZKnBAlZtMjx6jE6N0kR9KU0Kjqfp7IsGBUqPAM50B1n216E3E/7xWrP1LN2EiijUVZLbIjznSIZokgLpMUqL5yBBMJDO3ItLHEhNtcsqZEJzFl5dJ/azolIql2/NC5fppFkcWjuAYTsGBC6jADVShBgTu4Rle4c0aWi/Wu/Uxa81Y8wgP4Q+szx8mJZLG</latexit>

|x| = |y| = |z| = 1



The triangle network

Network Bell scenario

<latexit sha1_base64="z3/I0nDLA9dCzzBixa0Co+80h5c=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC+BgCAeI5gHJEuYncwmQ2Zn15nZYNwN+BdePCji1Y/x5t84eRw0saChqOqmu8uLOFPatr+tzMrq2vpGdjO3tb2zu5ffP6irMJaE1kjIQ9n0sKKcCVrTTHPajCTFgcdpwxtcTfzGkErFQnGnRxF1A9wTzGcEayO56UNaTkemHtOy08kX7KI9BVomzpwUYI5qJ//V7oYkDqjQhGOlWo4daTfBUjPC6TjXjhWNMBngHm0ZKnBAlZtMjx6jE6N0kR9KU0Kjqfp7IsGBUqPAM50B1n216E3E/7xWrP1LN2EiijUVZLbIjznSIZokgLpMUqL5yBBMJDO3ItLHEhNtcsqZEJzFl5dJ/azolIql2/NC5fppFkcWjuAYTsGBC6jADVShBgTu4Rle4c0aWi/Wu/Uxa81Y8wgP4Q+szx8mJZLG</latexit>

|x| = |y| = |z| = 1
<latexit sha1_base64="axm+fTZKrMcjg4a4+7STNvGW22w=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV4CAUE8RjAPSJYwO5lNhszObmZmA2E34F948aCIVz/Gm3/j5HHQxIKGoqqb7i4v4kxp2/62MhubW9s72d3c3v7B4VH++KShwlgSWichD2XLw4pyJmhdM81pK5IUBx6nTW94O/ObYyoVC8WjnkTUDXBfMJ8RrI3kpjitpJ4pklZK3XzBLtpzoHXiLEkBlqh181+dXkjigApNOFaq7diRdhMsNSOcTnOdWNEIkyHu07ahAgdUucn86Cm6MEoP+aE0JTSaq78nEhwoNQk80xlgPVCr3kz8z2vH2r9xEyaiWFNBFov8mCMdolkCqMckJZpPDMFEMnMrIgMsMdEmp5wJwVl9eZ00SkWnXCw/XBWqd0+LOLJwBudwCQ5cQxXuoQZ1IDCCZ3iFN2tsvVjv1seiNWMtIzyFP7A+fwC9I5KC</latexit>

|a| = |b| = |c| = 2

Minimal scenario for a classical vs. quantum correlation separation

There exists correlations between three binary variables p(abc) that are both 
quantum and nonlocal

Simplest quantum nonlocality scenario

Don et al., arXiv (2026)



The triangle network

Network Bell scenario

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="/ccfZnYr6/+26ipbeUzy71OwifU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGMA9IljA7mSRDZmeXmV5hWQP+ghcPinj1e7z5N04eB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HriNx+4NiJS95jG3A/pQIm+YBSt1LzqZsFjOu4WS27ZnYIsE29OSjBHrVv86vQiloRcIZPUmLbnxuhnVKNgko8LncTwmLIRHfC2pYqG3PjZ9NwxObFKj/QjbUshmaq/JzIaGpOGge0MKQ7NojcR//PaCfYv/UyoOEGu2GxRP5EEIzL5nfSE5gxlagllWthbCRtSTRnahAo2BG/x5WXSOCt7lXLl7rxUvXmaxZGHIziGU/DgAqpwCzWoA4MRPMMrvDmx8+K8Ox+z1pwzj/AQ/sD5/AG0ipA/</latexit>

Bb|y

<latexit sha1_base64="lXpx3AT4g+SHmO2BB++YcFeX2Ng=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEiiMcI5gHJEnons8mQ2dllZlYMa8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dQSK4Nq777Swtr6yurec28ptb2zu7hb39uo5TRVmNxiJWzQA1E1yymuFGsGaiGEaBYI1gcDX2G/dMaR7LOzNMmB9hT/KQUzRWalx2Mnx8GHUKRbfkTkAWiTcjRZih2il8tbsxTSMmDRWodctzE+NnqAyngo3y7VSzBOkAe6xlqcSIaT+bnDsix1bpkjBWtqQhE/X3RIaR1sMosJ0Rmr6e98bif14rNeGFn3GZpIZJOl0UpoKYmIx/J12uGDViaAlSxe2thPZRITU2obwNwZt/eZHUT0teuVS+PStWrp+mceTgEI7gBDw4hwrcQBVqQGEAz/AKb07ivDjvzse0dcmZRXgAf+B8/gCv9JA8</latexit>

Aa|x

<latexit sha1_base64="QP6jV8tWEx40O87j/vbPGsfnIvk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI+BgHiMYB6QLGF20psMmZ1dZmaFuAb8BS8eFPHq93jzb5w8DhotaCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1aZ+6w6V5rG8NeME/YgOJA85o8ZKrVovYw/3k16x5JbdGchf4i1ICRao94qf3X7M0gilYYJq3fHcxPgZVYYzgZNCN9WYUDaiA+xYKmmE2s9m507IiVX6JIyVLWnITP05kdFI63EU2M6ImqFe9qbif14nNeGln3GZpAYlmy8KU0FMTKa/kz5XyIwYW0KZ4vZWwoZUUWZsQgUbgrf88l/SPCt7lXLl5rxUvXqcx5GHIziGU/DgAqpwDXVoAIMRPMELvDqJ8+y8Oe/z1pyziPAQfsH5+Aa5IJBC</latexit>

Cc|z
<latexit sha1_base64="fiVrgAZUvtONbUoPZzmkmuXnFxI=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rIgiMsK9gFJKJPppBk6mQkzN0IJBX/CjQtF3Po17vwbp4+Fth64cDjnXu69J8oEN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNWVtqoTSvYgYJrhkbeAgWC/TjKSRYN1odDP1u49MG67kA4wzFqZkKHnMKQEr+YFOVD8gIktIv1pz6+4MeJV4C1JDC7T61a9goGieMglUEGN8z80gLIgGTgWbVILcsIzQERky31JJUmbCYnbyBJ9ZZYBjpW1JwDP190RBUmPGaWQ7UwKJWfam4n+en0N8HRZcZjkwSeeL4lxgUHj6Px5wzSiIsSWEam5vxTQhmlCwKVVsCN7yy6ukc1H3GvXG/WWtefs0j6OMTtApOkceukJNdIdaqI0oUugZvaI3B5wX5935mLeWnEWEx+gPnM8fjWqR3Q==</latexit>ωω

<latexit sha1_base64="rHl+QYjoLSZsecX5/h6aynHVhJ0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYhA8hV2R6DEgiMcI5oHZJcxOepMhszPLTK8QloAf4cWDIl79G2/+jZPHQRMLGoqqbrq7olRwg5737aysrq1vbBa2its7u3v7pYPDplGZZtBgSijdjqgBwSU0kKOAdqqBJpGAVjS8nvitR9CGK3mPoxTChPYljzmjaKWHQA9UN4gAabdU9ireFO4y8eekTOaod0tfQU+xLAGJTFBjOr6XYphTjZwJGBeDzEBK2ZD2oWOppAmYMJ9ePHZPrdJzY6VtSXSn6u+JnCbGjJLIdiYUB2bRm4j/eZ0M46sw5zLNECSbLYoz4aJyJ++7Pa6BoRhZQpnm9laXDaimDG1IRRuCv/jyMmmeV/xqpXp3Ua7dPM3iKJBjckLOiE8uSY3ckjppEEYkeSav5M0xzovz7nzMWleceYRH5A+czx/DsZFp</latexit>ωω
<latexit sha1_base64="Ebqb2UF/njgtJqVXvmktmZ6IgyU=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNAEI8RzAKZIfR0epImvQzdPUIYAv6EFw+KePVrvPk3dpaDJj4oeLxXRVW9OOXMWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSmCW0SxZXuxNhQziRtWmY57aSaYhFz2o5HN1O//Ui1YUo+2HFKI4EHkiWMYOukbqiHqhcOsBC4V674VX8GtEqCBanAAo1e+SvsK5IJKi3h2Jhu4Kc2yrG2jHA6KYWZoSkmIzygXUclFtRE+ezkCTpzSh8lSruSFs3U3xM5FsaMRew6BbZDs+xNxf+8bmaT6yhnMs0slWS+KMk4sgpN/0d9pimxfOwIJpq5WxEZYo2JdSmVXAjB8surpHVRDWrV2v1lpX77NI+jCCdwCucQwBXU4Q4a0AQCCp7hFd486714797HvLXgLSI8hj/wPn8AiNSR2g==</latexit>ωω

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="khlmFkK3ColyOGo07deL4z2Ece8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGMF0xbaUDbbSbt0s4m7G6GEgv/AiwdFvPqDvPlv3H4ctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyH1xO/+YhK80Tem1GKQUz7kkecUWMlvyPxgXRLZbfiTkGWiTcnZZij3i19dXoJy2KUhgmqddtzUxPkVBnOBI6LnUxjStmQ9rFtqaQx6iCfHjsmp1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+RRtCN7iy8ukcV7xqpXq3UW5dvM0i6MAx3ACZ+DBJdTgFurgAwMOz/AKb450Xpx352PWuuLMIzyCP3A+fwCZ3Y77</latexit>

→=

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b
<latexit sha1_base64="WNGM/B+xaE0oj1aZgIsvccUx6nM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEnonk2TM7MwyMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBHcWN//9lZW19Y3NnNb+e2d3b39wsFh3ahUU1ajSijdjNAwwSWrWW4FayaaYRwJ1oiG1xO/8ci04Ure21HCwhj7kvc4ReukehtFMsBOoeiX/CnIMgnmpAhzVDuFr3ZX0TRm0lKBxrQCP7FhhtpyKtg4304NS5AOsc9ajkqMmQmz6bVjcuqULukp7UpaMlV/T2QYGzOKI9cZox2YRW8i/ue1Utu7CjMuk9QySWeLeqkgVpHJ66TLNaNWjBxBqrm7ldABaqTWBZR3IQSLLy+T+nkpKJfKdxfFys3TLI4cHMMJnEEAl1CBW6hCDSg8wDO8wpunvBfv3fuYta548wiP4A+8zx+2R4+n</latexit>ω

<latexit sha1_base64="maH5Z6keuiaUMW/9XvgqtVDL1pc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4rmLbQhrLZbtqlm03YnQglFPwHXjwo4tUf5M1/4/bjoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Gbqtx65NiJRDzhOeRDTgRKRYBSt5HdDjrRXrrhVdwaySrwFqcACjV75q9tPWBZzhUxSYzqem2KQU42CST4pdTPDU8pGdMA7lioacxPks2Mn5MwqfRIl2pZCMlN/T+Q0NmYch7Yzpjg0y95U/M/rZBhdB7lQaYZcsfmiKJMEEzL9nPSF5gzl2BLKtLC3EjakmjK0+ZRsCN7yy6ukeVH1atXa/WWlfvs0j6MIJ3AK5+DBFdThDhrgAwMBz/AKb45yXpx352PeWnAWER7DHzifP+6cjzM=</latexit>

ω <latexit sha1_base64="jXq59gzbeXVMf7xZBEYJNAZJPQw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEnonk2TMzM4yMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBHcWN//9lZW19Y3NnNb+e2d3b39wsFh3ahUU1ajSijdjNAwwWNWs9wK1kw0QxkJ1oiG1xO/8ci04Sq+t6OEhRL7Me9xitZJ9XYfpcROoeiX/CnIMgnmpAhzVDuFr3ZX0VSy2FKBxrQCP7FhhtpyKtg4304NS5AOsc9ajsYomQmz6bVjcuqULukp7Sq2ZKr+nshQGjOSkeuUaAdm0ZuI/3mt1PauwozHSWpZTGeLeqkgVpHJ66TLNaNWjBxBqrm7ldABaqTWBZR3IQSLLy+T+nkpKJfKdxfFys3TLI4cHMMJnEEAl1CBW6hCDSg8wDO8wpunvBfv3fuYta548wiP4A+8zx+xsY+k</latexit>ω

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

quantum 
independent

sources

<latexit sha1_base64="khlmFkK3ColyOGo07deL4z2Ece8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGMF0xbaUDbbSbt0s4m7G6GEgv/AiwdFvPqDvPlv3H4ctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyH1xO/+YhK80Tem1GKQUz7kkecUWMlvyPxgXRLZbfiTkGWiTcnZZij3i19dXoJy2KUhgmqddtzUxPkVBnOBI6LnUxjStmQ9rFtqaQx6iCfHjsmp1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+RRtCN7iy8ukcV7xqpXq3UW5dvM0i6MAx3ACZ+DBJdTgFurgAwMOz/AKb450Xpx352PWuuLMIzyCP3A+fwCZ3Y77</latexit>

→=

<latexit sha1_base64="E+wb75EqiIC2BHnc4MuUoOV7Vy0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAh1U2ZEqsuCIC4r2Ae0Q8mkmTY2kwxJRihDwU9w40IRt/6PO//G9LHQ1gMXDufcy733hIngxnreN1pZXVvf2Mxt5bd3dvf2CweHDaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weD3xm49MG67kvR0lLIhJX/KIU2Kd1EhKJKRn3ULRK3tT4GXiz0kR5qh1C1+dnqJpzKSlghjT9r3EBhnRllPBxvlOalhC6JD0WdtRSWJmgmx67RifOqWHI6VdSYun6u+JjMTGjOLQdcbEDsyiNxH/89qpja6CjMsktUzS2aIoFdgqPHkd97hm1IqRI4Rq7m7FdEA0odYFlHch+IsvL5PGedmvlCt3F8XqzdMsjhwcwwmUwIdLqMIt1KAOFB7gGV7hDSn0gt7Rx6x1Bc0jPII/QJ8/+wqPLA==</latexit>

p(abc)

classical 
independent

sources

<latexit sha1_base64="fe3WpJ4u6FGp3zlaKqQDKJaYpco=">AAAB/HicbZBLS8NAFIUnPmt9Rbt0EyxCBSmJSHVZEcRlBfuAJoSb6aQdOpOEmYkQYsV/4saFIm79Ie78N04fC209MPBxzh3mzgkSRqWy7W9jaXlldW29sFHc3Nre2TX39lsyTgUmTRyzWHQCkITRiDQVVYx0EkGAB4y0g+HVOG/fEyFpHN2pLCEeh35EQ4pBacs3S4l/WYEHNyAKTtw+cA7Hvlm2q/ZE1iI4MyijmRq++eX2YpxyEinMQMquYyfKy0EoihkZFd1UkgTwEPqkqzECTqSXT5YfWUfa6VlhLPSJlDVxf9/IgUuZ8UBPclADOZ+Nzf+ybqrCCy+nUZIqEuHpQ2HKLBVb4yasHhUEK5ZpACyo3tXCAxCAle6rqEtw5r+8CK3TqlOr1m7PyvXrp2kdBXSADlEFOegc1dENaqAmwihDz+gVvRmPxovxbnxMR5eMWYUl9EfG5w/m+5S5</latexit>

pA(a|ω, ε)

<latexit sha1_base64="Y6NtFuhY5U5xHY/BQrQOi2XM2bk=">AAAB/XicbZBLS8NAFIUn9VXrKz52boJFqCAlEakui4K4rGAf0IRwM520Q2eSMDMRaiz6U9y4UMSt/8Od/8bpY6GtBwY+zrnD3DlBwqhUtv1t5BYWl5ZX8quFtfWNzS1ze6ch41RgUscxi0UrAEkYjUhdUcVIKxEEeMBIM+hfjvLmHRGSxtGtGiTE49CNaEgxKG355l7iX5SCBxdY0oNjtwucw5FvFu2yPZY1D84Uimiqmm9+uZ0Yp5xECjOQsu3YifIyEIpiRoYFN5UkAdyHLmlrjIAT6WXj7YfWoXY6VhgLfSJljd3fNzLgUg54oCc5qJ6czUbmf1k7VeG5l9EoSRWJ8OShMGWWiq1RFVaHCoIVG2gALKje1cI9EICVLqygS3BmvzwPjZOyUylXbk6L1aunSR15tI8OUAk56AxV0TWqoTrC6B49o1f0ZjwaL8a78TEZzRnTCnfRHxmfP7dulS8=</latexit>

pB(b|ω, ε)
<latexit sha1_base64="xAWGicgeekmlDJj91JteykXgqA4=">AAAB/HicbZBLS8NAFIUnPmt9Rbt0EyxCBSmJSHVZKIjLCvYBTQg300k7dDIJMxMhxIr/xI0LRdz6Q9z5b5w+Ftp6YODjnDvMnRMkjEpl29/Gyura+sZmYau4vbO7t28eHLZlnApMWjhmsegGIAmjnLQUVYx0E0EgChjpBKPGJO/cEyFpzO9UlhAvggGnIcWgtOWbpcRvVPCDCywZwpkbEAWnvlm2q/ZU1jI4cyijuZq++eX2Y5xGhCvMQMqeYyfKy0EoihkZF91UkgTwCAakp5FDRKSXT5cfWyfa6VthLPThypq6v2/kEEmZRYGejEAN5WI2Mf/LeqkKr7yc8iRVhOPZQ2HKLBVbkyasPhUEK5ZpACyo3tXCQxCAle6rqEtwFr+8DO3zqlOr1m4vyvXrp1kdBXSEjlEFOegS1dENaqIWwihDz+gVvRmPxovxbnzMRleMeYUl9EfG5w/yOJTA</latexit>

pC(c|ω,ε)

Don et al., arXiv (2026)

<latexit sha1_base64="axm+fTZKrMcjg4a4+7STNvGW22w=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV4CAUE8RjAPSJYwO5lNhszObmZmA2E34F948aCIVz/Gm3/j5HHQxIKGoqqb7i4v4kxp2/62MhubW9s72d3c3v7B4VH++KShwlgSWichD2XLw4pyJmhdM81pK5IUBx6nTW94O/ObYyoVC8WjnkTUDXBfMJ8RrI3kpjitpJ4pklZK3XzBLtpzoHXiLEkBlqh181+dXkjigApNOFaq7diRdhMsNSOcTnOdWNEIkyHu07ahAgdUucn86Cm6MEoP+aE0JTSaq78nEhwoNQk80xlgPVCr3kz8z2vH2r9xEyaiWFNBFov8mCMdolkCqMckJZpPDMFEMnMrIgMsMdEmp5wJwVl9eZ00SkWnXCw/XBWqd0+LOLJwBudwCQ5cQxXuoQZ1IDCCZ3iFN2tsvVjv1seiNWMtIzyFP7A+fwC9I5KC</latexit>

|a| = |b| = |c| = 2



<latexit sha1_base64="d13hmEWl8c71gueY/aWC6d+7fFc="></latexit>

p(abc) = tr [(Aa →Bb → Cc)(ωω → ωε → ωϑ)]

<latexit sha1_base64="jU2mmtTq7a4QzxQ4RW2GYf6hCRQ="></latexit>∑

ω

q(ω) r(ε) s(ϑ) pA(a|ε, ϑ) pB(b|ω, ϑ) pC(c|ω,ε)

<latexit sha1_base64="khlmFkK3ColyOGo07deL4z2Ece8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGMF0xbaUDbbSbt0s4m7G6GEgv/AiwdFvPqDvPlv3H4ctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyH1xO/+YhK80Tem1GKQUz7kkecUWMlvyPxgXRLZbfiTkGWiTcnZZij3i19dXoJy2KUhgmqddtzUxPkVBnOBI6LnUxjStmQ9rFtqaQx6iCfHjsmp1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+RRtCN7iy8ukcV7xqpXq3UW5dvM0i6MAx3ACZ+DBJdTgFurgAwMOz/AKb450Xpx352PWuuLMIzyCP3A+fwCZ3Y77</latexit>

→=

The triangle network

Network Bell scenario

There exists correlations between three binary variables p(abc) that are both 
quantum and nonlocal.

However, these correlations are local in a single classical source scenario

<latexit sha1_base64="9JKFOk5Wd4OnWjYWc6hYtPQH8Jg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8At5ONUA==</latexit>=
<latexit sha1_base64="L0GrS3Oy0iNyAku3q9CGvuToCc8=">AAACMnicbVBJS8NAFJ641rpFPXoZLEIEKYlI9VgtiN4q2AWaECaTaTt0sjAzEUos+I+8+EsED3pQxKs/wmkbpIsPBr7lPd68z4sZFdI037SFxaXlldXcWn59Y3NrW9/ZrYso4ZjUcMQi3vSQIIyGpCapZKQZc4ICj5GG16sM/cY94YJG4Z3sx8QJUCekbYqRVJKr39giCVybqQkfQTumRoaP7OPYvTDQwyS/NLwpXjHwH3f1glk0RwXngZWBAsiq6uovth/hJCChxAwJ0bLMWDop4pJiRgZ5OxEkRriHOqSlYIgCIpx0dPIAHirFh+2IqxdKOFInJ1IUCNEPPNUZINkVs95Q/M9rJbJ97qQ0jBNJQjxe1E4YlBEc5gd9ygmWrK8Awpyqv0LcRRxhqVLOqxCs2ZPnQf2kaJWKpdvTQvnqcRxHDuyDA2AAC5yBMrgGVVADGDyBV/ABPrVn7V370r7HrQtaFuEemCrt5xcFBanT</latexit>∑

ω

ω(ε) pA(a|ε) pB(b|ε) pC(c|ε)

<latexit sha1_base64="spRFhbvmQAXS5TGxa0vEa9QxZzQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYB6QLGF20psMmZ1dZmbFsAT8BS8eFPHq93jzb5w8DppY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rQdUmsfy3owT9CM6kDzkjBortbr4aHfoXrHklt0ZyCrxFqQEC9R7xa9uP2ZphNIwQbXueG5i/Iwqw5nASaGbakwoG9EBdiyVNELtZ7NzJ+TMKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC97U/E/r5Oa8MrPuExSg5LNF4WpICYm099JnytkRowtoUxxeythQ6ooMzahgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gMIJneIU3J3FenHfnY96acxYRHsMfOJ8/x2aQSw==</latexit>

→

Don et al., arXiv (2026)

<latexit sha1_base64="axm+fTZKrMcjg4a4+7STNvGW22w=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV4CAUE8RjAPSJYwO5lNhszObmZmA2E34F948aCIVz/Gm3/j5HHQxIKGoqqb7i4v4kxp2/62MhubW9s72d3c3v7B4VH++KShwlgSWichD2XLw4pyJmhdM81pK5IUBx6nTW94O/ObYyoVC8WjnkTUDXBfMJ8RrI3kpjitpJ4pklZK3XzBLtpzoHXiLEkBlqh181+dXkjigApNOFaq7diRdhMsNSOcTnOdWNEIkyHu07ahAgdUucn86Cm6MEoP+aE0JTSaq78nEhwoNQk80xlgPVCr3kz8z2vH2r9xEyaiWFNBFov8mCMdolkCqMckJZpPDMFEMnMrIgMsMdEmp5wJwVl9eZ00SkWnXCw/XBWqd0+LOLJwBudwCQ5cQxXuoQZ1IDCCZ3iFN2tsvVjv1seiNWMtIzyFP7A+fwC9I5KC</latexit>

|a| = |b| = |c| = 2



The triangle network

Network Bell scenario

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="/ccfZnYr6/+26ipbeUzy71OwifU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGMA9IljA7mSRDZmeXmV5hWQP+ghcPinj1e7z5N04eB00saCiquunuCmIpDLrut5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HriNx+4NiJS95jG3A/pQIm+YBSt1LzqZsFjOu4WS27ZnYIsE29OSjBHrVv86vQiloRcIZPUmLbnxuhnVKNgko8LncTwmLIRHfC2pYqG3PjZ9NwxObFKj/QjbUshmaq/JzIaGpOGge0MKQ7NojcR//PaCfYv/UyoOEGu2GxRP5EEIzL5nfSE5gxlagllWthbCRtSTRnahAo2BG/x5WXSOCt7lXLl7rxUvXmaxZGHIziGU/DgAqpwCzWoA4MRPMMrvDmx8+K8Ox+z1pwzj/AQ/sD5/AG0ipA/</latexit>

Bb|y

<latexit sha1_base64="lXpx3AT4g+SHmO2BB++YcFeX2Ng=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEiiMcI5gHJEnons8mQ2dllZlYMa8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dQSK4Nq777Swtr6yurec28ptb2zu7hb39uo5TRVmNxiJWzQA1E1yymuFGsGaiGEaBYI1gcDX2G/dMaR7LOzNMmB9hT/KQUzRWalx2Mnx8GHUKRbfkTkAWiTcjRZih2il8tbsxTSMmDRWodctzE+NnqAyngo3y7VSzBOkAe6xlqcSIaT+bnDsix1bpkjBWtqQhE/X3RIaR1sMosJ0Rmr6e98bif14rNeGFn3GZpIZJOl0UpoKYmIx/J12uGDViaAlSxe2thPZRITU2obwNwZt/eZHUT0teuVS+PStWrp+mceTgEI7gBDw4hwrcQBVqQGEAz/AKb07ivDjvzse0dcmZRXgAf+B8/gCv9JA8</latexit>

Aa|x

<latexit sha1_base64="QP6jV8tWEx40O87j/vbPGsfnIvk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI+BgHiMYB6QLGF20psMmZ1dZmaFuAb8BS8eFPHq93jzb5w8DhotaCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY1aZ+6w6V5rG8NeME/YgOJA85o8ZKrVovYw/3k16x5JbdGchf4i1ICRao94qf3X7M0gilYYJq3fHcxPgZVYYzgZNCN9WYUDaiA+xYKmmE2s9m507IiVX6JIyVLWnITP05kdFI63EU2M6ImqFe9qbif14nNeGln3GZpAYlmy8KU0FMTKa/kz5XyIwYW0KZ4vZWwoZUUWZsQgUbgrf88l/SPCt7lXLl5rxUvXqcx5GHIziGU/DgAqpwDXVoAIMRPMELvDqJ8+y8Oe/z1pyziPAQfsH5+Aa5IJBC</latexit>

Cc|z
<latexit sha1_base64="fiVrgAZUvtONbUoPZzmkmuXnFxI=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rIgiMsK9gFJKJPppBk6mQkzN0IJBX/CjQtF3Po17vwbp4+Fth64cDjnXu69J8oEN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNWVtqoTSvYgYJrhkbeAgWC/TjKSRYN1odDP1u49MG67kA4wzFqZkKHnMKQEr+YFOVD8gIktIv1pz6+4MeJV4C1JDC7T61a9goGieMglUEGN8z80gLIgGTgWbVILcsIzQERky31JJUmbCYnbyBJ9ZZYBjpW1JwDP190RBUmPGaWQ7UwKJWfam4n+en0N8HRZcZjkwSeeL4lxgUHj6Px5wzSiIsSWEam5vxTQhmlCwKVVsCN7yy6ukc1H3GvXG/WWtefs0j6OMTtApOkceukJNdIdaqI0oUugZvaI3B5wX5935mLeWnEWEx+gPnM8fjWqR3Q==</latexit>ωω

<latexit sha1_base64="rHl+QYjoLSZsecX5/h6aynHVhJ0=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYhA8hV2R6DEgiMcI5oHZJcxOepMhszPLTK8QloAf4cWDIl79G2/+jZPHQRMLGoqqbrq7olRwg5737aysrq1vbBa2its7u3v7pYPDplGZZtBgSijdjqgBwSU0kKOAdqqBJpGAVjS8nvitR9CGK3mPoxTChPYljzmjaKWHQA9UN4gAabdU9ireFO4y8eekTOaod0tfQU+xLAGJTFBjOr6XYphTjZwJGBeDzEBK2ZD2oWOppAmYMJ9ePHZPrdJzY6VtSXSn6u+JnCbGjJLIdiYUB2bRm4j/eZ0M46sw5zLNECSbLYoz4aJyJ++7Pa6BoRhZQpnm9laXDaimDG1IRRuCv/jyMmmeV/xqpXp3Ua7dPM3iKJBjckLOiE8uSY3ckjppEEYkeSav5M0xzovz7nzMWleceYRH5A+czx/DsZFp</latexit>ωω
<latexit sha1_base64="Ebqb2UF/njgtJqVXvmktmZ6IgyU=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNAEI8RzAKZIfR0epImvQzdPUIYAv6EFw+KePVrvPk3dpaDJj4oeLxXRVW9OOXMWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSmCW0SxZXuxNhQziRtWmY57aSaYhFz2o5HN1O//Ui1YUo+2HFKI4EHkiWMYOukbqiHqhcOsBC4V674VX8GtEqCBanAAo1e+SvsK5IJKi3h2Jhu4Kc2yrG2jHA6KYWZoSkmIzygXUclFtRE+ezkCTpzSh8lSruSFs3U3xM5FsaMRew6BbZDs+xNxf+8bmaT6yhnMs0slWS+KMk4sgpN/0d9pimxfOwIJpq5WxEZYo2JdSmVXAjB8surpHVRDWrV2v1lpX77NI+jCCdwCucQwBXU4Q4a0AQCCp7hFd486714797HvLXgLSI8hj/wPn8AiNSR2g==</latexit>ωω

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="khlmFkK3ColyOGo07deL4z2Ece8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGMF0xbaUDbbSbt0s4m7G6GEgv/AiwdFvPqDvPlv3H4ctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyH1xO/+YhK80Tem1GKQUz7kkecUWMlvyPxgXRLZbfiTkGWiTcnZZij3i19dXoJy2KUhgmqddtzUxPkVBnOBI6LnUxjStmQ9rFtqaQx6iCfHjsmp1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+RRtCN7iy8ukcV7xqpXq3UW5dvM0i6MAx3ACZ+DBJdTgFurgAwMOz/AKb450Xpx352PWuuLMIzyCP3A+fwCZ3Y77</latexit>

→= <latexit sha1_base64="9JKFOk5Wd4OnWjYWc6hYtPQH8Jg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8At5ONUA==</latexit>=

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b
<latexit sha1_base64="WNGM/B+xaE0oj1aZgIsvccUx6nM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEnonk2TM7MwyMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBHcWN//9lZW19Y3NnNb+e2d3b39wsFh3ahUU1ajSijdjNAwwSWrWW4FayaaYRwJ1oiG1xO/8ci04Ure21HCwhj7kvc4ReukehtFMsBOoeiX/CnIMgnmpAhzVDuFr3ZX0TRm0lKBxrQCP7FhhtpyKtg4304NS5AOsc9ajkqMmQmz6bVjcuqULukp7UpaMlV/T2QYGzOKI9cZox2YRW8i/ue1Utu7CjMuk9QySWeLeqkgVpHJ66TLNaNWjBxBqrm7ldABaqTWBZR3IQSLLy+T+nkpKJfKdxfFys3TLI4cHMMJnEEAl1CBW6hCDSg8wDO8wpunvBfv3fuYta548wiP4A+8zx+2R4+n</latexit>ω

<latexit sha1_base64="maH5Z6keuiaUMW/9XvgqtVDL1pc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4rmLbQhrLZbtqlm03YnQglFPwHXjwo4tUf5M1/4/bjoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6Gbqtx65NiJRDzhOeRDTgRKRYBSt5HdDjrRXrrhVdwaySrwFqcACjV75q9tPWBZzhUxSYzqem2KQU42CST4pdTPDU8pGdMA7lioacxPks2Mn5MwqfRIl2pZCMlN/T+Q0NmYch7Yzpjg0y95U/M/rZBhdB7lQaYZcsfmiKJMEEzL9nPSF5gzl2BLKtLC3EjakmjK0+ZRsCN7yy6ukeVH1atXa/WWlfvs0j6MIJ3AK5+DBFdThDhrgAwMBz/AKb45yXpx352PeWnAWER7DHzifP+6cjzM=</latexit>

ω <latexit sha1_base64="jXq59gzbeXVMf7xZBEYJNAZJPQw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEnonk2TMzM4yMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBHcWN//9lZW19Y3NnNb+e2d3b39wsFh3ahUU1ajSijdjNAwwWNWs9wK1kw0QxkJ1oiG1xO/8ci04Sq+t6OEhRL7Me9xitZJ9XYfpcROoeiX/CnIMgnmpAhzVDuFr3ZX0VSy2FKBxrQCP7FhhtpyKtg4304NS5AOsc9ajsYomQmz6bVjcuqULukp7Sq2ZKr+nshQGjOSkeuUaAdm0ZuI/3mt1PauwozHSWpZTGeLeqkgVpHJ66TLNaNWjBxBqrm7ldABaqTWBZR3IQSLLy+T+nkpKJfKdxfFys3TLI4cHMMJnEEAl1CBW6hCDSg8wDO8wpunvBfv3fuYta548wiP4A+8zx+xsY+k</latexit>ω

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="QEry8yYzvRPaQBUXwubkXgXsFN8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipTnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDuI410</latexit>a

<latexit sha1_base64="CtuSyiqHLK1bCftuOX3FmUOimvg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipHvSKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gDvp411</latexit>

b

<latexit sha1_base64="Wt0jyM9yj5MMq6b01mkvCc2Tmx0=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA9oh5LJ3GlDM5khyQhlKPgLblwo4tbvceffmD4W2nogcDjnhHvvCVLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3Uz99iMqzRP5YMYp+jEdSB5xRo2V2j1hoyHtlytu1Z2BrBJvQSqwQKNf/uqFCctilIYJqnXXc1Pj51QZzgROSr1MY0rZiA6wa6mkMWo/n607IWdWCUmUKPukITP194+cxlqP48AmY2qGetmbiv953cxE137OZZoZlGw+KMoEMQmZ3k5CrpAZMbaEMsXtroQNqaLM2IZKtgRv+eRV0rqoerVq7f6yUr99mtdRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsf82jBWVR4DH/gfP4AZ4uQDA==</latexit>

ω

<latexit sha1_base64="tWmwn8GcF8T57Bumc/U6dqWe7/8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipznrFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwDxK412</latexit>c

<latexit sha1_base64="Wf4TIb/y+yjGXJYd/UwyPsq/Dgk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkoiUj0WCuKxgv2ANpbNZtMu3WzC7kYpseDP8OJBEa/+F2/+GzdtD9r6YODx3gwz87yYM6Vt+9vKrayurW/kNwtb2zu7e8X9g5aKEklok0Q8kh0PK8qZoE3NNKedWFIcepy2vVE989v3VCoWiVs9jqkb4oFgASNYG+ku7tfL5LHHzYCPT/vFkl2xp0DLxJmTEszR6Be/en5EkpAKTThWquvYsXZTLDUjnE4KvUTRGJMRHtCuoQKHVLnp9OoJOjGKj4JImhIaTdXfEykOlRqHnukMsR6qRS8T//O6iQ4u3ZSJONFUkNmiIOFIRyiLAPlMUqL52BBMJDO3IjLEEhNtgiqYEJzFl5dJ66ziVCvVm/NS7eppFkcejuAYyuDABdTgGhrQBAISnuEV3qwH68V6tz5mrTlrHuEh/IH1+QPvNpKU</latexit>

pC(c|ω)
<latexit sha1_base64="wYIBVkLwSUH3vvon5Px9RxjT9B0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBotQNyURqS6LgrisYB/QxjKZTNqhk0mYmSglFvwMNy4Uceu/uPNvnD4W2nrgwuGce7n3Hj/hTGnH+bZyS8srq2v59cLG5tb2jr2711BxKgmtk5jHsuVjRTkTtK6Z5rSVSIojn9OmP7gc+817KhWLxa0eJtSLcE+wkBGsjXSXdC9K/mOHm4EAH3ftolN2JkCLxJ2RIsxQ69pfnSAmaUSFJhwr1XadRHsZlpoRTkeFTqpogskA92jbUIEjqrxscvUIHRklQGEsTQmNJurviQxHSg0j33RGWPfVvDcW//PaqQ7PvYyJJNVUkOmiMOVIx2gcAQqYpETzoSGYSGZuRaSPJSbaBFUwIbjzLy+SxknZrZQrN6fF6tXTNI48HMAhlMCFM6jCNdSgDgQkPMMrvFkP1ov1bn1MW3PWLMJ9+APr8wfsGpKS</latexit>

pB(b|ω)

<latexit sha1_base64="Vcl1gPYUrl4qcsEyEjA6VBMpxos=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiDES5gRiR4jgniMYBZIxlDT05M06Vno7lFCDPgZXjwo4tV/8ebf2FkOmvig4PFeFVX1vERwpW3728osLa+srmXXcxubW9s7+d29uopTSVmNxiKWTQ8VEzxiNc21YM1EMgw9wRpe/3LsN+6ZVDyObvUgYW6I3YgHnKI20l3SuSjiY1uYAR+PO/mCXbInIIvEmZECzFDt5L/afkzTkEWaClSq5diJdocoNaeCjXLtVLEEaR+7rGVohCFT7nBy9YgcGcUnQSxNRZpM1N8TQwyVGoSe6QxR99S8Nxb/81qpDs7dIY+SVLOIThcFqSA6JuMIiM8lo1oMDEEqubmV0B5KpNoElTMhOPMvL5L6Sckpl8o3p4XK1dM0jiwcwCEUwYEzqMA1VKEGFCQ8wyu8WQ/Wi/VufUxbM9Yswn34A+vzB+j+kpA=</latexit>

pA(a|ω)

quantum 
independent

sources

<latexit sha1_base64="khlmFkK3ColyOGo07deL4z2Ece8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGMF0xbaUDbbSbt0s4m7G6GEgv/AiwdFvPqDvPlv3H4ctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyH1xO/+YhK80Tem1GKQUz7kkecUWMlvyPxgXRLZbfiTkGWiTcnZZij3i19dXoJy2KUhgmqddtzUxPkVBnOBI6LnUxjStmQ9rFtqaQx6iCfHjsmp1bpkShRtqQhU/X3RE5jrUdxaDtjagZ60ZuI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+RRtCN7iy8ukcV7xqpXq3UW5dvM0i6MAx3ACZ+DBJdTgFurgAwMOz/AKb450Xpx352PWuuLMIzyCP3A+fwCZ3Y77</latexit>

→=

<latexit sha1_base64="E+wb75EqiIC2BHnc4MuUoOV7Vy0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAh1U2ZEqsuCIC4r2Ae0Q8mkmTY2kwxJRihDwU9w40IRt/6PO//G9LHQ1gMXDufcy733hIngxnreN1pZXVvf2Mxt5bd3dvf2CweHDaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weD3xm49MG67kvR0lLIhJX/KIU2Kd1EhKJKRn3ULRK3tT4GXiz0kR5qh1C1+dnqJpzKSlghjT9r3EBhnRllPBxvlOalhC6JD0WdtRSWJmgmx67RifOqWHI6VdSYun6u+JjMTGjOLQdcbEDsyiNxH/89qpja6CjMsktUzS2aIoFdgqPHkd97hm1IqRI4Rq7m7FdEA0odYFlHch+IsvL5PGedmvlCt3F8XqzdMsjhwcwwmUwIdLqMIt1KAOFB7gGV7hDSn0gt7Rx6x1Bc0jPII/QJ8/+wqPLA==</latexit>

p(abc)

<latexit sha1_base64="9JKFOk5Wd4OnWjYWc6hYtPQH8Jg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8At5ONUA==</latexit>=
classical 

independent
sources

classical 
global
source

<latexit sha1_base64="fe3WpJ4u6FGp3zlaKqQDKJaYpco=">AAAB/HicbZBLS8NAFIUnPmt9Rbt0EyxCBSmJSHVZEcRlBfuAJoSb6aQdOpOEmYkQYsV/4saFIm79Ie78N04fC209MPBxzh3mzgkSRqWy7W9jaXlldW29sFHc3Nre2TX39lsyTgUmTRyzWHQCkITRiDQVVYx0EkGAB4y0g+HVOG/fEyFpHN2pLCEeh35EQ4pBacs3S4l/WYEHNyAKTtw+cA7Hvlm2q/ZE1iI4MyijmRq++eX2YpxyEinMQMquYyfKy0EoihkZFd1UkgTwEPqkqzECTqSXT5YfWUfa6VlhLPSJlDVxf9/IgUuZ8UBPclADOZ+Nzf+ybqrCCy+nUZIqEuHpQ2HKLBVb4yasHhUEK5ZpACyo3tXCAxCAle6rqEtw5r+8CK3TqlOr1m7PyvXrp2kdBXSADlEFOegc1dENaqAmwihDz+gVvRmPxovxbnxMR5eMWYUl9EfG5w/m+5S5</latexit>

pA(a|ω, ε)

<latexit sha1_base64="Y6NtFuhY5U5xHY/BQrQOi2XM2bk=">AAAB/XicbZBLS8NAFIUn9VXrKz52boJFqCAlEakui4K4rGAf0IRwM520Q2eSMDMRaiz6U9y4UMSt/8Od/8bpY6GtBwY+zrnD3DlBwqhUtv1t5BYWl5ZX8quFtfWNzS1ze6ch41RgUscxi0UrAEkYjUhdUcVIKxEEeMBIM+hfjvLmHRGSxtGtGiTE49CNaEgxKG355l7iX5SCBxdY0oNjtwucw5FvFu2yPZY1D84Uimiqmm9+uZ0Yp5xECjOQsu3YifIyEIpiRoYFN5UkAdyHLmlrjIAT6WXj7YfWoXY6VhgLfSJljd3fNzLgUg54oCc5qJ6czUbmf1k7VeG5l9EoSRWJ8OShMGWWiq1RFVaHCoIVG2gALKje1cI9EICVLqygS3BmvzwPjZOyUylXbk6L1aunSR15tI8OUAk56AxV0TWqoTrC6B49o1f0ZjwaL8a78TEZzRnTCnfRHxmfP7dulS8=</latexit>

pB(b|ω, ε)
<latexit sha1_base64="xAWGicgeekmlDJj91JteykXgqA4=">AAAB/HicbZBLS8NAFIUnPmt9Rbt0EyxCBSmJSHVZKIjLCvYBTQg300k7dDIJMxMhxIr/xI0LRdz6Q9z5b5w+Ftp6YODjnDvMnRMkjEpl29/Gyura+sZmYau4vbO7t28eHLZlnApMWjhmsegGIAmjnLQUVYx0E0EgChjpBKPGJO/cEyFpzO9UlhAvggGnIcWgtOWbpcRvVPCDCywZwpkbEAWnvlm2q/ZU1jI4cyijuZq++eX2Y5xGhCvMQMqeYyfKy0EoihkZF91UkgTwCAakp5FDRKSXT5cfWyfa6VthLPThypq6v2/kEEmZRYGejEAN5WI2Mf/LeqkKr7yc8iRVhOPZQ2HKLBVbkyasPhUEK5ZpACyo3tXCQxCAle6rqEtwFr+8DO3zqlOr1m4vyvXrp1kdBXSEjlEFOegS1dENaqIWwihDz+gVvRmPxovxbnzMRleMeYUl9EfG5w/yOJTA</latexit>

pC(c|ω,ε)

Don et al., arXiv (2026)

<latexit sha1_base64="axm+fTZKrMcjg4a4+7STNvGW22w=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV4CAUE8RjAPSJYwO5lNhszObmZmA2E34F948aCIVz/Gm3/j5HHQxIKGoqqb7i4v4kxp2/62MhubW9s72d3c3v7B4VH++KShwlgSWichD2XLw4pyJmhdM81pK5IUBx6nTW94O/ObYyoVC8WjnkTUDXBfMJ8RrI3kpjitpJ4pklZK3XzBLtpzoHXiLEkBlqh181+dXkjigApNOFaq7diRdhMsNSOcTnOdWNEIkyHu07ahAgdUucn86Cm6MEoP+aE0JTSaq78nEhwoNQk80xlgPVCr3kz8z2vH2r9xEyaiWFNBFov8mCMdolkCqMckJZpPDMFEMnMrIgMsMdEmp5wJwVl9eZ00SkWnXCw/XBWqd0+LOLJwBudwCQ5cQxXuoQZ1IDCCZ3iFN2tsvVjv1seiNWMtIzyFP7A+fwC9I5KC</latexit>

|a| = |b| = |c| = 2



MAIN MESSAGE: 
 

Quantum and classical correlations 
can be distinguished in network scenarios 

with independent sources.
 

The simplest scenario of quantum vs. classical separation 
is the binary triangle network.

Part II.  Quantum vs. classical correlations in network scenarios


