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Motivation

The expressivity of MPNNs is upper-bounded by 1-Weisfeiler-Lehman
(1-WL) test [Xu et al., 2019]. Recently there are methods developed to
go beyond 1-WL,

↪→ but they are often

• Computationally expensive

• Cannot solve simple graph problems such as
biconnectivity [Zhang et al., 2023]

Question:

Can we develop an efficient GNN that goes beyond 1-WL and solves
graph problems like biconnectivity?
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<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

BFS Tree
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Breadth-first Colouring (BFC)

<latexit sha1_base64="EeK1rDlOYjOZP8NH5Ug2a8pTzTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf7ZcrbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4a2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c2Rzovz7nwsWwtOPnMKf+B8/gAF2I2Y</latexit>v0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3
<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="EeK1rDlOYjOZP8NH5Ug2a8pTzTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf7ZcrbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4a2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c2Rzovz7nwsWwtOPnMKf+B8/gAF2I2Y</latexit>v0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3
<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4
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Breadth-first Colouring (BFC)

<latexit sha1_base64="EeK1rDlOYjOZP8NH5Ug2a8pTzTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf7ZcrbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4a2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c2Rzovz7nwsWwtOPnMKf+B8/gAF2I2Y</latexit>v0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3
<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="EeK1rDlOYjOZP8NH5Ug2a8pTzTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf7ZcrbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4a2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c2Rzovz7nwsWwtOPnMKf+B8/gAF2I2Y</latexit>v0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3
<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4
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Breadth-first Colouring (BFC)
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<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3
<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1
<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4
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1-WL Limitation

1-WL ✗

6 / 19



Ego Shortest-Path Graph (ESPG)

1-WL ✗

BFC ✓
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Lemma: ESPG

Lemma 4.2. (Informal) Under BFC, two vertices have the same colour if
and only if they have the same ego shortest-path graph (ESPG).
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Depth-first Search

=⇒

DFS Tree
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Depth-first Colouring (DFC)

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0
<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1

<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="3dzJLq4ySEtYO303sDDt7wFGUp0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomU6rHgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFa9WqT5Uy/VqHkcBzuECrsCDG6jDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAO8I2e</latexit>v6

<latexit sha1_base64="jCMhck+cO3XKwy8xuqT9V55fMD0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU67HgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFe+mUn2oluvVPI4CnMMFXIEHNajDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAQdI2f</latexit>v7
<latexit sha1_base64="O0GquIVueu9NS/ervYNtHXfc9+s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU7bHgxWNF+wFtKJvtpl262YTdSaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd3O/PeHaiFg94TThfkSHSoSCUbTS46Rf65fKbsVdgKwTLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjks2IvNTyhbEyHvGupohE3frY4dUYurTIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6KYc3PhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2naEPwVl9eJ63rindTqT5Uy/VqHkcBzuECrsCDW6jDPTSgCQyG8Ayv8OZI58V5dz6WrRtOPnMGf+B8/gAR+I2g</latexit>v8

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1

<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="3dzJLq4ySEtYO303sDDt7wFGUp0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomU6rHgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFa9WqT5Uy/VqHkcBzuECrsCDG6jDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAO8I2e</latexit>v6

<latexit sha1_base64="jCMhck+cO3XKwy8xuqT9V55fMD0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU67HgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFe+mUn2oluvVPI4CnMMFXIEHNajDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAQdI2f</latexit>v7
<latexit sha1_base64="O0GquIVueu9NS/ervYNtHXfc9+s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU7bHgxWNF+wFtKJvtpl262YTdSaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd3O/PeHaiFg94TThfkSHSoSCUbTS46Rf65fKbsVdgKwTLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjks2IvNTyhbEyHvGupohE3frY4dUYurTIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6KYc3PhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2naEPwVl9eJ63rindTqT5Uy/VqHkcBzuECrsCDW6jDPTSgCQyG8Ayv8OZI58V5dz6WrRtOPnMGf+B8/gAR+I2g</latexit>v8
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Depth-first Colouring (DFC)

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0
<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1

<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="3dzJLq4ySEtYO303sDDt7wFGUp0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomU6rHgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFa9WqT5Uy/VqHkcBzuECrsCDG6jDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAO8I2e</latexit>v6

<latexit sha1_base64="jCMhck+cO3XKwy8xuqT9V55fMD0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU67HgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFe+mUn2oluvVPI4CnMMFXIEHNajDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAQdI2f</latexit>v7
<latexit sha1_base64="O0GquIVueu9NS/ervYNtHXfc9+s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU7bHgxWNF+wFtKJvtpl262YTdSaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd3O/PeHaiFg94TThfkSHSoSCUbTS46Rf65fKbsVdgKwTLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjks2IvNTyhbEyHvGupohE3frY4dUYurTIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6KYc3PhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2naEPwVl9eJ63rindTqT5Uy/VqHkcBzuECrsCDW6jDPTSgCQyG8Ayv8OZI58V5dz6WrRtOPnMGf+B8/gAR+I2g</latexit>v8

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1

<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="3dzJLq4ySEtYO303sDDt7wFGUp0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomU6rHgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFa9WqT5Uy/VqHkcBzuECrsCDG6jDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAO8I2e</latexit>v6

<latexit sha1_base64="jCMhck+cO3XKwy8xuqT9V55fMD0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU67HgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFe+mUn2oluvVPI4CnMMFXIEHNajDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAQdI2f</latexit>v7
<latexit sha1_base64="O0GquIVueu9NS/ervYNtHXfc9+s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU7bHgxWNF+wFtKJvtpl262YTdSaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd3O/PeHaiFg94TThfkSHSoSCUbTS46Rf65fKbsVdgKwTLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjks2IvNTyhbEyHvGupohE3frY4dUYurTIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6KYc3PhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2naEPwVl9eJ63rindTqT5Uy/VqHkcBzuECrsCDW6jDPTSgCQyG8Ayv8OZI58V5dz6WrRtOPnMGf+B8/gAR+I2g</latexit>v8
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Depth-first Colouring (DFC)
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<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0
<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1

<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="3dzJLq4ySEtYO303sDDt7wFGUp0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomU6rHgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFa9WqT5Uy/VqHkcBzuECrsCDG6jDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAO8I2e</latexit>v6

<latexit sha1_base64="jCMhck+cO3XKwy8xuqT9V55fMD0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU67HgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFe+mUn2oluvVPI4CnMMFXIEHNajDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAQdI2f</latexit>v7
<latexit sha1_base64="O0GquIVueu9NS/ervYNtHXfc9+s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU7bHgxWNF+wFtKJvtpl262YTdSaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd3O/PeHaiFg94TThfkSHSoSCUbTS46Rf65fKbsVdgKwTLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjks2IvNTyhbEyHvGupohE3frY4dUYurTIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6KYc3PhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2naEPwVl9eJ63rindTqT5Uy/VqHkcBzuECrsCDW6jDPTSgCQyG8Ayv8OZI58V5dz6WrRtOPnMGf+B8/gAR+I2g</latexit>v8

<latexit sha1_base64="gmO9ySWEm2OIBbE4clXyQyAILio=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx4rmLbQxrLZbtqlm03YnRRK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjhkkyzbjPEpnoVkgNl0JxHwVK3ko1p3EoeTMc3s385ohrIxL1iOOUBzHtKxEJRtFK/qjrPl12S2W34s5BVomXkzLkqHdLX51ewrKYK2SSGtP23BSDCdUomOTTYiczPKVsSPu8bamiMTfBZH7slJxbpUeiRNtSSObq74kJjY0Zx6HtjCkOzLI3E//z2hlGt8FEqDRDrthiUZRJggmZfU56QnOGcmwJZVrYWwkbUE0Z2nyKNgRv+eVV0riqeNeV6kO1XKvmcRTgFM7gAjy4gRrcQx18YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ASBBjjQ=</latexit>

v⇤0

<latexit sha1_base64="jVoTTmPWPEG6WlwpYnyyiQExR+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvT1BpHssnM03Qj+hQ8pAzaqz0OOl7/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8WpM3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtOyYbgrb68TlpXVe+6WnuoVeq1PI4inME5XIIHN1CHe2hAExgM4Rle4c0Rzovz7nwsWwtOPnMKf+B8/gAHXI2Z</latexit>v1

<latexit sha1_base64="v6QN3jevaL5fQtOGOaTD1DBivRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz6tX654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3pX1fp9vdKo53EU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcI4I2a</latexit>v2

<latexit sha1_base64="0ktMuVuY+qIJvavT4lg50GDJ3Tk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VrS20oWy2k3bpZhN2N4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoScepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfGqPSPJaPZpKgH9GB5CFn1FjpYdy77JUrbtWdg6wSLycVyNHolb+6/ZilEUrDBNW647mJ8TOqDGcCp6VuqjGhbEQH2LFU0gi1n81PnZIzq/RJGCtb0pC5+nsio5HWkyiwnRE1Q73szcT/vE5qwhs/4zJJDUq2WBSmgpiYzP4mfa6QGTGxhDLF7a2EDamizNh0SjYEb/nlVfJ0UfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w8KZI2b</latexit>v3

<latexit sha1_base64="XvnkJpWD1N5PTgrcY743twHRDRo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uw1s/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbSuqt51tfZQq9RreRxFOINzuAQPbqAO99CAJjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AEL6I2c</latexit>v4

<latexit sha1_base64="KJsuHKtG4jvRw++3NGtAQ/SfukM=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Jj2PAi8eI5gHJEmYnvcmQ2dllZjYQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqz0OO5d9Uplt+LOQVaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOB02I31ZhQNqID7FgqaYTaz+anTsm5VfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14a2fcZmkBiVbLApTQUxMZn+TPlfIjJhYQpni9lbChlRRZmw6RRuCt/zyKmleVrzrSvWhWq5V8zgKcApncAEe3EAN7qEODWAwgGd4hTdHOC/Ou/OxaF1z8pkT+APn8wcNbI2d</latexit>v5

<latexit sha1_base64="3dzJLq4ySEtYO303sDDt7wFGUp0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomU6rHgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFa9WqT5Uy/VqHkcBzuECrsCDG6jDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAO8I2e</latexit>v6

<latexit sha1_base64="jCMhck+cO3XKwy8xuqT9V55fMD0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU67HgxWNF+wFtKJvtpF262YTdTaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63J6g0j+WTmSboR3QoecgZNVZ6nPRr/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8WpM3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+d9kwBUyI6aWUKa4vZWwEVWUGZtO0Ybgrb68TlrXFe+mUn2oluvVPI4CnMMFXIEHNajDPTSgCQyG8Ayv8OYI58V5dz6WrRtOPnMGf+B8/gAQdI2f</latexit>v7
<latexit sha1_base64="O0GquIVueu9NS/ervYNtHXfc9+s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU7bHgxWNF+wFtKJvtpl262YTdSaGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd3O/PeHaiFg94TThfkSHSoSCUbTS46Rf65fKbsVdgKwTLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjks2IvNTyhbEyHvGupohE3frY4dUYurTIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6KYc3PhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2naEPwVl9eJ63rindTqT5Uy/VqHkcBzuECrsCDW6jDPTSgCQyG8Ayv8OZI58V5dz6WrRtOPnMGf+B8/gAR+I2g</latexit>v8
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Graph Biconnectivity: Cut Vertex & Cut Edge

MPNN ✗

DFC ✓
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Lemma: Biconnectivity

Lemma 4.5. (Informal) DFC can solve graph biconnectivity problems,
e.g. distinguishing cut vertices and edges.
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Expressivity Hierarchy of BFC

Lemma 4.6. BFC-1 is equivalent to 1-WL.

Theorem 4.3. BFC-δ + 1 is strictly more expressive than BFC-δ in
distinguishing non-isomorphic graphs.

Theorem 4.1. The expressivity of BFC-δ is strictly upper bounded by
3-WL.
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Expressivity of DFC

Lemma 4.7. DFC-1 is more expressive than to 1-WL.

Theorem 4.4. DFC-δ + 1 is not necessarily more expressive than DFC-δ
in distinguishing non-isomorphic graphs.

Theorem 4.4. The expressive powers of DFC-δ and 3-WL are
incomparable.
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Search Guided Graph Neural Network (SGN)

Search Guided Graph Neural Network (SGN) inherits the ideas of local
search-based vertex colouring.

h(l+1)
u = MLP

(
1 + ϵ(l+1)

)
· h(l)u ∥

∑
v∈Nδ(u)

h(l+1)
u←v


where

h(l+1)
u←v =

h(l)u +
∑

w∈ηv (u)

h(l)w←v

Wc

where ηv (u) is defined based on BFC or DFC.
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SGN Complexity

MPNN ESAN Graphormer-GD 3-IGN SGN-BF SGN-DF

Time |V |+ |E | |V |(|V |+ |E |) |V |2 |V |3 |V |dδ−1 |V |d2δ

Space |V | |V |2 |V | |V |2 |V |dδ−1 |V |d2δ
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Thank You

https://bit.ly/3CM1DKv

Interactive Demo
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https://bit.ly/3CM1DKv
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