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Convolution

<latexit sha1_base64="NG25Cxv4ViIck0lXItO7SYSvWjU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj25nfGnNtRKwecZJwP6IDJULBKFrpYdzzeuWKW3XnIH+Jl5MK5Kj3yp/dfszSiCtkkhrT8dwE/YxqFEzyaambGp5QNqID3rFU0YgbP5ufOiUnVumTMNa2FJK5+nMio5ExkyiwnRHFoVn2ZuJ/XifF8NrPhEpS5IotFoWpJBiT2d+kLzRnKCeWUKaFvZWwIdWUoU2nZEPwll/+S5pnVe+yen5/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsLQI2m</latexit>v1
<latexit sha1_base64="A2uqlTMnNV+QazqS9w/LviE+M8Y=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRqEeiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpWusWSW3bnIKvEy0gJMtS6xa9OL2ZphNIwQbVue25i/AlVhjOB00In1ZhQNqR9bFsqaYTan8xPnZIzq/RIGCtb0pC5+ntiQiOtx1FgOyNqBnrZm4n/ee3UhDf+hMskNSjZYlGYCmJiMvub9LhCZsTYEsoUt7cSNqCKMmPTKdgQvOWXV0mjUvauyhcPl6XqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADMSNpw==</latexit>v2
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<latexit sha1_base64="GqBgE5fSrSMW0xpGwc/GYOOkclo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF48Y5ZHAhswOA4zMzm5meknIhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D+omyjRjNdYJCPdDKjhUiheQ4GSN2PNaRhI3giGt1O/MeLaiEg94jjmfkj7SvQEo2ilh1HnqVMsuWV3BrJMvIyUIEO1U/xqdyOWhFwhk9SYlufG6KdUo2CSTwrtxPCYsiHt85aliobc+Ons1Ak5sUqX9CJtSyGZqb8nUhoaMw4D2xlSHJhFbyr+57US7F37qVBxglyx+aJeIglGZPo36QrNGcqxJZRpYW8lbEA1ZWjTKdgQvMWXl0n9rOxdls/vL0qVmyyOPBzBMZyCB1dQgTuoQg0Y9OEZXuHNkc6L8+58zFtzTjZzCH/gfP4AYaSN3w==</latexit>vj
<latexit sha1_base64="MYcK1kkEYShJOJM1FgSkTDMpDDU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlU1GXRjcsK9gFNCJPppB06mYSZG6GG4K+4caGIW//DnX/jpM1CWw8MHM65l3vmBAlnCmz726gsLa+srlXXaxubW9s75u5eR8WpJLRNYh7LXoAV5UzQNjDgtJdIiqOA024wvin87gOVisXiHiYJ9SI8FCxkBIOWfPPAjTCMgjDDALmfuQEFnPtm3W7YU1iLxClJHZVo+eaXO4hJGlEBhGOl+o6dgJdhCYxwmtfcVNEEkzEe0r6mAkdUedk0fW4da2VghbHUT4A1VX9vZDhSahIFerLIqua9QvzP66cQXnkZE0kKVJDZoTDlFsRWUYU1YJIS4BNNMJFMZ7XICEtMQBdW0yU4819eJJ3ThnPROLs7rzevyzqq6BAdoRPkoEvURLeohdqIoEf0jF7Rm/FkvBjvxsdstGKUO/voD4zPH2d6ldk=</latexit>

att�

<latexit sha1_base64="KqYS3FKINln1I10NO0upYFdZb2s=">AAAB/nicbVDLSsNAFJ3UV62vqrhyEyyCq5KoqMuiG5cVrC00IdxMJ+3QyYOZG6GEgL/ixoUibv0Od/6NkzYLbT0wcDjnXu6Z4yeCK7Ssb6OytLyyulZdr21sbm3v1Hf3HlScSso6NBax7PmgmOAR6yBHwXqJZBD6gnX98U3hdx+ZVDyO7nGSMDeEYcQDTgG15NUPnBBw5AcZIOZe5oBIRpB79YbVtKYwF4ldkgYp0fbqX84gpmnIIqQClOrbVoJuBhI5FSyvOaliCdAxDFlf0whCptxsGj83j7UyMINY6hehOVV/b2QQKjUJfT1ZhFXzXiH+5/VTDK7cjEdJiiyis0NBKkyMzaILc8AloygmmgCVXGc16QgkUNSN1XQJ9vyXF8nDadO+aJ7dnTda12UdVXJIjsgJscklaZFb0iYdQklGnskreTOejBfj3fiYjVaMcmef/IHx+QM1tZZN</latexit>

att↵

dropout

KG generation
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<latexit sha1_base64="P64qrB9Vld3fcAHWHvA2W0J/1Lw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRgx4r2A9oY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDVh8MPN6bYWZekAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqzUunnIWM+b9MoVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiESjYEb/Hlv6R5UvXOq6d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMRvAEL/DqJM6z8+a8z1sLTj6zD7/gfHwD+muPWA==</latexit>

Gc1
<latexit sha1_base64="SHKhvSiW/kOHntJXQN4mNZWd2yA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexGUY9BD3qMYB6QrGF2MkmGzM4uM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqAccx90M6UKIvGEUrNW8fU9atTLrFklt2ZyDLxMtICTLUusWvTi9iScgVMkmNaXtujH5KNQom+aTQSQyPKRvRAW9bqmjIjZ/Ozp2QE6v0SD/SthSSmfp7IqWhMeMwsJ0hxaFZ9Kbif147wf6VnwoVJ8gVmy/qJ5JgRKa/k57QnKEcW0KZFvZWwoZUU4Y2oYINwVt8eZk0KmXvonx2f16qXmdx5OEIjuEUPLiEKtxBDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucP+/CPWQ==</latexit>

Gc2

… … …

<latexit sha1_base64="xm2gW9isJyNsR3E2c06G7UbdvaI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FD3qsYD+gXUs2zbahSTYkWaEs/RFePCji1d/jzX9j2u5Bqw8GHu/NMDMvUpwZ6/tfXmFpeWV1rbhe2tjc2t4p7+41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWj66nfeqTasETe27GiocADyWJGsHVS6+YhU71g0itX/Ko/A/pLgpxUIEe9V/7s9hOSCiot4diYTuArG2ZYW0Y4nZS6qaEKkxEe0I6jEgtqwmx27gQdOaWP4kS7khbN1J8TGRbGjEXkOgW2Q7PoTcX/vE5q48swY1KllkoyXxSnHNkETX9HfaYpsXzsCCaauVsRGWKNiXUJlVwIweLLf0nzpBqcV0/vziq1qzyOIhzAIRxDABdQg1uoQwMIjOAJXuDVU96z9+a9z1sLXj6zD7/gfXwDDlWPZQ==</latexit>

Gp1
<latexit sha1_base64="GZppWuBDQ6ER9l5j7TBou7vLxYw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6LHvRYwX5Au5Zsmm1Ds9mQZIWy7I/w4kERr/4eb/4b03YP2vpg4PHeDDPzAsmZNq777RRWVtfWN4qbpa3tnd298v5BS8eJIrRJYh6rToA15UzQpmGG045UFEcBp+1gfDP1209UaRaLBzOR1I/wULCQEWys1L59TGW/lvXLFbfqzoCWiZeTCuRo9MtfvUFMkogKQzjWuuu50vgpVoYRTrNSL9FUYjLGQ9q1VOCIaj+dnZuhE6sMUBgrW8Kgmfp7IsWR1pMosJ0RNiO96E3F/7xuYsIrP2VCJoYKMl8UJhyZGE1/RwOmKDF8YgkmitlbERlhhYmxCZVsCN7iy8ukVat6F9Wz+/NK/TqPowhHcAyn4MEl1OEOGtAEAmN4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/D9qPZg==</latexit>

Gp2
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<latexit sha1_base64="F7hT7hch3avVFh5IiuA9AIDy1+g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRgx4r2A9oY9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDVh8MPN6bYWZekAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8j5n1FipdfOQhT1v0itX3Ko7A/lLvJxUIEe9V/7shjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOyFHVglJP1a2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3U9C/9jMskNSjZfFE/FcTEZPo7CblCZsTYEsoUt7cSNqSKMmMTKtkQvMWX/5LmSdU7r57enVVqV3kcRTiAQzgGDy6gBrdQhwYwGMETvMCrkzjPzpvzPm8tOPnMPvyC8/EN+/KPWQ==</latexit>

Gd1
<latexit sha1_base64="0rNNcXXETSW7DsBSlBkO+VizLEc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh6LHvRYwX5Au5ZsNtuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzgoQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnQBrypmkTcMMp51EUSwCTtvB6Gbqt5+o0iyWD2acUF/ggWQRI9hYqX37mIX92qRfrrhVdwa0TLycVCBHo1/+6oUxSQWVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSyUWVPvZ7NwJOrFKiKJY2ZIGzdTfExkWWo9FYDsFNkO96E3F/7xuaqIrP2MySQ2VZL4oSjkyMZr+jkKmKDF8bAkmitlbERlihYmxCZVsCN7iy8ukVat6F9Wz+/NK/TqPowhHcAyn4MEl1OEOGtAEAiN4hld4cxLnxXl3PuatBSefOYQ/cD5/AP13j1o=</latexit>

Gd2

⋯
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<latexit sha1_base64="clsvG4shdMzWUCo+N8UAqT2pAF8=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuCghqaIui25cVrAXaEOYTCft0JlJmJmIJfRV3LhQxK0v4s63cdJmoa0/DHz85xzOmT9MGFXadb+t0tr6xuZWebuys7u3f2AfVjsqTiUmbRyzWPZCpAijgrQ11Yz0EkkQDxnphpPbvN59JFLRWDzoaUJ8jkaCRhQjbazAruLAq0McNOrQcZyceGDXXMedC66CV0ANFGoF9tdgGOOUE6ExQ0r1PTfRfoakppiRWWWQKpIgPEEj0jcoECfKz+a3z+CpcYYwiqV5QsO5+3siQ1ypKQ9NJ0d6rJZruflfrZ/q6NrPqEhSTQReLIpSBnUM8yDgkEqCNZsaQFhScyvEYyQR1iauignBW/7yKnQajnfpnN9f1Jo3RRxlcAxOwBnwwBVogjvQAm2AwRN4Bq/gzZpZL9a79bFoLVnFzBH4I+vzBx31kes=</latexit>c1, c2, ..., cm
<latexit sha1_base64="1nIQC/qxVYthkLEhxhtuh1jtqxE=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcFFCUkVdFt24rGAv0IYwmU7aoZNJmJmIpfRV3LhQxK0v4s63cdJmoa0/DHz85xzOmT9IOFPacb6twtr6xuZWcbu0s7u3f1A+rLRVnEpCWyTmsewGWFHOBG1ppjntJpLiKOC0E4xvs3rnkUrFYvGgJwn1IjwULGQEa2P55UriuzWU+PUasm07I2NWHduZC62Cm0MVcjX98ld/EJM0okITjpXquU6ivSmWmhFOZ6V+qmiCyRgPac+gwBFV3nR++wydGmeAwliaJzSau78npjhSahIFpjPCeqSWa5n5X62X6vDamzKRpJoKslgUphzpGGVBoAGTlGg+MYCJZOZWREZYYqJNXCUTgrv85VVo12330j6/v6g2bvI4inAMJ3AGLlxBA+6gCS0g8ATP8Apv1sx6sd6tj0VrwcpnjuCPrM8fXCiSEw==</latexit>p1, p2, ..., pn

<latexit sha1_base64="lOVTake1voNJKXRefDy3kb1y97k=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFFCUkVdFt24rGAv0IYwmUzaoZMLMxOxlL6KGxeKuPVF3Pk2TtostPWHgY//nMM58/spZ1LZ9rdRWlvf2Nwqb1d2dvf2D8zDakcmmSC0TRKeiJ6PJeUspm3FFKe9VFAc+Zx2/fFtXu8+UiFZEj+oSUrdCA9jFjKClbY8sxp4Th0FXqOOLMvKiXtmzbbsudAqOAXUoFDLM78GQUKyiMaKcCxl37FT5U6xUIxwOqsMMklTTMZ4SPsaYxxR6U7nt8/QqXYCFCZCv1ihuft7YoojKSeRrzsjrEZyuZab/9X6mQqv3SmL00zRmCwWhRlHKkF5EChgghLFJxowEUzfisgIC0yUjquiQ3CWv7wKnYblXFrn9xe15k0RRxmO4QTOwIEraMIdtKANBJ7gGV7hzZgZL8a78bFoLRnFzBH8kfH5AyEcke0=</latexit>

d1, d2, ..., dl

<latexit sha1_base64="qntIyNt+MNU6ag4qAOLo+aahExQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegBz1GMA9I1jA7mU2GzGOZmRXCko/w4kERr36PN//GSbIHjRY0FFXddHdFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nvqtR6oNU/LejhMaCjyQLGYEWye1bh4y0hOTXrniV/0Z0F8S5KQCOeq98me3r0gqqLSEY2M6gZ/YMMPaMsLppNRNDU0wGeEB7TgqsaAmzGbnTtCRU/ooVtqVtGim/pzIsDBmLCLXKbAdmkVvKv7ndVIbX4YZk0lqqSTzRXHKkVVo+jvqM02J5WNHMNHM3YrIEGtMrEuo5EIIFl/+S5on1eC8enp3Vqld5XEU4QAO4RgCuIAa3EIdGkBgBE/wAq9e4j17b977vLXg5TP78AvexzdVpo+U</latexit>

Gcm
<latexit sha1_base64="UP1MFvWjLtTW4CZYyMJO+t9fPhw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FD3qsYD+gXUs2zbahSTYkWaEs/RFePCji1d/jzX9j2u5Bqw8GHu/NMDMvUpwZ6/tfXmFpeWV1rbhe2tjc2t4p7+41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWj66nfeqTasETe27GiocADyWJGsHVS6+YhUz056ZUrftWfAf0lQU4qkKPeK392+wlJBZWWcGxMJ/CVDTOsLSOcTkrd1FCFyQgPaMdRiQU1YTY7d4KOnNJHcaJdSYtm6s+JDAtjxiJynQLboVn0puJ/Xie18WWYMalSSyWZL4pTjmyCpr+jPtOUWD52BBPN3K2IDLHGxLqESi6EYPHlv6R5Ug3Oq6d3Z5XaVR5HEQ7gEI4hgAuowS3UoQEERvAEL/DqKe/Ze/Pe560FL5/Zh1/wPr4BawaPog==</latexit>

Gpn
<latexit sha1_base64="d+qsYNp4V2hJxnnT+W7Dw5VkCAs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRgx4r2A9oY9lspu3SzSbsboQS+iO8eFDEq7/Hm//GbZuDVh8MPN6bYWZekAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8j5n1FipdfOQhT0x6ZUrbtWdgfwlXk4qkKPeK392w5ilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83OnZAjq4SkHytb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5q+pd+xmWSGpRsvqifCmJiMv2dhFwhM2JsCWWK21sJG1JFmbEJlWwI3uLLf0nzpOqdV0/vziq1qzyOIhzAIRyDBxdQg1uoQwMYjOAJXuDVSZxn5815n7cWnHxmH37B+fgGVaiPlA==</latexit>

Gdl

Node & Edge Clustering Node & Edge Clustering
<latexit sha1_base64="RPAzPPys+Ai3Xv4gsB/H/sQxi+4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA9hV0V9Rj0oMcI5gHJGmYns8mQ2dl1plcIS37CiwdFvPo73vwbJ4+DJhY0FFXddHcFiRQGXffbWVhcWl5Zza3l1zc2t7YLO7s1E6ea8SqLZawbATVcCsWrKFDyRqI5jQLJ60H/euTXn7g2Ilb3OEi4H9GuEqFgFK3UuHnIjljbG7YLRbfkjkHmiTclRZii0i58tToxSyOukElqTNNzE/QzqlEwyYf5Vmp4QlmfdnnTUkUjbvxsfO+QHFqlQ8JY21JIxurviYxGxgyiwHZGFHtm1huJ/3nNFMNLPxMqSZErNlkUppJgTEbPk47QnKEcWEKZFvZWwnpUU4Y2orwNwZt9eZ7UTkreeen07qxYvprGkYN9OIBj8OACynALFagCAwnP8ApvzqPz4rw7H5PWBWc6swd/4Hz+AFxCj4k=</latexit>

G
0c1

<latexit sha1_base64="OA1SZ69vUnLoLSrE0VgQZi3iL54=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbRU9mtoh6LHvRYwX5Au5Zsmm1Ds8maZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ8tEEVonkkvVCrCmnAlaN8xw2ooVxVHAaTMYXk/85hNVmklxb0Yx9SPcFyxkBBsrtW4e0mPSrYy7xZJbdqdAi8TLSAky1LrFr05PkiSiwhCOtW57bmz8FCvDCKfjQifRNMZkiPu0banAEdV+Or13jI6s0kOhVLaEQVP190SKI61HUWA7I2wGet6biP957cSEl37KRJwYKshsUZhwZCSaPI96TFFi+MgSTBSztyIywAoTYyMq2BC8+ZcXSaNS9s7Lp3dnpepVFkceDuAQTsCDC6jCLdSgDgQ4PMMrvDmPzovz7nzMWnNONrMPf+B8/gBdx4+K</latexit>

G
0c2 … <latexit sha1_base64="9Wk03hvdZ4s4FvqYgprm7lMwSyE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbRU9m1oh6LHvRYwX5Au5Zsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geD3xm09UaRbJezOKqS9wX7KQEWys1Lp5SI9JV4y7xZJbdqdAi8TLSAky1LrFr04vIomg0hCOtW57bmz8FCvDCKfjQifRNMZkiPu0banEgmo/nd47RkdW6aEwUrakQVP190SKhdYjEdhOgc1Az3sT8T+vnZjw0k+ZjBNDJZktChOOTIQmz6MeU5QYPrIEE8XsrYgMsMLE2IgKNgRv/uVF0jgte+flyt1ZqXqVxZGHAziEE/DgAqpwCzWoAwEOz/AKb86j8+K8Ox+z1pyTzezDHzifP7duj8U=</latexit>

G
0cm

Node & Edge Clustering
<latexit sha1_base64="6TJuA7NmY4emjgy31u2Px5quEho=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA9hV0V9Rj0oMcI5gHJGmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ4+DJhY0FFXddHcFieDauO63s7C4tLyymlvLr29sbm0XdnZrOk4VwyqLRawaAdUouMSq4UZgI1FIo0BgPehfj/z6EyrNY3lvBgn6Ee1KHnJGjZUaNw/ZUdL2hu1C0S25Y5B54k1JEaaotAtfrU7M0gilYYJq3fTcxPgZVYYzgcN8K9WYUNanXWxaKmmE2s/G9w7JoVU6JIyVLWnIWP09kdFI60EU2M6Imp6e9Ubif14zNeGln3GZpAYlmywKU0FMTEbPkw5XyIwYWEKZ4vZWwnpUUWZsRHkbgjf78jypnZS889Lp3VmxfDWNIwf7cADH4MEFlOEWKlAFBgKe4RXenEfnxXl3PiatC850Zg/+wPn8AXAdj5Y=</latexit>
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Bi-attention Augmented GNN

procedure events

GraphCare Framework – Constructing Personalized Knowledge Graph 
for Various Healthcare Predictions.

Introduction Performance vs. EHR Training DataMethod Overview

Performance of GraphCare on MIMIC-III/IV across 4 tasks

1. GraphCare consistently outperforms other methods on all tasks/datasets.
2. BAT outperforms other GNNs and graph transformers.

1. GraphCare exhibits a considerable edge over other models when 
confronted with scarce EHR training data.

2. Other graph-augmented methods (e.g. GRAM, GAMENet) also show a 
certain level of resilience against scarce data.

Performance vs. Knowledge Graph Size

1. Combined GPT-UMLS-KG 
outperforms both GPT-KG 
and UMLS-KG consistently.

2. GPT-KG contributes more to 
mortality and LOS 
predictions, while UMLS-KG 
edges out in readmission 
prediction.

3. Lower KG ratios are 
associated with larger 
standard deviations, due to 
the reduced likelihood of vital 
knowledge being contained.

Visualization of Personalized KG

Removing the indirect node “lung cancer” connecting crucial nodes 
“mortality” and “deadly cancer” results in a failure of mortality prediction. 

Personalized KG is 
important!

Emphasizes the value of 
comprehensive health 
data and considering all 
potential health factors

1. Personalized KG is needed for personalized treatment.

2. Existing works mainly focus on 
1) simple hierarchical relations
2) the inner graphical structure of EHR
while there are many external biomedical KGs

LLM as KB

UMLS-KG

Q1: How to construct personalized KGs utilizing external knowledge bases?

Q2: How to improve time-series clinical (EHR) predictions with those KGs?

A1: We construct medical concept-specific KGs

A2: We treat personalized knowledge graphs as patient representations

Step 1: 
1.1 Generate concept-specific KGs for every medical concept using LLM 
prompts and by subsampling from existing KGs. 

Step 3: 
Employ Bi-attention Augmented (BAT) Graph Neural Network (GNN) to 
predict based on the personalized KGs.

Step 2: 
For each patient, merge relevant concept-specific KGs to form a 
personalized KG. 

1.2 Perform node/edge clustering on across KGs. 

1.1.b Sub-graph Sampling

Existing KG (e.g., UMLS) Concept-Specific KG

1.1.a LLM Knowledge Extraction 

K-hop of
 

<concept>

Prompt 
+

<concept>

Concept-Specific KG


