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First part: Cross-Free Families

- Sketch the derivation of the representation
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<latexit sha1_base64="2azsvVsYTJrxsX6vquY7gUd+T1k="></latexit>

- Highlight role of connectedness by comparison with Time-Ordered Perturbation Theory

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>
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<latexit sha1_base64="qJEwa8d3FuM1xyUW54/mCFgMVm0=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBKEkPtBlqRuXFewDmhAm00k7dDITZiaFknbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994TJowq7TjfVmFldW19o7hZ2tre2d2z9w+aSqQSkwYWTMh2iBRhlJOGppqRdiIJikNGWuHgbuq3hkQqKvijHiXEj1GP04hipI0U2EdejfZ64yA7p94QSZIoygSfBHbZqTgzwGXi5qQMctQD+8vrCpzGhGvMkFId10m0nyGpKWZkUvJSRRKEB6hHOoZyFBPlZ7P7J/DUKF0YCWmKazhTf09kKFZqFIemM0a6rxa9qfif10l1dOtnlCepJhzPF0Upg1rAaRiwSyXBmo0MQVhScyvEfSQR1iaykgnBXXx5mTQvKu5l5frhqlyt5XEUwTE4AWfABTegCu5BHTQABmPwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH3mHlmk=</latexit>
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<latexit sha1_base64="8i40HiaE/kBsumTyA4O6+s4x+BM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FgSH+iy1I3LCvYBTQiT6aQdOpkJM5NCSbvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wdNJVKJSQMLJmQ7RIowyklDU81IO5EExSEjrXBwN/VbQyIVFfxRjxLix6jHaUQx0kYK7COvRnu9cZCdU2+IJEkUZYJPArvsVJwZ4DJxc1IGOeqB/eV1BU5jwjVmSKmO6yTaz5DUFDMyKXmpIgnCA9QjHUM5ionys9n9E3hqlC6MhDTFNZypvycyFCs1ikPTGSPdV4veVPzP66Q6uvUzypNUE47ni6KUQS3gNAzYpZJgzUaGICypuRXiPpIIaxNZyYTgLr68TJoXFfeycv1wVa7W8jiK4BicgDPgghtQBfegDhoAgzF4Bq/gzXqyXqx362PeWrDymUPwB9bnD3yplms=</latexit>

�<latexit sha1_base64="XR1BGoi3btxZu5Jdp+DSduShQRA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbDrAz0GvXhMwDwgCWF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7/FhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHd1O/+YRK80g+mHGM3ZAOJA84o8ZKtbNeseSW3RnIMvEyUoIM1V7xq9OPWBKiNExQrdueG5tuSpXhTOCk0Ek0xpSN6ADblkoaou6ms0Mn5MQqfRJEypY0ZKb+nkhpqPU49G1nSM1QL3pT8T+vnZjgpptyGScGJZsvChJBTESmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyXvYvyVe2yVLnN4sjDERzDKXhwDRW4hyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD3bRjLg=</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

(spurious singularities in TOPT)
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Acyclic graphs and edge contraction

Performing the integrals using residue theorem is a matter of correctly addressing energy 
conservation (depending on how, get TOPT, LTD, CFF). For CFF (ZC [arXiv:2211.09653]):
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e
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e
<latexit sha1_base64="ImZDQ4rAeg5m8AdBWglRnqIIOaY="></latexit>
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<latexit sha1_base64="IG0s2b52Dn5yYpQpztdRSV4P1Go="></latexit>

After insertion of this identity, loop energy integrations are trivial (dependence is only in exponents) 

KG
<latexit sha1_base64="o9/ygQHX2DwyhXDKhELgdyJQQH0=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXRhYKbCvYBbSiTybQdOpnEmYlQQj7AL3CrX+BO3PoZfoD/4aTNwrYeuHA4517u4XgRZ0rb9rdVWFpeWV0rrpc2Nre2d8q7e00VxpLQBgl5KNseVpQzQRuaaU7bkaQ48DhteaPrzG89UalYKB70OKJugAeC9RnB2khuN8B6SDBP7tLeTa9csav2BGiRODmpQI56r/zT9UMSB1RowrFSHceOtJtgqRnhNC11Y0UjTEZ4QDuGChxQ5SaT0Ck6MoqP+qE0IzSaqH8vEhwoNQ48s5mFVPNeJv7ndWLdv3QTJqJYU0Gmj/oxRzpEWQPIZ5ISzceGYCKZyYrIEEtMtOlp5ouvsmip6cWZb2GRNE+qzmn1/P6sUrvKGyrCARzCMThwATW4hTo0gMAjvMArvFnP1rv1YX1OVwtWfrMPM7C+fgHAhJqP</latexit>

(       is empty if graph not acyclic)

Diagrammatically =<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> +
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit> . . .

<latexit sha1_base64="XxIstfAZhX+x80QCL/M3i5yeBN4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idnSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5H1OCVqp2RWRQtMrV7yqN4O7TPycVCBHvVf+6kaKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSQxM0E2u3binlglcvtK25LoztTfExmJjRnHoe2MCQ7NojcV//M6Kfavg4zLJEUm6XxRPxUuKnf6uhtxzSiKsSWEam5vdemQaELRBlSyIfiLLy+T5lnVP69e3l9Uajd5HEU4gmM4BR+uoAZ3UIcGUHiEZ3iFN0c5L8678zFvLTj5zCH8gfP5A75jjz8=</latexit>

=
0

<latexit sha1_base64="7C70XVGnqMYF3WxEDX/qFV1/NNE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHKOYByRJmJ73JkNnZZWZWCEv+wIsHRbz6R978GyfJHjRa0FBUddPdFSSCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rUdUmsfywYwT9CM6kDzkjBor3V+5vXLFrbozkL/Ey0kFctR75c9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TIKn0SxsqWNGSm/pzIaKT1OApsZ0TNUC96U/E/r5Oa8NLPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3z5L2meVL3T6vndWaV2ncdRhAM4hGPw4AJqcAt1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/88o0C</latexit>

=
0

<latexit sha1_base64="7C70XVGnqMYF3WxEDX/qFV1/NNE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHKOYByRJmJ73JkNnZZWZWCEv+wIsHRbz6R978GyfJHjRa0FBUddPdFSSCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rUdUmsfywYwT9CM6kDzkjBor3V+5vXLFrbozkL/Ey0kFctR75c9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TIKn0SxsqWNGSm/pzIaKT1OApsZ0TNUC96U/E/r5Oa8NLPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3z5L2meVL3T6vndWaV2ncdRhAM4hGPw4AJqcAt1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/88o0C</latexit>

We start with an arbitrary diagram integrated over loop energies only

q0e = p0e +
LX

i=1

seik
0
i

<latexit sha1_base64="zJUo2THQ1d92ycknTwB6V0GnKEM=">AAACIHicbVDJSgNBEO2JW4zbqEcvjVEQhDDjgl4CQS8ePEQwC2QZejqVpEnPYnePEIb5AT/DL/CqX+BNPOrd/7AnycEkPujm8V4VVfXckDOpLOvLyCwsLi2vZFdza+sbm1vm9k5VBpGgUKEBD0TdJRI486GimOJQDwUQz+VQcwfXqV97BCFZ4N+rYQgtj/R81mWUKC055sGDA22rGKb/cVNGnhOzop20b7F0YmDJwGFtyzHzVsEaAc8Te0LyaIKyY/40OwGNPPAV5UTKhm2FqhUToRjlkOSakYSQ0AHpQUNTn3ggW/HomgQfaqWDu4HQz1d4pP7tiIkn5dBzdaVHVF/Oeqn4n9eIVPeyFTM/jBT4dDyoG3GsApxGgztMAFV8qAmhguldMe0TQajSAU5N6ch0tUTnYs+mME+qJwX7tHB+d5YvXU0SyqI9tI+OkI0uUAndoDKqIIqe0At6RW/Gs/FufBif49KMMenZRVMwvn8Bv/6jdg==</latexit>

E
<latexit sha1_base64="9CjEeB7rOICYFFPK25c+ovuCFLo=">AAACBXicbVDLSsNAFL2pr1pfVZdugkVwVRIf6LIogssK9gFpKJPJpB06mQkzE6GErv0Ct/oF7sSt3+EH+B9O2ixs64GBwzn3cs+cIGFUacf5tkorq2vrG+XNytb2zu5edf+grUQqMWlhwYTsBkgRRjlpaaoZ6SaSoDhgpBOMbnO/80SkooI/6nFC/BgNOI0oRtpIXi9GeogRy+4m/WrNqTtT2MvELUgNCjT71Z9eKHAaE64xQ0p5rpNoP0NSU8zIpNJLFUkQHqEB8QzlKCbKz6aRJ/aJUUI7EtI8ru2p+ncjQ7FS4zgwk3lEtejl4n+el+ro2s8oT1JNOJ4dilJma2Hn/7dDKgnWbGwIwpKarDYeIomwNi3NXQlVHi3vxV1sYZm0z+ruef3y4aLWuCkaKsMRHMMpuHAFDbiHJrQAg4AXeIU369l6tz6sz9loySp2DmEO1tcvW5KZzw==</latexit>

set of edges of graphEe =
p

|~qe|2 +m2
e

<latexit sha1_base64="5A27javXDodw7YIY8KEZR7LaGdE=">AAACGnicbVDLSsNAFJ3UV62vqktBgkUQhJJURTdCUQSXFewD+giTyU07dCZJZyaFknbnZ/gFbvUL3IlbN36A/2HSdmFbD1w4nHMv995jB4xKZRjfWmppeWV1Lb2e2djc2t7J7u5VpB8KAmXiM1/UbCyBUQ/KiioGtUAA5jaDqt29TfxqH4SkvveoBgE0OW571KUEq1iysod3Flw3ZE+oaNjoA4l6IwuGrcIpt6BVGFnZnJE3xtAXiTklOTRFycr+NByfhBw8RRiWsm4agWpGWChKGIwyjVBCgEkXt6EeUw9zkM1o/MdIP44VR3d9EZen9LH6dyLCXMoBt+NOjlVHznuJ+J9XD5V71YyoF4QKPDJZ5IZMV76ehKI7VABRbBATTASNb9VJBwtMVBzdzBZHJqcluZjzKSySSiFvnuUvHs5zxZtpQml0gI7QCTLRJSqie1RCZUTQE3pBr+hNe9betQ/tc9Ka0qYz+2gG2tcvlaKh6g==</latexit>

Gu
<latexit sha1_base64="tpHso2W3ShgqOWBjBMAJhVapzf8=">AAAB/XicbVDLSsNAFL2pr1pfVZduBovgqiRa0WXRhS4r2ge0oUwmk3boZBJmJkIJxS9wq1/gTtz6LX6A/+GkzcK2Hhg4nHMv98zxYs6Utu1vq7Cyura+UdwsbW3v7O6V9w9aKkokoU0S8Uh2PKwoZ4I2NdOcdmJJcehx2vZGN5nffqJSsUg86nFM3RAPBAsYwdpID7f9pF+u2FV7CrRMnJxUIEejX/7p+RFJQio04ViprmPH2k2x1IxwOin1EkVjTEZ4QLuGChxS5abTqBN0YhQfBZE0T2g0Vf9upDhUahx6ZjLEeqgWvUz8z+smOrhyUybiRFNBZoeChCMdoezfyGeSEs3HhmAimcmKyBBLTLRpZ+6Kr7JoE9OLs9jCMmmdVZ3z6sV9rVK/zhsqwhEcwyk4cAl1uIMGNIHAAF7gFd6sZ+vd+rA+Z6MFK985hDlYX7/NG5Yn</latexit>

       undirected graph
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<latexit sha1_base64="2azsvVsYTJrxsX6vquY7gUd+T1k="></latexit>

Position space: Fourier duality maps acyclic graphs to strongly-connected graphs 
(Borinsky, ZC, Laenen, Salas-Bernardez [arXiv:2210.05532])

Notation
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<latexit sha1_base64="HUn9B3c/gGhLvoL5D2rChpRcFss="></latexit>
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<latexit sha1_base64="xMw+18b43zyk9zFmCNzMK1dAhNU="></latexit>

e1
<latexit sha1_base64="tiQED7RWeKyVmsbOcbzwlXU4f2I=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmV4hhOAXeNUv8CZe/RY/wP9wkuzBJBY0FFXddHcFiRQGXffbya2srq1v5DcLW9s7u3vF/YO6iVPNocZjGetmwAxIoaCGAiU0Ew0sCiQ0gsHtxG88gTYiVo84TMCPWE+JUHCGVnqAjtcpltyyOwVdJl5GSiRDtVP8aXdjnkagkEtmTMtzE/RHTKPgEsaFdmogYXzAetCyVLEIjD+anjqmJ1bp0jDWthTSqfp3YsQiY4ZRYDsjhn2z6E3E/7xWiuG1PxIqSREUny0KU0kxppO/aVdo4CiHljCuhb2V8j7TjKNNZ25LoNkAcGxz8RZTWCb1s7J3Xr68vyhVbrKE8uSIHJNT4pErUiF3pEpqhJMeeSGv5M15dt6dD+dz1ppzsplDMgfn6xeGP5Xs</latexit>

e2
<latexit sha1_base64="kcntOBH53zHQ90tfSu3wqKDWvl4=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DHoxWNE84BkCbOTTjJkdnaZmRXCEvwCr/oF3sSr3+IH+B9Okj2YxIKGoqqb7q4gFlwb1/12VlbX1jc2c1v57Z3dvf3CwWFdR4liWGORiFQzoBoFl1gz3AhsxgppGAhsBMPbid94QqV5JB/NKEY/pH3Je5xRY6UH7JQ7haJbcqcgy8TLSBEyVDuFn3Y3YkmI0jBBtW55bmz8lCrDmcBxvp1ojCkb0j62LJU0RO2n01PH5NQqXdKLlC1pyFT9O5HSUOtRGNjOkJqBXvQm4n9eKzG9az/lMk4MSjZb1EsEMRGZ/E26XCEzYmQJZYrbWwkbUEWZsenMbQkUHaIZ21y8xRSWSb1c8s5Ll/cXxcpNllAOjuEEzsCDK6jAHVShBgz68AKv8OY8O+/Oh/M5a11xspkjmIPz9QuH1pXt</latexit>

e3
<latexit sha1_base64="ikTs008OBgfi+cHFdu8M+pJT+i8=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5iddJIhs7PLzKwQluAXeNUv8CZe/RY/wP9wkuzBJBY0FFXddHcFseDauO63k1tZXVvfyG8WtrZ3dveK+wd1HSWKYY1FIlLNgGoUXGLNcCOwGSukYSCwEQxvJ37jCZXmkXw0oxj9kPYl73FGjZUesHPeKZbcsjsFWSZeRkqQodop/rS7EUtClIYJqnXLc2Pjp1QZzgSOC+1EY0zZkPaxZamkIWo/nZ46JidW6ZJepGxJQ6bq34mUhlqPwsB2htQM9KI3Ef/zWonpXfspl3FiULLZol4iiInI5G/S5QqZESNLKFPc3krYgCrKjE1nbkug6BDN2ObiLaawTOpnZe+8fHl/UarcZAnl4QiO4RQ8uIIK3EEVasCgDy/wCm/Os/PufDifs9ack80cwhycr1+JbZXu</latexit>

e4
<latexit sha1_base64="KOmeP7kERekf/IPVrw5TtV779x0=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKexqRI9BLx4jmgckS5iddJIhs7PLTK8QluAXeNUv8CZe/RY/wP9wkuzBRAsaiqpuuruCWAqDrvvl5FZW19Y38puFre2d3b3i/kHDRInmUOeRjHQrYAakUFBHgRJasQYWBhKawehm6jcfQRsRqQccx+CHbKBEX3CGVrqHbqVbLLlldwb6l3gZKZEMtW7xu9OLeBKCQi6ZMW3PjdFPmUbBJUwKncRAzPiIDaBtqWIhGD+dnTqhJ1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz7E3F/7x2gv0rPxUqThAUny/qJ5JiRKd/057QwFGOLWFcC3sr5UOmGUebzsKWQLMR4MTm4i2n8Jc0zsreefnirlKqXmcJ5ckROSanxCOXpEpuSY3UCScD8kxeyKvz5Lw5787HvDXnZDOHZAHO5w+LBJXv</latexit>

e5
<latexit sha1_base64="j3+SMa8M9+8Ic/3Fo9s1p7RjMKE=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyqQY9BLx4jmgckS5iddJIhs7PLTK8QluAXeNUv8CZe/RY/wP9wkuzBRAsaiqpuuruCWAqDrvvl5FZW19Y38puFre2d3b3i/kHDRInmUOeRjHQrYAakUFBHgRJasQYWBhKawehm6jcfQRsRqQccx+CHbKBEX3CGVrqHbqVbLLlldwb6l3gZKZEMtW7xu9OLeBKCQi6ZMW3PjdFPmUbBJUwKncRAzPiIDaBtqWIhGD+dnTqhJ1bp0X6kbSmkM/X3RMpCY8ZhYDtDhkOz7E3F/7x2gv0rPxUqThAUny/qJ5JiRKd/057QwFGOLWFcC3sr5UOmGUebzsKWQLMR4MTm4i2n8Jc0zsreeblyd1GqXmcJ5ckROSanxCOXpEpuSY3UCScD8kxeyKvz5Lw5787HvDXnZDOHZAHO5w+Mm5Xw</latexit>

e6
<latexit sha1_base64="99uOoAIFu6PmStPWxwRNSKYAyfI=">AAAB/XicbVDLSgNBEJz1GeMr6tHLYBA8hV3fx6AXjxHNA5IlzE56kyGzs8tMrxBC8Au86hd4E69+ix/gfzhJ9mASCxqKqm66u4JECoOu++0sLa+srq3nNvKbW9s7u4W9/ZqJU82hymMZ60bADEihoIoCJTQSDSwKJNSD/u3Yrz+BNiJWjzhIwI9YV4lQcIZWeoD2ZbtQdEvuBHSReBkpkgyVduGn1Yl5GoFCLpkxTc9N0B8yjYJLGOVbqYGE8T7rQtNSxSIw/nBy6ogeW6VDw1jbUkgn6t+JIYuMGUSB7YwY9sy8Nxb/85ophtf+UKgkRVB8uihMJcWYjv+mHaGBoxxYwrgW9lbKe0wzjjadmS2BZn3Akc3Fm09hkdROS95Z6eL+vFi+yRLKkUNyRE6IR65ImdyRCqkSTrrkhbySN+fZeXc+nM9p65KTzRyQGThfv44ylfE=</latexit>

⌧1 + ⌧2 + ⌧3 = 0
<latexit sha1_base64="yELZq2NkLXzZO5fZp4H0EgbKDVA=">AAACEnicbVDLSsNAFJ34rPUVFdy4GSyCIJSkVXQjFN24rGAf0IYwmUzaoZNJmJkIJfYv/AK3+gXuxK0/4Af4H07SLGzrgcs9nHsv93C8mFGpLOvbWFpeWV1bL22UN7e2d3bNvf22jBKBSQtHLBJdD0nCKCctRRUj3VgQFHqMdLzRbTbvPBIhacQf1DgmTogGnAYUI6Ul1zzsK5S49lneatNWv7Zcs2JVrRxwkdgFqYACTdf86fsRTkLCFWZIyp5txcpJkVAUMzIp9xNJYoRHaEB6mnIUEumkuf8JPNGKD4NI6OIK5urfixSFUo5DT2+GSA3l/CwT/5v1EhVcOSnlcaIIx9NHQcKgimAWBvSpIFixsSYIC6q9QjxEAmGlI5v54svM2kTnYs+nsEjatapdr17cn1caN0VCJXAEjsEpsMElaIA70AQtgMETeAGv4M14Nt6ND+NzurpkFDcHYAbG1y9eLp1j</latexit>

⌧2 + ⌧6 + ⌧5 = 0
<latexit sha1_base64="j/LsQ1E7LoiiX0BqWxSvnwifrFw=">AAACEnicbVDLSsNAFJ3UV62vqODGzWARBKEk1aoboejGZQX7gDaEyWTaDp1MwsxEKLF/4Re41S9wJ279AT/A/3CSZmFbD1zu4dx7uYfjRYxKZVnfRmFpeWV1rbhe2tjc2t4xd/daMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vZGt+m8/UiEpCF/UOOIOAEacNqnGCktueZBT6HYrZ5m7WLaateWa5atipUBLhI7J2WQo+GaPz0/xHFAuMIMSdm1rUg5CRKKYkYmpV4sSYTwCA1IV1OOAiKdJPM/gcda8WE/FLq4gpn69yJBgZTjwNObAVJDOT9Lxf9m3Vj1r5yE8ihWhOPpo37MoAphGgb0qSBYsbEmCAuqvUI8RAJhpSOb+eLL1NpE52LPp7BIWtWKfVap3Z+X6zd5QkVwCI7ACbDBJaiDO9AATYDBE3gBr+DNeDbejQ/jc7paMPKbfTAD4+sXaYedag==</latexit>

⌧3 + ⌧4 � ⌧6 = 0
<latexit sha1_base64="LUYhV2e+5VX+jyBQyOwAkO8f2ao=">AAACEnicbVDLSsNAFJ3UV62vqODGzWARBLEktj42QtGNywr2AW0Ik8mkHTqZhJmJUGr/wi9wq1/gTtz6A36A/+EkzcJWD1zu4dx7uYfjxYxKZVlfRmFhcWl5pbhaWlvf2Nwyt3daMkoEJk0csUh0PCQJo5w0FVWMdGJBUOgx0vaGN+m8/UCEpBG/V6OYOCHqcxpQjJSWXHOvp1DiVo+zVjvJ2vmV5Zplq2JlgH+JnZMyyNFwze+eH+EkJFxhhqTs2lasnDESimJGJqVeIkmM8BD1SVdTjkIinXHmfwIPteLDIBK6uIKZ+vtijEIpR6GnN0OkBnJ+lor/zbqJCi6dMeVxogjH00dBwqCKYBoG9KkgWLGRJggLqr1CPEACYaUjm/niy9TaROdiz6fwl7ROK3a1cnZXK9ev84SKYB8cgCNggwtQB7egAZoAg0fwDF7Aq/FkvBnvxsd0tWDkN7tgBsbnD2zFnWw=</latexit>⌧i > 0, i = 1, ..., 6

<latexit sha1_base64="+MTs2dlxfVKpIq0peU5WaffDti4=">AAACEXicbVDLSsNAFJ3UV62vqLhyM1gEFyUkvjdK0Y3LCtYWmhAmk2k7dDIJMxOhhH6FX+BWv8CduPUL/AD/w0mbhW09cOFwzr3cwwkSRqWy7W+jtLC4tLxSXq2srW9sbpnbO48yTgUmTRyzWLQDJAmjnDQVVYy0E0FQFDDSCga3ud96IkLSmD+oYUK8CPU47VKMlJZ8c89VKPXptV2DLqRXTs2yrNq5b1Ztyx4DzhOnIFVQoOGbP24Y4zQiXGGGpOw4dqK8DAlFMSOjiptKkiA8QD3S0ZSjiEgvG8cfwUOthLAbCz1cwbH69yJDkZTDKNCbEVJ9Oevl4n9eJ1XdSy+jPEkV4XjyqJsyqGKYdwFDKghWbKgJwoLqrBD3kUBY6camvoQyjzbSvTizLcyTx2PLObHO7k+r9ZuioTLYBwfgCDjgAtTBHWiAJsAgAy/gFbwZz8a78WF8TlZLRnGzC6ZgfP0CPmSbhA==</latexit>

with KG =

(
(⌧e)e2E 2 R|E|

+

�����
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e2E
sGei⌧e = 0, i = 1, ..., L

)

<latexit sha1_base64="Wq+ICdniR5cUuMyXRUrrDIVfAHk="></latexit>
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5 � (�⌧1 � ⌧2 + ⌧3 + ⌧4)

<latexit sha1_base64="knuEIDDiY/22aHisOtkmbTezimE="></latexit>

=
i

E1 + E4 � p01


i

E2 + E3 + p03

i

E2 + E4 � p01 � p02
+

i

E1 + E3 � p01 � p04

i

E2 + E3 + p03

�

<latexit sha1_base64="R4uRVIXxCcmIjhQyw67Fd9x0o6U="></latexit>

=
i

E1 + E4 � p01
<latexit sha1_base64="yC7aiQ/pUVsqc8rY4seOydtgPsc=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiCGJJtKIXoSgFjxXsB7Q1bLabdulmE3Y3Qgnx4l/x4kERr/4Lb/4bt20OWn0w8Hhvhpl5XsSoVLb9ZeTm5hcWl/LLhZXVtfUNc3OrIcNYYFLHIQtFy0OSMMpJXVHFSCsSBAUeI01veDX2m/dESBryWzWKSDdAfU59ipHSkmvuXHR8gXBC06TqOodVt3wUuc6dnbpm0S7ZE1h/iZORImSoueZnpxfiOCBcYYakbDt2pLoJEopiRtJCJ5YkQniI+qStKUcBkd1k8kFq7WulZ/mh0MWVNVF/TiQokHIUeLozQGogZ72x+J/XjpV/3k0oj2JFOJ4u8mNmqdAax2H1qCBYsZEmCAuqb7XwAOlElA6toENwZl/+SxrHJeekdHpTLlYuszjysAt7cAAOnEEFrqEGdcDwAE/wAq/Go/FsvBnv09ackc1swy8YH9+zNZXD</latexit>

i

E2 + E3 + p03
<latexit sha1_base64="6c2X7F/qa9JWp93ictUkLilLahw=">AAACAHicbVDLSgNBEOyNrxhfqx48eBkMghAIu4mix6AEPEYwD0jiMjuZTYbMPpiZFcKyF3/FiwdFvPoZ3vwbJ8keNLGgoajqprvLjTiTyrK+jdzK6tr6Rn6zsLW9s7tn7h+0ZBgLQpsk5KHouFhSzgLaVExx2okExb7Ladsd30z99iMVkoXBvZpEtO/jYcA8RrDSkmMe9TyBScLSpO5USnWnWoqc6oOVOmbRKlszoGViZ6QIGRqO+dUbhCT2aaAIx1J2bStS/QQLxQinaaEXSxphMsZD2tU0wD6V/WT2QIpOtTJAXih0BQrN1N8TCfalnPiu7vSxGslFbyr+53Vj5V31ExZEsaIBmS/yYo5UiKZpoAETlCg+0QQTwfStiIywTkTpzAo6BHvx5WXSqpTtavni7rxYu87iyMMxnMAZ2HAJNbiFBjSBQArP8ApvxpPxYrwbH/PWnJHNHMIfGJ8/LBWVfA==</latexit>

"

<latexit sha1_base64="KQZw8uE7A4cx5NljXzG8UZJZafs=">AAAB7XicbVDLSsNAFL3xWeur6tLNYBFclcQHuix147KCfUAaymQ6ScdOZsLMRCih/+DGhSJu/R93/o3TNgttPXDhcM693HtPmHKmjet+Oyura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBOObqd+54kqzaR4MOOUBgmOBYsYwcZK7V6DxbHfr1TdmjsDWiZeQapQoNmvfPUGkmQJFYZwrLXvuakJcqwMI5xOyr1M0xSTEY6pb6nACdVBPrt2gk6tMkCRVLaEQTP190SOE63HSWg7E2yGetGbiv95fmaimyBnIs0MFWS+KMo4MhJNX0cDpigxfGwJJorZWxEZYoWJsQGVbQje4svLpH1e8y5qV/eX1XqjiKMEx3ACZ+DBNdThDprQAgKP8Ayv8OZI58V5dz7mrStOMXMEf+B8/gBBZY7t</latexit>

v123
<latexit sha1_base64="KABuK3HqDGJWlZO/Zfhhbv3W3B4=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHZBo0eiF4+YyCOBDZkdGpgwO7uZmSUhGz7CiweN8er3ePNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXj+7nfmqDSPJJPZhqjH9Kh5APOqLFSa9JLvUp11iuW3LK7AFknXkZKkKHeK351+xFLQpSGCap1x3Nj46dUGc4EzgrdRGNM2ZgOsWOppCFqP12cOyMXVumTQaRsSUMW6u+JlIZaT8PAdobUjPSqNxf/8zqJGdz6KZdxYlCy5aJBIoiJyPx30ucKmRFTSyhT3N5K2IgqyoxNqGBD8FZfXifNStmrlq8fr0q1uyyOPJzBOVyCBzdQgweoQwMYjOEZXuHNiZ0X5935WLbmnGzmFP7A+fwBthCPKg==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

v34
<latexit sha1_base64="Hjk/Gclx5UCLxFR0M5+yVW+WcUc=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewKRI9ELx4xkY8ENqRbulDptpu2S0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY38399oQqzaR4NNOY+hEeChYygo2VWpN+WqnO+sWSW3YXQOvEy0gJMjT6xa/eQJIkosIQjrXuem5s/BQrwwins0Iv0TTGZIyHtGupwBHVfrq4doYurDJAoVS2hEEL9fdEiiOtp1FgOyNsRnrVm4v/ed3EhDd+ykScGCrIclGYcGQkmr+OBkxRYvjUEkwUs7ciMsIKE2MDKtgQvNWX10nrquxVyrWHaql+m8WRhzM4h0vw4BrqcA8NaAKBJ3iGV3hzpPPivDsfy9ack82cwh84nz9IBo7x</latexit>

v12
<latexit sha1_base64="WGA2kBTB/qpVaoS0zpagOACllbY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB/QLiWbZtvYbLIk2UJZ+h+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY32V+e0KVZlI8mmlM/QgPBQsZwcZKrUk/9WqzfrniVt050CrxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqcES1n86vnaEzqwxQKJUtYdBc/T2R4kjraRTYzgibkV72MvE/r5uY8MZPmYgTQwVZLAoTjoxE2etowBQlhk8twUQxeysiI6wwMTagkg3BW355lbRqVe+ievVwWanf5nEU4QRO4Rw8uIY63EMDmkDgCZ7hFd4c6bw4787HorXg5DPH8AfO5w9B8I7t</latexit>+

<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

 

<latexit sha1_base64="ic0XsUyeApFZMaxNJR4dumV2MOw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9j1gR5DvHiMYB6QLGF2MrsZMzuzzMwKYck/ePGgiFf/x5t/4yTZgyYWNBRV3XR3BQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I9xJFjICDZWavcbLIqqg3LFrblzoFXi5aQCOZqD8ld/KEkaU2EIx1r3PDcxfoaVYYTTaamfappgMsYR7VkqcEy1n82vnaIzqwxRKJUtYdBc/T2R4VjrSRzYzhibkV72ZuJ/Xi814Y2fMZGkhgqyWBSmHBmJZq+jIVOUGD6xBBPF7K2IjLDCxNiASjYEb/nlVdI+r3kXtav7y0q9kcdRhBM4hSp4cA11uIMmtIDAIzzDK7w50nlx3p2PRWvByWeO4Q+czx/0Co66</latexit>

 

<latexit sha1_base64="ic0XsUyeApFZMaxNJR4dumV2MOw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9j1gR5DvHiMYB6QLGF2MrsZMzuzzMwKYck/ePGgiFf/x5t/4yTZgyYWNBRV3XR3BQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I9xJFjICDZWavcbLIqqg3LFrblzoFXi5aQCOZqD8ld/KEkaU2EIx1r3PDcxfoaVYYTTaamfappgMsYR7VkqcEy1n82vnaIzqwxRKJUtYdBc/T2R4VjrSRzYzhibkV72ZuJ/Xi814Y2fMZGkhgqyWBSmHBmJZq+jIVOUGD6xBBPF7K2IjLDCxNiASjYEb/nlVdI+r3kXtav7y0q9kcdRhBM4hSp4cA11uIMmtIDAIzzDK7w50nlx3p2PRWvByWeO4Q+czx/0Co66</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

+
i

E1 + E3 � p01 � p04
<latexit sha1_base64="ulnNqp8cNduxIpodh+AkblnilsQ=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGEYklsRZdFKbisYB/QpmEynbRDJ5MwMxFKyM6Nv+LGhSJu/QV3/o3TNgttPXAvh3PuZeYeL2JUKsv6NpaWV1bX1nMb+c2t7Z1dc2+/KcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1vdDPxWw9ESBryezWOiBOgAac+xUhpyTWPil1fIJzQNKm5drHmls8i1+5Zuld6VuqaBatkTQEXiZ2RAshQd82vbj/EcUC4wgxJ2bGtSDkJEopiRtJ8N5YkQniEBqSjKUcBkU4yvSOFJ1rpQz8UuriCU/X3RoICKceBpycDpIZy3puI/3mdWPlXTkJ5FCvC8ewhP2ZQhXASCuxTQbBiY00QFlT/FeIh0rkoHV1eh2DPn7xImuclu1y6uKsUqtdZHDlwCI7BKbDBJaiCW1AHDYDBI3gGr+DNeDJejHfjYza6ZGQ7B+APjM8fS+SXqg==</latexit>

 

<latexit sha1_base64="ic0XsUyeApFZMaxNJR4dumV2MOw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9j1gR5DvHiMYB6QLGF2MrsZMzuzzMwKYck/ePGgiFf/x5t/4yTZgyYWNBRV3XR3BQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I9xJFjICDZWavcbLIqqg3LFrblzoFXi5aQCOZqD8ld/KEkaU2EIx1r3PDcxfoaVYYTTaamfappgMsYR7VkqcEy1n82vnaIzqwxRKJUtYdBc/T2R4VjrSRzYzhibkV72ZuJ/Xi814Y2fMZGkhgqyWBSmHBmJZq+jIVOUGD6xBBPF7K2IjLDCxNiASjYEb/nlVdI+r3kXtav7y0q9kcdRhBM4hSp4cA11uIMmtIDAIzzDK7w50nlx3p2PRWvByWeO4Q+czx/0Co66</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

v134
<latexit sha1_base64="+ppU1BfIhoY/d8juPFSDJiDxi3E=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHYFo0eiF4+YyCOBDZkdBpgwO7uZ6SUhGz7CiweN8er3ePNvHGAPClbSSaWqO91dQSyFQdf9dnIbm1vbO/ndwt7+weFR8fikaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38/91oRrIyL1hNOY+yEdKjEQjKKVWpNe6lWqs16x5JbdBcg68TJSggz1XvGr249YEnKFTFJjOp4bo59SjYJJPit0E8NjysZ0yDuWKhpy46eLc2fkwip9Moi0LYVkof6eSGlozDQMbGdIcWRWvbn4n9dJcHDrp0LFCXLFlosGiSQYkfnvpC80ZyinllCmhb2VsBHVlKFNqGBD8FZfXifNq7JXKV8/Vku1uyyOPJzBOVyCBzdQgweoQwMYjOEZXuHNiZ0X5935WLbmnGzmFP7A+fwBuRuPLA==</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

v124
<latexit sha1_base64="4mgfiqkQiYzHIk1xysWJXO/Rsf4=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHYRo0eiF4+YyCOBDZkdBpgwO7uZ6SUhGz7CiweN8er3ePNvHGAPClbSSaWqO91dQSyFQdf9dnIbm1vbO/ndwt7+weFR8fikaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38/91oRrIyL1hNOY+yEdKjEQjKKVWpNe6lWqs16x5JbdBcg68TJSggz1XvGr249YEnKFTFJjOp4bo59SjYJJPit0E8NjysZ0yDuWKhpy46eLc2fkwip9Moi0LYVkof6eSGlozDQMbGdIcWRWvbn4n9dJcHDrp0LFCXLFlosGiSQYkfnvpC80ZyinllCmhb2VsBHVlKFNqGBD8FZfXifNStm7Kl8/Vku1uyyOPJzBOVyCBzdQgweoQwMYjOEZXuHNiZ0X5935WLbmnGzmFP7A+fwBt5WPKw==</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

 

<latexit sha1_base64="ic0XsUyeApFZMaxNJR4dumV2MOw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQU9j1gR5DvHiMYB6QLGF2MrsZMzuzzMwKYck/ePGgiFf/x5t/4yTZgyYWNBRV3XR3BQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDvzO09UaSbFg5kk1I9xJFjICDZWavcbLIqqg3LFrblzoFXi5aQCOZqD8ld/KEkaU2EIx1r3PDcxfoaVYYTTaamfappgMsYR7VkqcEy1n82vnaIzqwxRKJUtYdBc/T2R4VjrSRzYzhibkV72ZuJ/Xi814Y2fMZGkhgqyWBSmHBmJZq+jIVOUGD6xBBPF7K2IjLDCxNiASjYEb/nlVdI+r3kXtav7y0q9kcdRhBM4hSp4cA11uIMmtIDAIzzDK7w50nlx3p2PRWvByWeO4Q+czx/0Co66</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

"

<latexit sha1_base64="KQZw8uE7A4cx5NljXzG8UZJZafs=">AAAB7XicbVDLSsNAFL3xWeur6tLNYBFclcQHuix147KCfUAaymQ6ScdOZsLMRCih/+DGhSJu/R93/o3TNgttPXDhcM693HtPmHKmjet+Oyura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBOObqd+54kqzaR4MOOUBgmOBYsYwcZK7V6DxbHfr1TdmjsDWiZeQapQoNmvfPUGkmQJFYZwrLXvuakJcqwMI5xOyr1M0xSTEY6pb6nACdVBPrt2gk6tMkCRVLaEQTP190SOE63HSWg7E2yGetGbiv95fmaimyBnIs0MFWS+KMo4MhJNX0cDpigxfGwJJorZWxEZYoWJsQGVbQje4svLpH1e8y5qV/eX1XqjiKMEx3ACZ+DBNdThDprQAgKP8Ayv8OZI58V5dz7mrStOMXMEf+B8/gBBZY7t</latexit>

How do we perform the remaining integrations (one for each edge)? Edge-contraction

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

1. Choose sink/source with 
connected complement

=
i

E1 + E4 � p01
<latexit sha1_base64="yC7aiQ/pUVsqc8rY4seOydtgPsc=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL8EiCGJJtKIXoSgFjxXsB7Q1bLabdulmE3Y3Qgnx4l/x4kERr/4Lb/4bt20OWn0w8Hhvhpl5XsSoVLb9ZeTm5hcWl/LLhZXVtfUNc3OrIcNYYFLHIQtFy0OSMMpJXVHFSCsSBAUeI01veDX2m/dESBryWzWKSDdAfU59ipHSkmvuXHR8gXBC06TqOodVt3wUuc6dnbpm0S7ZE1h/iZORImSoueZnpxfiOCBcYYakbDt2pLoJEopiRtJCJ5YkQniI+qStKUcBkd1k8kFq7WulZ/mh0MWVNVF/TiQokHIUeLozQGogZ72x+J/XjpV/3k0oj2JFOJ4u8mNmqdAax2H1qCBYsZEmCAuqb7XwAOlElA6toENwZl/+SxrHJeekdHpTLlYuszjysAt7cAAOnEEFrqEGdcDwAE/wAq/Go/FsvBnv09ackc1swy8YH9+zNZXD</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

v12
<latexit sha1_base64="WGA2kBTB/qpVaoS0zpagOACllbY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB/QLiWbZtvYbLIk2UJZ+h+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY32V+e0KVZlI8mmlM/QgPBQsZwcZKrUk/9WqzfrniVt050CrxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqcES1n86vnaEzqwxQKJUtYdBc/T2R4kjraRTYzgibkV72MvE/r5uY8MZPmYgTQwVZLAoTjoxE2etowBQlhk8twUQxeysiI6wwMTagkg3BW355lbRqVe+ievVwWanf5nEU4QRO4Rw8uIY63EMDmkDgCZ7hFd4c6bw4787HorXg5DPH8AfO5w9B8I7t</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

v14
<latexit sha1_base64="RmTBHw9cMwsCdXkTm2Eh2cWgQrw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih6LXjxWsB/QLiWbZtvYbLIk2UJZ+h+8eFDEq//Hm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY38399oQqzaR4NNOY+hEeChYygo2VWpN+6tVm/XLFrboZ0CrxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqcES1n2bXztCZVQYolMqWMChTf0+kONJ6GgW2M8JmpJe9ufif101MeOOnTMSJoYIsFoUJR0ai+etowBQlhk8twUQxeysiI6wwMTagkg3BW355lbQuqt5l9eqhVqnf5nEU4QRO4Rw8uIY63EMDmkDgCZ7hFd4c6bw4787HorXg5DPH8AfO5w9E+o7v</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

"

<latexit sha1_base64="KQZw8uE7A4cx5NljXzG8UZJZafs=">AAAB7XicbVDLSsNAFL3xWeur6tLNYBFclcQHuix147KCfUAaymQ6ScdOZsLMRCih/+DGhSJu/R93/o3TNgttPXDhcM693HtPmHKmjet+Oyura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBOObqd+54kqzaR4MOOUBgmOBYsYwcZK7V6DxbHfr1TdmjsDWiZeQapQoNmvfPUGkmQJFYZwrLXvuakJcqwMI5xOyr1M0xSTEY6pb6nACdVBPrt2gk6tMkCRVLaEQTP190SOE63HSWg7E2yGetGbiv95fmaimyBnIs0MFWS+KMo4MhJNX0cDpigxfGwJJorZWxEZYoWJsQGVbQje4svLpH1e8y5qV/eX1XqjiKMEx3ACZ+DBNdThDprQAgKP8Ayv8OZI58V5dz7mrStOMXMEf+B8/gBBZY7t</latexit>

"

<latexit sha1_base64="KQZw8uE7A4cx5NljXzG8UZJZafs=">AAAB7XicbVDLSsNAFL3xWeur6tLNYBFclcQHuix147KCfUAaymQ6ScdOZsLMRCih/+DGhSJu/R93/o3TNgttPXDhcM693HtPmHKmjet+Oyura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBOObqd+54kqzaR4MOOUBgmOBYsYwcZK7V6DxbHfr1TdmjsDWiZeQapQoNmvfPUGkmQJFYZwrLXvuakJcqwMI5xOyr1M0xSTEY6pb6nACdVBPrt2gk6tMkCRVLaEQTP190SOE63HSWg7E2yGetGbiv95fmaimyBnIs0MFWS+KMo4MhJNX0cDpigxfGwJJorZWxEZYoWJsQGVbQje4svLpH1e8y5qV/eX1XqjiKMEx3ACZ+DBNdThDprQAgKP8Ayv8OZI58V5dz7mrStOMXMEf+B8/gBBZY7t</latexit>

2. Contract one-by-one 
    adjacent edges
3. Multiply by inverse sum 
    of energies of adjacent edges

4. Throw out non-acyclic  
    graphs

5. Contract parallel  
    edges

All time integrations are performed diagrammatically!

)

<latexit sha1_base64="cOpwez9ILKbrLQCeDpLQwm8NUI8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTp0ZhJmJkIJ/Qg3LhRx6/e482+ctllo64ELh3Pu5d57wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+G7md5+o0iyRj2aS0kDgWLKIEWys1PWbLI796aBac+vuHGiVeAWpQYHWoPrlDxOSCSoN4VjrvuemJsixMoxwOq34maYpJmMc076lEguqg3x+7hSdWWWIokTZkgbN1d8TORZaT0RoOwU2I73szcT/vH5motsgZzLNDJVksSjKODIJmv2OhkxRYvjEEkwUs7ciMsIKE2MTqtgQvOWXV0nnou5d1q8frmqNZhFHGU7gFM7BgxtowD20oA0ExvAMr/DmpM6L8+58LFpLTjFzDH/gfP4AJ4uPdQ==</latexit>

KG =

(
(⌧e)e2E 2 R|E|

+

�����
X

e2E
sei⌧e

)

<latexit sha1_base64="dkrsiSORMTfT89/hsaLaj2yH92k="></latexit>

The cone is non-simplicial 
Needs triangulation!

Edge contraction

Triangulation introduces spurious 
singularities or spurious intersections
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Cross-Free Families

Collecting the chosen vertices and collecting them 
according to order of choice, we get a decision tree, 
whose root is the first chosen vertex

Tracing the route from the leaves to the root gives sets of vertices

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v12
<latexit sha1_base64="WGA2kBTB/qpVaoS0zpagOACllbY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtih6LXjxWsB/QLiWbZtvYbLIk2UJZ+h+8eFDEq//Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY32V+e0KVZlI8mmlM/QgPBQsZwcZKrUk/9WqzfrniVt050CrxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqcES1n86vnaEzqwxQKJUtYdBc/T2R4kjraRTYzgibkV72MvE/r5uY8MZPmYgTQwVZLAoTjoxE2etowBQlhk8twUQxeysiI6wwMTagkg3BW355lbRqVe+ievVwWanf5nEU4QRO4Rw8uIY63EMDmkDgCZ7hFd4c6bw4787HorXg5DPH8AfO5w9B8I7t</latexit>

v14
<latexit sha1_base64="RmTBHw9cMwsCdXkTm2Eh2cWgQrw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVih6LXjxWsB/QLiWbZtvYbLIk2UJZ+h+8eFDEq//Hm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY38399oQqzaR4NNOY+hEeChYygo2VWpN+6tVm/XLFrboZ0CrxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMLprNRLNI0xGeMh7VoqcES1n2bXztCZVQYolMqWMChTf0+kONJ6GgW2M8JmpJe9ufif101MeOOnTMSJoYIsFoUJR0ai+etowBQlhk8twUQxeysiI6wwMTagkg3BW355lbQuqt5l9eqhVqnf5nEU4QRO4Rw8uIY63EMDmkDgCZ7hFd4c6bw4787HorXg5DPH8AfO5w9E+o7v</latexit>

v124
<latexit sha1_base64="4mgfiqkQiYzHIk1xysWJXO/Rsf4=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHYRo0eiF4+YyCOBDZkdBpgwO7uZ6SUhGz7CiweN8er3ePNvHGAPClbSSaWqO91dQSyFQdf9dnIbm1vbO/ndwt7+weFR8fikaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38/91oRrIyL1hNOY+yEdKjEQjKKVWpNe6lWqs16x5JbdBcg68TJSggz1XvGr249YEnKFTFJjOp4bo59SjYJJPit0E8NjysZ0yDuWKhpy46eLc2fkwip9Moi0LYVkof6eSGlozDQMbGdIcWRWvbn4n9dJcHDrp0LFCXLFlosGiSQYkfnvpC80ZyinllCmhb2VsBHVlKFNqGBD8FZfXifNStm7Kl8/Vku1uyyOPJzBOVyCBzdQgweoQwMYjOEZXuHNiZ0X5935WLbmnGzmFP7A+fwBt5WPKw==</latexit>

e.g. @({v1, v2}) = {e2, e4}
<latexit sha1_base64="KMBMYF8/AmvBtK0OYjgYD9hVTCg=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUGIEMJMjOhFCHrxGMEskAlDT6eSNOlZ6O4JhGHOXvwVLx4U8eoXePNv7CwHTXxQ8Hiviqp6XsSZVJb1bWRWVtfWN7Kbua3tnd09c/+gIcNYUKjTkIei5REJnAVQV0xxaEUCiO9xaHrD24nfHIGQLAwe1DiCjk/6AesxSpSWXPPYiYhQjPCCk4xcuzhyy056du0k4JaL4Fac1DXzVsmaAi8Te07yaI6aa3453ZDGPgSKciJl27Yi1UkmayiHNOfEEiJCh6QPbU0D4oPsJNNXUnyqlS7uhUJXoPBU/T2REF/Kse/pTp+ogVz0JuJ/XjtWvatOwoIoVhDQ2aJezLEK8SQX3GUCqOJjTQgVTN+K6YAIQpVOL6dDsBdfXiaNcsk+L13cV/LVm3kcWXSETlAB2egSVdEdqqE6ougRPaNX9GY8GS/Gu/Exa80Y85lD9AfG5w+LFpmG</latexit>

)
<latexit sha1_base64="+tXV+cVrDFqNpDxhjnhsM+e+UdM=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSHoKxgoWxIPqQmqhyHKe16tjBdkBV1IVfYWEAIVY+g42/wU0zQMuRrnR0zr26954gYVRpx/m2SguLS8sr5dXK2vrG5pa9vdNSIpWYNLFgQnYCpAijnDQ11Yx0EklQHDDSDoZXE7/9QKSigt/pUUL8GPU5jShG2kg9e8+7T1EIvVvaH2gkpXiEudKzq07NyQHniVuQKijQ6NlfXihwGhOuMUNKdV0n0X6GpKaYkXHFSxVJEB6iPukaylFMlJ/lD4zhoVFCGAlpimuYq78nMhQrNYoD0xkjPVCz3kT8z+umOrrwM8qTVBOOp4uilEEt4CQNGFJJsGYjQxCW1NwK8QBJhLXJrGJCcGdfniet45p7Uju7Oa3WL4s4ymAfHIAj4IJzUAfXoAGaAIMxeAav4M16sl6sd+tj2lqyipld8AfW5w+ZZ5Zr</latexit>

i

E2 + E4 � p01 � p02
<latexit sha1_base64="jB86fC8Rk13jBY/bk4aEBmyqPkQ=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0UQxJLUii6LUnBZwT6gjWEynbRDJ5MwMxFKyNqNv+LGhSJu/QJ3/o2TNgutHhju4Zx7uXOPFzEqlWV9GYWFxaXlleJqaW19Y3PL3N5pyzAWmLRwyELR9ZAkjHLSUlQx0o0EQYHHSMcbX2V+554ISUN+qyYRcQI05NSnGCktueZ+3xcIJzRNGm71uOHWTiI3sdM7K6tVXVPXLFsVawr4l9g5KYMcTdf87A9CHAeEK8yQlD3bipSTIKEoZiQt9WNJIoTHaEh6mnIUEOkk01NSeKiVAfRDoR9XcKr+nEhQIOUk8HRngNRIznuZ+J/Xi5V/4SSUR7EiHM8W+TGDKoRZLnBABcGKTTRBWFD9V4hHSGejdHolHYI9f/Jf0q5W7NPK2U2tXL/M4yiCPXAAjoANzkEdXIMmaAEMHsATeAGvxqPxbLwZ77PWgpHP7IJfMD6+AZOUmY0=</latexit>

Boundary operator provides nexusBoundary operator

Cross-Free Families

F1 = {{v1}, {v3}, {v1, v2}}
<latexit sha1_base64="4Egf9Z8psOkL9LZeUi/uL56xGu4=">AAACDnicbVDLSsNAFJ34rPUVdekmWAouSsm0im6EoiAuK9gHNCFMptN26GQSZiaFEvIFbvwVNy4UcevanX/jpM1CWw8M93DOvdy5x48Ylcq2v42V1bX1jc3CVnF7Z3dv3zw4bMswFpi0cMhC0fWRJIxy0lJUMdKNBEGBz0jHH99kfmdChKQhf1DTiLgBGnI6oBgpLXlm+daDV07iJBMPOmklq/W8JjCtTLyakzqpZ5bsqj2DtUxgTkogR9Mzv5x+iOOAcIUZkrIH7Ui5CRKKYkbSohNLEiE8RkPS05SjgEg3mZ2TWmWt9K1BKPTjypqpvycSFEg5DXzdGSA1koteJv7n9WI1uHQTyqNYEY7niwYxs1RoZdlYfSoIVmyqCcKC6r9aeIQEwkonWNQhwMWTl0m7VoX16vn9WalxncdRAMfgBJwCCC5AA9yBJmgBDB7BM3gFb8aT8WK8Gx/z1hUjnzkCf2B8/gAjxpuO</latexit>

=
i

E1 + E4 � p01

i

E2 + E3 + p03

i

E2 + E4 � p01 � p02
<latexit sha1_base64="n3Wf7yBQ8d6WicId/fZ2B1K7Kxo="></latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

F2 = {{v1}, {v1, v4}, {v1, v2, v4}}
<latexit sha1_base64="O2Y477a+5sCKVv4ATRwGS3J32ps=">AAACFnicbVBNS8MwGE79nPOr6tFLcAge5mjnRC/CUBCPE9wHrKWkWbaFpWlJ0sEo/RVe/CtePCjiVbz5b8y6HnTzgZAnz/O+vHkfP2JUKsv6NpaWV1bX1gsbxc2t7Z1dc2+/JcNYYNLEIQtFx0eSMMpJU1HFSCcSBAU+I21/dDP122MiJA35g5pExA3QgNM+xUhpyTNPb73qlZM4ydiznbSc3eWxV8t5Yqf6VZ0pTuqZJatiZYCLxM5JCeRoeOaX0wtxHBCuMENSdm0rUm6ChKKYkbToxJJECI/QgHQ15Sgg0k2ytVJ4rJUe7IdCH65gpv7uSFAg5STwdWWA1FDOe1PxP68bq/6lm1AexYpwPBvUjxlUIZxmBHtUEKzYRBOEBdV/hXiIBMJKJ1nUIdjzKy+SVrVin1XO72ul+nUeRwEcgiNwAmxwAergDjRAE2DwCJ7BK3gznowX4934mJUuGXnPAfgD4/MHYkeeRw==</latexit>

=
i

E1 + E4 � p01

i

E1 + E3 � p01 � p04

i

E2 + E3 + p03
<latexit sha1_base64="ilM1BrrUk/hrnZ3pO1bpqBdONMw="></latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

We notice some regularities… these families of cuts satisfy
S 2 F ) S, V \ S are connected

S1, S2 2 F ) S1 ⇢ S2 or S2 ⇢ S1 or S1 \ S2 = ;
S 2 F ) S cannot be written as union of other sets in F

<latexit sha1_base64="MX26Qfw8Dlhm7TeCqVkDurpaE44="></latexit>

Abreu, Britto, Duhr, Gardi

arXiv:2010.01068 (2014)

Arkani-Hamed, Benincasa, Postnikov

arXiv:1709.02813 (2017)

Benincasa, McLeod, Vergu

arXiv:2009.03047 (2020)

Bloch, Kreimer

arXiv:1512.01705 (2015)

Capatti, Hirschi, Pelloni, Ruijl,

arXiv:2010.01068 (2020)
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Repeating the same edge-contraction procedure for all acyclic graphs. For our example, we had

FG = {F1, F2}
<latexit sha1_base64="Cz6rgf2hPid0VitI3yw9/osapDo=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1KSquhGKArVZQX7gCaEyXTaDp1MwsxEKCG48VfcuFDErV/hzr9x0mahrQcuHM65l3vv8SNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRnGApMmDlkoOj6ShFFOmooqRjqRICjwGWn7o+vMbz8QIWnI79U4Im6ABpz2KUZKS5655wRIDTFiST31bi6dpO7Zx3Wv6qSeWbYq1gRwntg5KYMcDc/8cnohjgPCFWZIyq5tRcpNkFAUM5KWnFiSCOERGpCuphwFRLrJ5IUUHmqlB/uh0MUVnKi/JxIUSDkOfN2ZHSxnvUz8z+vGqn/hJpRHsSIcTxf1YwZVCLM8YI8KghUba4KwoPpWiIdIIKx0aiUdgj378jxpVSv2SeXs7rRcu8rjKIJ9cACOgA3OQQ3cggZoAgwewTN4BW/Gk/FivBsf09aCkc/sgj8wPn8ACGuWjA==</latexit>

G =
<latexit sha1_base64="WtArdCPKDkkeXEqhH8Xp2KQyfaQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IMeo5gHJCHMTnqTIbOzy8ysEJb8gRcPinj1j7z5N06SPWhiQUNR1U13lx8Lro3rfju5peWV1bX8emFjc2t7p7i7V9dRohjWWCQi1fSpRsEl1gw3ApuxQhr6Ahv+8GbiN55QaR7JRzOKsRPSvuQBZ9RY6eH2qlssuWV3CrJIvIyUIEO1W/xq9yKWhCgNE1TrlufGppNSZTgTOC60E40xZUPax5alkoaoO+n00jE5skqPBJGyJQ2Zqr8nUhpqPQp92xlSM9Dz3kT8z2slJrjspFzGiUHJZouCRBATkcnbpMcVMiNGllCmuL2VsAFVlBkbTsGG4M2/vEjqJ2XvtHx+f1aqXGdx5OEADuEYPLiACtxBFWrAIIBneIU3Z+i8OO/Ox6w152Qz+/AHzucPH+eNGQ==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

F1 =
<latexit sha1_base64="Y9xYNjI2KMMYC2YKjc3UxE2pjzg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVil6EoiAeK9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9mfvuJKs0i+WgmMfUFHkoWMoJNJt31vet+ueJW3RnQMvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwum01Es0jTEZ4yHtWiqxoNpPZ7dO0YlVBiiMlC1p0Ez9PZFiofVEBLZTYDPSi14m/ud1ExNe+SmTcWKoJPNFYcKRiVD2OBowRYnhE0swUczeisgIK0yMjadkQ/AWX14mrbOqd169eKhV6jd5HEU4gmM4BQ8uoQ730IAmEBjBM7zCmyOcF+fd+Zi3Fpx85hD+wPn8AUP6jbw=</latexit>

F2 =
<latexit sha1_base64="30mP5nrC7n086ozqgMB0s5nEkIE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtil6EoiAeK9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9mfvuJKs0i+WgmMfUFHkoWMoJNJt31a9f9csWtujOgZeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzm6dohOrDFAYKVvSoJn6eyLFQuuJCGynwGakF71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/JhuAtvrxMWrWqd1a9eDiv1G/yOIpwBMdwCh5cQh3uoQFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5A0V/jb0=</latexit>

Repeating the same edge-contraction procedure for all acyclic graphs
f3d
Gu

=
X

acyclic
graph G

NGQ
e 2Ee

X

F2FG

1Q
S2F

⇥
E · 1@(S) �

P
v2S p0v

⇤

<latexit sha1_base64="+/17iC+S2mSuuPFcCwDA3R04ZoI="></latexit>

Each element of a cross-free family corresponds to a threshold

F1 = {{v1}, {v3}, {v1, v2}}
<latexit sha1_base64="4Egf9Z8psOkL9LZeUi/uL56xGu4=">AAACDnicbVDLSsNAFJ34rPUVdekmWAouSsm0im6EoiAuK9gHNCFMptN26GQSZiaFEvIFbvwVNy4UcevanX/jpM1CWw8M93DOvdy5x48Ylcq2v42V1bX1jc3CVnF7Z3dv3zw4bMswFpi0cMhC0fWRJIxy0lJUMdKNBEGBz0jHH99kfmdChKQhf1DTiLgBGnI6oBgpLXlm+daDV07iJBMPOmklq/W8JjCtTLyakzqpZ5bsqj2DtUxgTkogR9Mzv5x+iOOAcIUZkrIH7Ui5CRKKYkbSohNLEiE8RkPS05SjgEg3mZ2TWmWt9K1BKPTjypqpvycSFEg5DXzdGSA1koteJv7n9WI1uHQTyqNYEY7niwYxs1RoZdlYfSoIVmyqCcKC6r9aeIQEwkonWNQhwMWTl0m7VoX16vn9WalxncdRAMfgBJwCCC5AA9yBJmgBDB7BM3gFb8aT8WK8Gx/z1hUjnzkCf2B8/gAjxpuO</latexit>

@({v1, v2}) = {e2, e4}
<latexit sha1_base64="KMBMYF8/AmvBtK0OYjgYD9hVTCg=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUGIEMJMjOhFCHrxGMEskAlDT6eSNOlZ6O4JhGHOXvwVLx4U8eoXePNv7CwHTXxQ8Hiviqp6XsSZVJb1bWRWVtfWN7Kbua3tnd09c/+gIcNYUKjTkIei5REJnAVQV0xxaEUCiO9xaHrD24nfHIGQLAwe1DiCjk/6AesxSpSWXPPYiYhQjPCCk4xcuzhyy056du0k4JaL4Fac1DXzVsmaAi8Te07yaI6aa3453ZDGPgSKciJl27Yi1UkmayiHNOfEEiJCh6QPbU0D4oPsJNNXUnyqlS7uhUJXoPBU/T2REF/Kse/pTp+ogVz0JuJ/XjtWvatOwoIoVhDQ2aJezLEK8SQX3GUCqOJjTQgVTN+K6YAIQpVOL6dDsBdfXiaNcsk+L13cV/LVm3kcWXSETlAB2egSVdEdqqE6ougRPaNX9GY8GS/Gu/Exa80Y85lD9AfG5w+LFpmG</latexit>

E · 1@({v1,v2}) �
X

v2{v1,v2}

p0v = E2 + E4 � p01 � p02
<latexit sha1_base64="E4o0GhXvndk6rjm7xDAtzsl/nKA="></latexit>

And the cross-free family corresponds to a product of thresholds

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

=
i

E1 + E4 � p01

i

E2 + E3 + p03

i

E2 + E4 � p01 � p02
<latexit sha1_base64="n3Wf7yBQ8d6WicId/fZ2B1K7Kxo="></latexit>

General formula

Forbidden  
configurations

crossing connectedness obstruction
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Discontinuities

Why use the CFF rep. and not TOPT? Focus on the TOPT term ordering
E1

<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit>

E2
<latexit sha1_base64="bP6lPAqobaE2Uu+cxU0oCewTNqI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwbeNdQ==</latexit>

E3
<latexit sha1_base64="vymMUi5fC9cxjFBXvZ3+PTfiGww=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKV/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwzuNdg==</latexit>

E4
<latexit sha1_base64="szXu0kaocLXiUiwUoBEFmHq5b8U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Xr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBxL+Ndw==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

�����
+i"

<latexit sha1_base64="qJEwa8d3FuM1xyUW54/mCFgMVm0=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBKEkPtBlqRuXFewDmhAm00k7dDITZiaFknbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994TJowq7TjfVmFldW19o7hZ2tre2d2z9w+aSqQSkwYWTMh2iBRhlJOGppqRdiIJikNGWuHgbuq3hkQqKvijHiXEj1GP04hipI0U2EdejfZ64yA7p94QSZIoygSfBHbZqTgzwGXi5qQMctQD+8vrCpzGhGvMkFId10m0nyGpKWZkUvJSRRKEB6hHOoZyFBPlZ7P7J/DUKF0YCWmKazhTf09kKFZqFIemM0a6rxa9qfif10l1dOtnlCepJhzPF0Upg1rAaRiwSyXBmo0MQVhScyvEfSQR1iaykgnBXXx5mTQvKu5l5frhqlyt5XEUwTE4AWfABTegCu5BHTQABmPwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH3mHlmk=</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit>

E2
<latexit sha1_base64="bP6lPAqobaE2Uu+cxU0oCewTNqI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwbeNdQ==</latexit>

E3
<latexit sha1_base64="vymMUi5fC9cxjFBXvZ3+PTfiGww=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKV/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwzuNdg==</latexit>

E4
<latexit sha1_base64="szXu0kaocLXiUiwUoBEFmHq5b8U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Xr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBxL+Ndw==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

�<latexit sha1_base64="XR1BGoi3btxZu5Jdp+DSduShQRA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbDrAz0GvXhMwDwgCWF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7/FhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHd1O/+YRK80g+mHGM3ZAOJA84o8ZKtbNeseSW3RnIMvEyUoIM1V7xq9OPWBKiNExQrdueG5tuSpXhTOCk0Ek0xpSN6ADblkoaou6ms0Mn5MQqfRJEypY0ZKb+nkhpqPU49G1nSM1QL3pT8T+vnZjgpptyGScGJZsvChJBTESmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyXvYvyVe2yVLnN4sjDERzDKXhwDRW4hyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD3bRjLg=</latexit>

�����
�i"

<latexit sha1_base64="8i40HiaE/kBsumTyA4O6+s4x+BM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FgSH+iy1I3LCvYBTQiT6aQdOpkJM5NCSbvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wdNJVKJSQMLJmQ7RIowyklDU81IO5EExSEjrXBwN/VbQyIVFfxRjxLix6jHaUQx0kYK7COvRnu9cZCdU2+IJEkUZYJPArvsVJwZ4DJxc1IGOeqB/eV1BU5jwjVmSKmO6yTaz5DUFDMyKXmpIgnCA9QjHUM5ionys9n9E3hqlC6MhDTFNZypvycyFCs1ikPTGSPdV4veVPzP66Q6uvUzypNUE47ni6KUQS3gNAzYpZJgzUaGICypuRXiPpIIaxNZyYTgLr68TJoXFfeycv1wVa7W8jiK4BicgDPgghtQBfegDhoAgzF4Bq/gzXqyXqx362PeWrDymUPwB9bnD3yplms=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit>

E2
<latexit sha1_base64="bP6lPAqobaE2Uu+cxU0oCewTNqI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwbeNdQ==</latexit>

E3
<latexit sha1_base64="vymMUi5fC9cxjFBXvZ3+PTfiGww=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKV/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwzuNdg==</latexit>

E4
<latexit sha1_base64="szXu0kaocLXiUiwUoBEFmHq5b8U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Xr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBxL+Ndw==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit>

E2
<latexit sha1_base64="bP6lPAqobaE2Uu+cxU0oCewTNqI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwbeNdQ==</latexit>

E3
<latexit sha1_base64="vymMUi5fC9cxjFBXvZ3+PTfiGww=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKV/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwzuNdg==</latexit>

E4
<latexit sha1_base64="szXu0kaocLXiUiwUoBEFmHq5b8U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Xr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBxL+Ndw==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit>

E2
<latexit sha1_base64="bP6lPAqobaE2Uu+cxU0oCewTNqI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwbeNdQ==</latexit>

E3
<latexit sha1_base64="vymMUi5fC9cxjFBXvZ3+PTfiGww=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKV/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwzuNdg==</latexit>

E4
<latexit sha1_base64="szXu0kaocLXiUiwUoBEFmHq5b8U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Xr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBxL+Ndw==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

{v1, v3, v2, v4}
<latexit sha1_base64="OxseFdt7GMazMrCfes1HxN6TZtk=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgQkrSVnRZdOOygn1AE8JkOm2HTiZhZlIIof6KGxeKuPVD3Pk3TtsstPXAgcM59zJ3ThAzKpVtfxuFjc2t7Z3ibmlv/+DwyDw+6cgoEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3mNzN8+6UCEkj/qjSmHghGnE6pBgpbflm2c2mvnM59euaNc2GO/PNil21F7DWhZOLCuRo+eaXO4hwEhKuMENS9h07Vl6GhKKYkVnJTSSJEZ6gEelryVFIpJctjp9Z59oZWMNIaHJlLdzfGxkKpUzDQE+GSI3lajY3/8v6iRreeBnlcaIIx8uHhgmzVGTNm7AGVBCsWKoFwoLqWy08RgJhpfsq6RKc1S+vi06t6tSrVw+NSvM2r6MIp3AGF+DANTThHlrQBgwpPMMrvBlPxovxbnwsRwtGvlOGPzA+fwASwpPC</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

�����
+i"

<latexit sha1_base64="qJEwa8d3FuM1xyUW54/mCFgMVm0=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBKEkPtBlqRuXFewDmhAm00k7dDITZiaFknbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994TJowq7TjfVmFldW19o7hZ2tre2d2z9w+aSqQSkwYWTMh2iBRhlJOGppqRdiIJikNGWuHgbuq3hkQqKvijHiXEj1GP04hipI0U2EdejfZ64yA7p94QSZIoygSfBHbZqTgzwGXi5qQMctQD+8vrCpzGhGvMkFId10m0nyGpKWZkUvJSRRKEB6hHOoZyFBPlZ7P7J/DUKF0YCWmKazhTf09kKFZqFIemM0a6rxa9qfif10l1dOtnlCepJhzPF0Upg1rAaRiwSyXBmo0MQVhScyvEfSQR1iaykgnBXXx5mTQvKu5l5frhqlyt5XEUwTE4AWfABTegCu5BHTQABmPwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH3mHlmk=</latexit>

�����
�i"

<latexit sha1_base64="8i40HiaE/kBsumTyA4O6+s4x+BM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FgSH+iy1I3LCvYBTQiT6aQdOpkJM5NCSbvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wdNJVKJSQMLJmQ7RIowyklDU81IO5EExSEjrXBwN/VbQyIVFfxRjxLix6jHaUQx0kYK7COvRnu9cZCdU2+IJEkUZYJPArvsVJwZ4DJxc1IGOeqB/eV1BU5jwjVmSKmO6yTaz5DUFDMyKXmpIgnCA9QjHUM5ionys9n9E3hqlC6MhDTFNZypvycyFCs1ikPTGSPdV4veVPzP66Q6uvUzypNUE47ni6KUQS3gNAzYpZJgzUaGICypuRXiPpIIaxNZyYTgLr68TJoXFfeycv1wVa7W8jiK4BicgDPgghtQBfegDhoAgzF4Bq/gzXqyXqx362PeWrDymUPwB9bnD3yplms=</latexit>

�<latexit sha1_base64="XR1BGoi3btxZu5Jdp+DSduShQRA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbDrAz0GvXhMwDwgCWF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7/FhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHd1O/+YRK80g+mHGM3ZAOJA84o8ZKtbNeseSW3RnIMvEyUoIM1V7xq9OPWBKiNExQrdueG5tuSpXhTOCk0Ek0xpSN6ADblkoaou6ms0Mn5MQqfRJEypY0ZKb+nkhpqPU49G1nSM1QL3pT8T+vnZjgpptyGScGJZsvChJBTESmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyXvYvyVe2yVLnN4sjDERzDKXhwDRW4hyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD3bRjLg=</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit>

E2
<latexit sha1_base64="bP6lPAqobaE2Uu+cxU0oCewTNqI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwbeNdQ==</latexit>

E3
<latexit sha1_base64="vymMUi5fC9cxjFBXvZ3+PTfiGww=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKV/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwzuNdg==</latexit>

E4
<latexit sha1_base64="szXu0kaocLXiUiwUoBEFmHq5b8U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Xr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBxL+Ndw==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

Looking at the second cut
v1

<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

Divides the graph in four connected 
components, but the CFF representation tells us 
this is not possible! It is a spurious threshold

�(E1 + E2 + E3 + E4 � p01 � p03)
<latexit sha1_base64="rhG4/gD3ajviasrSPUbq4PZjuWM=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDLTVnRZlILLCvYB7XTIZDJtaCYzJBmhDP0AN/6KGxeKuPUD3Pk3pu0stPXADYdzz+XmHjdiVCrT/DYyK6tr6xvZzdzW9s7uXn7/oCXDWGDSxCELRcdFkjDKSVNRxUgnEgQFLiNtd3Qz7bcfiJA05PdqHBE7QANOfYqR0pKTL/Q8whQq1h3rrO6UdVV0Vc8jx+qb+q30zVPtMkvmDHCZWCkpgBQNJ//V80IcB4QrzJCUXcuMlJ0goShmZJLrxZJECI/QgHQ15Sgg0k5mx0zgiVY86IdCF1dwpv6eSFAg5ThwtTNAaigXe1Pxv143Vv6VnVAexYpwPF/kxwyqEE6TgR4VBCs21gRhQfVfIR4igbDS+eV0CNbiycukVS5ZldLFXbVQu07jyIIjcAyKwAKXoAZuQQM0AQaP4Bm8gjfjyXgx3o2PuTVjpDOH4A+Mzx+DvJga</latexit>

How do we see that it is spurious?
E1

<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit>

E2
<latexit sha1_base64="bP6lPAqobaE2Uu+cxU0oCewTNqI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwbeNdQ==</latexit>

E3
<latexit sha1_base64="vymMUi5fC9cxjFBXvZ3+PTfiGww=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKV/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwzuNdg==</latexit>

E4
<latexit sha1_base64="szXu0kaocLXiUiwUoBEFmHq5b8U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Xr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBxL+Ndw==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit>

E2
<latexit sha1_base64="bP6lPAqobaE2Uu+cxU0oCewTNqI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwbeNdQ==</latexit>

E3
<latexit sha1_base64="vymMUi5fC9cxjFBXvZ3+PTfiGww=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewaRY9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKV/cn5eq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwzuNdg==</latexit> E4

<latexit sha1_base64="szXu0kaocLXiUiwUoBEFmHq5b8U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BETxGNA9IljA76SRDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJKPZhyjH9KB5H3OqLHSw2230i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Xr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBxL+Ndw==</latexit>

v1
<latexit sha1_base64="an8J2Y5XuYF5V5mk4BDmB7X5CZU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmd5AWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmd+a8y1EbF6xEnC/YgOlAgFo2ilh3HP65UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3z6uX9RaV2k8dRhCM4hlPw4ApqcAd1aACDATzBC7w60nl23pz3RWvByWcO4Recj28K6I2l</latexit>

v2
<latexit sha1_base64="cGKt/vbjHIWvpKsQMtNpyMcA43k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZRo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvYuylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADGyNpg==</latexit>

v3
<latexit sha1_base64="uXr5RffoFv1VM41fQea0c9Whdjs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZFo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxVylcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADfCNpw==</latexit>

v4
<latexit sha1_base64="PhMS7zVRynWkth71lu1sR0gpeGc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYVo0eiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0njouxdlq8eKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD3SNqA==</latexit>

+
<latexit sha1_base64="KS5ysgoQB8Ddx7Q6sRqdBPA5RHA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGHXB3oMevGYgHlAEsLspDcZMzu7zMwKYckXePGgiFc/yZt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmP7qZ+8wmV5pF8MOMYuyEdSB5wRo2Vame9YsktuzOQZeJlpAQZqr3iV6cfsSREaZigWrc9NzbdlCrDmcBJoZNojCkb0QG2LZU0RN1NZ4dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eOzHBTTflMk4MSjZfFCSCmIhMvyZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv8eVl0jgvexflq9plqXKbxZGHIziGU/DgGipwD1WoAwOEZ3iFN+fReXHenY95a87JZg7hD5zPH3PJjLY=</latexit>

= 0
<latexit sha1_base64="7C70XVGnqMYF3WxEDX/qFV1/NNE=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHKOYByRJmJ73JkNnZZWZWCEv+wIsHRbz6R978GyfJHjRa0FBUddPdFSSCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rUdUmsfywYwT9CM6kDzkjBor3V+5vXLFrbozkL/Ey0kFctR75c9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TIKn0SxsqWNGSm/pzIaKT1OApsZ0TNUC96U/E/r5Oa8NLPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3z5L2meVL3T6vndWaV2ncdRhAM4hGPw4AJqcAt1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/88o0C</latexit>
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⇥
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v2S p0v + i"

⇤ � 1Q
S2F

⇥
E · 1@(S) �

P
v2S p0v � i"

⇤
<latexit sha1_base64="eWb4WMo5SVEtIHXrsKuLYuaqDE8="></latexit>
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⇥
E · 1@(S0) �

P
v2S0 p0v

⇤
<latexit sha1_base64="3clYeb7J7FBAwhR+ZPZqBU7pA8w="></latexit>

We can compute discontinuities (Bourjaily, Hannesdottir, McLeod, Schwartz, Vergu [arXiv:2007.13747])Local discontinuities

Spurious  
singularities 
in TOPT
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connected  
graph“connected  

graph”

⇢<latexit sha1_base64="41QSMS0BN5U8E340Ys+A+p9w9NA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jGBNIljA76U2GzD6Y6RVCyEd48aCIV7/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaysrq1vFDdLW9s7u3vl/YNHk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFDYDIa3U7/5hNrIJH6gUYp+xPuxDKXgZKVmx2SBQeqWK27VnYEtEy8nFchR75a/Or1EZBHGJBQ3pu25KfljrkkKhZNSJzOYcjHkfWxbGvMIjT+enTthJ1bpsTDRtmJiM/X3xJhHxoyiwHZGnAZm0ZuK/3ntjMJrfyzjNCOMxXxRmClGCZv+znpSoyA1soQLLe2tTAy45oJsQiUbgrf48jJ5PKt659XL+4tK7SaPowhHcAyn4MEV1OAO6tAAAUN4hld4c1LnxXl3PuatBSefOYQ/cD5/AI/Sj7k=</latexit>

“connected  
graph”

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

i

�
<latexit sha1_base64="Mvhb/jIbDi4TKsKlyQnlo3t5fsM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSR+oMeiHjxWsB/QlLLZTtqlm03Y3RRKyD/x4kERr/4Tb/4bt20OWn0w8Hhvhpl5QcKZ0q77ZZVWVtfWN8qbla3tnd09e/+gpeJUUmzSmMeyExCFnAlsaqY5dhKJJAo4toPx7cxvT1AqFotHPU2wF5GhYCGjRBupb9t+KAnNWJ75d8g1yft21a25czh/iVeQKhRo9O1PfxDTNEKhKSdKdT030b2MSM0ox7zipwoTQsdkiF1DBYlQ9bL55blzYpSBE8bSlNDOXP05kZFIqWkUmM6I6JFa9mbif1431eF1L2MiSTUKulgUptzRsTOLwRkwiVTzqSGESmZudeiImCi0CatiQvCWX/5LWmc177x2+XBRrd8UcZThCI7hFDy4gjrcQwOaQGECT/ACr1ZmPVtv1vuitWQVM4fwC9bHNwMuk+k=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

�����
<latexit sha1_base64="BBQhdIAuGvm0LYUU+tVhynBXxS0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8hXjxGMA9IljA7md2MmZ1ZZmaFsOYfvHhQxKv/482/cZLsQRMLGoqqbrq7goQzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpapIrRJJJeqE2BNORO0aZjhtJMoiuOA03Ywupn67UeqNJPi3owT6sc4EixkBBsrtXp1FkVP/XLFrbozoGXi5aQCORr98ldvIEkaU2EIx1p3PTcxfoaVYYTTSamXappgMsIR7VoqcEy1n82unaATqwxQKJUtYdBM/T2R4VjrcRzYzhiboV70puJ/Xjc14bWfMZGkhgoyXxSmHBmJpq+jAVOUGD62BBPF7K2IDLHCxNiASjYEb/HlZdI6q3rn1cu7i0qtnsdRhCM4hlPw4ApqcAsNaAKBB3iGV3hzpPPivDsf89aCk88cwh84nz9zaY8O</latexit> on-shell
externals

<latexit sha1_base64="N3xEbdSQaYI6UzpSul0fZD22D/4=">AAACF3icbVDJSgNBEO1xjXGLevTSGAQvhhkX9Bj04jGCWSATQk+nkjTp6Rm6a8QwzF948Ve8eFDEq978GzvLQRMfFDzeq6KqXhBLYdB1v52FxaXlldXcWn59Y3Nru7CzWzNRojlUeSQj3QiYASkUVFGghEasgYWBhHowuB759XvQRkTqDocxtELWU6IrOEMrtQsl3ySBQcYHqY/wgGmkjk0fpMyo79OJZAu0YtJkWbtQdEvuGHSeeFNSJFNU2oUvvxPxJASFXDJjmp4bYytlGgWXkOX9xEBst7MeNC1VLATTSsd/ZfTQKh3ajbQthXSs/p5IWWjMMAxsZ8iwb2a9kfif10ywe9lKhYoTBMUni7qJpBjRUUi0IzRwlENLGNfC3kp5n2nGbRAmb0PwZl+eJ7WTkndaOr89K5avpnHkyD45IEfEIxekTG5IhVQJJ4/kmbySN+fJeXHenY9J64Izndkjf+B8/gBljaFU</latexit>

�����
<latexit sha1_base64="BBQhdIAuGvm0LYUU+tVhynBXxS0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8hXjxGMA9IljA7md2MmZ1ZZmaFsOYfvHhQxKv/482/cZLsQRMLGoqqbrq7goQzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpapIrRJJJeqE2BNORO0aZjhtJMoiuOA03Ywupn67UeqNJPi3owT6sc4EixkBBsrtXp1FkVP/XLFrbozoGXi5aQCORr98ldvIEkaU2EIx1p3PTcxfoaVYYTTSamXappgMsIR7VoqcEy1n82unaATqwxQKJUtYdBM/T2R4VjrcRzYzhiboV70puJ/Xjc14bWfMZGkhgoyXxSmHBmJpq+jAVOUGD62BBPF7K2IDLHCxNiASjYEb/HlZdI6q3rn1cu7i0qtnsdRhCM4hlPw4ApqcAsNaAKBB3iGV3hzpPPivDsf89aCk88cwh84nz9zaY8O</latexit> on-shell
externals

<latexit sha1_base64="N3xEbdSQaYI6UzpSul0fZD22D/4=">AAACF3icbVDJSgNBEO1xjXGLevTSGAQvhhkX9Bj04jGCWSATQk+nkjTp6Rm6a8QwzF948Ve8eFDEq978GzvLQRMfFDzeq6KqXhBLYdB1v52FxaXlldXcWn59Y3Nru7CzWzNRojlUeSQj3QiYASkUVFGghEasgYWBhHowuB759XvQRkTqDocxtELWU6IrOEMrtQsl3ySBQcYHqY/wgGmkjk0fpMyo79OJZAu0YtJkWbtQdEvuGHSeeFNSJFNU2oUvvxPxJASFXDJjmp4bYytlGgWXkOX9xEBst7MeNC1VLATTSsd/ZfTQKh3ajbQthXSs/p5IWWjMMAxsZ8iwb2a9kfif10ywe9lKhYoTBMUni7qJpBjRUUi0IzRwlENLGNfC3kp5n2nGbRAmb0PwZl+eJ7WTkndaOr89K5avpnHkyD45IEfEIxekTG5IhVQJJ4/kmbySN+fJeXHenY9J64Izndkjf+B8/gBljaFU</latexit>

⇥
<latexit sha1_base64="2Qi5nftDUoHdih6d4NFBOHKETzY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI9BLx4jmAckS5idzCZjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uMBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLR7dRvPTFtuJIPOE5YEJOB5BGnBK3U7CKPmemVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSR2SZDNrp24J1bpu5HStiS6M/X3REZiY8ZxaDtjgkOz6E3F/7xOitF1kHGZpMgknS+KUuGicqevu32uGUUxtoRQze2tLh0STSjagEo2BH/x5WXSPKv659XL+4tK7SaPowhHcAyn4MMV1OAO6tAACo/wDK/w5ijnxXl3PuatBSefOYQ/cD5/ALhvjzs=</latexit>

+o(1)
<latexit sha1_base64="qefT2LmBJTVub9M3j7H/05SGhCM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahIpRdP9Bj0YvHCm5baJeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/aGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6G7qt56o0kyKRzNOaBDjgWARI9hYyT+TVe+0V664NXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdBNkTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTTPa95F7erhslK/zeMowhEcQxU8uIY63EMDfCDA4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gB3QY3P</latexit>

“connected  
graph”

“connected  
graph”

“connected  
graph”

We can see that in general from a diagram-level factorisation formula

Connected up to  
spectator particles!

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

� = E2 + E4 � p01 � p04 ! 0
<latexit sha1_base64="+tdFwIZIMY4k5dOmxdQ5TojyDUk=">AAACEHicbVDLSgMxFM3UV62vUZdugkUUxDJTK7oRilpwWcE+oI8hk6ZtaOZBckcpQz/Bjb/ixoUibl26829M21lo9cC9HM65l+QeNxRcgWV9Gam5+YXFpfRyZmV1bX3D3NyqqiCSlFVoIAJZd4ligvusAhwEq4eSEc8VrOYOLsd+7Y5JxQP/FoYha3mk5/MupwS05Jj7zSsmgJyXnPxhySkchY7dtnQvtK2m5L0+ECmDe2w5ZtbKWRPgv8ROSBYlKDvmZ7MT0MhjPlBBlGrYVgitmEjgVLBRphkpFhI6ID3W0NQnHlOteHLQCO9ppYO7gdTlA56oPzdi4ik19Fw96RHoq1lvLP7nNSLonrVi7ocRMJ9OH+pGAkOAx+ngDpeMghhqQqjk+q+Y9okkFHSGGR2CPXvyX1LN5+zj3MlNIVu8SOJIox20iw6QjU5REV2jMqogih7QE3pBr8aj8Wy8Ge/T0ZSR7GyjXzA+vgF8npsC</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

i

�
<latexit sha1_base64="Mvhb/jIbDi4TKsKlyQnlo3t5fsM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSR+oMeiHjxWsB/QlLLZTtqlm03Y3RRKyD/x4kERr/4Tb/4bt20OWn0w8Hhvhpl5QcKZ0q77ZZVWVtfWN8qbla3tnd09e/+gpeJUUmzSmMeyExCFnAlsaqY5dhKJJAo4toPx7cxvT1AqFotHPU2wF5GhYCGjRBupb9t+KAnNWJ75d8g1yft21a25czh/iVeQKhRo9O1PfxDTNEKhKSdKdT030b2MSM0ox7zipwoTQsdkiF1DBYlQ9bL55blzYpSBE8bSlNDOXP05kZFIqWkUmM6I6JFa9mbif1431eF1L2MiSTUKulgUptzRsTOLwRkwiVTzqSGESmZudeiImCi0CatiQvCWX/5LWmc177x2+XBRrd8UcZThCI7hFDy4gjrcQwOaQGECT/ACr1ZmPVtv1vuitWQVM4fwC9bHNwMuk+k=</latexit>

+o(1)
<latexit sha1_base64="qefT2LmBJTVub9M3j7H/05SGhCM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahIpRdP9Bj0YvHCm5baJeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/aGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6G7qt56o0kyKRzNOaBDjgWARI9hYyT+TVe+0V664NXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdBNkTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTTPa95F7erhslK/zeMowhEcQxU8uIY63EMDfCDA4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gB3QY3P</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

Factorisation  
formula

Spectators

If more than two disconnected components, it is of order one
>1 

connected 
components

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

“connected  
graph” o(1)

<latexit sha1_base64="co9RV43M3EYXaYi91fF7w+LeNyE=">AAAB63icbVDJSgNBEK1xjXGLevTSGIR4CTMu6DHoxWMEs0AyhJ5OT9Kkl6G7Rwghv+DFgyJe/SFv/o09yRw08UHB470qqupFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0l/mtJ6oNU/LRjhMaCjyQLGYE20xSleCsVyr7VX8GtEyCnJQhR71X+ur2FUkFlZZwbEwn8BMbTrC2jHA6LXZTQxNMRnhAO45KLKgJJ7Nbp+jUKX0UK+1KWjRTf09MsDBmLCLXKbAdmkUvE//zOqmNb8IJk0lqqSTzRXHKkVUoexz1mabE8rEjmGjmbkVkiDUm1sVTdCEEiy8vk+Z5NbioXj1clmu3eRwFOIYTqEAA11CDe6hDAwgM4Rle4c0T3ov37n3MW1e8fOYI/sD7/AEQf42a</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

� = E1 + E2 + E3 + E4 � p01 � p04 ! 0
<latexit sha1_base64="ZZAK0YzuYF0roF3kf8h9Tjc4Kas=">AAACGHicbVBNS0JBFJ1nX2ZfVss2QxIEkb2nRm0CqYSWBvkBPn3MG0cdnPfBzH2FiD+jTX+lTYsi2rrr3zTqW5R24A6Hc+7lzj1uKLgC0/w2EkvLK6tryfXUxubW9k56d6+qgkhSVqGBCGTdJYoJ7rMKcBCsHkpGPFewmtu/mfi1RyYVD/wHGISs6ZGuzzucEtCSkz6zb5kAclVyrJOSk9OV11U4DR2rZeq30DJtybs9IFIGT9h00hkza06BF4kVkwyKUXbSY7sd0MhjPlBBlGpYZgjNIZHAqWCjlB0pFhLaJ13W0NQnHlPN4fSwET7SSht3AqnLBzxVf08MiafUwHN1p0egp+a9ifif14igc9kccj+MgPl0tqgTCQwBnqSE21wyCmKgCaGS679i2iOSUNBZpnQI1vzJi6Say1r57Pl9IVO8juNIogN0iI6RhS5QEd2hMqogip7RK3pHH8aL8WZ8Gl+z1oQRz+yjPzDGPw5znVQ=</latexit>

e1
<latexit sha1_base64="jV3svTPXhlRPo4eJ3u/bnDwC86w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXter1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1TuvXt5fVGo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHw842U</latexit>

e2
<latexit sha1_base64="6Lr/MS72QuNKg3+VVkSk/RUpW2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklV9Fj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9YK/aK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteOeVy/uLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1hUnnzmCP3A+fwDyd42V</latexit>

e3
<latexit sha1_base64="+YRDGKhbh2tMlCk+kixJLqzTg84=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpAXvnvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+8enl/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfz+42W</latexit>

e4
<latexit sha1_base64="krr0GZtCxwIQuiO80aa1kM4RRFY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6x36tX664VXcO8pd4OalAjka//NkbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxYZUDCWNmShszVnxMZjbSeRIHtjKgZ6WVvJv7ndVMTXvkZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy//Ja2zqndevbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnGfnzXlftBacfOYQfsH5+Ab1f42X</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit> o(1)
<latexit sha1_base64="co9RV43M3EYXaYi91fF7w+LeNyE=">AAAB63icbVDJSgNBEK1xjXGLevTSGIR4CTMu6DHoxWMEs0AyhJ5OT9Kkl6G7Rwghv+DFgyJe/SFv/o09yRw08UHB470qqupFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0l/mtJ6oNU/LRjhMaCjyQLGYE20xSleCsVyr7VX8GtEyCnJQhR71X+ur2FUkFlZZwbEwn8BMbTrC2jHA6LXZTQxNMRnhAO45KLKgJJ7Nbp+jUKX0UK+1KWjRTf09MsDBmLCLXKbAdmkUvE//zOqmNb8IJk0lqqSTzRXHKkVUoexz1mabE8rEjmGjmbkVkiDUm1sVTdCEEiy8vk+Z5NbioXj1clmu3eRwFOIYTqEAA11CDe6hDAwgM4Rle4c0T3ov37n3MW1e8fOYI/sD7/AEQf42a</latexit>

What do we really mean by “connected graph”?

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

i

�
<latexit sha1_base64="Mvhb/jIbDi4TKsKlyQnlo3t5fsM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSR+oMeiHjxWsB/QlLLZTtqlm03Y3RRKyD/x4kERr/4Tb/4bt20OWn0w8Hhvhpl5QcKZ0q77ZZVWVtfWN8qbla3tnd09e/+gpeJUUmzSmMeyExCFnAlsaqY5dhKJJAo4toPx7cxvT1AqFotHPU2wF5GhYCGjRBupb9t+KAnNWJ75d8g1yft21a25czh/iVeQKhRo9O1PfxDTNEKhKSdKdT030b2MSM0ox7zipwoTQsdkiF1DBYlQ9bL55blzYpSBE8bSlNDOXP05kZFIqWkUmM6I6JFa9mbif1431eF1L2MiSTUKulgUptzRsTOLwRkwiVTzqSGESmZudeiImCi0CatiQvCWX/5LWmc177x2+XBRrd8UcZThCI7hFDy4gjrcQwOaQGECT/ACr1ZmPVtv1vuitWQVM4fwC9bHNwMuk+k=</latexit>

+o(1)
<latexit sha1_base64="qefT2LmBJTVub9M3j7H/05SGhCM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahIpRdP9Bj0YvHCm5baJeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/aGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6G7qt56o0kyKRzNOaBDjgWARI9hYyT+TVe+0V664NXcGtEy8nFQgR6NX/ur2JUljKgzhWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNjJ+jEKn0USWVLGDRTf09kONZ6HIe2M8ZmqBe9qfif10lNdBNkTCSpoYLMF0UpR0ai6eeozxQlho8twUQxeysiQ6wwMTafkg3BW3x5mTTPa95F7erhslK/zeMowhEcQxU8uIY63EMDfCDA4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gB3QY3P</latexit>



/14!9

Second part: cluster decomposition and infrared finiteness

h↵|Tc |�i
<latexit sha1_base64="78BC8xr9H0rbN+XCC9wUkxxJe4A="></latexit>

connected  
graph

)

<latexit sha1_base64="FHQNMqLoJmOnRqcuW1U0BbwEOL8=">AAACAXicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPpJB06mYSZG6GErvwCt/oF7sStX+IH+B9O2ixs64ELh3Pu5d57/ERwDbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/vsv97hNTmsfyESYJ8yISSh5wSsBIXbfJw9CdDqo1u27PgFeJU5AaKtAaVH/cYUzTiEmggmjdd+wEvIwo4FSwacVNNUsIHZOQ9Q2VJGLay2bnTvGZUYY4iJUpCXim/p3ISKT1JPJNZ0RgpJe9XPzP66cQ3HoZl0kKTNL5oiAVGGKc/46HXDEKYmIIoYqbWzEdEUUomIQWtviKjBnkuTjLKaySzkXduaxfP1zVGs0ioTI6QafoHDnoBjXQPWqhNqJojF7QK3qznq1368P6nLeWrGLmGC3A+voF3c+XzQ==</latexit>

)

<latexit sha1_base64="FHQNMqLoJmOnRqcuW1U0BbwEOL8=">AAACAXicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPpJB06mYSZG6GErvwCt/oF7sStX+IH+B9O2ixs64ELh3Pu5d57/ERwDbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/vsv97hNTmsfyESYJ8yISSh5wSsBIXbfJw9CdDqo1u27PgFeJU5AaKtAaVH/cYUzTiEmggmjdd+wEvIwo4FSwacVNNUsIHZOQ9Q2VJGLay2bnTvGZUYY4iJUpCXim/p3ISKT1JPJNZ0RgpJe9XPzP66cQ3HoZl0kKTNL5oiAVGGKc/46HXDEKYmIIoYqbWzEdEUUomIQWtviKjBnkuTjLKaySzkXduaxfP1zVGs0ioTI6QafoHDnoBjXQPWqhNqJojF7QK3qznq1368P6nLeWrGLmGC3A+voF3c+XzQ==</latexit>

↵
<latexit sha1_base64="rSzl/z0YX7stmg5gesLEFOJJFTA=">AAACD3icbVDLSsNAFJ3UV62vaJdugkVwVRIf6LLoxmUF+4AmlJvJpB06mYSZiRBCP8IvcKtf4E7c+gl+gP/hpM3Cth4Y5nDOvdzD8RNGpbLtb6Oytr6xuVXdru3s7u0fmIdHXRmnApMOjlks+j5IwignHUUVI/1EEIh8Rnr+5K7we09ESBrzR5UlxItgxGlIMSgtDc2668cskFmkv9wFloxhOjQbdtOewVolTkkaqER7aP64QYzTiHCFGUg5cOxEeTkIRTEj05qbSpIAnsCIDDTlEBHp5bPwU+tUK4EVxkI/rqyZ+ncjh0gW+fRkBGosl71C/M8bpCq88XLKk1QRjueHwpRZKraKJqyACoIVyzQBLKjOauExCMBK97VwxRcwIaroxVluYZV0z5vORfPq4bLRui0bqqJjdILOkIOuUQvdozbqIIwy9IJe0ZvxbLwbH8bnfLRilDt1tADj6xer7J21</latexit>

�
<latexit sha1_base64="GewsRVG4dSNxdtvMBZIzu9Rme2k=">AAACDnicbVDLSsNAFJ34rPUV69JNsAiuSuIDXRbduKxgH9CEMpnctkMnD2ZuxBL6D36BW/0Cd+LWX/AD/A8nbRa29cAwh3Pu5R6Onwiu0La/jZXVtfWNzdJWeXtnd2/fPKi0VJxKBk0Wi1h2fKpA8AiayFFAJ5FAQ19A2x/d5n77EaTicfSA4wS8kA4i3ueMopZ6ZsX1YxGocai/zPUB6aRnVu2aPYW1TJyCVEmBRs/8cYOYpSFEyARVquvYCXoZlciZgEnZTRUklI3oALqaRjQE5WXT7BPrRCuB1Y+lfhFaU/XvRkZDlcfTkyHFoVr0cvE/r5ti/9rLeJSkCBGbHeqnwsLYyouwAi6BoRhrQpnkOqvFhlRShrquuSu+pCPAvBdnsYVl0jqrOee1y/uLav2maKhEjsgxOSUOuSJ1ckcapEkYeSIv5JW8Gc/Gu/FhfM5GV4xi55DMwfj6BdafnUE=</latexit>

⇢<latexit sha1_base64="41QSMS0BN5U8E340Ys+A+p9w9NA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jGBNIljA76U2GzD6Y6RVCyEd48aCIV7/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaysrq1vFDdLW9s7u3vl/YNHk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFDYDIa3U7/5hNrIJH6gUYp+xPuxDKXgZKVmx2SBQeqWK27VnYEtEy8nFchR75a/Or1EZBHGJBQ3pu25KfljrkkKhZNSJzOYcjHkfWxbGvMIjT+enTthJ1bpsTDRtmJiM/X3xJhHxoyiwHZGnAZm0ZuK/3ntjMJrfyzjNCOMxXxRmClGCZv+znpSoyA1soQLLe2tTAy45oJsQiUbgrf48jJ5PKt659XL+4tK7SaPowhHcAyn4MEV1OAO6tAAAUN4hld4c1LnxXl3PuatBSefOYQ/cD5/AI/Sj7k=</latexit>

Reconstruct unitarity, cluster decomposition principle and infrared finiteness 
from the diagrammatic analysis

- Highlight role of connectedness at the operator level

- Use Local Unitarity methods to take advantage of this analysis to numerically 
evaluate cross-sections
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Cluster Decomposition
Can we express the role of connectedness at the operator level? Define the connected 
transition matrix

h↵|Tc |�i
<latexit sha1_base64="78BC8xr9H0rbN+XCC9wUkxxJe4A="></latexit>

connected  
graph

)

<latexit sha1_base64="FHQNMqLoJmOnRqcuW1U0BbwEOL8=">AAACAXicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPpJB06mYSZG6GErvwCt/oF7sStX+IH+B9O2ixs64ELh3Pu5d57/ERwDbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/vsv97hNTmsfyESYJ8yISSh5wSsBIXbfJw9CdDqo1u27PgFeJU5AaKtAaVH/cYUzTiEmggmjdd+wEvIwo4FSwacVNNUsIHZOQ9Q2VJGLay2bnTvGZUYY4iJUpCXim/p3ISKT1JPJNZ0RgpJe9XPzP66cQ3HoZl0kKTNL5oiAVGGKc/46HXDEKYmIIoYqbWzEdEUUomIQWtviKjBnkuTjLKaySzkXduaxfP1zVGs0ioTI6QafoHDnoBjXQPWqhNqJojF7QK3qznq1368P6nLeWrGLmGC3A+voF3c+XzQ==</latexit>

)

<latexit sha1_base64="FHQNMqLoJmOnRqcuW1U0BbwEOL8=">AAACAXicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPpJB06mYSZG6GErvwCt/oF7sStX+IH+B9O2ixs64ELh3Pu5d57/ERwDbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/vsv97hNTmsfyESYJ8yISSh5wSsBIXbfJw9CdDqo1u27PgFeJU5AaKtAaVH/cYUzTiEmggmjdd+wEvIwo4FSwacVNNUsIHZOQ9Q2VJGLay2bnTvGZUYY4iJUpCXim/p3ISKT1JPJNZ0RgpJe9XPzP66cQ3HoZl0kKTNL5oiAVGGKc/46HXDEKYmIIoYqbWzEdEUUomIQWtviKjBnkuTjLKaySzkXduaxfP1zVGs0ioTI6QafoHDnoBjXQPWqhNqJojF7QK3qznq1368P6nLeWrGLmGC3A+voF3c+XzQ==</latexit>

↵
<latexit sha1_base64="rSzl/z0YX7stmg5gesLEFOJJFTA=">AAACD3icbVDLSsNAFJ3UV62vaJdugkVwVRIf6LLoxmUF+4AmlJvJpB06mYSZiRBCP8IvcKtf4E7c+gl+gP/hpM3Cth4Y5nDOvdzD8RNGpbLtb6Oytr6xuVXdru3s7u0fmIdHXRmnApMOjlks+j5IwignHUUVI/1EEIh8Rnr+5K7we09ESBrzR5UlxItgxGlIMSgtDc2668cskFmkv9wFloxhOjQbdtOewVolTkkaqER7aP64QYzTiHCFGUg5cOxEeTkIRTEj05qbSpIAnsCIDDTlEBHp5bPwU+tUK4EVxkI/rqyZ+ncjh0gW+fRkBGosl71C/M8bpCq88XLKk1QRjueHwpRZKraKJqyACoIVyzQBLKjOauExCMBK97VwxRcwIaroxVluYZV0z5vORfPq4bLRui0bqqJjdILOkIOuUQvdozbqIIwy9IJe0ZvxbLwbH8bnfLRilDt1tADj6xer7J21</latexit>

�
<latexit sha1_base64="GewsRVG4dSNxdtvMBZIzu9Rme2k=">AAACDnicbVDLSsNAFJ34rPUV69JNsAiuSuIDXRbduKxgH9CEMpnctkMnD2ZuxBL6D36BW/0Cd+LWX/AD/A8nbRa29cAwh3Pu5R6Onwiu0La/jZXVtfWNzdJWeXtnd2/fPKi0VJxKBk0Wi1h2fKpA8AiayFFAJ5FAQ19A2x/d5n77EaTicfSA4wS8kA4i3ueMopZ6ZsX1YxGocai/zPUB6aRnVu2aPYW1TJyCVEmBRs/8cYOYpSFEyARVquvYCXoZlciZgEnZTRUklI3oALqaRjQE5WXT7BPrRCuB1Y+lfhFaU/XvRkZDlcfTkyHFoVr0cvE/r5ti/9rLeJSkCBGbHeqnwsLYyouwAi6BoRhrQpnkOqvFhlRShrquuSu+pCPAvBdnsYVl0jqrOee1y/uLav2maKhEjsgxOSUOuSJ1ckcapEkYeSIv5JW8Gc/Gu/FhfM5GV4xi55DMwfj6BdafnUE=</latexit>

⇢<latexit sha1_base64="41QSMS0BN5U8E340Ys+A+p9w9NA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jGBNIljA76U2GzD6Y6RVCyEd48aCIV7/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaysrq1vFDdLW9s7u3vl/YNHk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFDYDIa3U7/5hNrIJH6gUYp+xPuxDKXgZKVmx2SBQeqWK27VnYEtEy8nFchR75a/Or1EZBHGJBQ3pu25KfljrkkKhZNSJzOYcjHkfWxbGvMIjT+enTthJ1bpsTDRtmJiM/X3xJhHxoyiwHZGnAZm0ZuK/3ntjMJrfyzjNCOMxXxRmClGCZv+znpSoyA1soQLLe2tTAy45oJsQiUbgrf48jJ5PKt659XL+4tK7SaPowhHcAyn4MEV1OAO6tAAAUN4hld4c1LnxXl3PuatBSefOYQ/cD5/AI/Sj7k=</latexit>

Connected  
transition matrix

The connected transition matrix is not unitary (expected). What is the relationship with S-matrix?

S =
<latexit sha1_base64="VbwcQlnrvMyCSHvCSYcrjmxw5uw=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJfGBboSiG5cV7QPSUCbTSTt0MhNmboQSsvYL3OoXuBO3focf4H84abOwrQcGDufcyz1zgpgzDY7zbS0tr6yurZc2yptb2zu7lb39lpaJIrRJJJeqE2BNORO0CQw47cSK4ijgtB2MbnO//USVZlI8wjimfoQHgoWMYDCS140wDIMwfciue5WqU3MmsBeJW5AqKtDoVX66fUmSiAogHGvtuU4MfooVMMJpVu4mmsaYjPCAeoYKHFHtp5PImX1slL4dSmWeAHui/t1IcaT1OArMZB5Rz3u5+J/nJRBe+SkTcQJUkOmhMOE2SDv/v91nihLgY0MwUcxktckQK0zAtDRzJVB4RCEzvbjzLSyS1mnNPatd3J9X6zdFQyV0iI7QCXLRJaqjO9RATUSQRC/oFb1Zz9a79WF9TkeXrGLnAM3A+voFIu2ZnQ==</latexit>

“connected  
graph”

“connected  
graph”

“connected  
graph”

“connected  
graph”

“connected  
graph”

“connected  
graph”

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

+...
<latexit sha1_base64="vJZzlTpgzl5hgCZetDGlX/rwyPA=">AAAB/nicbVDLSsNAFL2pr1pfVZduBosgCCHxgS6LblxWsA9oQ5lMb9uhk0mYmQglFPwCt/oF7sStv+IH+B8mbRa29cCFwzn3cu89fiS4No7zbRVWVtfWN4qbpa3tnd298v5BQ4exYlhnoQhVy6caBZdYN9wIbEUKaeALbPqju8xvPqHSPJSPZhyhF9CB5H3OqMmkM9u2u+WKYztTkGXi5qQCOWrd8k+nF7I4QGmYoFq3XScyXkKV4UzgpNSJNUaUjegA2ymVNEDtJdNbJ+QkVXqkH6q0pCFT9e9EQgOtx4GfdgbUDPWil4n/ee3Y9G+8hMsoNijZbFE/FsSEJHuc9LhCZsQ4JZQpnt5K2JAqykwaz9wWX9ERmkmai7uYwjJpnNvuhX31cFmp3uYJFeEIjuEUXLiGKtxDDerAYAgv8Apv1rP1bn1Yn7PWgpXPHMIcrK9fRVyVtg==</latexit>

“connected  
graph”

“connected  
graph”

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

+...
<latexit sha1_base64="vJZzlTpgzl5hgCZetDGlX/rwyPA=">AAAB/nicbVDLSsNAFL2pr1pfVZduBosgCCHxgS6LblxWsA9oQ5lMb9uhk0mYmQglFPwCt/oF7sStv+IH+B8mbRa29cCFwzn3cu89fiS4No7zbRVWVtfWN4qbpa3tnd298v5BQ4exYlhnoQhVy6caBZdYN9wIbEUKaeALbPqju8xvPqHSPJSPZhyhF9CB5H3OqMmkM9u2u+WKYztTkGXi5qQCOWrd8k+nF7I4QGmYoFq3XScyXkKV4UzgpNSJNUaUjegA2ymVNEDtJdNbJ+QkVXqkH6q0pCFT9e9EQgOtx4GfdgbUDPWil4n/ee3Y9G+8hMsoNijZbFE/FsSEJHuc9LhCZsQ4JZQpnt5K2JAqykwaz9wWX9ERmkmai7uYwjJpnNvuhX31cFmp3uYJFeEIjuEUXLiGKtxDDerAYAgv8Apv1rP1bn1Yn7PWgpXPHMIcrK9fRVyVtg==</latexit>

“connected  
graph”

“connected  
graph”

“connected  
graph”

“connected  
graph”

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

!

<latexit sha1_base64="vlzoIhC1BK3aEiF57iEq0bxDg64=">AAACAHicbVDJSgNBEK2JW4xb1KOXwSDoJcy4oMcQLx4jmAWSIfR0eiZtenqG7hohDLn4BV71C7yJV//ED/A/7CwHk/ig4PFeFVX1/ERwjY7zbeVWVtfWN/Kbha3tnd294v5BQ8epoqxOYxGrlk80E1yyOnIUrJUoRiJfsKY/uB37zSemNI/lAw4T5kUklDzglKCRGp0qD8OzbrHklJ0J7GXizkgJZqh1iz+dXkzTiEmkgmjddp0EvYwo5FSwUaGTapYQOiAhaxsqScS0l02uHdknRunZQaxMSbQn6t+JjERaDyPfdEYE+3rRG4v/ee0Ugxsv4zJJkUk6XRSkwsbYHr9u97hiFMXQEEIVN7fatE8UoWgCmtviKzJgODK5uIspLJPGedm9KF/dX5Yq1VlCeTiCYzgFF66hAndQgzpQeIQXeIU369l6tz6sz2lrzprNHMIcrK9fnr6XEw==</latexit>

1

2!

 

<latexit sha1_base64="3JFg+cDDzpGQd6IcTahsd3fGj70=">AAACDnicbZBLSgNBEIZ7fMb4GuPSTWsQsgozUdFliBuXEcwDMkPo6fQkTXoedNeIYZg7eAK3egJ34tYreADvYSeZhUn8oeDnryqq+LxYcAWW9W2srW9sbm0Xdoq7e/sHh+ZRqa2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON76d9juPTCoehQ8wiZkbkGHIfU4J6KhvlhxfEpraWVo7zZwGHw4rfbNsVa2Z8Kqxc1NGuZp988cZRDQJWAhUEKV6thWDmxIJnAqWFZ1EsZjQMRmynrYhCZhy09nvGT7XyQD7kdQVAp6lfzdSEig1CTw9GRAYqeXeNPyv10vAv3FTHsYJsJDOD/mJwBDhKQg84JJREBNtCJVc/4rpiGgYoHEtXPEkGTPINBd7mcKqadeq9kX16v6yXG/khAroBJ2hCrLRNaqjO9RELUTRE3pBr+jNeDbejQ/jcz66ZuQ7x2hBxtcvEFicJw==</latexit>

1

3!

 

<latexit sha1_base64="LBw1hCyozghBPwrhCNXlXpN3N1s=">AAACDnicbZDPTsJAEMan+A/xX8Wjlyox4URa0eiR4MUjJoIktCHbZQsbtttmd2skTd/BJ/CqT+DNePUVfADfwwV6EPBLJvnyzUxm8vNjRqWy7W+jsLa+sblV3C7t7O7tH5iH5Y6MEoFJG0csEl0fScIoJ21FFSPdWBAU+ow8+OObaf/hkQhJI36vJjHxQjTkNKAYKR31zbIbCIRTJ0vrJ5nbpMNhtW9W7Jo9k7VqnNxUIFerb/64gwgnIeEKMyRlz7Fj5aVIKIoZyUpuIkmM8BgNSU9bjkIivXT2e2ad6WRgBZHQxZU1S/9upCiUchL6ejJEaiSXe9Pwv14vUcG1l1IeJ4pwPD8UJMxSkTUFYQ2oIFixiTYIC6p/tfAIaRhK41q44gs0JirTXJxlCqumc15z6rXLu4tKo5kTKsIxnEIVHLiCBtxCC9qA4Qle4BXejGfj3fgwPuejBSPfOYIFGV+/EfecKA==</latexit>

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

“connected  
graph”

“connected  
graph”

S =
<latexit sha1_base64="VbwcQlnrvMyCSHvCSYcrjmxw5uw=">AAACBXicbVDLSsNAFJ34rPVVdekmWARXJfGBboSiG5cV7QPSUCbTSTt0MhNmboQSsvYL3OoXuBO3focf4H84abOwrQcGDufcyz1zgpgzDY7zbS0tr6yurZc2yptb2zu7lb39lpaJIrRJJJeqE2BNORO0CQw47cSK4ijgtB2MbnO//USVZlI8wjimfoQHgoWMYDCS140wDIMwfciue5WqU3MmsBeJW5AqKtDoVX66fUmSiAogHGvtuU4MfooVMMJpVu4mmsaYjPCAeoYKHFHtp5PImX1slL4dSmWeAHui/t1IcaT1OArMZB5Rz3u5+J/nJRBe+SkTcQJUkOmhMOE2SDv/v91nihLgY0MwUcxktckQK0zAtDRzJVB4RCEzvbjzLSyS1mnNPatd3J9X6zdFQyV0iI7QCXLRJaqjO9RATUSQRC/oFb1Zz9a79WF9TkeXrGLnAM3A+voFIu2ZnQ==</latexit>

S = 1 + iTc +
i2

2!
T2

c +
i3

3!
T3

c + ... = eiTc

<latexit sha1_base64="X9OalwNQLMC6CopM/s1cFbV/Yzo="></latexit>

Z[J ] = eiW [J]
<latexit sha1_base64="T83vbGAq0vRJSeHKvFRDhKFILa4=">AAACCHicbZBLSgNBEIZ74ivGV9Slm8YguAozPtCNEHQjriKYB04moadTkzTp6Rm6e4Qw5AKewK2ewJ249RYewHvYk2RhEn8o+Piriip+P+ZMadv+tnJLyyura/n1wsbm1vZOcXevrqJEUqjRiEey6RMFnAmoaaY5NGMJJPQ5NPzBTdZvPIFULBIPehiDF5KeYAGjRBur/ejeeVfQTlnDwKhTLNlleyy8CM4USmiqaqf40+pGNAlBaMqJUq5jx9pLidSMchgVWomCmNAB6YFrUJAQlJeOvx7hI+N0cRBJU0Ljsft3IyWhUsPQN5Mh0X0138vM/3puooNLL2UiTjQIOjkUJBzrCGcR4C6TQDUfGiBUMvMrpn0iCdUmqJkrviQD0FkuznwKi1A/KTun5fP7s1LleppQHh2gQ3SMHHSBKugWVVENUSTRC3pFb9az9W59WJ+T0Zw13dlHM7K+fgHNDpp7</latexit>

(evokes                   )

S-matrix

(See also holomorphic cutting rules: Hannesdottir, Mizera [arXiv:2204.02988])

In order to establish this relation, we need the following formula

i h↵|Tc |�i � i h↵|T†
c |�i = h↵|TcT

†
c |�i �

X

↵0⇢↵
�0⇢�

h↵0|Tc |�0i h↵ \↵0|T†
c |� \ �0i

<latexit sha1_base64="YboxGUSJXlVkLr2x62IPyyTOVgQ="></latexit>

( <latexit sha1_base64="MQJXbV8BHGdd6RvtmlpMUfc9mpA=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTpkMgkzE6GErvwCt/oF7sStX+IH+B9O2yxs64ELh3Pu5d57/JQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjkoySWibJDyRPR8rypmgbc00p71UUhz7nHb96G7qd5+oVCwRj3qcUi/GoWABI1gbqes2WRi6+aBas+v2DGiVOAWpQYHWoPrjDhOSxVRowrFSfcdOtZdjqRnhdFJxM0VTTCIc0r6hAsdUefns3Ak6M8oQBYk0JTSaqX8nchwrNY590xljPVLL3lT8z+tnOrj1cibSTFNB5ouCjCOdoOnvaMgkJZqPDcFEMnMrIiMsMdEmoYUtvsQR1ROTi7OcwirpXNSdy/r1w1Wt0SwSKsMJnMI5OHADDbiHFrSBQAQv8Apv1rP1bn1Yn/PWklXMHMMCrK9f2qGXyw==</latexit>

usual unitarity

connected  
graph

connected  

)

<latexit sha1_base64="FHQNMqLoJmOnRqcuW1U0BbwEOL8=">AAACAXicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPpJB06mYSZG6GErvwCt/oF7sStX+IH+B9O2ixs64ELh3Pu5d57/ERwDbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/vsv97hNTmsfyESYJ8yISSh5wSsBIXbfJw9CdDqo1u27PgFeJU5AaKtAaVH/cYUzTiEmggmjdd+wEvIwo4FSwacVNNUsIHZOQ9Q2VJGLay2bnTvGZUYY4iJUpCXim/p3ISKT1JPJNZ0RgpJe9XPzP66cQ3HoZl0kKTNL5oiAVGGKc/46HXDEKYmIIoYqbWzEdEUUomIQWtviKjBnkuTjLKaySzkXduaxfP1zVGs0ioTI6QafoHDnoBjXQPWqhNqJojF7QK3qznq1368P6nLeWrGLmGC3A+voF3c+XzQ==</latexit> )

<latexit sha1_base64="FHQNMqLoJmOnRqcuW1U0BbwEOL8=">AAACAXicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPpJB06mYSZG6GErvwCt/oF7sStX+IH+B9O2ixs64ELh3Pu5d57/ERwDbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/vsv97hNTmsfyESYJ8yISSh5wSsBIXbfJw9CdDqo1u27PgFeJU5AaKtAaVH/cYUzTiEmggmjdd+wEvIwo4FSwacVNNUsIHZOQ9Q2VJGLay2bnTvGZUYY4iJUpCXim/p3ISKT1JPJNZ0RgpJe9XPzP66cQ3HoZl0kKTNL5oiAVGGKc/46HXDEKYmIIoYqbWzEdEUUomIQWtviKjBnkuTjLKaySzkXduaxfP1zVGs0ioTI6QafoHDnoBjXQPWqhNqJojF7QK3qznq1368P6nLeWrGLmGC3A+voF3c+XzQ==</latexit>

)

<latexit sha1_base64="FHQNMqLoJmOnRqcuW1U0BbwEOL8=">AAACAXicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPpJB06mYSZG6GErvwCt/oF7sStX+IH+B9O2ixs64ELh3Pu5d57/ERwDbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/vsv97hNTmsfyESYJ8yISSh5wSsBIXbfJw9CdDqo1u27PgFeJU5AaKtAaVH/cYUzTiEmggmjdd+wEvIwo4FSwacVNNUsIHZOQ9Q2VJGLay2bnTvGZUYY4iJUpCXim/p3ISKT1JPJNZ0RgpJe9XPzP66cQ3HoZl0kKTNL5oiAVGGKc/46HXDEKYmIIoYqbWzEdEUUomIQWtviKjBnkuTjLKaySzkXduaxfP1zVGs0ioTI6QafoHDnoBjXQPWqhNqJojF7QK3qznq1368P6nLeWrGLmGC3A+voF3c+XzQ==</latexit>)

<latexit sha1_base64="FHQNMqLoJmOnRqcuW1U0BbwEOL8=">AAACAXicbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLUjcsK9gFNKJPpJB06mYSZG6GErvwCt/oF7sStX+IH+B9O2ixs64ELh3Pu5d57/ERwDbb9bZXW1jc2t8rblZ3dvf2D6uFRR8epoqxNYxGrnk80E1yyNnAQrJcoRiJfsK4/vsv97hNTmsfyESYJ8yISSh5wSsBIXbfJw9CdDqo1u27PgFeJU5AaKtAaVH/cYUzTiEmggmjdd+wEvIwo4FSwacVNNUsIHZOQ9Q2VJGLay2bnTvGZUYY4iJUpCXim/p3ISKT1JPJNZ0RgpJe9XPzP66cQ3HoZl0kKTNL5oiAVGGKc/46HXDEKYmIIoYqbWzEdEUUomIQWtviKjBnkuTjLKaySzkXduaxfP1zVGs0ioTI6QafoHDnoBjXQPWqhNqJojF7QK3qznq1368P6nLeWrGLmGC3A+voF3c+XzQ==</latexit>

↵0
<latexit sha1_base64="iPBKjlZ4Jk1QORdEONUkw9SAyM8=">AAACEHicbVBLTsMwFHTKr5Rf+OzYRFQIVlXCR7CsYMOySPQjNVH14ritVceJbAepRLkEJ2ALJ2CH2HIDDsA9cNosaMtIlkcz7+mNxo8Zlcq2v43S0vLK6lp5vbKxubW9Y+7utWSUCEyaOGKR6PggCaOcNBVVjHRiQSD0GWn7o9vcbz8SIWnEH9Q4Jl4IA077FIPSUs88cP2IBXIc6i91gcVDyE56ZtWu2RNYi8QpSBUVaPTMHzeIcBISrjADKbuOHSsvBaEoZiSruIkkMeARDEhXUw4hkV46SZ9Zx1oJrH4k9OPKmqh/N1IIZR5QT4aghnLey8X/vG6i+tdeSnmcKMLx9FA/YZaKrLwKK6CCYMXGmgAWVGe18BAEYKULm7niCxgRlelenPkWFknrrOac1y7vL6r1m6KhMjpER+gUOegK1dEdaqAmwugJvaBX9GY8G+/Gh/E5HS0Zxc4+moHx9QsXI53m</latexit> �0

<latexit sha1_base64="ClJParBuyeqW+sYWgTOLuN6yy+k=">AAACD3icbVBJSgNBFK12jHGKZummMIiuQrcDugy6cRnBDJBuQnX176RI9UDVbyE0OYQncKsncCduPYIH8B5WhoVJfFDU473/+Y/np1JotO1va2V1bX1js7BV3N7Z3dsvHRw2dZIpDg2eyES1faZBihgaKFBCO1XAIl9Cyx/cjf3WEygtkvgRhyl4EevFIhScoZG6pbLrJzLQw8h8uesDstFpt1Sxq/YEdJk4M1IhM9S7pR83SHgWQYxcMq07jp2ilzOFgksYFd1MQ8r4gPWgY2jMItBePgk/oidGCWiYKPNipBP170bOIj3OZyYjhn296I3F/7xOhuGNl4s4zRBiPj0UZpJiQsdN0EAo4CiHhjCuhMlKeZ8pxtH0NXfFV2wAODK9OIstLJPmedW5qF49XFZqt7OGCuSIHJMz4pBrUiP3pE4ahJMheSGv5M16tt6tD+tzOrpizXbKZA7W1y9Bap1y</latexit>

� \ �0
<latexit sha1_base64="0fQj1jd/0kLbnPBNG3kbLcu1S0Q=">AAACKnicbVDLSsNAFJ34rPVVdekmWERXIfGBLotuXFawD2hKmUxu26GTSZi5EUroX/gZfoFb/QJ3xa3+h5O2C9t6YJjDOfdy7z1BIrhG1x1bK6tr6xubha3i9s7u3n7p4LCu41QxqLFYxKoZUA2CS6ghRwHNRAGNAgGNYHCf+41nUJrH8gmHCbQj2pO8yxlFI3VKjh/EItTDyHyZHwDSka8BIy5TvWyddUpl13EnsJeJNyNlMkO1U/rxw5ilEUhkgmrd8twE2xlVyJmAUdFPNSSUDWgPWoZKGoFuZ5O7RvapUUK7GyvzJNoT9W9HRiOd72cqI4p9vejl4n9eK8XubTvjMkkRJJsO6qbCxtjOQ7JDroChGBpCmeJmV5v1qaIMTZRzUwJFB4Ajk4u3mMIyqV843qVz/XhVrtzNEiqQY3JCzolHbkiFPJAqqRFGXsgbeScf1qv1aY2tr2npijXrOSJzsL5/AaMFqdc=</latexit>

↵ \↵0
<latexit sha1_base64="MeNZyNFFOrGtu0RwbpuiCW9PQ2s=">AAACLHicbVDJSgNBEO2Je9yiHr0MBtFTmHFBj6IXjxHMApkQajoV06SnZ+iuEcKQ3/Az/AKv+gVeRDzqd9hZDsbkQdOP96qoqhcmUhjyvA8nt7C4tLyyupZf39jc2i7s7FZNnGqOFR7LWNdDMCiFwgoJklhPNEIUSqyFvZuhX3tEbUSs7qmfYDOCByU6ggNZqVXwgjCWbdOP7JcFIJMuDAKDFAmVmjneUatQ9EreCO4s8SekyCYotwrfQTvmaYSKuARjGr6XUDMDTYJLHOSD1GACvAcP2LBUQYSmmY0uG7iHVmm7nVjbp8gdqX87MojMcEFbGQF1zX9vKM7zGil1LpuZUElKqPh4UCeVLsXuMCa3LTRykn1LgGthd3V5FzRwsmFOTQk19JAGNhf/fwqzpHpS8k9L53dnxavrSUKrbJ8dsGPmswt2xW5ZmVUYZ0/shb2yN+fZeXc+na9xac6Z9OyxKTg/v2XUqr8=</latexit>

connected  
graph

cluster decomposition term“Unitarity”

Factorisation formula expressed at the operator level!
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⇢ = �
↵
⇢↵ �↵� �↵�

<latexit sha1_base64="g/ikvI2uicQPFcDcmycdS89zZyg="></latexit>

P = �
�
P� ��� ���

<latexit sha1_base64="+SxWb6qelPwfiuXyw+xjDwOqPFw="></latexit>( <latexit sha1_base64="MQJXbV8BHGdd6RvtmlpMUfc9mpA=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GWpG5cV7AOaUCbTSTpkMgkzE6GErvwCt/oF7sStX+IH+B9O2yxs64ELh3Pu5d57/JQzpW372yqtrW9sbpW3Kzu7e/sH1cOjjkoySWibJDyRPR8rypmgbc00p71UUhz7nHb96G7qd5+oVCwRj3qcUi/GoWABI1gbqes2WRi6+aBas+v2DGiVOAWpQYHWoPrjDhOSxVRowrFSfcdOtZdjqRnhdFJxM0VTTCIc0r6hAsdUefns3Ak6M8oQBYk0JTSaqX8nchwrNY590xljPVLL3lT8z+tnOrj1cibSTFNB5ouCjCOdoOnvaMgkJZqPDcFEMnMrIiMsMdEmoYUtvsQR1ROTi7OcwirpXNSdy/r1w1Wt0SwSKsMJnMI5OHADDbiHFrSBQAQv8Apv1rP1bn1Yn/PWklXMHMMCrK9f2qGXyw==</latexit>

Sum over massless particles requires decoherence
The decoherence is due to the way we sum contributions with different number of massless 
particles in the initial and final state

And also the reason why we can write interference diagrams in the first place!

P =�
m
� d⇧m�A(pp→ EW +mp)�2

<latexit sha1_base64="S6jTsBMehuEZh4wf2VQGpu2TShI="></latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

�↵� �↵�
<latexit sha1_base64="/zY/R1d9xDBVr+joAVwpKlw2KuI=">AAACRXicbZBLS8NAEMc39VXrq+rRS7AInkpSFT0WvXgRKtoHNKFMNtt26WYTdjdCCfkefhqv9Sv4IbyJJ0G3aQ72MbDsn//MMDM/L2JUKsv6MApr6xubW8Xt0s7u3v5B+fCoJcNYYNLEIQtFxwNJGOWkqahipBMJAoHHSNsb3U3z7RciJA35sxpHxA1gwGmfYlDa6pVrzoioxPFC5stxoL/EARYNIU0dT8DKRK9csapWFuaysHNRQXk0euUfxw9xHBCuMAMpu7YVKTcBoShmJC05sSQR4BEMSFdLDgGRbpLdlppn2vHNfij048rM3P8dCQRyuqCuDEAN5WJuaq7KdWPVv3ETyqNYEY5ng/oxM1VoTkGZPhUEKzbWArCgelcTD0EAVhrn3BQNSkOcuyN54E8ZtbSkcdmLcJZFq1a1L6pXj5eV+m0OrohO0Ck6Rza6RnV0jxqoiTB6RW9ogt6NifFpfBnfs9KCkfcco7kwfv8ARx+1NQ==</latexit>

Using it, we can compute transition probabilities

P = Tr[⇢SP S†]
<latexit sha1_base64="rLP40H+wYm0mWTBd3fcYKrQDLgg="></latexit>

Transition  
probabilities

This S-matrix also trivially satisfies the cluster-decomposition principle. Indeed

Tc(|↵i ⌦ |�i) = (Tc |↵i)⌦ |�i+ |↵i ⌦ (Tc |�i)
<latexit sha1_base64="jkH4gI3AeAarp3v2eYtUAXI2eVE="></latexit>

for states with large space-like separations.
P = PAPB

<latexit sha1_base64="1pfzs5jLpqEeiXLwYqplUsbATT4=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6EaodeMygn1IG8JketMOnUnCzEQooUu/wK1+gTtx64f4Af6H0zYLWz1w4XDOvdx7T5BwprRtf1mFpeWV1bXiemljc2t7p7y711RxKik0aMxj2Q6IAs4iaGimObQTCUQEHFrB8Gbitx5BKhZH93qUgCdIP2Iho0Qb6cG9cv1r7Pp1v1yxq/YU+C9xclJBOVy//N3txTQVEGnKiVIdx060lxGpGeUwLnVTBQmhQ9KHjqEREaC8bHrwGB8ZpYfDWJqKNJ6qvycyIpQaicB0CqIHatGbiP95nVSHl17GoiTVENHZojDlWMd48j3uMQlU85EhhEpmbsV0QCSh2mQ0tyWQZAh6bHJxFlP4S5onVee0en53VqnV84SK6AAdomPkoAtUQ7fIRQ1EkUDP6AW9Wk/Wm/VufcxaC1Y+s4/mYH3+APfLl8E=</latexit>

)
<latexit sha1_base64="/Ctud1mjNnwM8eNE+gYveEW4PQU=">AAACBXicbVDLTsMwEHR4lvIqcORiUSFxqhIegmMFF44F0YeURpXjOq1Vx47sDaiKeuYLuMIXcENc+Q4+gP/AbXOgLSOtNJrZ1e5OmAhuwHW/naXlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPBzdhvPjJtuJIPMExYEJOe5BGnBKzkt+95rw9Ea/XUKZXdijsBXiReTsooR61T+ml3FU1jJoEKYozvuQkEGdHAqWCjYjs1LCF0QHrMt1SSmJkgm5w8wsdW6eJIaVsS8ET9O5GR2JhhHNrOmEDfzHtj8T/PTyG6CjIukxSYpNNFUSowKDz+H3e5ZhTE0BJCNbe3YtonmlCwKc1sCTUZMBjZXLz5FBZJ47TinVUu7s7L1es8oQI6REfoBHnoElXRLaqhOqJIoRf0it6cZ+fd+XA+p61LTj5zgGbgfP0CbPOZzA==</latexit>

Cluster  
decomposition  
principle

n <latexit sha1_base64="84IK9gf1Aux3Aw7a0GnLv9v7Km0=">AAACAHicbVDLSsNAFL3xWeur6tJNsAiuSuIDXZa6cVnBPqAJZTKdtGMnkzBzI5TQjV/gVr/Anbj1T/wA/8Npm4VtPXDhcM693HtPkAiu0XG+rZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHRDNBJesgRwFayeKkSgQrBUMbyd+64kpzWP5gKOE+RHpSx5yStBITa/G+17WLZWdijOFvUzcnJQhR71b+vF6MU0jJpEKonXHdRL0M6KQU8HGRS/VLCF0SPqsY6gkEdN+Nr12bJ8apWeHsTIl0Z6qfycyEmk9igLTGREc6EVvIv7ndVIMb/yMyyRFJulsUZgKG2N78rrd44pRFCNDCFXc3GrTAVGEoglobkugyJDh2OTiLqawTJrnFfeicnV/Wa7W8oQKcAwncAYuXEMV7qAODaDwCC/wCm/Ws/VufVifs9YVK585gjlYX78Po5da</latexit>

Infrared finite if density matrix and projector  
sum over degenerate massless radiation

Finally: P = Tr[⇢SP S] =
X

n,m

in+m

n!m!
Tr[⇢Tn

c P (T†
c)

m]
<latexit sha1_base64="PldK1A3ikJzXJesYW7/KavDqyyE="></latexit>

Clusters and  
infrared finiteness

Infrared-finiteness follows from the unitarity relation we showed in the previous slide. But we  
can also look at it at a diagrammatic level.
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How do we show it?

Tr[⇢Tc P T†
c]

<latexit sha1_base64="K5rMewkuLkfZsTQqvkzF6qbRrdc="></latexit>

“connected  
graph”

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

“connected  
graph”

⇢<latexit sha1_base64="41QSMS0BN5U8E340Ys+A+p9w9NA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jGBNIljA76U2GzD6Y6RVCyEd48aCIV7/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaysrq1vFDdLW9s7u3vl/YNHk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFDYDIa3U7/5hNrIJH6gUYp+xPuxDKXgZKVmx2SBQeqWK27VnYEtEy8nFchR75a/Or1EZBHGJBQ3pu25KfljrkkKhZNSJzOYcjHkfWxbGvMIjT+enTthJ1bpsTDRtmJiM/X3xJhHxoyiwHZGnAZm0ZuK/3ntjMJrfyzjNCOMxXxRmClGCZv+znpSoyA1soQLLe2tTAy45oJsQiUbgrf48jJ5PKt659XL+4tK7SaPowhHcAyn4MEV1OAO6tAAAUN4hld4c1LnxXl3PuatBSefOYQ/cD5/AI/Sj7k=</latexit>

This relation allows to collect locally interference diagrams

⇢ = |�?i h�?|
<latexit sha1_base64="APFJfJAWngvJhyHiLuWoY5dEQf8=">AAACLnicbZDLSsNAFIYn9VbrLerSTbAIrkpSFd0IRTcuK9gLNLFMJtN26CQTZk6EEvoePoZP4FafQHAhrgQfw0mbRS8eGOaf/5zDOfP5MWcKbPvTKKysrq1vFDdLW9s7u3vm/kFTiUQS2iCCC9n2saKcRbQBDDhtx5Li0Oe05Q9vs3zriUrFRPQAo5h6Ie5HrMcIBm11zarrCx6oUaiv1JUDMb52hxRSNx6wR1cBlmPXl3j23TXLdsWehLUsnFyUUR71rvnjBoIkIY2AcKxUx7Fj8FIsgRFOxyU3UTTGZIj7tKNlhEOqvHTyt7F1op3A6gmpTwTWxJ3tSHGosvV1ZYhhoBZzmflfrpNA78pLWRQnQCMyHdRLuAXCykBZAZOUAB9pgYlkeleLDLDEBDTOuSmaj0aWcXEWKSyLZrXinFUu7s/LtZucUBEdoWN0ihx0iWroDtVRAxH0jF7RG3o3XowP48v4npYWjLznEM2F8fsHL7arrg==</latexit>

Example: consider massless scalar corrections to the decay of a massive scalar

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

+
<latexit sha1_base64="DzTfBSzPzUeCNjtm0Z9MRLsbyfU=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiAIQphxQY9BLx4TMAskQ+jp1CRNeha6a4QwzBd41S/wJl79GD/A/7CTzMEkPih4vFdFVT0vlkKjbX9bhbX1jc2t4nZpZ3dv/6B8eNTSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb/ww9dvPoLSIwiecxOAGbBgKX3CGRmpc9MsVu2rPQFeJk5MKyVHvl396g4gnAYTIJdO669gxuilTKLiErNRLNMSMj9kQuoaGLADtprNDM3pmlAH1I2UqRDpT/06kLNB6EnimM2A40sveVPzP6ybo37mpCOMEIeTzRX4iKUZ0+jUdCAUc5cQQxpUwt1I+YopxNNksbPEUGwNmJhdnOYVV0rqsOlfVm8Z1pXafJ1QkJ+SUnBOH3JIaeSR10iScAHkhr+TNyqx368P6nLcWrHzmmCzA+voF+eKVDg==</latexit>

O2
<latexit sha1_base64="0mvdHBtfx2UaekAizzjg9LK9pes=">AAACKHicbVDLSsNAFJ3UV62vqhvBzWARXJWkKrosunFnBdsKbQiTyW07dDIJMxOhhPg1rgT9FnfSrX/hzknbhW29MHA45z7OHD/mTGnbHluFldW19Y3iZmlre2d3r7x/0FJRIik0acQj+eQTBZwJaGqmOTzFEkjoc2j7w9tcbz+DVCwSj3oUgxuSvmA9Rok2lFc+6k52pBKCDHdDogeBSu8zr+aVK3bVnhReBs4MVNCsGl75pxtENAlBaMqJUh3HjrWbEqkZ5ZCVuomCmNAh6UPHQEFCUG46uZ7hU8MEuBdJ84TGE/bvREpCpUahbzpzj2pRy8n/tE6ie9duykScaBB0eqiXcKwjnMeBAyaBaj4ygFDJjFdMB0QSqk1oc1d8SYag5/6RBiq3m5msnMVklkGrVnXOq5cPF5X6zSy1IjpGJ+gMOegK1dEdaqAmougFvaJ39GG9WZ/WlzWethas2cwhmivr+xeJmaf6</latexit>

O2
<latexit sha1_base64="0mvdHBtfx2UaekAizzjg9LK9pes=">AAACKHicbVDLSsNAFJ3UV62vqhvBzWARXJWkKrosunFnBdsKbQiTyW07dDIJMxOhhPg1rgT9FnfSrX/hzknbhW29MHA45z7OHD/mTGnbHluFldW19Y3iZmlre2d3r7x/0FJRIik0acQj+eQTBZwJaGqmOTzFEkjoc2j7w9tcbz+DVCwSj3oUgxuSvmA9Rok2lFc+6k52pBKCDHdDogeBSu8zr+aVK3bVnhReBs4MVNCsGl75pxtENAlBaMqJUh3HjrWbEqkZ5ZCVuomCmNAh6UPHQEFCUG46uZ7hU8MEuBdJ84TGE/bvREpCpUahbzpzj2pRy8n/tE6ie9duykScaBB0eqiXcKwjnMeBAyaBaj4ygFDJjFdMB0QSqk1oc1d8SYag5/6RBiq3m5msnMVklkGrVnXOq5cPF5X6zSy1IjpGJ+gMOegK1dEdaqAmougFvaJ39GG9WZ/WlzWethas2cwhmivr+xeJmaf6</latexit>O3

<latexit sha1_base64="EG1Vz5HKhBP8rvTNrrSFiMLYTgg=">AAACKHicbVDLSsNAFJ34rPVVdSO4GSyCq5JYRZdFN+6sYB/QhjCZ3LZDJ5MwMxFKiF/jStBvcSfd+hfunLRd2NYLA4dz7uPM8WPOlLbtsbWyura+sVnYKm7v7O7tlw4OmypKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf3uV66xmkYpF40qMY3JD0BesxSrShvNJxd7IjlRBkuBsSPQhU+pB5Va9Utiv2pPAycGagjGZV90o/3SCiSQhCU06U6jh2rN2USM0oh6zYTRTEhA5JHzoGChKCctPJ9QyfGSbAvUiaJzSesH8nUhIqNQp905l7VItaTv6ndRLdu3FTJuJEg6DTQ72EYx3hPA4cMAlU85EBhEpmvGI6IJJQbUKbu+JLMgQ99480ULndzGTlLCazDJoXFadauXq8LNduZ6kV0Ak6RefIQdeohu5RHTUQRS/oFb2jD+vN+rS+rPG0dcWazRyhubK+fwGLRKf7</latexit>

O3
<latexit sha1_base64="EG1Vz5HKhBP8rvTNrrSFiMLYTgg=">AAACKHicbVDLSsNAFJ34rPVVdSO4GSyCq5JYRZdFN+6sYB/QhjCZ3LZDJ5MwMxFKiF/jStBvcSfd+hfunLRd2NYLA4dz7uPM8WPOlLbtsbWyura+sVnYKm7v7O7tlw4OmypKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sf3uV66xmkYpF40qMY3JD0BesxSrShvNJxd7IjlRBkuBsSPQhU+pB5Va9Utiv2pPAycGagjGZV90o/3SCiSQhCU06U6jh2rN2USM0oh6zYTRTEhA5JHzoGChKCctPJ9QyfGSbAvUiaJzSesH8nUhIqNQp905l7VItaTv6ndRLdu3FTJuJEg6DTQ72EYx3hPA4cMAlU85EBhEpmvGI6IJJQbUKbu+JLMgQ99480ULndzGTlLCazDJoXFadauXq8LNduZ6kV0Ak6RefIQdeohu5RHTUQRS/oFb2jD+vN+rS+rPG0dcWazRyhubK+fwGLRKf7</latexit>

=

Z
d3~kd3~l

4X

j=1

N(ECj )Q
i 6=j(ECi � ECj )

<latexit sha1_base64="DpY8mpzsANzDiSPSjG8bJw5zHG0="></latexit>

(Capatti, Hirschi, Ruijl, Pelloni [arXiv:2010.01068])

n
<latexit sha1_base64="84IK9gf1Aux3Aw7a0GnLv9v7Km0=">AAACAHicbVDLSsNAFL3xWeur6tJNsAiuSuIDXZa6cVnBPqAJZTKdtGMnkzBzI5TQjV/gVr/Anbj1T/wA/8Npm4VtPXDhcM693HtPkAiu0XG+rZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHRDNBJesgRwFayeKkSgQrBUMbyd+64kpzWP5gKOE+RHpSx5yStBITa/G+17WLZWdijOFvUzcnJQhR71b+vF6MU0jJpEKonXHdRL0M6KQU8HGRS/VLCF0SPqsY6gkEdN+Nr12bJ8apWeHsTIl0Z6qfycyEmk9igLTGREc6EVvIv7ndVIMb/yMyyRFJulsUZgKG2N78rrd44pRFCNDCFXc3GrTAVGEoglobkugyJDh2OTiLqawTJrnFfeicnV/Wa7W8oQKcAwncAYuXEMV7qAODaDwCC/wCm/Ws/VufVifs9YVK585gjlYX78Po5da</latexit>

Locally finite

Final-state sum 
example

“connected  
graph”

...
<latexit sha1_base64="1momxLjsLXF9ewnsR0ZRh2KX3D8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWME84BkCbOzs8mY2Z1lpjcQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGJVpxutMSaVbATVcioTXUaDkrVRzGgeSN4PB3dRvDrk2QiWPOEq5H9NeIiLBKFqp0RmGCk23VHYr7gxkmXg5KUOOWrf01QkVy2KeIJPUmLbnpuiPqUbBJJ8UO5nhKWUD2uNtSxMac+OPZ9dOyKlVQhIpbStBMlN/T4xpbMwoDmxnTLFvFr2p+J/XzjC68cciSTPkCZsvijJJUJHp6yQUmjOUI0so08LeSlifasrQBlS0IXiLLy+TxnnFu6hcPVyWq7d5HAU4hhM4Aw+uoQr3UIM6MHiCZ3iFN0c5L8678zFvXXHymSP4A+fzB82zj0k=</latexit>

=<latexit sha1_base64="wmqm1Zp1A2MDDclPjP9nODsI2BA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKez6QC9C0IvHBMwDkiXMTjrJmNnZZWZWCEu+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDf1m0+oNI/kgxnH6Id0IHmfM2qsVLvpFktu2Z2BLBMvIyXIUO0Wvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzg6dkBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0r/2UyzgxKNl8UT8RxERk+jXpcYXMiLEllClubyVsSBVlxmZTsCF4iy8vk8ZZ2TsvX9YuSpXbLI48HMExnIIHV1CBe6hCHRggPMMrvDmPzovz7nzMW3NONnMIf+B8/gCPEYzI</latexit>

“connected  
graph” limp

s!EC

(EC �
p
s)

<latexit sha1_base64="dvxMDKTf+i4JBoZwJRRUYwOjkh4=">AAACKHicbVDLSgMxFM3UV62vqks3wSJU0DLjA10Wi+Cygn1ApwyZNG1DMw+TO0oZ5if8DL/ArX6BO+lW8D/MtBVs9UDC4Zx7ufceNxRcgWmOjMzC4tLySnY1t7a+sbmV396pqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOKqnfeGBS8cC/g2HI2h7p+bzLKQEtOfkjW3DPiW11LyFWiS15rw9EyuARXzuVpKi/4x/z0MkXzJI5Bv5LrCkpoCmqTv7L7gQ08pgPVBClWpYZQjsmEjgVLMnZkWIhoQPSYy1NfeIx1Y7HVyX4QCsd3A2kfj7gsfq7IyaeUkPP1ZUegb6a91LxP68VQfeyHXM/jID5dDKoGwkMAU4jwh0uGQUx1IRQyfWumPaJJBR0kDNTOipdLdG5WPMp/CX1k5J1Wjq/PSuUr6YJZdEe2kdFZKELVEY3qIpqiKIn9IJe0ZvxbLwbH8ZoUpoxpj27aAbG5zdBHaf/</latexit>

C
<latexit sha1_base64="qYywSJSHXWaQhyzISl7C48MUzlA=">AAACBnicbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLYjcsK9gFNKJPJpB06mYSZiVBC9n6BW/0Cd+LW3/AD/A8naRa29cDA4Zx751yOFzMqlWV9G5W19Y3Nrep2bWd3b/+gfnjUk1EiMOniiEVi4CFJGOWkq6hiZBALgkKPkb43bed+/4kISSP+qGYxcUM05jSgGCktOU7xQyqIn7VH9YbVtAqYq8QuSQNKdEb1H8ePcBISrjBDUg5tK1ZuioSimJGs5iSSxAhP0ZgMNeUoJNJNi8TMPNOKbwaR0I8rs1D/bqQolHIWenoyRGoil71c/M8bJiq4dVPK40QRjudBQcJMFZl5AaZPBcGKzTRBWFB9q4knSCCsdE0LKb7MT8t0L/ZyC6ukd9G0L5vXD1eN1l3ZUBVO4BTOwYYbaME9dKALGGJ4gVd4M56Nd+PD+JyPVoxy5xgWYHz9Ak5smlc=</latexit>

“connected  
graph”

Using the CFF representation we can show that

=
4X

i=1

Z
d⇧ifi

<latexit sha1_base64="PQX18kOkQllMmjeR1j/opyp7Xqs=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQkUwVKpgoWxSPQhNSFyHKe1aieR7SBVUf6AhV9hYQAhVlY2/gan7QAtR7J0dM698rnHTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRiPSVlQx0ksEQdxnpOuPrgu/+0CEpHF0p8YJcTkaRDSkGCkteeZxw5Ep9zLasPP7OnRopKDDkRoKngW506IehaFHPbNq1awJ4CKxZ6QKZmh55pcTxDjlJFKYISn7tpUoN0NCUcxIXnFSSRKER2hA+ppGiBPpZpN7cniklQCGsdBP55movzcyxKUcc19PFlHlvFeI/3n9VIWXbkajJFUkwtOPwpRBFcOiHBhQQbBiY00QFlRnhXiIBMJKV1jRJdjzJy+SzmnNPqud39arzatZHWVwAA7BCbDBBWiCG9ACbYDBI3gGr+DNeDJejHfjYzpaMmY7++APjM8fQrCcLw==</latexit>

=

Z
d⇧

4X

i=1

gi
<latexit sha1_base64="uusiKoOHBxytKxtoLVuufrV1Z3Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRa0U2h6MZlBfuAJobJZNoOnUnCzEQoIV/gxl9x40IRt67d+TdO2iy09cDA4Zx7mXOPHzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyigRmHRwxCLR95EkjIako6hipB8LgrjPSM+fXOd+74EISaPwTk1j4nI0CumQYqS05Jm1JnRoqKDDkRoLngaZ06bQkQn3Utq0s/sGHHnUM6tW3ZoBLhO7IFVQoO2ZX04Q4YSTUGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaBoiTqSbzs7JYE0rARxGQj8dbab+3kgRl3LKfT2Zp5aLXi7+5w0SNbx0UxrGiSIhnn80TBhUEcy7gQEVBCs21QRhQXVWiMdIIKx0gxVdgr148jLpntbts/r5baPauirqKIMjcAxOgA0uQAvcgDboAAwewTN4BW/Gk/FivBsf89GSUewcgj8wPn8AENqbfg==</latexit>

=
N(EC)Q

C0 6=C(EC0 � EC)
<latexit sha1_base64="diZRmwPAdR4NiHtOXOt2dshD0lM="></latexit>

�(�? ! n jets�) =
<latexit sha1_base64="AlEYz3rBGdK+buXUurKoUJykTho="></latexit>
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Extension to initial- 
state sums

How do we extend to initial-state sums? In other words what are forward-scattering diagrams 
residues of

A Cutkosky cut is a minimal set of edges  
whose deletion makes the graph contractible

We can construct a three-dimensional representation for embeddings

q1
<latexit sha1_base64="n5sebZWbkHzU5+gc1Vs0eIRhVaM=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWNE84BkCbOT2WTI7Ow60yuEEPwCr/oF3sSr3+IH+B9Okj2YxIKGoqqb7q4gkcKg6347S8srq2vruY385tb2zm5hb79m4lQzXmWxjHUjoIZLoXgVBUreSDSnUSB5PejfjP36E9dGxOoBBwn3I9pVIhSMopXuH9teu1B0S+4EZJF4GSlChkq78NPqxCyNuEImqTFNz03QH1KNgkk+yrdSwxPK+rTLm5YqGnHjDyenjsixVTokjLUthWSi/p0Y0siYQRTYzohiz8x7Y/E/r5lieOUPhUpS5IpNF4WpJBiT8d+kIzRnKAeWUKaFvZWwHtWUoU1nZkugaZ/jyObizaewSGqnJe+sdHF3XixfZwnl4BCO4AQ8uIQy3EIFqsCgCy/wCm/Os/PufDif09YlJ5s5gBk4X7+Za5X4</latexit>

q2
<latexit sha1_base64="7SBZM+Ge3Ophy1s9oTWCoPSY8NA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKexGRY9BLx4jmgckS5id9CZDZmfXmVkhLMEv8Kpf4E28+i1+gP/hJNmDSSxoKKq66e7yY86UdpxvK7eyura+kd8sbG3v7O4V9w8aKkokxTqNeCRbPlHImcC6ZppjK5ZIQp9j0x/eTPzmE0rFIvGgRzF6IekLFjBKtJHuH7uVbrHklJ0p7GXiZqQEGWrd4k+nF9EkRKEpJ0q1XSfWXkqkZpTjuNBJFMaEDkkf24YKEqLy0umpY/vEKD07iKQpoe2p+nciJaFSo9A3nSHRA7XoTcT/vHaigysvZSJONAo6WxQk3NaRPfnb7jGJVPORIYRKZm616YBIQrVJZ26LL8kQ9djk4i6msEwalbJ7Vr64Oy9Vr7OE8nAEx3AKLlxCFW6hBnWg0IcXeIU369l6tz6sz1lrzspmDmEO1tcvmwKV+Q==</latexit>q3

<latexit sha1_base64="oS8gp2z3tdh9Zg4jm2rlkCps1Sg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKewaRY9BLx4jmgckS5id9CZDZmfXmVkhLMEv8Kpf4E28+i1+gP/hJNmDSSxoKKq66e7yY86UdpxvK7eyura+kd8sbG3v7O4V9w8aKkokxTqNeCRbPlHImcC6ZppjK5ZIQp9j0x/eTPzmE0rFIvGgRzF6IekLFjBKtJHuH7uVbrHklJ0p7GXiZqQEGWrd4k+nF9EkRKEpJ0q1XSfWXkqkZpTjuNBJFMaEDkkf24YKEqLy0umpY/vEKD07iKQpoe2p+nciJaFSo9A3nSHRA7XoTcT/vHaigysvZSJONAo6WxQk3NaRPfnb7jGJVPORIYRKZm616YBIQrVJZ26LL8kQ9djk4i6msEwaZ2W3Ur64Oy9Vr7OE8nAEx3AKLlxCFW6hBnWg0IcXeIU369l6tz6sz1lrzspmDmEO1tcvnJmV+g==</latexit>

q4
<latexit sha1_base64="V49y0Lf2nz2da4qKoCMr05cT8w0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BLx4jmgckS5idzCZDZh/O9AphCX6BV/0Cb+LVb/ED/A8nyR5MYkFDUdVNd5cXS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2joKFGM11kkI9XyqOZShLyOAiVvxYrTwJO86Q1vJn7ziSstovABRzF3A9oPhS8YRSPdP3Yr3WLJLttTkGXiZKQEGWrd4k+nF7Ek4CEySbVuO3aMbkoVCib5uNBJNI8pG9I+bxsa0oBrN52eOiYnRukRP1KmQiRT9e9ESgOtR4FnOgOKA73oTcT/vHaC/pWbijBOkIdstshPJMGITP4mPaE4QzkyhDIlzK2EDaiiDE06c1s8RYccxyYXZzGFZdI4Kzvn5Yu7Sql6nSWUhyM4hlNw4BKqcAs1qAODPrzAK7xZz9a79WF9zlpzVjZzCHOwvn4BnjCV+w==</latexit>

q5
<latexit sha1_base64="eKEAFTuJs+4h29FuhjUqszvXcTA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqQY9BLx4jmgckS5idzCZDZh/O9AphCX6BV/0Cb+LVb/ED/A8nyR5MYkFDUdVNd5cXS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2joKFGM11kkI9XyqOZShLyOAiVvxYrTwJO86Q1vJn7ziSstovABRzF3A9oPhS8YRSPdP3Yr3WLJLttTkGXiZKQEGWrd4k+nF7Ek4CEySbVuO3aMbkoVCib5uNBJNI8pG9I+bxsa0oBrN52eOiYnRukRP1KmQiRT9e9ESgOtR4FnOgOKA73oTcT/vHaC/pWbijBOkIdstshPJMGITP4mPaE4QzkyhDIlzK2EDaiiDE06c1s8RYccxyYXZzGFZdI4Kzvn5crdRal6nSWUhyM4hlNw4BKqcAs1qAODPrzAK7xZz9a79WF9zlpzVjZzCHOwvn4Bn8eV/A==</latexit>

q6
<latexit sha1_base64="R/Zqz7zdQwj/T3/5J2eW7k5ShiE=">AAAB/XicbVDJSgNBEO2JW4xb1KOXxiB4CjPux6AXjxHNAskQejo1SZOexe4aIQzBL/CqX+BNvPotfoD/YSeZg0l8UPB4r4qqel4shUbb/rZyS8srq2v59cLG5tb2TnF3r66jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4GbsN55AaRGFDziMwQ1YLxS+4AyNdP/YuegUS3bZnoAuEicjJZKh2in+tLsRTwIIkUumdcuxY3RTplBwCaNCO9EQMz5gPWgZGrIAtJtOTh3RI6N0qR8pUyHSifp3ImWB1sPAM50Bw76e98bif14rQf/KTUUYJwghny7yE0kxouO/aVco4CiHhjCuhLmV8j5TjKNJZ2aLp9gAcGRyceZTWCT1k7JzWj6/OytVrrOE8uSAHJJj4pBLUiG3pEpqhJMeeSGv5M16tt6tD+tz2pqzspl9MgPr6xehXpX9</latexit>

=

Z "
6Y

i=1

dq0i
q2i

#
�(q1 + q2 � p)�(q1 + q2 � p)�(q2 + q3 � q6 � p)�(q5 + q6 � p)�(q2 + q4 + q6 � p)

<latexit sha1_base64="YoiutHuA2T6Nm2STAK04Riievwo="></latexit>

Embeddings have thresholds associated with their Cutkosky cuts

= lim
p0!E1+E2

(E1 + E2 � p0)
<latexit sha1_base64="7NQVApkUROkeDZFgoCL6cL1vzA4="></latexit>

q1
<latexit sha1_base64="n5sebZWbkHzU5+gc1Vs0eIRhVaM=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hV0f6DHoxWNE84BkCbOT2WTI7Ow60yuEEPwCr/oF3sSr3+IH+B9Okj2YxIKGoqqb7q4gkcKg6347S8srq2vruY385tb2zm5hb79m4lQzXmWxjHUjoIZLoXgVBUreSDSnUSB5PejfjP36E9dGxOoBBwn3I9pVIhSMopXuH9teu1B0S+4EZJF4GSlChkq78NPqxCyNuEImqTFNz03QH1KNgkk+yrdSwxPK+rTLm5YqGnHjDyenjsixVTokjLUthWSi/p0Y0siYQRTYzohiz8x7Y/E/r5lieOUPhUpS5IpNF4WpJBiT8d+kIzRnKAeWUKaFvZWwHtWUoU1nZkugaZ/jyObizaewSGqnJe+sdHF3XixfZwnl4BCO4AQ8uIQy3EIFqsCgCy/wCm/Os/PufDif09YlJ5s5gBk4X7+Za5X4</latexit>

q2
<latexit sha1_base64="7SBZM+Ge3Ophy1s9oTWCoPSY8NA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKexGRY9BLx4jmgckS5id9CZDZmfXmVkhLMEv8Kpf4E28+i1+gP/hJNmDSSxoKKq66e7yY86UdpxvK7eyura+kd8sbG3v7O4V9w8aKkokxTqNeCRbPlHImcC6ZppjK5ZIQp9j0x/eTPzmE0rFIvGgRzF6IekLFjBKtJHuH7uVbrHklJ0p7GXiZqQEGWrd4k+nF9EkRKEpJ0q1XSfWXkqkZpTjuNBJFMaEDkkf24YKEqLy0umpY/vEKD07iKQpoe2p+nciJaFSo9A3nSHRA7XoTcT/vHaigysvZSJONAo6WxQk3NaRPfnb7jGJVPORIYRKZm616YBIQrVJZ26LL8kQ9djk4i6msEwalbJ7Vr64Oy9Vr7OE8nAEx3AKLlxCFW6hBnWg0IcXeIU369l6tz6sz1lrzspmDmEO1tcvmwKV+Q==</latexit>q3

<latexit sha1_base64="oS8gp2z3tdh9Zg4jm2rlkCps1Sg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKewaRY9BLx4jmgckS5id9CZDZmfXmVkhLMEv8Kpf4E28+i1+gP/hJNmDSSxoKKq66e7yY86UdpxvK7eyura+kd8sbG3v7O4V9w8aKkokxTqNeCRbPlHImcC6ZppjK5ZIQp9j0x/eTPzmE0rFIvGgRzF6IekLFjBKtJHuH7uVbrHklJ0p7GXiZqQEGWrd4k+nF9EkRKEpJ0q1XSfWXkqkZpTjuNBJFMaEDkkf24YKEqLy0umpY/vEKD07iKQpoe2p+nciJaFSo9A3nSHRA7XoTcT/vHaigysvZSJONAo6WxQk3NaRPfnb7jGJVPORIYRKZm616YBIQrVJZ26LL8kQ9djk4i6msEwaZ2W3Ur64Oy9Vr7OE8nAEx3AKLlxCFW6hBnWg0IcXeIU369l6tz6sz1lrzspmDmEO1tcvnJmV+g==</latexit>

q4
<latexit sha1_base64="V49y0Lf2nz2da4qKoCMr05cT8w0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BLx4jmgckS5idzCZDZh/O9AphCX6BV/0Cb+LVb/ED/A8nyR5MYkFDUdVNd5cXS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2joKFGM11kkI9XyqOZShLyOAiVvxYrTwJO86Q1vJn7ziSstovABRzF3A9oPhS8YRSPdP3Yr3WLJLttTkGXiZKQEGWrd4k+nF7Ek4CEySbVuO3aMbkoVCib5uNBJNI8pG9I+bxsa0oBrN52eOiYnRukRP1KmQiRT9e9ESgOtR4FnOgOKA73oTcT/vHaC/pWbijBOkIdstshPJMGITP4mPaE4QzkyhDIlzK2EDaiiDE06c1s8RYccxyYXZzGFZdI4Kzvn5Yu7Sql6nSWUhyM4hlNw4BKqcAs1qAODPrzAK7xZz9a79WF9zlpzVjZzCHOwvn4BnjCV+w==</latexit>

q5
<latexit sha1_base64="eKEAFTuJs+4h29FuhjUqszvXcTA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqQY9BLx4jmgckS5idzCZDZh/O9AphCX6BV/0Cb+LVb/ED/A8nyR5MYkFDUdVNd5cXS6HRtr+t3Mrq2vpGfrOwtb2zu1fcP2joKFGM11kkI9XyqOZShLyOAiVvxYrTwJO86Q1vJn7ziSstovABRzF3A9oPhS8YRSPdP3Yr3WLJLttTkGXiZKQEGWrd4k+nF7Ek4CEySbVuO3aMbkoVCib5uNBJNI8pG9I+bxsa0oBrN52eOiYnRukRP1KmQiRT9e9ESgOtR4FnOgOKA73oTcT/vHaC/pWbijBOkIdstshPJMGITP4mPaE4QzkyhDIlzK2EDaiiDE06c1s8RYccxyYXZzGFZdI4Kzvn5crdRal6nSWUhyM4hlNw4BKqcAs1qAODPrzAK7xZz9a79WF9zlpzVjZzCHOwvn4Bn8eV/A==</latexit>

q6
<latexit sha1_base64="R/Zqz7zdQwj/T3/5J2eW7k5ShiE=">AAAB/XicbVDJSgNBEO2JW4xb1KOXxiB4CjPux6AXjxHNAskQejo1SZOexe4aIQzBL/CqX+BNvPotfoD/YSeZg0l8UPB4r4qqel4shUbb/rZyS8srq2v59cLG5tb2TnF3r66jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4GbsN55AaRGFDziMwQ1YLxS+4AyNdP/YuegUS3bZnoAuEicjJZKh2in+tLsRTwIIkUumdcuxY3RTplBwCaNCO9EQMz5gPWgZGrIAtJtOTh3RI6N0qR8pUyHSifp3ImWB1sPAM50Bw76e98bif14rQf/KTUUYJwghny7yE0kxouO/aVco4CiHhjCuhLmV8j5TjKNJZ2aLp9gAcGRyceZTWCT1k7JzWj6/OytVrrOE8uSAHJJj4pBLUiG3pEpqhJMeeSGv5M16tt6tD+tz2pqzspl9MgPr6xehXpX9</latexit>

=<latexit sha1_base64="S+XHfhWaOEpyC1yVxgci51iodDk=">AAAB+3icbVDJSgNBEO2JW4xb1KOXxiB4CjMu6EUIevGYgFkgGUJPpyZp0rPQXSOEYb7Aq36BN/Hqx/gB/oedZA4m8UHB470qqup5sRQabfvbKqytb2xuFbdLO7t7+wflw6OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+OHqd9+BqVFFD7hJAY3YMNQ+IIzNFLjrl+u2FV7BrpKnJxUSI56v/zTG0Q8CSBELpnWXceO0U2ZQsElZKVeoiFmfMyG0DU0ZAFoN50dmtEzowyoHylTIdKZ+nciZYHWk8AznQHDkV72puJ/XjdB/9ZNRRgnCCGfL/ITSTGi06/pQCjgKCeGMK6EuZXyEVOMo8lmYYun2BgwM7k4yymsktZF1bmsXjeuKrX7PKEiOSGn5Jw45IbUyCOpkybhBMgLeSVvVma9Wx/W57y1YOUzx2QB1tcvFo+VIA==</latexit>

This observation allows to extend the Local Unitarity representation to initial states!

x0 ! z
<latexit sha1_base64="Qc+mlLf0RuqRfQ+L1suw1jqKRXY=">AAAB+XicbVC5TgMxEJ0NVwjXAiWNRYREFe1yCMoIGsogkUNKlsjreBMrXntlewNhlT+hoQAhWv6Ejr/BOQpIeNJIT+/NaGZemHCmjed9O7ml5ZXVtfx6YWNza3vH3d2raZkqQqtEcqkaIdaUM0GrhhlOG4miOA45rYf967FfH1ClmRR3ZpjQIMZdwSJGsLFS23Uf772WYt2ewUrJB/TUdoteyZsALRJ/RoowQ6XtfrU6kqQxFYZwrHXT9xITZFgZRjgdFVqppgkmfdylTUsFjqkOssnlI3RklQ6KpLIlDJqovycyHGs9jEPbGWPT0/PeWPzPa6YmugwyJpLUUEGmi6KUIyPROAbUYYoSw4eWYKKYvRWRHlaYGBtWwYbgz7+8SGonJf+0dH57VixfzeLIwwEcwjH4cAFluIEKVIHAAJ7hFd6czHlx3p2PaWvOmc3swx84nz+EgZOX</latexit>

C \ {0}
<latexit sha1_base64="xzIyGTl1cyTeLEWtNdwE6GMTBL4=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUl8oMtiNy4r2Ac0oUym03boZBJmJkIJwY2/4saFIm79Cnf+jZM2C209cOFwzr3ce08Qc6a043xbS8srq2vrpY3y5tb2zq69t99SUSIJbZKIR7ITYEU5E7Spmea0E0uKw4DTdjCu5377gUrFInGvJzH1QzwUbMAI1kbq2YdeiPUoCNJ65imqQyYShbzU8bKeXXGqzhRokbgFqUCBRs/+8voRSUIqNOFYqa7rxNpPsdSMcJqVvUTRGJMxHtKuoQKHVPnp9IUMnRiljwaRNCU0mqq/J1IcKjUJA9OZH6zmvVz8z+smenDtp0zEiaaCzBYNEo50hPI8UJ9JSjSfGIKJZOZWREZYYqJNamUTgjv/8iJpnVXd8+rl3UWldlPEUYIjOIZTcOEKanALDWgCgUd4hld4s56sF+vd+pi1LlnFzAH8gfX5A4lql4U=</latexit>

Embedding  
vacuum graph in

Re[z]
<latexit sha1_base64="JDpQ2jPXaQtb4RjBIujd5F8MIOc=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSR+oMeiF49V7Ac0oWy2k3bpZhN2J2IN/RtePCji1T/jzX/jts1BWx8MPN6bYWZekAiu0XG+rcLS8srqWnG9tLG5tb1T3t1r6jhVDBosFrFqB1SD4BIayFFAO1FAo0BAKxheT/zWAyjNY3mPowT8iPYlDzmjaCTPQ3jE7A7GnSe/W644VWcKe5G4OamQHPVu+cvrxSyNQCITVOuO6yToZ1QhZwLGJS/VkFA2pH3oGCppBNrPpjeP7SOj9OwwVqYk2lP190RGI61HUWA6I4oDPe9NxP+8TorhpZ9xmaQIks0WhamwMbYnAdg9roChGBlCmeLmVpsNqKIMTUwlE4I7//IiaZ5U3dPq+e1ZpXaVx1EkB+SQHBOXXJAauSF10iCMJOSZvJI3K7VerHfrY9ZasPKZffIH1ucPfBKR+w==</latexit>

Im[z]
<latexit sha1_base64="GUuKk+GDl+3Gykxrd8oOD9p3hIc=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BL3qLYB6QXcLsZDYZMjO7zPSKcclvePGgiFd/xpt/4yTZgyYWNBRV3XR3hYngBlz32yksLa+srhXXSxubW9s75d29polTTVmDxiLW7ZAYJrhiDeAgWDvRjMhQsFY4vJ74rQemDY/VPYwSFkjSVzzilICVfB/YI2S3ctx5Crrlilt1p8CLxMtJBeWod8tffi+mqWQKqCDGdDw3gSAjGjgVbFzyU8MSQoekzzqWKiKZCbLpzWN8ZJUejmJtSwGeqr8nMiKNGcnQdkoCAzPvTcT/vE4K0WWQcZWkwBSdLYpSgSHGkwBwj2tGQYwsIVRzeyumA6IJBRtTyYbgzb+8SJonVe+0en53Vqld5XEU0QE6RMfIQxeohm5QHTUQRQl6Rq/ozUmdF+fd+Zi1Fpx8Zh/9gfP5A3qBkfo=</latexit>

In the preceding example, we fixed a massive initial-state. What if we want to have massless initial 
states?

“connected  
graph” We need to write forward-scattering diagrams as residues of something!
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Conclusion

• Energy conservation implies a rigid diagrammatic structure for threshold singularities
• Connectedness
• Absence of crossing
• Obstruction-freedom

• These principles are manifest in a novel 3D-representation that holds for any theory 
(independent of numerator) and at any loop

https://github.com/apelloni/cLTDImplemented in  
Mathematica package

• The presence of connectedness suggests that, in order to understand IR-finiteness, one 
should decompose cross-sections according to the degree of connectedness

• 3D representations can be used to express interference diagrams as local residues of 
forward-scattering diagrams, and forward-scattering diagrams as local residues of 
vacuum embeddings

• In turn, these local residues can be used to write cross-sections in a way that manifests 
the KLN cancellation mechanism at the local level (Local Unitarity)

• Local Unitarity can be used to numerically evaluate cross-sections


