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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 III overview

Part III.  Quantum vs. classical correlations in signalling scenarios

• The GYNI game

— Causal strategies

— Process matrices strategies

— Causal inequalities and the polytope of correlations

— Quantum vs. classical correlations in higher-order theories

• Classical indefinite causal order

— The AF/BW (a.k.a. Lugano) process matrix

— Perfect discrimination of the SHIFT basis



The GYNI game



The GYNI 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

limited communication



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

Alice<latexit sha1_base64="iD7I5t/dXCWid41/J0rBR0ealXo=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF2tpMMmZ1ZZmbFZQl49yTot3gTr36Cn+LNyeNgEgsaiqpuuruCmDNtXPfbya2tb2xu5bcLO7t7+wfFw6Omlomi0KCSS9UOiAbOBDQMMxzasQISBRxawehm4rceQGkmxb1JY/AjMhCszygxVqo/9oolt+xOgVeJNyclNEetV/zphpImEQhDOdG647mx8TOiDKMcxoVuoiEmdEQG0LFUkAi0n00PHeMzq4S4L5UtYfBU/TuRkUjrNApsZ0TMUC97E/E/r5OY/rWfMREnBgSdLeonHBuJJ1/jkCmghqeWEKqYvRXTIVGEGpvNwpZ4mGpG9cIjWRBIHo5tVt5yMqukeVH2KuVK/bJUvX2apZZHJ+gUnSMPXaEqukM11EAUAXpGr+jNeXHenQ/nc9aac+ZJH6MFOF+/WsKeXw==</latexit>x

<latexit sha1_base64="FHFYXOHtLStxxchwefjCJcA26Vs=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkVlyXgD3gS9Fu8iVe/wE/x5uRxMIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39upaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBr5jQeqNJPi3qQx9SPcE6zLCDZWunu8dDuFoltyx0CLxJuSIkxR7RR+2qEkSUSFIRxr3fLc2PgZVoYRTof5dqJpjMkA92jLUoEjqv1sfOoQHVslRF2pbAmDxurfiQxHWqdRYDsjbPp63huJ/3mtxHQv/IyJODFUkMmibsKRkWj0NwqZosTw1BJMFLO3ItLHChNj05nZEvdTzYieeSQLAsnDoc3Km09mkdRPS165VL49K1aunyap5eAQjuAEPDiHCtxAFWpAoAfP8Apvzovz7nw4n5PWJWea9AHMwPn6BVvlnuA=</latexit>

x = 0

<latexit sha1_base64="aIexL2Yg0kQJwkE50OqnOLbpwv0=">AAACH3icbZDJSgNBEIZ74hbjkqhHL41B8BRmRKLHgCAeI5gFkjD09FSSJj0L3TXiMAR8D0+CPos38ZpH8WZnOZjEgoaf/6+mqj4vlkKjbU+s3Mbm1vZOfrewt39wWCwdHTd1lCgODR7JSLU9pkGKEBooUEI7VsACT0LLG91O89YTKC2i8BHTGHoBG4SiLzhDY7mlYhfhGTMUAdAxuo5bKtsVe1Z0XTgLUSaLqruln64f8SSAELlkWnccO8ZexhQK LmFc6CYaYsZHbAAdI0MWgO5ls8XH9Nw4Pu1HyrwQ6cz9+yNjgdZp4JnOgOFQr2ZT87+sk2D/ppeJME4QQj4f1E8kxYhOKVBfKOAoUyMYV8LsSvmQKcbRsFqaEg9TLbheOiTzvEj6Y8PKWSWzLpqXFadaqT5clWt3L3NqeXJKzsgFccg1qZF7UicNwklCXsk7+bDerE/ry/qet+asBekTslTW5Bcjn6SQ</latexit>

time t1



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

Alice

<latexit sha1_base64="aIexL2Yg0kQJwkE50OqnOLbpwv0=">AAACH3icbZDJSgNBEIZ74hbjkqhHL41B8BRmRKLHgCAeI5gFkjD09FSSJj0L3TXiMAR8D0+CPos38ZpH8WZnOZjEgoaf/6+mqj4vlkKjbU+s3Mbm1vZOfrewt39wWCwdHTd1lCgODR7JSLU9pkGKEBooUEI7VsACT0LLG91O89YTKC2i8BHTGHoBG4SiLzhDY7mlYhfhGTMUAdAxuo5bKtsVe1Z0XTgLUSaLqruln64f8SSAELlkWnccO8ZexhQK LmFc6CYaYsZHbAAdI0MWgO5ls8XH9Nw4Pu1HyrwQ6cz9+yNjgdZp4JnOgOFQr2ZT87+sk2D/ppeJME4QQj4f1E8kxYhOKVBfKOAoUyMYV8LsSvmQKcbRsFqaEg9TLbheOiTzvEj6Y8PKWSWzLpqXFadaqT5clWt3L3NqeXJKzsgFccg1qZF7UicNwklCXsk7+bDerE/ry/qet+asBekTslTW5Bcjn6SQ</latexit>

time t1

<latexit sha1_base64="iD7I5t/dXCWid41/J0rBR0ealXo=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF2tpMMmZ1ZZmbFZQl49yTot3gTr36Cn+LNyeNgEgsaiqpuuruCmDNtXPfbya2tb2xu5bcLO7t7+wfFw6Omlomi0KCSS9UOiAbOBDQMMxzasQISBRxawehm4rceQGkmxb1JY/AjMhCszygxVqo/9oolt+xOgVeJNyclNEetV/zphpImEQhDOdG647mx8TOiDKMcxoVuoiEmdEQG0LFUkAi0n00PHeMzq4S4L5UtYfBU/TuRkUjrNApsZ0TMUC97E/E/r5OY/rWfMREnBgSdLeonHBuJJ1/jkCmghqeWEKqYvRXTIVGEGpvNwpZ4mGpG9cIjWRBIHo5tVt5yMqukeVH2KuVK/bJUvX2apZZHJ+gUnSMPXaEqukM11EAUAXpGr+jNeXHenQ/nc9aac+ZJH6MFOF+/WsKeXw==</latexit>x

<latexit sha1_base64="EqrncVgo09sBMKyAh3AnXEQPF58=">AAACEXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2UkyZHZmmZkVlyXgD3gS9Fu8iVe/wE/x5uRxMIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39upaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBr5jQeqNJPi3qQx9SPcE6zLCDZWunu89DqFoltyx0CLxJuSIkxR7RR+2qEkSUSFIRxr3fLc2PgZVoYRTof5dqJpjMkA92jLUoEjqv1sfOoQHVslRF2pbAmDxurfiQxHWqdRYDsjbPp63huJ/3mtxHQv/IyJODFUkMmibsKRkWj0NwqZosTw1BJMFLO3ItLHChNj05nZEvdTzYieeSQLAsnDoc3Km09mkdRPS165VL49K1aunyap5eAQjuAEPDiHCtxAFWpAoAfP8Apvzovz7nw4n5PWJWea9AHMwPn6BV2QnuE=</latexit>

x = 1



<latexit sha1_base64="+O+ryx2YGWPkeinzCUV+XQsHVgI=">AAACIHicbZDJSgNBEIZ7XGPcRj16aQyCpzATJHoMCOIxglkgGYaeTiVp0rPQXRMMQ8AH8STos3gTj/om3uwsB5NY0PDz/9VU1RckUmh0nC9rbX1jc2s7t5Pf3ds/OLSPjus6ThWHGo9lrJoB0yBFBDUUKKGZKGBhIKERDG4meWMISos4esBRAl7IepHoCs7QWL5ttxEeMUMRAh1T9Eu+XXCKzrToqnDnokDmVfXtn3Yn5mkIEXLJtG65ToJexhQKLmGcb6caEsYHrActIyMWgvay6eZjem6cDu3GyrwI6dT9+yNjodajMDCdIcO+Xs4m5n9ZK8XutZeJKEkRIj4b1E0lxZhOMNCOUMBRjoxgXAmzK+V9phhHA2thStIfacH1wiFZEMSyMzas3GUyq6JeKrrlYvn+slC5fZpRy5FTckYuiEuuSIXckSqpEU6G5Jm8kjfrxXq3PqzPWeuaNSd9QhbK+v4FhTikuw==</latexit>

time t2

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

Alice

<latexit sha1_base64="sNmDm8o6bAxI6fXWS+3itTijTLo=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJczOziZDZmeWmVlhWQLePQn6Ld7Eq5/gp3hz8jiYxIKGoqqb7q4g4Uwb1/121tY3Nre2CzvF3b39g8PS0XFLy1QR2iSSS9UJsKacCdo0zHDaSRTFccBpOxjdTvz2I1WaSfFgsoT6MR4IFjGCjZUauF8quxV3CrRKvDkpwxz1fumnF0qSxlQYwrHWXc9NjJ9jZRjhdFzspZommIzwgHYtFTim2s+nh47RuVVCFEllSxg0Vf9O5DjWOosD2xljM9TL3kT8z+umJrrxcyaS1FBBZouilCMj0eRrFDJFieGZJZgoZm9FZIgVJsZms7AlGWaaEb3wSB4Ekodjm5W3nMwqaV1WvGql2rgq1+6eZqkV4BTO4AI8uIYa3EMdmkCAwjO8wpvz4rw7H87nrHXNmSd9Agtwvn4BNGWeSA==</latexit>a

<latexit sha1_base64="3Rfg1h18qfJci304BNaco5HS3Q4=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMzs4mQ2ZnlplZISwBf8CToN/iTbz6BX6KNyePg0ksaCiquunuChLOtHHdbye3srq2vpHfLGxt7+zuFfcPGlqmitA6kVyqVoA15UzQumGG01aiKI4DTpvB4HrsNx+p0kyKBzNMqB/jnmARI9hY6R5fud1iyS27E6Bl4s1ICWaodYs/nVCSNKbCEI61bntuYvwMK8MIp6NCJ9U0wWSAe7RtqcAx1X42OXWETqwSokgqW8Kgifp3IsOx1sM4sJ0xNn296I3F/7x2aqJLP2MiSQ0VZLooSjkyEo3/RiFTlBg+tAQTxeytiPSxwsTYdOa2JP2hZkTPPZIFgeThyGblLSazTBpnZa9Srtydl6o3T9PU8nAEx3AKHlxAFW6hBnUg0INneIU358V5dz6cz2lrzpklfQhzcL5+ATVansk=</latexit>

a = 0



<latexit sha1_base64="+O+ryx2YGWPkeinzCUV+XQsHVgI=">AAACIHicbZDJSgNBEIZ7XGPcRj16aQyCpzATJHoMCOIxglkgGYaeTiVp0rPQXRMMQ8AH8STos3gTj/om3uwsB5NY0PDz/9VU1RckUmh0nC9rbX1jc2s7t5Pf3ds/OLSPjus6ThWHGo9lrJoB0yBFBDUUKKGZKGBhIKERDG4meWMISos4esBRAl7IepHoCs7QWL5ttxEeMUMRAh1T9Eu+XXCKzrToqnDnokDmVfXtn3Yn5mkIEXLJtG65ToJexhQKLmGcb6caEsYHrActIyMWgvay6eZjem6cDu3GyrwI6dT9+yNjodajMDCdIcO+Xs4m5n9ZK8XutZeJKEkRIj4b1E0lxZhOMNCOUMBRjoxgXAmzK+V9phhHA2thStIfacH1wiFZEMSyMzas3GUyq6JeKrrlYvn+slC5fZpRy5FTckYuiEuuSIXckSqpEU6G5Jm8kjfrxXq3PqzPWeuaNSd9QhbK+v4FhTikuw==</latexit>

time t2

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

Alice

<latexit sha1_base64="sNmDm8o6bAxI6fXWS+3itTijTLo=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJczOziZDZmeWmVlhWQLePQn6Ld7Eq5/gp3hz8jiYxIKGoqqb7q4g4Uwb1/121tY3Nre2CzvF3b39g8PS0XFLy1QR2iSSS9UJsKacCdo0zHDaSRTFccBpOxjdTvz2I1WaSfFgsoT6MR4IFjGCjZUauF8quxV3CrRKvDkpwxz1fumnF0qSxlQYwrHWXc9NjJ9jZRjhdFzspZommIzwgHYtFTim2s+nh47RuVVCFEllSxg0Vf9O5DjWOosD2xljM9TL3kT8z+umJrrxcyaS1FBBZouilCMj0eRrFDJFieGZJZgoZm9FZIgVJsZms7AlGWaaEb3wSB4Ekodjm5W3nMwqaV1WvGql2rgq1+6eZqkV4BTO4AI8uIYa3EMdmkCAwjO8wpvz4rw7H87nrHXNmSd9Agtwvn4BNGWeSA==</latexit>a

<latexit sha1_base64="xhhEAtpABatCmEbrkJ8EsIQ9RX0=">AAACEXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMzs4mQ2ZnlplZISwBf8CToN/iTbz6BX6KNyePg0ksaCiquunuChLOtHHdbye3srq2vpHfLGxt7+zuFfcPGlqmitA6kVyqVoA15UzQumGG01aiKI4DTpvB4HrsNx+p0kyKBzNMqB/jnmARI9hY6R5fed1iyS27E6Bl4s1ICWaodYs/nVCSNKbCEI61bntuYvwMK8MIp6NCJ9U0wWSAe7RtqcAx1X42OXWETqwSokgqW8Kgifp3IsOx1sM4sJ0xNn296I3F/7x2aqJLP2MiSQ0VZLooSjkyEo3/RiFTlBg+tAQTxeytiPSxwsTYdOa2JP2hZkTPPZIFgeThyGblLSazTBpnZa9Srtydl6o3T9PU8nAEx3AKHlxAFW6hBnUg0INneIU358V5dz6cz2lrzpklfQhzcL5+ATcFnso=</latexit>

a = 1



The GYNI 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="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a
<latexit sha1_base64="37PLXYcPmSbTVq9jphCZlhfGI5Y=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoSZ2dlkyOzOMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1091FEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwVZU0qhVQdgjUTPGZNw41gnUQxHBHB2mR0O/Hbj0xpLuMHkyXMj/Ag5iGn2FipQfqlsltxp0CrxJuTMsxR75d+eoGkacRiQwXWuuu5ifFzrAyngo2LvVSzBNMRHrCupTGOmPbz6aFjdG6VAIVS2YoNmqp/J3IcaZ1FxHZG2Az1sjcR//O6qQlv/JzHSWpYTGeLwlQgI9HkaxRwxagRmSWYKm5vRXSIFabGZrOwJRlmmlO98EhOiBTB2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyZQYPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fN5GeTg==</latexit>

b

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x <latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

Rules: Each player can only open their labs once to receive an incoming system  
from the outside and once to sent an outgoing system to the outside.



Winning conditions

The GYNI game

<latexit sha1_base64="0HPWAPMOQnwsuMmRJYCCVCXvjP4=">AAACKHicbZDLSgMxFIYzXmu9Vd0IboJFaDdlRqS6KRTcCG4q2Au0pWQyaRuayQzJGekwVHwYV4I+izvp1rdwZ3pZ2NYfAj//OeGc87mh4Bpse2ytrW9sbm2ndtK7e/sHh5mj45oOIkVZlQYiUA2XaCa4ZFXgIFgjVIz4rmB1d3A7qdefmNI8kI8Qh6ztk57kXU4JmKiTOc2RUpzHLWBDSDCRHh7hnFsa5juZrF2wp8KrxpmbLJqr0sn8tLyARj6TQAXRuunYIbQTooBTwUbpVqRZSOiA9FjTWEl8ptvJ9IIRvjCJh7uBMk8CnqZ/fyTE1zr2XdPpE+jr5dok/K/WjKB70064DCNgks4GdSOBIcATHNjjilEQsTGEKm52xbRPFKFgoC1MCfux5lQvHJK4biC8kWHlLJNZNbXLglMsFB+usuX7lxm1FDpD5yiHHHSNyugOVVAVUfSMXtE7+rDerE/ryxrPWtesOekTtCDr+xdyNqaf</latexit>

(a = y) and (b = x)

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

<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

Score:
<latexit sha1_base64="6h6M7KRXWOaUFQqACKvT1srr2i4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy)



The GYNI 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="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x

<latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

Alice before Bob 
<latexit sha1_base64="A6yMQzl7oShm1p7fdzydr+pNgGM=">AAACGHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdVQVxWsA9sh5LJZNrQTDJMMsIwFPwIV4J+iztx685PcWf6WNjWC4HDOSfce44Xcaa0bX9bS8srq2vruY385tb2zm5hb7+hZBITWieSy7jlYUU5E7Sumea0FcUUhx6nTW9wPdKbjzRWTIp7nUbUDXFPsIARrA31ULrsGDtBVyfdQtEu2+NBi8CZgiJMp9Yt/HR8SZKQCk04Vqrt2JF2MxxrRjgd5juJohEmA9yjbQMFDqlys/HFQ3RsGB8FMjZPaDRm//7IcKhUGnrGGWLdV/PaiPxPayc6uHAzJqJEU0Emi4KEIy3RKD7ymYmreWoAJjEztyLSxzEm2pQ0syXqp4oRNRMk8zzJ/aHpyplvZhE0TstOpVy5OytWb54mreXgEI6gBA6cQxVuoQZ1ICDgGV7hzXqx3q0P63NiXbKmTR/AzFhfv+WboTs=</latexit>

(A → B)

<latexit sha1_base64="KwZfH2ZK057JO96RfhllXSmrSnQ=">AAAB/HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2dlkyOzMMjMrhiXiD3jVH/AmXv0X736Ik8fBJBY0FFXddHcFCWfauO63s7S8srq2ntvIb25t7+wW9vbrWqaK0BqRXKpmgDXlTNCaYYbTZqIojgNOG0H/auQ3HqjSTIp7M0ioH+OuYBEj2FjpLrh87BSKbskdAy0Sb0qKMEW1U/hph5KkMRWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LBY6p9rPxqUN0bJUQRVLZEgaN1b8TGY61HsSB7Yyx6el5byT+57VSE134GRNJaqggk0VRypGRaPQ3CpmixPCBJZgoZm9FpIcVJsamM7MlCCQPhzYWbz6ERVI/LXnlUvn2rFi5fp4ElINDOIIT8OAcKnADVagBgS68wCu8OU/Ou/PhfE5al5xpqAcwA+frFyPulho=</latexit>

b = x

<latexit sha1_base64="vB9VkRdGaTzkRr6GAzzajTmzR+M=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItQQcqMSHUjVARxWcE+oB2GO5lMG5p5kGSkZSj4JW5cKOLWH3Hn35g+Ftp64MLhnHPJzfESzqSyrG8jt7K6tr6R3yxsbe/s7pn7xaaMU0Fog8Q8Fm0PJOUsog3FFKftRFAIPU5b3uBm4rceqZAsjh7UKKFOCL2IBYyA0pJrFrtch33AVzhwr8twOjxxzZJVsabAy8SekxKao+6aX10/JmlII0U4SNmxrUQ5GQjFCKfjQjeVNAEygB7taBpBSKWTTW8f42Ot+DiIhZ5I4an6eyODUMpR6OlkCKovF72J+J/XSVVw6WQsSlJFIzJ7KEg5VjGeFIF9JihRfKQJEMH0rZj0QQBRuq6CLsFe/PIyaZ5V7Gqlen9eqt0+zerIo0N0hMrIRheohu5QHTUQQUP0jF7RmzE2Xox342MWzRnzCg/QHxifP/L5k4Q=</latexit>

ω = fA(a, x)



The GYNI 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="37PLXYcPmSbTVq9jphCZlhfGI5Y=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoSZ2dlkyOzOMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1091FEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwVZU0qhVQdgjUTPGZNw41gnUQxHBHB2mR0O/Hbj0xpLuMHkyXMj/Ag5iGn2FipQfqlsltxp0CrxJuTMsxR75d+eoGkacRiQwXWuuu5ifFzrAyngo2LvVSzBNMRHrCupTGOmPbz6aFjdG6VAIVS2YoNmqp/J3IcaZ1FxHZG2Az1sjcR//O6qQlv/JzHSWpYTGeLwlQgI9HkaxRwxagRmSWYKm5vRXSIFabGZrOwJRlmmlO98EhOiBTB2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyZQYPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fN5GeTg==</latexit>

b

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x

<latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

Bob before Alice
<latexit sha1_base64="LIt2uWPWitFWQbr5O6wJ5LSZ5zQ=">AAACGHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdVQVxWsA9sh5LJZNrQTDJMMsIwFPwIV4J+iztx685PcWf6WNjWC4HDOSfce44Xcaa0bX9bS8srq2vruY385tb2zm5hb7+hZBITWieSy7jlYUU5E7Sumea0FcUUhx6nTW9wPdKbjzRWTIp7nUbUDXFPsIARrA31ULrqGDtBlyfdQtEu2+NBi8CZgiJMp9Yt/HR8SZKQCk04Vqrt2JF2MxxrRjgd5juJohEmA9yjbQMFDqlys/HFQ3RsGB8FMjZPaDRm//7IcKhUGnrGGWLdV/PaiPxPayc6uHAzJqJEU0Emi4KEIy3RKD7ymYmreWoAJjEztyLSxzEm2pQ0syXqp4oRNRMk8zzJ/aHpyplvZhE0TstOpVy5OytWb54mreXgEI6gBA6cQxVuoQZ1ICDgGV7hzXqx3q0P63NiXbKmTR/AzFhfv+WioTs=</latexit>

(B → A)

<latexit sha1_base64="m6fv90ll99PAlwG/3ogGlFVrgvo=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMzk6SIbMzy8yssCwRf8Cr/oA38eq/ePdDnDwOJrGgoajqprsriDnTxnW/ndzK6tr6Rn6zsLW9s7tX3D9oaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbD67HffKRKMykeTBpTP8J9wXqMYGOle3yVdoslt+xOgJaJNyMlmKHWLf50QkmSiApDONa67bmx8TOsDCOcjgqdRNMYkyHu07alAkdU+9nk1BE6sUqIelLZEgZN1L8TGY60TqPAdkbYDPSiNxb/89qJ6V36GRNxYqgg00W9hCMj0fhvFDJFieGpJZgoZm9FZIAVJsamM7clCCQPRzYWbzGEZdI4K3uVcuXuvFS9eZ4GlIcjOIZT8OACqnALNagDgT68wCu8OU/Ou/PhfE5bc84s1EOYg/P1CyPslho=</latexit>a = y

<latexit sha1_base64="9RNzTQ7Zc2VY3t3lD9GTby2VmEc=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUkJKIVDdCURCXFewD2hAmk0k7dPJgZiKGUPBL3LhQxK0/4s6/cfpYaOuBC4dzzmXuHC/hTCrL+jaWlldW19YLG8XNre2dXXOv1JJxKghtkpjHouNhSTmLaFMxxWknERSHHqdtb3g99tsPVEgWR/cqS6gT4n7EAkaw0pJrlnpch32MLlHgXlW8k+zYNctW1ZoALRJ7RsowQ8M1v3p+TNKQRopwLGXXthLl5FgoRjgdFXuppAkmQ9ynXU0jHFLp5JPbR+hIKz4KYqEnUmii/t7IcShlFno6GWI1kPPeWPzP66YquHByFiWpohGZPhSkHKkYjYtAPhOUKJ5pgolg+lZEBlhgonRdRV2CPf/lRdI6rdq1au3urFy/eZrWUYADOIQK2HAOdbiFBjSBwCM8wyu8GSPjxXg3PqbRJWNW4T78gfH5A/eOk4c=</latexit>

ω = fB(b, y)



The GYNI game

<latexit sha1_base64="20XsBQkgHO//DOYwbS+cSiok0bk=">AAAB6HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZnqFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6mfqtR9BGxOoexwn4ERsoEQrO0Ep17BVLbtmdga4Sb0FKZIFar/jV7cc8jUAhl8yYjucm6GdMo+ASJoVuaiBhfMQG0LFUsQiMn80OndAzq/RpGGtbCulM/T2RsciYcRTYzojh0Cx7U/E/r5NieO1nQiUpguLzRWEqKcZ0+jXtCw0c5dgSxrWwt1I+ZJpxtNkUbAje8surpHlR9irlSv2yVL19mseRJyfklJwTj1yRKrkjNdIgnAB5Jq/kzXlwXpx352PemnMWER6TP3A+fwAK/o2H</latexit>

t
<latexit sha1_base64="hg4OpkKzgZazq1PQ0/PHn+z6Dcs=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBDiwbArEj0GBPEYwU0CyRJmJ7PJkNnZZaZXCCHgH3jxoIhXP8ibf+PkcdDEgoaiqpvurjCVwqDrfjsrq2vrG5u5rfz2zu7efuHgsG6STDPus0QmuhlSw6VQ3EeBkjdTzWkcSt4IBzcTv/HItRGJesBhyoOY9pSIBKNoJb/kneNZp1B0y+4UZJl4c1KEOWqdwle7m7As5gqZpMa0PDfFYEQ1Cib5ON/ODE8pG9Aeb1mqaMxNMJoeOyanVumSKNG2FJKp+ntiRGNjhnFoO2OKfbPoTcT/vFaG0XUwEirNkCs2WxRlkmBCJp+TrtCcoRxaQpkW9lbC+lRThjafvA3BW3x5mdQvyl6lXLm/LFZvn2Zx5OAYTqAEHlxBFe6gBj4wEPAMr/DmKOfFeXc+Zq0rzjzCI/gD5/MHqeaOXg==</latexit>

(1→ t)
Bob before Alice

<latexit sha1_base64="LIt2uWPWitFWQbr5O6wJ5LSZ5zQ=">AAACGHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdVQVxWsA9sh5LJZNrQTDJMMsIwFPwIV4J+iztx685PcWf6WNjWC4HDOSfce44Xcaa0bX9bS8srq2vruY385tb2zm5hb7+hZBITWieSy7jlYUU5E7Sumea0FcUUhx6nTW9wPdKbjzRWTIp7nUbUDXFPsIARrA31ULrqGDtBlyfdQtEu2+NBi8CZgiJMp9Yt/HR8SZKQCk04Vqrt2JF2MxxrRjgd5juJohEmA9yjbQMFDqlys/HFQ3RsGB8FMjZPaDRm//7IcKhUGnrGGWLdV/PaiPxPayc6uHAzJqJEU0Emi4KEIy3RKD7ymYmreWoAJjEztyLSxzEm2pQ0syXqp4oRNRMk8zzJ/aHpyplvZhE0TstOpVy5OytWb54mreXgEI6gBA6cQxVuoQZ1ICDgGV7hzXqx3q0P63NiXbKmTR/AzFhfv+WioTs=</latexit>

(B → A)

<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="37PLXYcPmSbTVq9jphCZlhfGI5Y=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoSZ2dlkyOzOMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1091FEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwVZU0qhVQdgjUTPGZNw41gnUQxHBHB2mR0O/Hbj0xpLuMHkyXMj/Ag5iGn2FipQfqlsltxp0CrxJuTMsxR75d+eoGkacRiQwXWuuu5ifFzrAyngo2LvVSzBNMRHrCupTGOmPbz6aFjdG6VAIVS2YoNmqp/J3IcaZ1FxHZG2Az1sjcR//O6qQlv/JzHSWpYTGeLwlQgI9HkaxRwxagRmSWYKm5vRXSIFabGZrOwJRlmmlO98EhOiBTB2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyZQYPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fN5GeTg==</latexit>

b

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x

<latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

<latexit sha1_base64="m6fv90ll99PAlwG/3ogGlFVrgvo=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEc0DkiXMzk6SIbMzy8yssCwRf8Cr/oA38eq/ePdDnDwOJrGgoajqprsriDnTxnW/ndzK6tr6Rn6zsLW9s7tX3D9oaJkoQutEcqlaAdaUM0HrhhlOW7GiOAo4bQbD67HffKRKMykeTBpTP8J9wXqMYGOle3yVdoslt+xOgJaJNyMlmKHWLf50QkmSiApDONa67bmx8TOsDCOcjgqdRNMYkyHu07alAkdU+9nk1BE6sUqIelLZEgZN1L8TGY60TqPAdkbYDPSiNxb/89qJ6V36GRNxYqgg00W9hCMj0fhvFDJFieGpJZgoZm9FZIAVJsamM7clCCQPRzYWbzGEZdI4K3uVcuXuvFS9eZ4GlIcjOIZT8OACqnALNagDgT68wCu8OU/Ou/PhfE5bc84s1EOYg/P1CyPslho=</latexit>a = y

<latexit sha1_base64="9RNzTQ7Zc2VY3t3lD9GTby2VmEc=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUkJKIVDdCURCXFewD2hAmk0k7dPJgZiKGUPBL3LhQxK0/4s6/cfpYaOuBC4dzzmXuHC/hTCrL+jaWlldW19YLG8XNre2dXXOv1JJxKghtkpjHouNhSTmLaFMxxWknERSHHqdtb3g99tsPVEgWR/cqS6gT4n7EAkaw0pJrlnpch32MLlHgXlW8k+zYNctW1ZoALRJ7RsowQ8M1v3p+TNKQRopwLGXXthLl5FgoRjgdFXuppAkmQ9ynXU0jHFLp5JPbR+hIKz4KYqEnUmii/t7IcShlFno6GWI1kPPeWPzP66YquHByFiWpohGZPhSkHKkYjYtAPhOUKJ5pgolg+lZEBlhgonRdRV2CPf/lRdI6rdq1au3urFy/eZrWUYADOIQK2HAOdbiFBjSBwCM8wyu8GSPjxXg3PqbRJWNW4T78gfH5A/eOk4c=</latexit>

ω = fB(b, y)

Alice before Bob 
<latexit sha1_base64="A6yMQzl7oShm1p7fdzydr+pNgGM=">AAACGHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdVQVxWsA9sh5LJZNrQTDJMMsIwFPwIV4J+iztx685PcWf6WNjWC4HDOSfce44Xcaa0bX9bS8srq2vruY385tb2zm5hb7+hZBITWieSy7jlYUU5E7Sumea0FcUUhx6nTW9wPdKbjzRWTIp7nUbUDXFPsIARrA31ULrsGDtBVyfdQtEu2+NBi8CZgiJMp9Yt/HR8SZKQCk04Vqrt2JF2MxxrRjgd5juJohEmA9yjbQMFDqlys/HFQ3RsGB8FMjZPaDRm//7IcKhUGnrGGWLdV/PaiPxPayc6uHAzJqJEU0Emi4KEIy3RKD7ymYmreWoAJjEztyLSxzEm2pQ0syXqp4oRNRMk8zzJ/aHpyplvZhE0TstOpVy5OytWb54mreXgEI6gBA6cQxVuoQZ1ICDgGV7hzXqx3q0P63NiXbKmTR/AzFhfv+WboTs=</latexit>

(A → 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="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x

<latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

<latexit sha1_base64="KwZfH2ZK057JO96RfhllXSmrSnQ=">AAAB/HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2dlkyOzMMjMrhiXiD3jVH/AmXv0X736Ik8fBJBY0FFXddHcFCWfauO63s7S8srq2ntvIb25t7+wW9vbrWqaK0BqRXKpmgDXlTNCaYYbTZqIojgNOG0H/auQ3HqjSTIp7M0ioH+OuYBEj2FjpLrh87BSKbskdAy0Sb0qKMEW1U/hph5KkMRWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LBY6p9rPxqUN0bJUQRVLZEgaN1b8TGY61HsSB7Yyx6el5byT+57VSE134GRNJaqggk0VRypGRaPQ3CpmixPCBJZgoZm9FpIcVJsamM7MlCCQPhzYWbz6ERVI/LXnlUvn2rFi5fp4ElINDOIIT8OAcKnADVagBgS68wCu8OU/Ou/PhfE5al5xpqAcwA+frFyPulho=</latexit>

b = x

<latexit sha1_base64="vB9VkRdGaTzkRr6GAzzajTmzR+M=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItQQcqMSHUjVARxWcE+oB2GO5lMG5p5kGSkZSj4JW5cKOLWH3Hn35g+Ftp64MLhnHPJzfESzqSyrG8jt7K6tr6R3yxsbe/s7pn7xaaMU0Fog8Q8Fm0PJOUsog3FFKftRFAIPU5b3uBm4rceqZAsjh7UKKFOCL2IBYyA0pJrFrtch33AVzhwr8twOjxxzZJVsabAy8SekxKao+6aX10/JmlII0U4SNmxrUQ5GQjFCKfjQjeVNAEygB7taBpBSKWTTW8f42Ot+DiIhZ5I4an6eyODUMpR6OlkCKovF72J+J/XSVVw6WQsSlJFIzJ7KEg5VjGeFIF9JihRfKQJEMH0rZj0QQBRuq6CLsFe/PIyaZ5V7Gqlen9eqt0+zerIo0N0hMrIRheohu5QHTUQQUP0jF7RmzE2Xox342MWzRnzCg/QHxifP/L5k4Q=</latexit>

ω = fA(a, x)

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

+

<latexit sha1_base64="qA132Jmt1q+kfp19yxJcNAnw8TY=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBByCrsi0WNAEI8JmAckS5id9CZjZmeXmVkhLAHvXjwo4tVP8ubfOHkcNLGgoajqprsrSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqxUL/UKRbfszkBWibcgRVig1it8dfsxSyOUhgmqdcdzE+NnVBnOBE7y3VRjQtmIDrBjqaQRaj+bHToh51bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2eRtCN7yy6ukeVH2KuVK/bJYvX2ax5GDUziDEnhwBVW4gxo0gAHCM7zCm/PgvDjvzse8dc1ZRHgCf+B8/gCXv407</latexit>

(
<latexit sha1_base64="qA132Jmt1q+kfp19yxJcNAnw8TY=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBByCrsi0WNAEI8JmAckS5id9CZjZmeXmVkhLAHvXjwo4tVP8ubfOHkcNLGgoajqprsrSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqxUL/UKRbfszkBWibcgRVig1it8dfsxSyOUhgmqdcdzE+NnVBnOBE7y3VRjQtmIDrBjqaQRaj+bHToh51bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2eRtCN7yy6ukeVH2KuVK/bJYvX2ax5GDUziDEnhwBVW4gxo0gAHCM7zCm/PgvDjvzse8dc1ZRHgCf+B8/gCXv407</latexit>

(
<latexit sha1_base64="qA132Jmt1q+kfp19yxJcNAnw8TY=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBByCrsi0WNAEI8JmAckS5id9CZjZmeXmVkhLAHvXjwo4tVP8ubfOHkcNLGgoajqprsrSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqxUL/UKRbfszkBWibcgRVig1it8dfsxSyOUhgmqdcdzE+NnVBnOBE7y3VRjQtmIDrBjqaQRaj+bHToh51bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2eRtCN7yy6ukeVH2KuVK/bJYvX2ax5GDUziDEnhwBVW4gxo0gAHCM7zCm/PgvDjvzse8dc1ZRHgCf+B8/gCXv407</latexit>

(
<latexit sha1_base64="qA132Jmt1q+kfp19yxJcNAnw8TY=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBByCrsi0WNAEI8JmAckS5id9CZjZmeXmVkhLAHvXjwo4tVP8ubfOHkcNLGgoajqprsrSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHst7M07Qj+hA8pAzaqxUL/UKRbfszkBWibcgRVig1it8dfsxSyOUhgmqdcdzE+NnVBnOBE7y3VRjQtmIDrBjqaQRaj+bHToh51bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2eRtCN7yy6ukeVH2KuVK/bJYvX2ax5GDUziDEnhwBVW4gxo0gAHCM7zCm/PgvDjvzse8dc1ZRHgCf+B8/gCXv407</latexit>

(
<latexit sha1_base64="qQgP8g/8y0OuKaEte1rw/3Q1u4o=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRC9CQBCPEcwDNkuYncwmQ2ZnlplZcYkBf8KLB0W8+jXe/Bsnj4MmFjQUVd10d4UJZ9q47reztLyyurae28hvbm3v7Bb29htaporQOpFcqlaINeVM0LphhtNWoiiOQ06b4eBq7DfvqdJMijuTJTSIcU+wiBFsrOQnJRw+PmQn6BJ1CkW37E6AFok3I0WYodYpfLW7kqQxFYZwrLXvuYkJhlgZRjgd5duppgkmA9yjvqUCx1QHw8nJI3RslS6KpLIlDJqovyeGONY6i0PbGWPT1/PeWPzP81MTXQRDJpLUUEGmi6KUIyPR+H/UZYoSwzNLMFHM3opIHytMjE0pb0Pw5l9eJI3TslcpV27PitXrp2kcOTiEIyiBB+dQhRuoQR0ISHiGV3hzjPPivDsf09YlZxbhAfyB8/kDExyQ5Q==</latexit>

p(ab|xy) =

Causal strategies



The GYNI game

<latexit sha1_base64="zrQNErv8auv1L15KiG4ft0pUeeM=">AAACEnicbZDLSsNAFIYn9VbrLerChZvBItRNSUSqy0JBXFawF2hCmUwm7dDJJMxMxBIDPoRv4FZfwJ249QXc+yBO2i5s64GBn/8/wznn82JGpbKsb6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl4o0aed+6JkDTid2ocEzdEA04DipHSVt88iivIe3wYn0GHcuiESA1FmDayvlm2qtak4LKwZ6IMZtXsmz+OH+EkJFxhhqTs2Vas3BQJRTEjWclJJIkRHqEB6WnJUUikm04OyOCpdnwYREI/ruDE/fsjRaGU49DTnfmGcjHLzf+yXqKCKzelPE4U4Xg6KEgYVBHMaUCfCoIVG2uBsKB6V4iHSCCsNLO5KZ4XMT/HYi9CWBbt86pdq9ZuL8r166cpoCI4BiegAmxwCergBjRBC2CQgRfwCt6MZ+Pd+DA+p60FYwb1EMyV8fULpJmegA==</latexit>

p(ab|xy) → C = Causal correlations

<latexit sha1_base64="rLSv21js0Su2qCshaPW2Oq9lMEE="></latexit>∑

b

pA→B(ab|xy) =
∑

b

pA→B(ab|xy↑) → a, x, y, y↑

<latexit sha1_base64="Whxb0ezt2S7QdUXrV+pWULdZPII="></latexit>∑

a

pB→A(ab|xy) =
∑

a

pB→A(ab|x↑y) → b, y, x, x↑

<latexit sha1_base64="NG8AEyhTZUKT6b3ST2sK9gnRBlI="></latexit>

p(ab|xy) = t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)

Causal strategies

Nonsignalling from Bob to Alice:

Nonsignalling from Alice to Bob:



The GYNI game

<latexit sha1_base64="NG8AEyhTZUKT6b3ST2sK9gnRBlI="></latexit>

p(ab|xy) = t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)

Nonsignalling from Bob to Alice:

Nonsignalling from Alice to Bob:

<latexit sha1_base64="zrQNErv8auv1L15KiG4ft0pUeeM=">AAACEnicbZDLSsNAFIYn9VbrLerChZvBItRNSUSqy0JBXFawF2hCmUwm7dDJJMxMxBIDPoRv4FZfwJ249QXc+yBO2i5s64GBn/8/wznn82JGpbKsb6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl4o0aed+6JkDTid2ocEzdEA04DipHSVt88iivIe3wYn0GHcuiESA1FmDayvlm2qtak4LKwZ6IMZtXsmz+OH+EkJFxhhqTs2Vas3BQJRTEjWclJJIkRHqEB6WnJUUikm04OyOCpdnwYREI/ruDE/fsjRaGU49DTnfmGcjHLzf+yXqKCKzelPE4U4Xg6KEgYVBHMaUCfCoIVG2uBsKB6V4iHSCCsNLO5KZ4XMT/HYi9CWBbt86pdq9ZuL8r166cpoCI4BiegAmxwCergBjRBC2CQgRfwCt6MZ+Pd+DA+p60FYwb1EMyV8fULpJmegA==</latexit>

p(ab|xy) → C

<latexit sha1_base64="mOMHAuWm/Wy6G/C1FFNEO8yMhwE="></latexit>

pA→B(ab|xy) = p(1)A→B(a|xy)p
(2)
A→B(b|xya) = p(1)A→B(a|x)p

(2)
A→B(b|xya)

<latexit sha1_base64="5oH4eZThtci9B+0J43mDKisZSic="></latexit>

pB→A(ab|xy) = p(1)B→A(b|xy)p
(2)
B→A(a|xyb) = p(1)B→A(b|y)p

(2)
B→A(a|xyb)

Causal strategies

= Causal correlations



The GYNI game

<latexit sha1_base64="6h6M7KRXWOaUFQqACKvT1srr2i4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy)

Causal strategies in the GYNI game



The GYNI game

<latexit sha1_base64="6h6M7KRXWOaUFQqACKvT1srr2i4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy)

<latexit sha1_base64="4LGPIyzd8auikQXI7Vzjsmyn5Eo="></latexit>

=
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) [t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)]

Causal strategies in the GYNI game



The GYNI game

<latexit sha1_base64="6h6M7KRXWOaUFQqACKvT1srr2i4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy)

<latexit sha1_base64="4LGPIyzd8auikQXI7Vzjsmyn5Eo="></latexit>

=
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) [t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)]

<latexit sha1_base64="H4nLkU4+p1R3BHrnag4EoPdV548="></latexit>

=
∑

a,b,x,y

q(x, y) ω(a, y) ω(b, x)
[
t p(1)A→B(a|x)p

(2)
A→B(b|xya) + (1→ t) p(1)B→A(b|y)p

(1)
B→A(a|xyb)

]

Causal strategies in the GYNI game



<latexit sha1_base64="Y2RRAjvDH3uM9PpH38fA7w+/fW8="></latexit>

=
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x)
[
t p(1)A→B(a|x)p

(2)
A→B(b|xya) + (1→ t)p(1)B→A(b|y)p

(2)
B→A(a|xyb)

]

The GYNI game

<latexit sha1_base64="6h6M7KRXWOaUFQqACKvT1srr2i4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy)

<latexit sha1_base64="4LGPIyzd8auikQXI7Vzjsmyn5Eo="></latexit>

=
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) [t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)]

<latexit sha1_base64="jGNs7uySk+l9TignKL3EgiwQeSI="></latexit>

=
∑

x,y

q(x, y)
[
t p(1)A→B(a = y|x)p(2)A→B(b = x|xy) + (1→ t) p(1)B→A(b = x|y)p(1)B→A(a = y|xy)

]

<latexit sha1_base64="hlppzyLqG1olUtF109mmT1DS+eg="></latexit>

=
∑

x,y

q(x, y)

[
t
1

2
· 1 + (1→ t)

1

2
· 1
]

<latexit sha1_base64="+Zuq875HYq5Y701ULSNLUtSuxXY=">AAACB3icbZDNSgMxFIXv1L9a/6ou3QSL4qrMFKluhIIgLivYH2jHkslk2tBMZkgyQhkKbn0Dt/oC7sStj+HeBzHTdmFbDwQO59xwL58Xc6a0bX9buZXVtfWN/GZha3tnd6+4f9BUUSIJbZCIR7LtYUU5E7Shmea0HUuKQ4/Tlje8zvrWI5WKReJej2LqhrgvWMAI1iZ6OL1C3UBikjrjtDLuFUt22Z4ILRtnZkowU71X/On6EUlCKjThWKmOY8faTbHUjHA6LnQTRWNMhrhPO8YKHFLlppOrx+jEJD4KImme0GiS/v2R4lCpUeiZyRDrgVrssvC/rpPo4NJNmYgTTQWZLgoSjnSEMgTIZ5ISzUfGYCKZuRWRATYUtAE1t8XzIu5nWJxFCMumWSk71XL17rxUu3maAsrDERzDGThwATW4hTo0gICEF3iFN+vZerc+rM/paM6aQT2EOVlfv7pnmj8=</latexit>

=
1

2

Causal strategies in the GYNI game



<latexit sha1_base64="bWZdrNGAdQHiZuVTagHf4xqPbsI=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUEHKjEh1I1QEcVnBPqAdhjtppg3NPEgyYhkK4q+4caGIWz/DnX9jOu1CWw9cODnnXnLv8WLOpLKsbyO3sLi0vJJfLaytb2xumds7DRklgtA6iXgkWh5IyllI64opTluxoBB4nDa9wdXYb95TIVkU3qlhTJ0AeiHzGQGlJdfc893LEhw/HOEL3OF6rgvZ0zWLVtnKgOeJPSVFNEXNNb863YgkAQ0V4SBl27Zi5aQgFCOcjgqdRNIYyAB6tK1pCAGVTpodMMKHWuliPxK6QoUz9fdECoGUw8DTnQGovpz1xuJ/XjtR/rmTsjBOFA3J5CM/4VhFeJwG7jJBieJDTYAIpnfFpA8CiNKZFXQI9uzJ86RxUrYr5crtabF6/TiJI4/20QEqIRudoSq6QTVURwSN0DN6RW/Gk/FivBsfk9acMY1wF/2B8fkDysiVDA==</latexit>

fA(a, x) = ω(a, x)

The GYNI game

Is there a classical versus quantum separation in causal correlations?

<latexit sha1_base64="NG8AEyhTZUKT6b3ST2sK9gnRBlI="></latexit>

p(ab|xy) = t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)

Alice before Bob 
<latexit sha1_base64="A6yMQzl7oShm1p7fdzydr+pNgGM=">AAACGHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdVQVxWsA9sh5LJZNrQTDJMMsIwFPwIV4J+iztx685PcWf6WNjWC4HDOSfce44Xcaa0bX9bS8srq2vruY385tb2zm5hb7+hZBITWieSy7jlYUU5E7Sumea0FcUUhx6nTW9wPdKbjzRWTIp7nUbUDXFPsIARrA31ULrsGDtBVyfdQtEu2+NBi8CZgiJMp9Yt/HR8SZKQCk04Vqrt2JF2MxxrRjgd5juJohEmA9yjbQMFDqlys/HFQ3RsGB8FMjZPaDRm//7IcKhUGnrGGWLdV/PaiPxPayc6uHAzJqJEU0Emi4KEIy3RKD7ymYmreWoAJjEztyLSxzEm2pQ0syXqp4oRNRMk8zzJ/aHpyplvZhE0TstOpVy5OytWb54mreXgEI6gBA6cQxVuoQZ1ICDgGV7hzXqx3q0P63NiXbKmTR/AzFhfv+WboTs=</latexit>

(A → 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="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x

<latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

<latexit sha1_base64="KwZfH2ZK057JO96RfhllXSmrSnQ=">AAAB/HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2dlkyOzMMjMrhiXiD3jVH/AmXv0X736Ik8fBJBY0FFXddHcFCWfauO63s7S8srq2ntvIb25t7+wW9vbrWqaK0BqRXKpmgDXlTNCaYYbTZqIojgNOG0H/auQ3HqjSTIp7M0ioH+OuYBEj2FjpLrh87BSKbskdAy0Sb0qKMEW1U/hph5KkMRWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LBY6p9rPxqUN0bJUQRVLZEgaN1b8TGY61HsSB7Yyx6el5byT+57VSE134GRNJaqggk0VRypGRaPQ3CpmixPCBJZgoZm9FpIcVJsamM7MlCCQPhzYWbz6ERVI/LXnlUvn2rFi5fp4ElINDOIIT8OAcKnADVagBgS68wCu8OU/Ou/PhfE5al5xpqAcwA+frFyPulho=</latexit>

b = x

CLASSICAL<latexit sha1_base64="vlN77c8SX3M2LLGtOLeY1yGTDTA=">AAAB73icbVDLSgNBEOyJrxhfUY9eBoMQL2FXJHqMCOIxgnlAsoTZyWwyZHZ2nZkVwxrwG7x4UMSrv+PNv3HyOGhiQUNR1U13lx8Lro3jfKPM0vLK6lp2PbexubW9k9/dq+soUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH1yO/cY9U5pH8tYMY+aFpCd5wCkxVmrGnYsieXw47uQLTsmZAC8Sd0YKMEO1k/9qdyOahEwaKojWLdeJjZcSZTgVbJRrJ5rFhA5Ij7UslSRk2ksn947wkVW6OIiULWnwRP09kZJQ62Ho286QmL6e98bif14rMcG5l3IZJ4ZJOl0UJAKbCI+fx12uGDViaAmhittbMe0TRaixEeVsCO78y4ukflJyy6XyzWmhcvU0jSMLB3AIRXDhDCpwDVWoAQUBz/AKb+gOvaB39DFtzaBZhPvwB+jzB4NqkA8=</latexit>

pA(a|x)

<latexit sha1_base64="HqSjse9erzaMEdoDqWxaQOfN15M=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEFkpJRKrLoiAuK9gHtCFMJpN26GQSZiZiiIX+ihsXirj1O9z5N04fC209cOFwzr3ce48XMyqVZX0buZXVtfWN/GZha3tnd8/cP2jJKBGYNHHEItHxkCSMctJUVDHSiQVBocdI2xteT/z2AxGSRvxepTFxQtTnNKAYKS255lHsXpW8p7TSY3rIR6XHCiqXXbNoVa0p4DKx56QI5mi45lfPj3ASEq4wQ1J2bStWToaEopiRUaGXSBIjPER90tWUo5BIJ5ueP4KnWvFhEAldXMGp+nsiQ6GUaejpzhCpgVz0JuJ/XjdRwaWTUR4ninA8WxQkDKoITrKAPhUEK5ZqgrCg+laIB0ggrHRiBR2CvfjyMmmdVe1atXZ3XqzfjGdx5MExOAElYIMLUAe3oAGaAIMMPINX8GaMjRfj3fiYteaMeYSH4A+Mzx+Rn5UE</latexit>

pB(b|y,ω(x, a))

classical local processing functions
classical communication



The GYNI game

Alice before Bob 
<latexit sha1_base64="A6yMQzl7oShm1p7fdzydr+pNgGM=">AAACGHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdVQVxWsA9sh5LJZNrQTDJMMsIwFPwIV4J+iztx685PcWf6WNjWC4HDOSfce44Xcaa0bX9bS8srq2vruY385tb2zm5hb7+hZBITWieSy7jlYUU5E7Sumea0FcUUhx6nTW9wPdKbjzRWTIp7nUbUDXFPsIARrA31ULrsGDtBVyfdQtEu2+NBi8CZgiJMp9Yt/HR8SZKQCk04Vqrt2JF2MxxrRjgd5juJohEmA9yjbQMFDqlys/HFQ3RsGB8FMjZPaDRm//7IcKhUGnrGGWLdV/PaiPxPayc6uHAzJqJEU0Emi4KEIy3RKD7ymYmreWoAJjEztyLSxzEm2pQ0syXqp4oRNRMk8zzJ/aHpyplvZhE0TstOpVy5OytWb54mreXgEI6gBA6cQxVuoQZ1ICDgGV7hzXqx3q0P63NiXbKmTR/AzFhfv+WboTs=</latexit>

(A → 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="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x

<latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

<latexit sha1_base64="KwZfH2ZK057JO96RfhllXSmrSnQ=">AAAB/HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2dlkyOzMMjMrhiXiD3jVH/AmXv0X736Ik8fBJBY0FFXddHcFCWfauO63s7S8srq2ntvIb25t7+wW9vbrWqaK0BqRXKpmgDXlTNCaYYbTZqIojgNOG0H/auQ3HqjSTIp7M0ioH+OuYBEj2FjpLrh87BSKbskdAy0Sb0qKMEW1U/hph5KkMRWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LBY6p9rPxqUN0bJUQRVLZEgaN1b8TGY61HsSB7Yyx6el5byT+57VSE134GRNJaqggk0VRypGRaPQ3CpmixPCBJZgoZm9FpIcVJsamM7MlCCQPhzYWbz6ERVI/LXnlUvn2rFi5fp4ElINDOIIT8OAcKnADVagBgS68wCu8OU/Ou/PhfE5al5xpqAcwA+frFyPulho=</latexit>

b = x

QUANTUM

quantum local processing functions
quantum communication

<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="kyxCwWm/lsbVxPCDTh0OIhE2p+Q=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxChVISkeqyKIjLCvYBbQiTyaQdOpmEmYkYY9FPceNCEbf+hzv/xuljoa0HLhzOuZd77/FiRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZJQKTBo5YJNoekoRRThqKKkbasSAo9BhpeYOLkd+6JULSiN+oNCZOiHqcBhQjpSXX3Dt3M+8hLXeZnvFRCZXvjoauWbQq1hhwnthTUgRT1F3zq+tHOAkJV5ghKTu2FSsnQ0JRzMiw0E0kiREeoB7paMpRSKSTja8fwkOt+DCIhC6u4Fj9PZGhUMo09HRniFRfznoj8T+vk6jgzMkojxNFOJ4sChIGVQRHUUCfCoIVSzVBWFB9K8R9JBBWOrCCDsGefXmeNI8rdrVSvT4p1i6fJnHkwT44ACVgg1NQA1egDhoAg3vwDF7Bm/FovBjvxsekNWdMI9wFf2B8/gC8SpUx</latexit>

Bb|y,ω(a,x)

<latexit sha1_base64="m2z9stEHZ2K2qu0BzJ0OBiaoKqs=">AAAB/XicbZDLSgMxGIUz9Vbrbbzs3ASLUEHKjEh1I1QEcVnBXqAdhkyaaUMzyZBkxDoUfRQ3LhRx63u4821Mp11o9UDg45w/5M8JYkaVdpwvKzc3v7C4lF8urKyurW/Ym1sNJRKJSR0LJmQrQIowykldU81IK5YERQEjzWBwMc6bt0QqKviNHsbEi1CP05BipI3l2zuhf15Ch3cH8Ax2ZF9k7NtFp+xkgn/BnUIRTFXz7c9OV+AkIlxjhpRqu06svRRJTTEjo0InUSRGeIB6pG2Qo4goL822H8F943RhKKQ5XMPM/XkjRZFSwygwkxHSfTWbjc3/snaiw1MvpTxONOF48lCYMKgFHFcBu1QSrNnQAMKSml0h7iOJsDaFFUwJ7uyX/0LjqOxWypXr42L18nFSRx7sgj1QAi44AVVwBWqgDjC4B0/gBbxaD9az9Wa9T0Zz1rTCbfBL1sc3nu+T1g==</latexit>

fA(a, x) = ω(a, x)

Is there a classical versus quantum separation in causal correlations?

<latexit sha1_base64="NG8AEyhTZUKT6b3ST2sK9gnRBlI="></latexit>

p(ab|xy) = t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)



The GYNI game

No.

There is no classical vs. quantum separation in causal communication scenarios:
All causal correlations can be produced by  

classical local processing functions and classical communication.

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→ No quantum advantage in causal scenarios.

Is there a classical versus quantum separation in causal correlations?

<latexit sha1_base64="NG8AEyhTZUKT6b3ST2sK9gnRBlI="></latexit>

p(ab|xy) = t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)



The GYNI game

What about more general scenarios?

Higher-order transformations

<latexit sha1_base64="zs34iHp1if0w0l0/6ljCf3tLy94="></latexit>

p(ab|xy)<latexit sha1_base64="J+sVRDhUS7TJROYhWLgQ5RDN4j8="></latexit>=
<latexit sha1_base64="PUJhhF1eT6sH5BmgN/dWAp4oEqo="></latexit>

Ãa|x
<latexit sha1_base64="Lwy7HibaRR47cYZ1Mikg1VP9ICg="></latexit>

B̃b|y

<latexit sha1_base64="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x <latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

<latexit sha1_base64="KwZfH2ZK057JO96RfhllXSmrSnQ=">AAAB/HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2dlkyOzMMjMrhiXiD3jVH/AmXv0X736Ik8fBJBY0FFXddHcFCWfauO63s7S8srq2ntvIb25t7+wW9vbrWqaK0BqRXKpmgDXlTNCaYYbTZqIojgNOG0H/auQ3HqjSTIp7M0ioH+OuYBEj2FjpLrh87BSKbskdAy0Sb0qKMEW1U/hph5KkMRWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LBY6p9rPxqUN0bJUQRVLZEgaN1b8TGY61HsSB7Yyx6el5byT+57VSE134GRNJaqggk0VRypGRaPQ3CpmixPCBJZgoZm9FpIcVJsamM7MlCCQPhzYWbz6ERVI/LXnlUvn2rFi5fp4ElINDOIIT8OAcKnADVagBgS68wCu8OU/Ou/PhfE5al5xpqAcwA+frFyPulho=</latexit>

b = x
<latexit sha1_base64="kMv5YBMidbBQD3mlPKZeopbn6ZA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6M2AIB4TMA9IljA76U3GzM4uM7NCWALevXhQxKuf5M2/cfI4aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqLSPJb3ZpSgH9G+5CFn1Fipdt0tFN2SOwVZJt6cFGGOarfw1enFLI1QGiao1m3PTYyfUWU4EzjOd1KNCWVD2se2pZJGqP1seuiYnFqlR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+RmXSWpQstmiMBXExGTyNelxhcyIkSWUKW5vJWxAFWXGZpO3IXiLLy+TxnnJK5fKtYti5fZpFkcOjuEEzsCDS6jAHVShDgwQnuEV3pwH58V5dz5mrSvOPMIj+APn8we6m41S</latexit>

?



The GYNI game

Let us start by assuming quantum theory locally but not imposing a fixed order between Alice and Bob.

Most general quantum local operations:
Quantum instruments

<latexit sha1_base64="zs34iHp1if0w0l0/6ljCf3tLy94="></latexit>

p(ab|xy)<latexit sha1_base64="J+sVRDhUS7TJROYhWLgQ5RDN4j8="></latexit>=
<latexit sha1_base64="PUJhhF1eT6sH5BmgN/dWAp4oEqo="></latexit>

Ãa|x
<latexit sha1_base64="Lwy7HibaRR47cYZ1Mikg1VP9ICg="></latexit>

B̃b|y

<latexit sha1_base64="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x <latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

<latexit sha1_base64="KwZfH2ZK057JO96RfhllXSmrSnQ=">AAAB/HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2dlkyOzMMjMrhiXiD3jVH/AmXv0X736Ik8fBJBY0FFXddHcFCWfauO63s7S8srq2ntvIb25t7+wW9vbrWqaK0BqRXKpmgDXlTNCaYYbTZqIojgNOG0H/auQ3HqjSTIp7M0ioH+OuYBEj2FjpLrh87BSKbskdAy0Sb0qKMEW1U/hph5KkMRWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LBY6p9rPxqUN0bJUQRVLZEgaN1b8TGY61HsSB7Yyx6el5byT+57VSE134GRNJaqggk0VRypGRaPQ3CpmixPCBJZgoZm9FpIcVJsamM7MlCCQPhzYWbz6ERVI/LXnlUvn2rFi5fp4ElINDOIIT8OAcKnADVagBgS68wCu8OU/Ou/PhfE5al5xpqAcwA+frFyPulho=</latexit>

b = x
<latexit sha1_base64="CtEaB+Hh7DH8sgMpK+plgpmmePs="></latexit>

{Aa|x}; Aa|x → 0,
∑

a

Aa|x = CA
x is CPTP

<latexit sha1_base64="CtEaB+Hh7DH8sgMpK+plgpmmePs="></latexit>

{Aa|x}; Aa|x → 0,
∑

a

Aa|x = CA
x is CPTP

<latexit sha1_base64="4wm/36xBTnfZr1DUBJxa9hLNG70="></latexit>

{Bb|y}; Bb|y → 0,
∑

b

Bb|y = CB
y is CPTP

<latexit sha1_base64="4wm/36xBTnfZr1DUBJxa9hLNG70="></latexit>

{Bb|y}; Bb|y → 0,
∑

b

Bb|y = CB
y is CPTP

= Probabilistic quantum channels

<latexit sha1_base64="AAQSjg2lQAHRipAN9iojs5sLABc=">AAACKnicbZDLSsNAFIYnXmu9VV26GSxC3ZREpLpsEaSCYAV7gSaEyXTSDp1MwsxELDHg27jxVdx0oRS3PojTC6KtBwY+/v8M55zfixiVyjRHxtLyyuraemYju7m1vbOb29tvyDAWmNRxyELR8pAkjHJSV1Qx0ooEQYHHSNPrX4795gMRkob8Xg0i4gSoy6lPMVJacnOVipugp8fUphzaAVI9jFhykxZ+uJq6ScW9Tu1Q0YDIOf02PXFzebNoTgougjWDPJhVzc0N7U6I44BwhRmSsm2ZkXISJBTFjKRZO5YkQriPuqStkSM91kkmp6bwWCsd6IdCP67gRP39I0GBlIPA053jTeW8Nxb/89qx8i+chPIoVoTj6SA/ZlCFcJwb7FBBsGIDDQgLqneFuIcEwkqnm9UhWPMnL0LjtGiViqW7s3z56nkaRwYcgiNQABY4B2VQBTVQBxi8gDfwDj6MV2NojIzPaeuSMYvwAPwp4+sb2kypLg==</latexit>

Aa|x → L(HAI
↑HAO

)

<latexit sha1_base64="Qy+Z2ilzVfWcLdlJbZcfL8N2uCU=">AAACKnicbZDLSsNAFIYnXmu9VV26GSxC3ZREpLqsFaSCYAV7gSaEyXTaDp1MwsxEKDHg27jxVdx0oRS3PoiTtoi2Hhj4+P8znHN+L2RUKtMcG0vLK6tr65mN7ObW9s5ubm+/IYNIYFLHAQtEy0OSMMpJXVHFSCsUBPkeI01vcJX6zUciJA34gxqGxPFRj9MuxUhpyc1dVtzYexomNuXQ9pHqY8Ti26Tww9XEjSvuTWIHivpEzul3yYmby5tFc1JwEawZ5MGsam5uZHcCHPmEK8yQlG3LDJUTI6EoZiTJ2pEkIcID1CNtjRzpsU48OTWBx1rpwG4g9OMKTtTfP2LkSzn0Pd2ZbirnvVT8z2tHqnvhxJSHkSIcTwd1IwZVANPcYIcKghUbakBYUL0rxH0kEFY63awOwZo/eREap0WrVCzdn+XL18/TODLgEByBArDAOSiDKqiBOsDgBbyBd/BhvBojY2x8TluXjFmEB+BPGV/f4ripMw==</latexit>

Bb|y → L(HBI
↑HBO

)<latexit sha1_base64="yJywtWeFGTaCoJIwKzXNQpGarE4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8RQfQW0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDRa0FBUddPdFSRSGHTdLye3tLyyupZfL2xsbm3vFHf3GiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4eXEbz5wbUSs7nGUcD+ifSVCwSha6e6ie9MtltyyOwX5S7w5KcEctW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxie+5lQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy39J46TsVcqV29NS9epxFkceDuAQjsGDM6jCNdSgDgz68AQv8OpI59l5c95nrTlnHuE+/ILz8Q0HDI4Q</latexit>

AI

<latexit sha1_base64="sE2zDFePsDZPJr0JD7M4y3uVUyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8RQbwZ0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDRa0FBUddPdFSRSGHTdLye3tLyyupZfL2xsbm3vFHf3GiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4eXEbz5wbUSs7nGUcD+ifSVCwSha6e6ie9MtltyyOwX5S7w5KcEctW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxie+5lQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy39J46TsVcqV29NS9epxFkceDuAQjsGDM6jCNdSgDgz68AQv8OpI59l5c95nrTlnHuE+/ILz8Q0QJI4W</latexit>

AO

<latexit sha1_base64="xIgkkfbxy0sM8EEZewO94YxWIXI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQbwZ0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDRa0FBUddPdFSRSGHTdLye3tLyyupZfL2xsbm3vFHf3GiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4eXEbz5wbUSs7nGUcD+ifSVCwSha6e6ie9MtltyyOwX5S7w5KcEctW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxie+5lQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy39J46TsVcqV29NS9epxFkceDuAQjsGDM6jCNdSgDgz68AQv8OpI59l5c95nrTlnHuE+/ILz8Q0Rqo4X</latexit>

BO

<latexit sha1_base64="nZ09b0KgNBm/FjyDJ4IwFqiAzM8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQfQW0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDRa0FBUddPdFSRSGHTdLye3tLyyupZfL2xsbm3vFHf3GiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4eXEbz5wbUSs7nGUcD+ifSVCwSha6e6ie9MtltyyOwX5S7w5KcEctW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxie+5lQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy39J46TsVcqV29NS9epxFkceDuAQjsGDM6jCNdSgDgz68AQv8OpI59l5c95nrTlnHuE+/ILz8Q0Iko4R</latexit>

BI

Higher-order quantum transformations

Oreshkov et al., Nat. Commun. (2012)



The GYNI game

(Riesz representation lemma)

What is the most general bi-linear function f  that maps all sets of independent  
instruments into a probability distribution?

<latexit sha1_base64="pLUCNC4no0/ykx+gjIHLz8jNTwE="></latexit>

f : L(HAI
→HAO

→HBI
→HBO

) ↑ C
<latexit sha1_base64="wbG514pttKP3c0Q8yBd7wSltGsk=">AAACDXicbVDLSsNAFJ34rPUVdelmsArtpiQi1Y1QFcRlBfuANoTJdNIOnWTCzEQa0oJrN/6KGxeKuHXvzr9x+lho64ELh3Pu5d57vIhRqSzr21hYXFpeWc2sZdc3Nre2zZ3dmuSxwKSKOeOi4SFJGA1JVVHFSCMSBAUeI3WvdzXy6/dESMrDO5VExAlQJ6Q+xUhpyTUPozzyBv2kAM+hn79wUzToD1tc0YBIeOmm3iAZFlwzZxWtMeA8sackB6aouOZXq81xHJBQYYakbNpWpJwUCUUxI8NsK5YkQriHOqSpaYj0NicdfzOER1ppQ58LXaGCY/X3RIoCKZPA050BUl05643E/7xmrPwzJ6VhFCsS4skiP2ZQcTiKBrapIFixRBOEBdW3QtxFAmGlA8zqEOzZl+dJ7bhol4ql25Nc+fphEkcG7IMDkAc2OAVlcAMqoAoweATP4BW8GU/Gi/FufExaF4xphHvgD4zPH41vm7E=</latexit>

p(ab|xy) = f(Aa|x →Bb|y)

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→

<latexit sha1_base64="ovru4g0oODCQ8hKhDjL0T5T8hzA="></latexit>

p(ab|xy) = tr
[
(Aa|x →Bb|y)W

]

<latexit sha1_base64="RQxx7atWww4g/s7/Nv77I5uGwbc="></latexit>

W → L(HIA ↑HOA ↑HIB ↑HOB )

(Generalized Born rule)

Let us start by assuming quantum theory locally but not imposing a fixed order between Alice and Bob.

Higher-order quantum transformations

Oreshkov et al., Nat. Commun. (2012)



<latexit sha1_base64="RQxx7atWww4g/s7/Nv77I5uGwbc="></latexit>

W → L(HIA ↑HOA ↑HIB ↑HOB )

<latexit sha1_base64="zs34iHp1if0w0l0/6ljCf3tLy94="></latexit>

p(ab|xy)<latexit sha1_base64="J+sVRDhUS7TJROYhWLgQ5RDN4j8="></latexit>=
<latexit sha1_base64="PUJhhF1eT6sH5BmgN/dWAp4oEqo="></latexit>

Ãa|x
<latexit sha1_base64="Lwy7HibaRR47cYZ1Mikg1VP9ICg="></latexit>

B̃b|y

<latexit sha1_base64="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x <latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

<latexit sha1_base64="KwZfH2ZK057JO96RfhllXSmrSnQ=">AAAB/HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2dlkyOzMMjMrhiXiD3jVH/AmXv0X736Ik8fBJBY0FFXddHcFCWfauO63s7S8srq2ntvIb25t7+wW9vbrWqaK0BqRXKpmgDXlTNCaYYbTZqIojgNOG0H/auQ3HqjSTIp7M0ioH+OuYBEj2FjpLrh87BSKbskdAy0Sb0qKMEW1U/hph5KkMRWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LBY6p9rPxqUN0bJUQRVLZEgaN1b8TGY61HsSB7Yyx6el5byT+57VSE134GRNJaqggk0VRypGRaPQ3CpmixPCBJZgoZm9FpIcVJsamM7MlCCQPhzYWbz6ERVI/LXnlUvn2rFi5fp4ElINDOIIT8OAcKnADVagBgS68wCu8OU/Ou/PhfE5al5xpqAcwA+frFyPulho=</latexit>

b = x

<latexit sha1_base64="yJywtWeFGTaCoJIwKzXNQpGarE4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8RQfQW0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDRa0FBUddPdFSRSGHTdLye3tLyyupZfL2xsbm3vFHf3GiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4eXEbz5wbUSs7nGUcD+ifSVCwSha6e6ie9MtltyyOwX5S7w5KcEctW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxie+5lQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy39J46TsVcqV29NS9epxFkceDuAQjsGDM6jCNdSgDgz68AQv8OpI59l5c95nrTlnHuE+/ILz8Q0HDI4Q</latexit>

AI

<latexit sha1_base64="sE2zDFePsDZPJr0JD7M4y3uVUyM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8RQbwZ0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDRa0FBUddPdFSRSGHTdLye3tLyyupZfL2xsbm3vFHf3GiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4eXEbz5wbUSs7nGUcD+ifSVCwSha6e6ie9MtltyyOwX5S7w5KcEctW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxie+5lQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy39J46TsVcqV29NS9epxFkceDuAQjsGDM6jCNdSgDgz68AQv8OpI59l5c95nrTlnHuE+/ILz8Q0QJI4W</latexit>

AO

<latexit sha1_base64="xIgkkfbxy0sM8EEZewO94YxWIXI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQbwZ0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDRa0FBUddPdFSRSGHTdLye3tLyyupZfL2xsbm3vFHf3GiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4eXEbz5wbUSs7nGUcD+ifSVCwSha6e6ie9MtltyyOwX5S7w5KcEctW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxie+5lQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy39J46TsVcqV29NS9epxFkceDuAQjsGDM6jCNdSgDgz68AQv8OpI59l5c95nrTlnHuE+/ILz8Q0Rqo4X</latexit>

BO

<latexit sha1_base64="nZ09b0KgNBm/FjyDJ4IwFqiAzM8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQfQW0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDRa0FBUddPdFSRSGHTdLye3tLyyupZfL2xsbm3vFHf3GiZONeN1FstYtwJquBSK11Gg5K1EcxoFkjeD4eXEbz5wbUSs7nGUcD+ifSVCwSha6e6ie9MtltyyOwX5S7w5KcEctW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxie+5lQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy39J46TsVcqV29NS9epxFkceDuAQjsGDM6jCNdSgDgz68AQv8OpI59l5c95nrTlnHuE+/ILz8Q0Iko4R</latexit>

BI

The GYNI game

<latexit sha1_base64="x/brMdJ1AyzFDwPoAVP8ZoFyREM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip3uoVS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AHe+41q</latexit>

W

<latexit sha1_base64="XAeUDdBtUCycc+faFbaLhZq+yZc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGMF2xTaUDbbSbt0s4m7G6GEgn/BiwdFvPp7vPlv3H4ctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OmzrJFMMGS0SiWiHVKLjEhuFGYCtVSONQoB8Orye+/4hK80Tem1GKQUz7kkecUWMl3+/08YG43VLZrbhTkGXizUkZ5qh3S1+dXsKyGKVhgmrd9tzUBDlVhjOB42In05hSNqR9bFsqaYw6yKfnjsmpVXokSpQtachU/T2R01jrURzazpiagV70JuJ/Xjsz0VWQc5lmBiWbLYoyQUxCJr+THlfIjBhZQpni9lbCBlRRZmxCRRuCt/jyMmmeV7xqpXp3Ua7dPM3iKMAxnMAZeHAJNbiFOjSAwRCe4RXenNR5cd6dj1nrijOP8Aj+wPn8Aal0j48=</latexit>

W → 0
<latexit sha1_base64="NbZ/lju1OGm+qvEkejISMNqE6vM=">AAACBnicbVDLSgMxFM3UV62vqksRgkWomzIjUt0IVUHcWcE+oB2GTJppQzMPkjtiGQYEN/6KGxeKuPUb3Pk3po+Fth643MM5N+Te40aCKzDNbyMzN7+wuJRdzq2srq1v5De36iqMJWU1GopQNl2imOABqwEHwZqRZMR3BWu4/Yuh37hjUvEwuIVBxGyfdAPucUpAS05+tw3sHhKQabFxgE9xx0nOnOtUt3PdnHzBLJkj4FliTUgBTVB18l/tTkhjnwVABVGqZZkR2AmRwKlgaa4dKxYR2idd1tI0ID5TdjI6I8X7WulgL5S6AsAj9feLhPhKDXxXT/oEemraG4r/ea0YvBM74UEUAwvo+CMvFhhCPMwEd7hkFMRAE0Il17ti2iOSUNDJ5XQI1vTJs6R+WLLKpfLNUaFy+TCOI4t20B4qIgsdowq6QlVUQxQ9omf0it6MJ+PFeDc+xqMZYxLhNvoD4/MHVfuY1Q==</latexit>

tr(W ) = dAO
dBO

<latexit sha1_base64="4o+jpMTZOjB8ez8USV2DXkcrWPo=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVqV6EgiAePFSw3WK7lGyabUOT7JJkhbIU/BFePCji1X/jzX9j+nHQ1gcDj/dmmJkXJpxp47rfztLyyuraem4jv7m1vbNb2Ntv6DhVhNZJzGPVDLGmnElaN8xw2kwUxSLk1A8HV2Pff6RKs1jem2FCA4F7kkWMYGOlBx9dottOo+SfdApFt+xOgBaJNyNFmKHWKXy1uzFJBZWGcKx1y3MTE2RYGUY4HeXbqaYJJgPcoy1LJRZUB9nk4hE6tkoXRbGyJQ2aqL8nMiy0HorQdgps+nreG4v/ea3URBdBxmSSGirJdFGUcmRiNH4fdZmixPChJZgoZm9FpI8VJsaGlLchePMvL5LGadmrlCt3Z8Xq9dM0jhwcwhGUwINzqMIN1KAOBCQ8wyu8Odp5cd6dj2nrkjOL8AD+wPn8AXhFj+o=</latexit>

W = LV (W )

<latexit sha1_base64="r9dnbm0iMNLtnqMC26k2oxTh0A0="></latexit>

XW := trX(W )→ 1
dX

,
<latexit sha1_base64="u101b84LPcsNNrTVmPmPDYzfauc="></latexit>

LV (W ) = AOBIBO
W → BIBO

W + AIAOBO
W → AIAO

W + AO
W + BO

W → BOAO
W

Process matrix

Let us start by assuming quantum theory locally but not imposing a fixed order between Alice and Bob.

Higher-order quantum transformations

Araújo et al., NJP (2015)



The GYNI game

Can a strategy that involves local quantum instruments for Alice and Bob and  
whose environment in is described by a process matrix  

win the GYNI with a higher probability than causal strategies? 

<latexit sha1_base64="ovru4g0oODCQ8hKhDjL0T5T8hzA="></latexit>

p(ab|xy) = tr
[
(Aa|x →Bb|y)W

]

<latexit sha1_base64="E3SJ9VnIp6/LwZBReojVfJX2edg=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMiFSXBUFctmAf0A4lk2ba0CQzJBlxGCuCv+LGhSJu/Qt3/o2ZtgttPXDhcM693HuPHzGqtON8W7ml5ZXVtfx6YWNza3vH3t1rqjCWmDRwyELZ9pEijArS0FQz0o4kQdxnpOWPLjO/dUukoqG40UlEPI4GggYUI22knn0QlZB/f5ecwC4VsMuRHkqe1lvjnl10ys4EcJG4M1IEM9R69le3H+KYE6ExQ0p1XCfSXoqkppiRcaEbKxIhPEID0jFUIE6Ul04+GMNjo/RhEEpTQsOJ+nsiRVyphPumMztRzXuZ+J/XiXVw4aVURLEmAk8XBTGDOoRZHLBPJcGaJYYgLKm5FeIhkghrE1rBhODOv7xImqdlt1Ku1M+K1avHaRx5cAiOQAm44BxUwTWogQbA4AE8g1fwZj1ZL9a79TFtzVmzCPfBH1ifPwsblxM=</latexit>

p(ab|xy) → QW

Higher-order quantum transformations



<latexit sha1_base64="6h6M7KRXWOaUFQqACKvT1srr2i4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy)

The GYNI game

<latexit sha1_base64="YCwtb9OXdGVHiDUuX7W3Hy2hiYw="></latexit>

=
∑

a,b,x,y

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

]

<latexit sha1_base64="QrDa+yyRaZWEr8PYUU4qQkv+EBQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBCPEcwDkiXMzs4mQ2Z31pleIYSA3+DFgyJe/R1v/o2Tx0ETCxqKqm66u4JUCoOu++3kVlbX1jfym4Wt7Z3dveL+QcOoTDNeZ0oq3Qqo4VIkvI4CJW+lmtM4kLwZDK4nfvORayNUco/DlPsx7SUiEoyilVpXpCNDhaZbLLlldwqyTLw5KcEctW7xqxMqlsU8QSapMW3PTdEfUY2CST4udDLDU8oGtMfbliY05sYfTe8dkxOrhCRS2laCZKr+nhjR2JhhHNjOmGLfLHoT8T+vnWF06Y9EkmbIEzZbFGWSoCKT50koNGcoh5ZQpoW9lbA+1ZShjahgQ/AWX14mjbOyVylX7s5L1ZunWRx5OIJjOAUPLqAKt1CDOjCQ8Ayv8OY8OC/Ou/Mxa8058wgP4Q+czx/AMZA4</latexit>= . . .

<latexit sha1_base64="h/oUlHyDhxBFPGNqcToCj6LrAzU=">AAACBXicbZDLSgMxGIUzXmu9jbrURbAIroaZIrUrKQjisoK9QGcomTTThmaSIcmIZRgQN76KGxeKuPUd3Pk2ppeFth4IHM75Q/J/YcKo0q77bS0tr6yurRc2iptb2zu79t5+U4lUYtLAggnZDpEijHLS0FQz0k4kQXHISCscXo771h2Rigp+q0cJCWLU5zSiGGkTde0jHyWJFPfQdSplrwovoB9JhDMvz8p51y65jjsRXDTezJTATPWu/eX3BE5jwjVmSKmO5yY6yJDUFDOSF/1UkQThIeqTjrEcxUQF2WSLHJ6YpAcjIc3hGk7S3zcyFCs1ikMzGSM9UPPdOPyv66Q6qgYZ5UmqCcfTh6KUQS3gGAnsUUmwZiNjEJbU/BXiATIUtAFXNBC8+ZUXTbPseBWncnNWql09THEUwCE4BqfAA+egBq5BHTQABo/gGbyCN+vJerHerY/p6JI1Q3gA/sj6/AHtb5dg</latexit>

→ 0.6218 >
1

2

[Branciard et al., NJP (2016)]

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→ Process matrix strategies can  
violate the causal bound

Branciard et al., NJP (2016)



<latexit sha1_base64="6h6M7KRXWOaUFQqACKvT1srr2i4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy)

The GYNI game

<latexit sha1_base64="2xehsU4h4tDDZtmVKSUZtXBMzCA=">AAACBnicbZDLSgMxGIUz9VbrbdSlCMEiuBpmilQXLgqCuKxgL9AZSiaTaUMzyZhkhDIUBDe+ihsXirj1Gdz5NqaXhbYeCBzO+UPyf2HKqNKu+20VlpZXVteK66WNza3tHXt3r6lEJjFpYMGEbIdIEUY5aWiqGWmnkqAkZKQVDi7HfeueSEUFv9XDlAQJ6nEaU4y0ibr2oc/IHfRjiXDujfLKCF5A16lWfBYJrbp22XXcieCi8WamDGaqd+0vPxI4SwjXmCGlOp6b6iBHUlPMyKjkZ4qkCA9Qj3SM5SghKsgna4zgsUkiGAtpDtdwkv6+kaNEqWESmskE6b6a78bhf10n0/F5kFOeZppwPH0ozhjUAo6ZwIhKgjUbGoOwpOavEPeRQaINuZKB4M2vvGiaFcerOtWb03Lt6mGKowgOwBE4AR44AzVwDeqgATB4BM/gFbxZT9aL9W59TEcL1gzhPvgj6/MHSG2YKQ==</latexit>

→ 1

2
< 0.62 . . .

for causal  
correlations

achievable by  
process matrix 
 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)



<latexit sha1_base64="ovru4g0oODCQ8hKhDjL0T5T8hzA="></latexit>

p(ab|xy) = tr
[
(Aa|x →Bb|y)W

]
<latexit sha1_base64="82qMpYod44ILdtqeX4jU9kcCIQE=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4KjMiVYRCURCXLdoHtMOQSTNtaJIZkoxYhgH/xY2/4sZFRcSdn2L6QGr1QODknHu59x4/YlRp2/60MkvLK6tr2fXcxubW9k5+d6+hwlhiUschC2XLR4owKkhdU81IK5IEcZ+Rpj+4GvvNeyIVDcWdHkbE5agnaEAx0kby8uUOR7qPEUsuU2/CJU9qzRRelKH5PnhJ1KFizkjhT8dt6uULdtGeAP4lzowUwAxVLz/qdEMccyI0ZkiptmNH2k2Q1BQzkuY6sSIRwgPUI21DBeJEucnkzBQeGaULg1CaJzScqPMdCeJKDblvKscrqkVvLP7ntWMdnLsJFVGsicDTQUHMoA7hODPYpZJgzYaGICyp2RXiPpIIa5NszoTgLJ78lzROik6pWKqdFirXj9M4suAAHIJj4IAzUAE3oArqAIMn8AJG4M16tl6td+tjWpqxZhHug1+wvr4BZnWnaQ==</latexit>

BQW := max
p→QW

S

<latexit sha1_base64="E1LZZxlnNl0DoRBhiux+L3fk5V0=">AAACJHicbVBLSwMxGMzWV62vVY9egkXwVHZFqihCsSAeK9oHdMuSTdM2NJtdkqxYlgX/ihf/ihcPPvDgxd9idlt8VAcCk5kJ+b7xQkalsqx3IzczOze/kF8sLC2vrK6Z6xsNGUQCkzoOWCBaHpKEUU7qiipGWqEgyPcYaXrDauo3r4mQNOBXahSSjo/6nPYoRkpLrnns+EgNMGLxaeJmXPhxNYFHJ1Dfbtw4dCj/1hP4lb9MXLNolawM8C+xJ6QIJqi55ovTDXDkE64wQ1K2bStUnRgJRTEjScGJJAkRHqI+aWvKkU9kJ86WTOCOVrqwFwh9uIKZ+vNFjHwpR76nk+mIctpLxf+8dqR6h52Y8jBShOPxR72IQRXAtDHYpYJgxUaaICyonhXiARIIK91rQZdgT6/8lzT2Sna5VL7YL1bObsd15MEW2Aa7wAYHoALOQQ3UAQZ34AE8gWfj3ng0Xo23cTRnTCrcBL9gfHwCumCmiw==</latexit>

BC := max
p→C

S

The GYNI game

<latexit sha1_base64="6h6M7KRXWOaUFQqACKvT1srr2i4="></latexit>

S =
∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy)

process matrix:

causal:
<latexit sha1_base64="NG8AEyhTZUKT6b3ST2sK9gnRBlI="></latexit>

p(ab|xy) = t pA→B(ab|xy) + (1→ t) pB→A(ab|xy)

<latexit sha1_base64="uYnONTF4FuOts92xEAdzfHuADbc=">AAACKHicdZDLSsNAFIYn9VbrLerSzWARXJVEpLqzWBCXLdgLNCFMppN26OTizEQoIeDLuPFV3Igo0q1P4iTNQls9MPDx/2c45/xuxKiQhjHTSiura+sb5c3K1vbO7p6+f9AVYcwx6eCQhbzvIkEYDUhHUslIP+IE+S4jPXfSzPzeA+GChsGdnEbE9tEooB7FSCrJ0a8sRu6h5SM5xogl16mTM/eTZgr/9dq9wjQdvWrUjLzgMpgFVEFRLUd/s4Yhjn0SSMyQEAPTiKSdIC4pZiStWLEgEcITNCIDhQHyibCT/NAUnihlCL2QqxdImKs/fyTIF2Lqu6oz21Qsepn4lzeIpXdpJzSIYkkCPB/kxQzKEGapwSHlBEs2VYAwp2pXiMeIIyxVthUVgrl48jJ0z2pmvVZvn1cbN4/zOMrgCByDU2CCC9AAt6AFOgCDJ/AC3sGH9qy9ap/abN5a0ooID8Gv0r6+AQ+zp54=</latexit>

→ BC → BQW → 1

Winning with probability 1 is not possible even with indefinite causal order.

<latexit sha1_base64="9JKFOk5Wd4OnWjYWc6hYtPQH8Jg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxAfOAZAmzk95kzOzsMjMrhCXg3YsHRbz6Sd78GyePgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85iMqzWN5b0YJ+hHtSx5yRo2VatfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVm6fZnHk4BhO4Aw8uIQK3EEV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8At5ONUA==</latexit>=
<latexit sha1_base64="xGTD4SgqzcJzX18H9iQx0NMtKU4=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbsiiceAIB4jmIckS5iddJIhM7vrzKwQloD/4MWDIl79HG/+jZPHQRMLGoqqbrq7wkRwbTzv21lZXVvf2Mxt5bd3dvf2CweHdR2nimGNxSJWzZBqFDzCmuFGYDNRSGUosBEOryZ+4xGV5nF0Z0YJBpL2I97jjBor3bcFPhDPLZc6haLnelOQZeLPSRHmqHYKX+1uzFKJkWGCat3yvcQEGVWGM4HjfDvVmFA2pH1sWRpRiTrIpgePyalVuqQXK1uRIVP190RGpdYjGdpOSc1AL3oT8T+vlZreZZDxKEkNRmy2qJcKYmIy+Z50uUJmxMgSyhS3txI2oIoyYzPK2xD8xZeXSf3c9Utu6faiWLl+msWRg2M4gTPwoQwVuIEq1ICBhGd4hTdHOS/Ou/Mxa11x5hEewR84nz9mcI/s</latexit>→ 0.76

<latexit sha1_base64="qdIGdoVzwsN3YbSqjEoL9TYGPuc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGMF+wFtKJvtpF262cTdjVBCwV/gxYMiXv1D3vw3btoetPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXed+6xGV5rG8N+ME/YgOJA85oyaXugIfeqWyW3GnIMvEm5MyzFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n01vnZBTq/RJGCtb0pCp+nsio5HW4yiwnRE1Q73o5eJ/Xic14ZWfcZmkBiWbLQpTQUxM8sdJnytkRowtoUxxeythQ6ooMzaeog3BW3x5mTTPK161Ur27KNdunmZxFOAYTuAMPLiEGtxCHRrAYAjP8ApvTuS8OO/Ox6x1xZlHeAR/4Hz+AD/Hjs8=</latexit>→
<latexit sha1_base64="0LVk02HQXJI5FXCKO3MIoNzIwvE=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WNAEI8RzAOSJcxOZpMhs7PLTK8QlgV/wosHRbz6Nd78GyePgyYWNBRV3XR3BYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbqtx+5NiJWDzhJuB/RoRKhYBSt1O2FmrLMy7Nq3i+V3Yo7A1kl3oKUYYFGv/TVG8QsjbhCJqkxXc9N0M+oRsEkz4u91PCEsjEd8q6likbc+Nns5JycW2VAwljbUkhm6u+JjEbGTKLAdkYUR2bZm4r/ed0Uw2s/EypJkSs2XxSmkmBMpv+TgdCcoZxYQpkW9lbCRtSmgDalog3BW355lbSqFa9Wqd1fluu3T/M4CnAKZ3ABHlxBHe6gAU1gEMMzvMKbg86L8+58zFvXnEWEJ/AHzucPZAaRwg==</latexit>

1

2

Bavaresco et al., Quantum (2019); Zixuan & Chiribella, Nat. Commun. (2025)
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<latexit sha1_base64="/lvN+eNU4i27f3WNzlW255kKuXs=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCq5IUqW4KxYK4rGgv0IQymU7aoTNJmJkIJQR8Cje+ihsXirjUlW/jJC2irT8MfPznDOec34sYlcqyvoyl5ZXVtfXCRnFza3tn19zbb8swFpi0cMhC0fWQJIwGpKWoYqQbCYK4x0jHGzeyeueOCEnD4FZNIuJyNAyoTzFS2uqblsORGmHEkpu09sMXaT9nwZNGCmvQ8QXCiZ0mlbRvlqyylQsugj2DEpip2Tc/nEGIY04ChRmSsmdbkXITJBTFjKRFJ5YkQniMhqSnMUCcSDfJL0vhsXYG0A+FfoGCufv7R4K4lBPu6c5sXzlfy8z/ar1Y+eduQoMoViTA00F+zKAKYRYTHFBBsGITDQgLqneFeIR0CkqHWdQh2PMnL0K7Urar5er1aal+eT+NowAOwRE4ATY4A3VwBZqgBTB4AE/gBbwaj8az8Wa8T1uXjFmEB+CPjM9vWzKhjw==</latexit>

S = BC =
1

2

<latexit sha1_base64="f8snGmoGrrEMHNNlRwsEEqqQtVM=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3BgSkdaNUBTEZYv2Ak0Ik+m0HTq5ODMRSgj4Dm58FTcuFHEr7nwbJ2kRbf1h4OM/Zzjn/F7EqJCm+aUVFhaXlleKq6W19Y3NLX17pyXCmGPSxCELecdDgjAakKakkpFOxAnyPUba3ugiq7fvCBc0DG7kOCKOjwYB7VOMpLJc/cj2kRxixJLr9OyHz1M3Z+4njXYKbUZuoWlUK65eNg0zF5wHawplMFXd1T/tXohjnwQSMyRE1zIj6SSIS4oZSUt2LEiE8AgNSFdhgHwinCQ/K4UHyunBfsjVCyTM3d8/EuQLMfY91ZktK2ZrmflfrRvL/qmT0CCKJQnwZFA/ZlCGMMsI9ignWLKxAoQ5VbtCPEQcYamSLKkQrNmT56F1bFgVo9I4Kdcu7ydxFMEe2AeHwAJVUANXoA6aAIMH8ARewKv2qD1rb9r7pLWgTSPcBX+kfXwDGbSftw==</latexit>

S = BQW → 0.76

<latexit sha1_base64="IqEcbCRizx8N3wNxyYMfWhq+RgM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdCQRCXFe0D2qFk0kwbmknGJFMoQ8G/cONCEbd+jDv/xkzbhbYeuHA4515ycoKYM21c99vJrayurW/kNwtb2zu7e8X9g4aWiSK0TiSXqhVgTTkTtG6Y4bQVK4qjgNNmMLzO/OaIKs2keDDjmPoR7gsWMoKNlfxOhM2AYJ7eT668brHklt0p0DLx5qQEc9S6xa9OT5IkosIQjrVue25s/BQrwwink0In0TTGZIj7tG2pwBHVfjoNPUEnVumhUCo7wqCp+vsixZHW4yiwm1lIvehl4n9eOzHhpZ8yESeGCjJ7KEw4MhJlDaAeU5QYPrYEE8VsVkQGWGFibE8FW4K3+OVl0jgre5Vy5e68VL15mtWRhyM4hlPw4AKqcAs1qAOBR3iGV3hzRs6L8+58zFZzzrzCQ/gD5/MHsGaSeg==</latexit>

S = 1



Causal inequalities

GYNI inequality:

<latexit sha1_base64="HHmvcOrbCxo8I0xEhcLF1XMNIIk="></latexit> ∑

a,b,x,y

q(x, y) ω(a,y) ω(b,x) p(ab|xy) →
1

2

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

S =
∑

a,b,x,y

ωab
xy p(ab |xy) → BL < Q

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

General  
causal inequalities:

<latexit sha1_base64="D5T8wNKwCfvM0Sn33O++Tph7/mo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB4DgniMYh6QLGF2MpsMmZ1dZnqFsAT8AC8eFPHqH3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b6b9Yolt+zOQFaJtyAlWKDeK351+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26YScWaVPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacgg3BW355lTQvyl6lXLm7LNVunuZx5OEETuEcPKhCDW6hDg1gEMIzvMKbM3JenHfnY96acxYRHsMfOJ8/xkqN9A==</latexit> {
<latexit sha1_base64="FraYymLJqISA9DwWes4PjWn/JqQ=">AAAB/3icbZBNS8MwHMZTX+d8qwpevASH4Gm0ItPjcCAeJ7gX2EpJs3QLS9KSpMKoBf0qXjwo4tWv4c1vY9rtoJt/CPx4nn/IkyeIGVXacb6tpeWV1bX10kZ5c2t7Z9fe22+rKJGYtHDEItkNkCKMCtLSVDPSjSVBPGCkE4wbud+5J1LRSNzpSUw8joaChhQjbSTfPuxzpEcYsfQq8wuWPG1kvl1xqk4xcBHcGVTAbJq+/dUfRDjhRGjMkFI914m1lyKpKWYkK/cTRWKEx2hIegYF4kR5aZE/gydGGcAwkuYIDQv1940UcaUmPDCbeUI17+Xif14v0eGll1IRJ5oIPH0oTBjUEczLgAMqCdZsYgBhSU1WiEdIIqxNZWVTgjv/5UVon1XdWrV2e16pXz9O6yiBI3AMToELLkAd3IAmaAEMHsAzeAVv1pP1Yr1bH9PVJWtW4QH4M9bnD8QZlwU=</latexit>

BC

<latexit sha1_base64="BPn18rUEQJQkNa6KDJOICKFM7GA="></latexit>

BC := max
p→C

∑

a,b,x,y

ωab
xy p(ab|xy)



Causal vs. noncausal correlations

There is a separation between causal correlations and correlations from process matrix strategies.

But how are these related to quantum vs. classical correlations?



Causal vs. noncausal correlations

<latexit sha1_base64="zs34iHp1if0w0l0/6ljCf3tLy94="></latexit>

p(ab|xy)<latexit sha1_base64="J+sVRDhUS7TJROYhWLgQ5RDN4j8="></latexit>=
<latexit sha1_base64="vsUMNSWL8kHOZffsRqQx0DjDPsU=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSA/dLZbfiToFWiTcnZZij3i/99EJJ0pgKQzjWuuu5ifFzrAwjnI6LvVTTBJMRHtCupQLHVPv59NAxOrdKiCKpbAmDpurfiRzHWmdxYDtjbIZ62ZuI/3nd1EQ3fs5EkhoqyGxRlHJkJJp8jUKmKDE8swQTxeytiAyxwsTYbBa2JMNMM6IXHsmDQPJwbLPylpNZJa3LiletVBtX5dr90yy1ApzCGVyAB9dQgzuoQxMIUHiGV3hzXpx358P5nLWuOfOkT2ABztcvNeaeTQ==</latexit>a

<latexit sha1_base64="SlBHt964fHSqhMWDXSLCMYPmx20=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BL4KXBMwDkiXMznaSIbMzy8ysuCwB754E/RZv4tVP8FO8OXkcTGJBQ1HVTXdXEHOmjet+O7m19Y3Nrfx2YWd3b/+geHjU1DJRFBpUcqnaAdHAmYCGYYZDO1ZAooBDKxjdTPzWAyjNpLg3aQx+RAaC9Rklxkr1x16x5JbdKfAq8eakhOao9Yo/3VDSJAJhKCdadzw3Nn5GlGGUw7jQTTTEhI7IADqWChKB9rPpoWN8ZpUQ96WyJQyeqn8nMhJpnUaB7YyIGeplbyL+53US07/2MybixICgs0X9hGMj8eRrHDIF1PDUEkIVs7diOiSKUGOzWdgSD1PNqF54JAsCycOxzcpbTmaVNC/KXqVcqV+WqndPs9Ty6ASdonPkoStURbeohhqIIkDP6BW9OS/Ou/PhfM5ac8486WO0AOfrF1xDnmQ=</latexit>x <latexit sha1_base64="DtBm7gNmsPPLX9V6TL97rocHEmM=">AAACD3icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfCSgHlAsoTZ2dlkyOzMMjMrLEvAuydBv8WbePUT/BRvTh4Hk1jQUFR1090VJJxp47rfztr6xubWdmGnuLu3f3BYOjpuaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQej24nffqRKMykeTJZQP8YDwSJGsLFSI+uXym7FnQKtEm9OyjBHvV/66YWSpDEVhnCsdddzE+PnWBlGOB0Xe6mmCSYjPKBdSwWOqfbz6aFjdG6VEEVS2RIGTdW/EzmOtc7iwHbG2Az1sjcR//O6qYlu/JyJJDVUkNmiKOXISDT5GoVMUWJ4ZgkmitlbERlihYmx2SxsSYaZZkQvPJIHgeTh2GblLSezSlqXFa9aqTauyrX7p1lqBTiFM7gAD66hBndQhyYQoPAMr/DmvDjvzofzOWtdc+ZJn8ACnK9fXe6eZQ==</latexit>y

<latexit sha1_base64="KwZfH2ZK057JO96RfhllXSmrSnQ=">AAAB/HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUICOIxonlAsoTZ2dlkyOzMMjMrhiXiD3jVH/AmXv0X736Ik8fBJBY0FFXddHcFCWfauO63s7S8srq2ntvIb25t7+wW9vbrWqaK0BqRXKpmgDXlTNCaYYbTZqIojgNOG0H/auQ3HqjSTIp7M0ioH+OuYBEj2FjpLrh87BSKbskdAy0Sb0qKMEW1U/hph5KkMRWGcKx1y3MT42dYGUY4HebbqaYJJn3cpS1LBY6p9rPxqUN0bJUQRVLZEgaN1b8TGY61HsSB7Yyx6el5byT+57VSE134GRNJaqggk0VRypGRaPQ3CpmixPCBJZgoZm9FpIcVJsamM7MlCCQPhzYWbz6ERVI/LXnlUvn2rFi5fp4ElINDOIIT8OAcKnADVagBgS68wCu8OU/Ou/PhfE5al5xpqAcwA+frFyPulho=</latexit>

b = x
<latexit sha1_base64="x/brMdJ1AyzFDwPoAVP8ZoFyREM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip3uoVS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AHe+41q</latexit>

W

Let us consider a scenario where Alice and Bob apply classical local processing:

For classical local processing, 
all process matrices are effectively  
diagonal in a local product bases.

classical process matrix
= 

diagonal quantum process matrix 
<latexit sha1_base64="TMagG2zeWz38gaqo7LmpviF1S0o=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVFEN1VsA9oQ5hMJu3QySTOTAolFPwLNy4UcevHuPNvnD4W2nrgwuGcc5k7J0g5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWSSUIbJOGJbAdYUc4EbWimOW2nkuI44LQVDK4nfmtIpWKJeNCjlHox7gkWMYK1kbwuN9EQ+/mVfzf27bJTcaZAy8SdkzLMUfftr26YkCymQhOOleq4Tqq9HEvNCKfjUjdTNMVkgHu0Y6jAMVVePj16jE6MEqIokWaERlP190aOY6VGcWCSMdZ9tehNxP+8TqajSy9nIs00FWT2UJRxpBM0aQCFTFKi+cgQTCQztyLSxxITbXoqmRLcxS8vk+ZZxa1Wqvfn5drN06yOIhzBMZyCCxdQg1uoQwMIPMIzvMKbNbRerHfrYxYtWPMKD+EPrM8fxISSiA==</latexit>

ωAI

<latexit sha1_base64="1Xo8wDh66hMHf2MyXyJHvE/dwiQ=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVFEHdWsA9oQ5hMJu3QySTOTAolFPwLNy4UcevHuPNvnD4W2nrgwuGcc5k7J0g5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWSSUIbJOGJbAdYUc4EbWimOW2nkuI44LQVDK4nfmtIpWKJeNCjlHox7gkWMYK1kbwuN9EQ+/mVfzf27bJTcaZAy8SdkzLMUfftr26YkCymQhOOleq4Tqq9HEvNCKfjUjdTNMVkgHu0Y6jAMVVePj16jE6MEqIokWaERlP190aOY6VGcWCSMdZ9tehNxP+8TqajSy9nIs00FWT2UJRxpBM0aQCFTFKi+cgQTCQztyLSxxITbXoqmRLcxS8vk+ZZxa1Wqvfn5drN06yOIhzBMZyCCxdQg1uoQwMIPMIzvMKbNbRerHfrYxYtWPMKD+EPrM8fzaKSjg==</latexit>

ωAO

<latexit sha1_base64="iv8X6UH/gynPqGZcfoIVuFoPsgk=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpLpsEURXVrAPaIchk0nb0ExmSDJiGQdcu/FX3LhQxK17d/6N6WNRqwcunJxzL7n3eBGjUlnWt5GZm19YXMou51ZW19Y3zM2tugxjgUkNhywUTQ9JwignNUUVI81IEBR4jDS8/tnQb9wSIWnIb9QgIk6Aupx2KEZKS665F7mVAjpsMz3iIzepuFfp/d30+zI9cM28VbRGgH+JPSF5MEHVNb/afojjgHCFGZKyZVuRchIkFMWMpLl2LEmEcB91SUtTjgIinWR0TQr3teLDTih0cQVH6vREggIpB4GnOwOkenLWG4r/ea1YdU6dhPIoVoTj8UedmEEVwmE00KeCYMUGmiAsqN4V4h4SCCsdYE6HYM+e/JfUj4p2qVi6Ps6Xzx/GcWTBDtgFBWCDE1AGF6AKagCDR/AMXsGb8WS8GO/Gx7g1Y0wi3Aa/YHz+AJH3m7A=</latexit>

pA(a,ωAO
|x,ωAI

)

<latexit sha1_base64="aDZUczs4fq9CidkGZsxyZ9SlVJA=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREN1VsA9oQ5hMJu3QySTOTAolFPwLNy4UcevHuPNvnD4W2nrgwuGcc5k7J0g5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWSSUIbJOGJbAdYUc4EbWimOW2nkuI44LQVDK4nfmtIpWKJeNCjlHox7gkWMYK1kbwuN9EQ+/mVfzf27bJTcaZAy8SdkzLMUfftr26YkCymQhOOleq4Tqq9HEvNCKfjUjdTNMVkgHu0Y6jAMVVePj16jE6MEqIokWaERlP190aOY6VGcWCSMdZ9tehNxP+8TqajSy9nIs00FWT2UJRxpBM0aQCFTFKi+cgQTCQztyLSxxITbXoqmRLcxS8vk+ZZxa1Wqvfn5drN06yOIhzBMZyCCxdQg1uoQwMIPMIzvMKbNbRerHfrYxYtWPMKD+EPrM8fxguSiQ==</latexit>

ωBI

<latexit sha1_base64="VPI55LWVSbshUUJK6HIQV1ugBl8=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREHdWsA9oQ5hMJu3QySTOTAolFPwLNy4UcevHuPNvnD4W2nrgwuGcc5k7J0g5U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWSSUIbJOGJbAdYUc4EbWimOW2nkuI44LQVDK4nfmtIpWKJeNCjlHox7gkWMYK1kbwuN9EQ+/mVfzf27bJTcaZAy8SdkzLMUfftr26YkCymQhOOleq4Tqq9HEvNCKfjUjdTNMVkgHu0Y6jAMVVePj16jE6MEqIokWaERlP190aOY6VGcWCSMdZ9tehNxP+8TqajSy9nIs00FWT2UJRxpBM0aQCFTFKi+cgQTCQztyLSxxITbXoqmRLcxS8vk+ZZxa1Wqvfn5drN06yOIhzBMZyCCxdQg1uoQwMIPMIzvMKbNbRerHfrYxYtWPMKD+EPrM8fzymSjw==</latexit>

ωBO

<latexit sha1_base64="NYkceYk3MLKto2lzXCqf8xJvrD0=">AAACDXicbVDLSgMxFM3UV62vUZduglWoIGVGpLosFURXVrAPaIchk0nb0ExmSDJiGQdcu/FX3LhQxK17d/6N6WNRqwcunJxzL7n3eBGjUlnWt5GZm19YXMou51ZW19Y3zM2tugxjgUkNhywUTQ9JwignNUUVI81IEBR4jDS8/tnQb9wSIWnIb9QgIk6Aupx2KEZKS665F7mVgnfYZnrER25Sca/S+7vp92V64Jp5q2iNAP8Se0LyYIKqa361/RDHAeEKMyRly7Yi5SRIKIoZSXPtWJII4T7qkpamHAVEOsnomhTua8WHnVDo4gqO1OmJBAVSDgJPdwZI9eSsNxT/81qx6pw6CeVRrAjH4486MYMqhMNooE8FwYoNNEFYUL0rxD0kEFY6wJwOwZ49+S+pHxXtUrF0fZwvnz+M48iCHbALCsAGJ6AMLkAV1AAGj+AZvII348l4Md6Nj3FrxphEuA1+wfj8AZhfm7Q=</latexit>

pB(b,ωBO
|x,ωBI

)

Higher-order classical transformations



classical process matrix 
+ classical local processing 

Causal vs. noncausal correlations

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→ always
causal correlations 

causalclassical

quantum process matrix 
+ quantum local processing 

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→ achievable
noncausal correlations

noncausalquantum
<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→



Causal vs. noncausal correlations

The causal inequalities can be used to witness 
a separation between classical and quantum correlations 

in signaling, higher-order scenarios. 



Causal vs. noncausal correlations

Higher-order quantum strategy = quantum strategy ?

Higher-order classical strategy = classical strategy ?

The causal inequalities can be used to witness 
a separation between classical and quantum correlations 

in signaling, higher-order scenarios. 



Causal vs. noncausal correlations

The causal inequalities can be used to witness 
a separation between classical and quantum correlations 

in signaling, higher-order scenarios. 

Is this the case beyond bipartite scenarios?



Classical indefinite causal order



Classical indefinite causal order

classical process matrix 
+ classical local processing 

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→ always
causal correlations 

In BIPARTITE scenarios



Classical indefinite causal order

classical process matrix 
+ classical local processing 

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→ always
causal correlations 

In TRIPARTITE scenarios

Baumeler & Wolf, NJP (2016) 

In scenarios with at least three parties, assuming 
classical local processing and classical process matrixes (locally diagonal)

is not sufficient to guarantee that the correlations will be causal



Classical indefinite causal order

classical process matrix 
+ classical local processing 

<latexit sha1_base64="79bXIUOhoXgrzN3MyVTYVvxf270=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcI5gHJEmYnvcmQmdl1ZlYIIeA3ePGgiFd/x5t/4+Rx0MSChqKqm+6uKBXcWN//9lZW19Y3NnNb+e2d3b39wsFh3SSZZlhjiUh0M6IGBVdYs9wKbKYaqYwENqLB9cRvPKI2PFH3dphiKGlP8Zgzap3UbHPptqDpFIp+yZ+CLJNgToowR7VT+Gp3E5ZJVJYJakwr8FMbjqi2nAkc59uZwZSyAe1hy1FFJZpwNL13TE6d0iVxol0pS6bq74kRlcYMZeQ6JbV9s+hNxP+8Vmbjq3DEVZpZVGy2KM4EsQmZPE+6XCOzYugIZZq7WwnrU02ZdRHlXQjB4svLpH5eCsql8t1FsXLzNIsjB8dwAmcQwCVU4BaqUAMGAp7hFd68B+/Fe/c+Zq0r3jzCI/gD7/MHbPGQqA==</latexit>

=→ always
causal correlations 

In scenarios with at least three parties, assuming 
classical local processing and classical process matrixes (locally diagonal)

is not sufficient to guarantee that the correlations will be causal

In TRIPARTITE scenarios

causal inequalities can be classically violated

Baumeler & Wolf, NJP (2016) 



AF/BW “Lugano” process
<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="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="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x <latexit sha1_base64="W3sYQS3guvLM8QYbLX0JdK3EWE4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwQl4B3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AEUFo2N</latexit>z

<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="x/brMdJ1AyzFDwPoAVP8ZoFyREM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip3uoVS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AHe+41q</latexit>

W

<latexit sha1_base64="+79GVRqld3hRi7Cp57tw/fVI9X4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8RQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdC+6V91iyS27U5Bl4s1JCeaodYtfnV7M0ogrZJIa0/bcBP2MahRM8nGhkxqeUDakfd62VNGIGz+bnjomJ1bpkTDWthSSqfp7IqORMaMosJ0RxYFZ9Cbif147xfDSz4RKUuSKzRaFqSQYk8nfpCc0ZyhHllCmhb2VsAHVlKFNp2BD8BZfXiaNs7JXKVfuzkvVm6dZHHk4gmM4BQ8uoAq3UIM6MOjDM7zCmyOdF+fd+Zi15px5hIfwB87nDzfcjjA=</latexit>

iA

<latexit sha1_base64="/kOiU6wNZt7CgvQlwY8bFYNzWpk=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNEEI8RzQLJEHo6PUmTXobuHiEMAX/AiwdFvPpF3vwbO8tBEx8UPN6roqpelHBmrO9/e7mV1bX1jfxmYWt7Z3evuH/QMCrVhNaJ4kq3ImwoZ5LWLbOcthJNsYg4bUbD64nffKTaMCUf7CihocB9yWJGsHXSvepedYslv+xPgZZJMCclmKPWLX51eoqkgkpLODamHfiJDTOsLSOcjgud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6u+JDAtjRiJynQLbgVn0JuJ/Xju18WWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp0Ci6EYPHlZdI4KweVcuXuvFS9eZrFkYcjOIZTCOACqnALNagDgT48wyu8edx78d69j1lrzptHeAh/4H3+AEEAjjY=</latexit>oA
<latexit sha1_base64="wXzznbcKunZbhcuXcJZrJrD6iHk=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNQEI8RzQLJEHo6PUmTXobuHiEMAX/AiwdFvPpF3vwbO8tBEx8UPN6roqpelHBmrO9/e7mV1bX1jfxmYWt7Z3evuH/QMCrVhNaJ4kq3ImwoZ5LWLbOcthJNsYg4bUbD64nffKTaMCUf7CihocB9yWJGsHXSvepedYslv+xPgZZJMCclmKPWLX51eoqkgkpLODamHfiJDTOsLSOcjgud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6u+JDAtjRiJynQLbgVn0JuJ/Xju18WWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp0Ci6EYPHlZdI4KweVcuXuvFS9eZrFkYcjOIZTCOACqnALNagDgT48wyu8edx78d69j1lrzptHeAh/4H3+AEKEjjc=</latexit>oB

<latexit sha1_base64="fz9j2IfWgLa2Qboqk1WO+1tKuyY=">AAAB6nicbVDLSgMxFL2pr1pfVZdugkVwVWZEqstCQVxWtA9oh5JJM21oJhmSjFCGgj/gxoUibv0id/6N6WOhrQcuHM65l3vvCRPBjfW8b5RbW9/Y3MpvF3Z29/YPiodHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wVJv6rUemDVfywY4TFsRkIHnEKbFOule9Wq9Y8sreDHiV+AtSggXqveJXt69oGjNpqSDGdHwvsUFGtOVUsEmhmxqWEDoiA9ZxVJKYmSCbnTrBZ07p40hpV9Limfp7IiOxMeM4dJ0xsUOz7E3F/7xOaqPrIOMySS2TdL4oSgW2Ck//xn2uGbVi7AihmrtbMR0STah16RRcCP7yy6ukeVH2K+XK3WWpevM0jyMPJ3AK5+DDFVThFurQAAoDeIZXeEMCvaB39DFvzaFFhMfwB+jzB0QIjjg=</latexit>oC

<latexit sha1_base64="hYQUHQ1rI9cxdalXGbG0NCJCfaM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdC+6V91iyS27U5Bl4s1JCeaodYtfnV7M0ogrZJIa0/bcBP2MahRM8nGhkxqeUDakfd62VNGIGz+bnjomJ1bpkTDWthSSqfp7IqORMaMosJ0RxYFZ9Cbif147xfDSz4RKUuSKzRaFqSQYk8nfpCc0ZyhHllCmhb2VsAHVlKFNp2BD8BZfXiaNs7JXKVfuzkvVm6dZHHk4gmM4BQ8uoAq3UIM6MOjDM7zCmyOdF+fd+Zi15px5hIfwB87nDzlgjjE=</latexit>

iB
<latexit sha1_base64="nRuk/rZBkGRDpYSSroWwEbq+fPM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI+BgHiMaB6QLGF20psMmZ1dZmaFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwqk391iMqzWP5YMYJ+hEdSB5yRo2V7nmv1iuW3LI7A1kl3oKUYIF6r/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE177GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlCt3l6XqzdM8jjycwCmcgwdXUIVbqEMDGAzgGV7hzRHOi/PufMxbc84iwmP4A+fzBzrkjjI=</latexit>

iC

<latexit sha1_base64="MXyCDRRSLTOO+Yweffbxw3+8csk=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxCBSkzItVNoVoQlxXsBdphyKSZNjSTDElGKGPBlRtfxY0LRdz6Bu58G9PLQlt/OPDxnxNOzh/EjCrtON/WwuLS8spqZi27vrG5tW3v7NaVSCQmNSyYkM0AKcIoJzVNNSPNWBIUBYw0gn5l1G/cEamo4Ld6EBMvQl1OQ4qRNpZvwwYswThP/Ytj6l+aqtwLw8Kw8CtHsOTbOafgjAXnwZ1CDkxV9e2vdkfgJCJcY4aUarlOrL0USU0xI8NsO1EkRriPuqRlkKOIKC8dXzKEh8bpwFBIU1zDsfv7RYoipQZRYCYjpHtqtjcy/+u1Eh2eeynlcaIJx5NFYcKgFnAUC+xQSbBmAwMIS2r+CnEPSYS1CS9rQnBnT56H+knBLRaKN6e58tXDJI4M2AcHIA9ccAbK4BpUQQ1g8AiewSt4s56sF+vd+piMLljTCPfAH1mfPystl+Y=</latexit>

W = p(iA, iB , iC |oA, oB , oC) =

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

{ <latexit sha1_base64="VkFmc/uuMbbQ6wCLr2vSO8zFVlA="></latexit>

1/2 if iA = oC , iB = oA, iC = oB

1/2 if iA = oC , iB = oA, iC = oB

0 otherwise

This classical process matrix can violate causal inequalities

Araújo et al., Quantum (2017); Baumeler & Wolf, NJP (2016)



AF/BW “Lugano” process
<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="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="LJS9OO328yqrQDqvZES7KVo6dNc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FipPu4VS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AESko2M</latexit>y<latexit sha1_base64="eBfrjrh6yaQBVC1pkMzdT18+hDc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwYloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AERDo2L</latexit>x <latexit sha1_base64="W3sYQS3guvLM8QYbLX0JdK3EWE4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzAOSJcxOepMxs7PLzKwQl4B3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbD6g0j+WdGSXoR7QvecgZNVaqPXYLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+feeXHenY9Z64ozj/AI/sD5/AEUFo2N</latexit>z

<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="x/brMdJ1AyzFDwPoAVP8ZoFyREM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip3uoVS27ZnYGsEm9BSrBArVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsVcqV+mWpevs0jyMPJ3AK5+DBFVThDmrQAAYIz/AKb86D8+K8Ox/z1pyziPAY/sD5/AHe+41q</latexit>

W

<latexit sha1_base64="+79GVRqld3hRi7Cp57tw/fVI9X4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8RQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdC+6V91iyS27U5Bl4s1JCeaodYtfnV7M0ogrZJIa0/bcBP2MahRM8nGhkxqeUDakfd62VNGIGz+bnjomJ1bpkTDWthSSqfp7IqORMaMosJ0RxYFZ9Cbif147xfDSz4RKUuSKzRaFqSQYk8nfpCc0ZyhHllCmhb2VsAHVlKFNp2BD8BZfXiaNs7JXKVfuzkvVm6dZHHk4gmM4BQ8uoAq3UIM6MOjDM7zCmyOdF+fd+Zi15px5hIfwB87nDzfcjjA=</latexit>

iA

<latexit sha1_base64="/kOiU6wNZt7CgvQlwY8bFYNzWpk=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNEEI8RzQLJEHo6PUmTXobuHiEMAX/AiwdFvPpF3vwbO8tBEx8UPN6roqpelHBmrO9/e7mV1bX1jfxmYWt7Z3evuH/QMCrVhNaJ4kq3ImwoZ5LWLbOcthJNsYg4bUbD64nffKTaMCUf7CihocB9yWJGsHXSvepedYslv+xPgZZJMCclmKPWLX51eoqkgkpLODamHfiJDTOsLSOcjgud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6u+JDAtjRiJynQLbgVn0JuJ/Xju18WWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp0Ci6EYPHlZdI4KweVcuXuvFS9eZrFkYcjOIZTCOACqnALNagDgT48wyu8edx78d69j1lrzptHeAh/4H3+AEEAjjY=</latexit>oA
<latexit sha1_base64="wXzznbcKunZbhcuXcJZrJrD6iHk=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMi0WNQEI8RzQLJEHo6PUmTXobuHiEMAX/AiwdFvPpF3vwbO8tBEx8UPN6roqpelHBmrO9/e7mV1bX1jfxmYWt7Z3evuH/QMCrVhNaJ4kq3ImwoZ5LWLbOcthJNsYg4bUbD64nffKTaMCUf7CihocB9yWJGsHXSvepedYslv+xPgZZJMCclmKPWLX51eoqkgkpLODamHfiJDTOsLSOcjgud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6u+JDAtjRiJynQLbgVn0JuJ/Xju18WWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp0Ci6EYPHlZdI4KweVcuXuvFS9eZrFkYcjOIZTCOACqnALNagDgT48wyu8edx78d69j1lrzptHeAh/4H3+AEKEjjc=</latexit>oB

<latexit sha1_base64="fz9j2IfWgLa2Qboqk1WO+1tKuyY=">AAAB6nicbVDLSgMxFL2pr1pfVZdugkVwVWZEqstCQVxWtA9oh5JJM21oJhmSjFCGgj/gxoUibv0id/6N6WOhrQcuHM65l3vvCRPBjfW8b5RbW9/Y3MpvF3Z29/YPiodHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wVJv6rUemDVfywY4TFsRkIHnEKbFOule9Wq9Y8sreDHiV+AtSggXqveJXt69oGjNpqSDGdHwvsUFGtOVUsEmhmxqWEDoiA9ZxVJKYmSCbnTrBZ07p40hpV9Limfp7IiOxMeM4dJ0xsUOz7E3F/7xOaqPrIOMySS2TdL4oSgW2Ck//xn2uGbVi7AihmrtbMR0STah16RRcCP7yy6ukeVH2K+XK3WWpevM0jyMPJ3AK5+DDFVThFurQAAoDeIZXeEMCvaB39DFvzaFFhMfwB+jzB0QIjjg=</latexit>oC

<latexit sha1_base64="hYQUHQ1rI9cxdalXGbG0NCJCfaM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdC+6V91iyS27U5Bl4s1JCeaodYtfnV7M0ogrZJIa0/bcBP2MahRM8nGhkxqeUDakfd62VNGIGz+bnjomJ1bpkTDWthSSqfp7IqORMaMosJ0RxYFZ9Cbif147xfDSz4RKUuSKzRaFqSQYk8nfpCc0ZyhHllCmhb2VsAHVlKFNp2BD8BZfXiaNs7JXKVfuzkvVm6dZHHk4gmM4BQ8uoAq3UIM6MOjDM7zCmyOdF+fd+Zi15px5hIfwB87nDzlgjjE=</latexit>

iB
<latexit sha1_base64="nRuk/rZBkGRDpYSSroWwEbq+fPM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI+BgHiMaB6QLGF20psMmZ1dZmaFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwqk391iMqzWP5YMYJ+hEdSB5yRo2V7nmv1iuW3LI7A1kl3oKUYIF6r/jV7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWaVPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE177GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdmrlCt3l6XqzdM8jjycwCmcgwdXUIVbqEMDGAzgGV7hzRHOi/PufMxbc84iwmP4A+fzBzrkjjI=</latexit>

iC

Classical communication with indefinite causal order

<latexit sha1_base64="MXyCDRRSLTOO+Yweffbxw3+8csk=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyxCBSkzItVNoVoQlxXsBdphyKSZNjSTDElGKGPBlRtfxY0LRdz6Bu58G9PLQlt/OPDxnxNOzh/EjCrtON/WwuLS8spqZi27vrG5tW3v7NaVSCQmNSyYkM0AKcIoJzVNNSPNWBIUBYw0gn5l1G/cEamo4Ld6EBMvQl1OQ4qRNpZvwwYswThP/Ytj6l+aqtwLw8Kw8CtHsOTbOafgjAXnwZ1CDkxV9e2vdkfgJCJcY4aUarlOrL0USU0xI8NsO1EkRriPuqRlkKOIKC8dXzKEh8bpwFBIU1zDsfv7RYoipQZRYCYjpHtqtjcy/+u1Eh2eeynlcaIJx5NFYcKgFnAUC+xQSbBmAwMIS2r+CnEPSYS1CS9rQnBnT56H+knBLRaKN6e58tXDJI4M2AcHIA9ccAbK4BpUQQ1g8AiewSt4s56sF+vd+piMLljTCPfAH1mfPystl+Y=</latexit>

W = p(iA, iB , iC |oA, oB , oC) =

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

{ <latexit sha1_base64="VkFmc/uuMbbQ6wCLr2vSO8zFVlA="></latexit>

1/2 if iA = oC , iB = oA, iC = oB

1/2 if iA = oC , iB = oA, iC = oB

0 otherwise

Araújo et al., Quantum (2017); Baumeler & Wolf, NJP (2016)



Perfect discrimination of the SHIFT basis

<latexit sha1_base64="sRYuQTwD0x0ZptmiBZ+vJsLMDLE=">AAACUHicbZDLSgMxFIbP1Futt6pLN4NFEGpLIlJdFgRxWdFeoDOUTJqxoZkLSUYow4Cv5Wu4c+VO9A3c6fSKbT0Q8vH/53CS3wkFVxqhNyOzsrq2vpHdzG1t7+zu5fcPGiqIJGV1GohAthyimOA+q2uuBWuFkhHPEazp9K+HfvOJScUD/0EPQmZ75NHnLqdEp1Inf2/FVp/pGCGUnI0IYzyhIppSaUa4OOsrTQnh4oxKiZV08gVURqMylwFPoACTqnXyH1Y3oJHHfE0FUaqNUajtmEjNqWBJzooUCwntk0fWTtEnHlN2PPp8Yp6kStd0A5keX5sj9e9ETDylBp6TdnpE99SiNxT/89qRdq/smPthpJlPx4vcSJg6MIdJml0uGdVikAKhkqdvNWmPSEJ1mvfclrA3UJyqYTB4MYZlaJyXcaVcubsoVG+exxFl4QiO4RQwXEIVbqEGdaDwAu/wCV/Gq/Ft/GSMcev0hkOYq0zuF0Zqs3c=</latexit>

{|000→ , |111→ , |+01→ , |↑01→ , |1 + 0→ , |1↑ 0→ , |01+→ , |01↑→}

CANNOT be perfectly discriminated with measurements implemented via 
Local Operations and Classical Communication 

(LOCC)

CAN be perfectly discriminated with measurements implemented via 
Local Operations and Classical Communication with indefinite causal order 

(LOCC*)

Bennet et al., PRA (1998); Kunjwal & Baumeler, PRL (2023)



Quantum vs. classical separation in signaling scenarios

Bipartite scenarios:

Causal = classical

Tripartite scenarios:

Causal = classical

Noncausal = quantum Noncausal =

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

{ Noncausal classical communication

Noncausal quantum communication

Is there still a separation?
Yes.

Kunjwal & Oreshkov, arXiv (2023)



MAIN MESSAGE: 
 

Quantum and classical correlations 
can be distinguished in signaling scenarios.

 
However, classicality is not necessarily related to causality.

Part III.  Quantum vs. classical correlations in signalling scenarios



Thank you!


