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<latexit sha1_base64="VYEz4Hef44EmsTCD/Zx+vSHs2Q0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOEHOmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZDbCinAna0kxz2o0lxWHAaSeY3OZ+Z0qlYpF41LOYeiEeCTZkBGsj+bbdD7EeB0H6kD2lwncy3646NWcOtErcglShQNO3v/qDiCQhFZpwrFTPdWLtpVhqRjjNKv1E0RiTCR7RnqECh1R56Tx5hs6MMkDDSJonNJqrvzdSHCo1CwMzmedUy14u/uf1Ej289lIm4kRTQRaHhglHOkJ5DWjAJCWazwzBRDKTFZExlphoU1bFlOAuf3mVtC9qbr1Wv7+sNm6KOspwAqdwDi5cQQPuoAktIDCFZ3iFNyu1Xqx362MxWrKKnWP4A+vzB7swk70=</latexit>

Rn0
<latexit sha1_base64="hx9FVOWlMxmrNM9Ds/+uFO8V6Ck=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOEHOmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZDbCinAna0kxz2o0lxWHAaSeY3OZ+Z0qlYpF41LOYeiEeCTZkBGsj+bbdD7EeB0H6kD2lwncz3646NWcOtErcglShQNO3v/qDiCQhFZpwrFTPdWLtpVhqRjjNKv1E0RiTCR7RnqECh1R56Tx5hs6MMkDDSJonNJqrvzdSHCo1CwMzmedUy14u/uf1Ej289lIm4kRTQRaHhglHOkJ5DWjAJCWazwzBRDKTFZExlphoU1bFlOAuf3mVtC9qbr1Wv7+sNm6KOspwAqdwDi5cQQPuoAktIDCFZ3iFNyu1Xqx362MxWrKKnWP4A+vzB7y1k74=</latexit>

Rn1
<latexit sha1_base64="oGYxSjp1bKj6HFvHfaXfe17l1J8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaRIdVl047KKfUAbw2Q6aYdOJmFmUiihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTJJwp7Tjf1tr6xubWdmmnvLu3f3BoHx23VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86mlCvQgPBQsZwdpIvm33I6xHQZA9zJ4y4ddmvl1xqs4caJW4BalAgaZvf/UHMUkjKjThWKme6yTay7DUjHA6K/dTRRNMxnhIe4YKHFHlZfPkM3RulAEKY2me0Giu/t7IcKTUNArMZJ5TLXu5+J/XS3V47WVMJKmmgiwOhSlHOkZ5DWjAJCWaTw3BRDKTFZERlphoU1bZlOAuf3mVtGtVt16t319WGjdFHSU4hTO4ABeuoAF30IQWEJjAM7zCm5VZL9a79bEYXbOKnRP4A+vzB746k78=</latexit>

Rn2
<latexit sha1_base64="gfIgqGFiwuuGkhs4W+uzonPTEAM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQq1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy0emDgcM693DMniDlT2nG+rNLK6tr6RnmzsrW9s7tn7x+0VZRIQlsk4pHsBlhRzgRtaaY57caS4jDgtBNMbnK/M6VSsUg86FlMvRCPBBsygrWRfNvuh1iPgyC9zx5T4Z9nvl11as4c6C9xC1KFAk3f/uwPIpKEVGjCsVI914m1l2KpGeE0q/QTRWNMJnhEe4YKHFLlpfPkGToxygANI2me0Giu/txIcajULAzMZJ5TLXu5+J/XS/TwykuZiBNNBVkcGiYc6QjlNaABk5RoPjMEE8lMVkTGWGKiTVkVU4K7/OW/pH1Wc+u1+t1FtXFd1FGGIziGU3DhEhpwC01oAYEpPMELvFqp9Wy9We+L0ZJV7BzCL1gf37+/k8A=</latexit>

Rn3

<latexit sha1_base64="dIZh1B2QGcQFkPgkNxngWdgErhU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00O57/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHc7Y2K</latexit>

W1
<latexit sha1_base64="a8e43YwHxqn9PreEsd4bJY2HVWA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6aPer/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHecY2L</latexit>

W2
<latexit sha1_base64="txNfD/kTUwRG2hR1yMTQzAry70c=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolK9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpodW76JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QPf9Y2M</latexit>

W3
<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I
<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I
<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I
<latexit sha1_base64="hx9FVOWlMxmrNM9Ds/+uFO8V6Ck=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOEHOmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZDbCinAna0kxz2o0lxWHAaSeY3OZ+Z0qlYpF41LOYeiEeCTZkBGsj+bbdD7EeB0H6kD2lwncz3646NWcOtErcglShQNO3v/qDiCQhFZpwrFTPdWLtpVhqRjjNKv1E0RiTCR7RnqECh1R56Tx5hs6MMkDDSJonNJqrvzdSHCo1CwMzmedUy14u/uf1Ej289lIm4kRTQRaHhglHOkJ5DWjAJCWazwzBRDKTFZExlphoU1bFlOAuf3mVtC9qbr1Wv7+sNm6KOspwAqdwDi5cQQPuoAktIDCFZ3iFNyu1Xqx362MxWrKKnWP4A+vzB7y1k74=</latexit>

Rn1
<latexit sha1_base64="oGYxSjp1bKj6HFvHfaXfe17l1J8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaRIdVl047KKfUAbw2Q6aYdOJmFmUiihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTJJwp7Tjf1tr6xubWdmmnvLu3f3BoHx23VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86mlCvQgPBQsZwdpIvm33I6xHQZA9zJ4y4ddmvl1xqs4caJW4BalAgaZvf/UHMUkjKjThWKme6yTay7DUjHA6K/dTRRNMxnhIe4YKHFHlZfPkM3RulAEKY2me0Giu/t7IcKTUNArMZJ5TLXu5+J/XS3V47WVMJKmmgiwOhSlHOkZ5DWjAJCWaTw3BRDKTFZERlphoU1bZlOAuf3mVtGtVt16t319WGjdFHSU4hTO4ABeuoAF30IQWEJjAM7zCm5VZL9a79bEYXbOKnRP4A+vzB746k78=</latexit>

Rn2
<latexit sha1_base64="gfIgqGFiwuuGkhs4W+uzonPTEAM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQq1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy0emDgcM693DMniDlT2nG+rNLK6tr6RnmzsrW9s7tn7x+0VZRIQlsk4pHsBlhRzgRtaaY57caS4jDgtBNMbnK/M6VSsUg86FlMvRCPBBsygrWRfNvuh1iPgyC9zx5T4Z9nvl11as4c6C9xC1KFAk3f/uwPIpKEVGjCsVI914m1l2KpGeE0q/QTRWNMJnhEe4YKHFLlpfPkGToxygANI2me0Giu/txIcajULAzMZJ5TLXu5+J/XS/TwykuZiBNNBVkcGiYc6QjlNaABk5RoPjMEE8lMVkTGWGKiTVkVU4K7/OW/pH1Wc+u1+t1FtXFd1FGGIziGU3DhEhpwC01oAYEpPMELvFqp9Wy9We+L0ZJV7BzCL1gf37+/k8A=</latexit>

Rn3

<latexit sha1_base64="p7go8TnzMMgDPCVeWqxwJiEn/OI=">AAAB8nicZZC7SgNBFIZn4y3GW9TSZjEIFrLsikQLi4CNhUUCuUGyhNnxJA6ZGzOzyrrkCWy1sRNbX0jwYdwk2yT5q4//XGbOHylGjfX9X6ewtr6xuVXcLu3s7u0flA+P2kbGmkCLSCZ1N8IGGBXQstQy6CoNmEcMOtH4blrvPIM2VIqmTRSEHI8EHVKCbWY1kkG54nv+TO4qBDlUUK76oPx35tbzF9yh1O4DbkKXNt0mcMWwhVL/UZKYg7CEYWN6ga9smGJtKWEwKfVjAwqTMR5BL0OBOZgwnR2yUEwxNybh0YrJsX1aWmOHN2FKhYotCLI4YOn4de5MidFIY51kv9HyxXgcLL5wlTR0GgYVo0kWR7B8/Cq0L72g6lUbV5XabR5MEZ2gU3SOAnSNauge1VELEQToDb2jD8c6n86X8z1vLTj5zDFakPPzDxGLkpU=</latexit>y
<latexit sha1_base64="AFz+wtu2OsRxcRKuWp5MQ/iSKU0=">AAAB9HicZZC7TsMwFIYdrqXcCowsERUSA4qSChUGhkosDAxFpBepjSrHnKZW7diynaIS9RFYYWFDrLwPEg9D2mZp+0+f/nOxzx9KRrVx3V9rbX1jc2u7sFPc3ds/OCwdHTe1SBSBBhFMqHaINTAaQ8NQw6AtFWAeMmiFw7tpvTUCpamIfTOWEHAcxbRPCTaZ9TToVXqlsuu4M9mr4OVQRrnqvdLfuV3P37D7QtkP2Ic29W0fuGTYQLH7LEjCITaEYa07nitNkGJlKGEwKXYTDRKTIY6gk2GMOeggnZ2yUEwx13rMwxWTYzNYWmP6N0FKY5kYiMnigKHD17kzJUZDhdU4+40SL9rhYPClLYWm0zhoHE2yOLzl41ehWXG8qlN9vCrXbvNgCugUnaEL5KFrVEP3qI4aiKAIvaF39GGNrE/ry/qet65Z+cwJWpD18w8jp5Mp</latexit>

h2
<latexit sha1_base64="eDDL2CQWRrEHpdZWuVfYyimsf5Q=">AAAB9HicZZC7TsMwFIadcivlVmBkiaiQGFCUIFQYGCqxMDAUkV6kNqocc5patWPLdopK1EdghYUNsfI+SDwMaZul7T99+s/FPn8oGdXGdX+twtr6xuZWcbu0s7u3f1A+PGpqkSgCDSKYUO0Qa2A0hoahhkFbKsA8ZNAKh3fTemsESlMR+2YsIeA4immfEmwy62nQ83rliuu4M9mr4OVQQbnqvfLfmV3P37D7QtkP2Ic29W0fuGTYQKn7LEjCITaEYa07nitNkGJlKGEwKXUTDRKTIY6gk2GMOeggnZ2yUEwx13rMwxWTYzNYWmP6N0FKY5kYiMnigKHD17kzJUZDhdU4+40SL9rhYPCFLYWm0zhoHE2yOLzl41eheel4Vaf6eFWp3ebBFNEJOkXnyEPXqIbuUR01EEERekPv6MMaWZ/Wl/U9by1Y+cwxWpD18w8iGZMo</latexit>

h1
<latexit sha1_base64="mVZBHrKmyLUB/sED4CdSJL3+v7E=">AAAB8nicZZC7SgNBFIZn4y3GW9TSZjEIFrLsikQLi4CNhUUCmwskS5gdT+KQuTEzq8YlT2CrjZ3Y+kKCD+PGbJPkrz7+c5k5f6wYNdb3f5zCyura+kZxs7S1vbO7V94/aBmZaAJNIpnUnRgbYFRA01LLoKM0YB4zaMejm2m9/QjaUClCO1YQcTwUdEAJtpnVeO6XK77n/8tdhiCHCspV75d/T9x6/oI7kNq9wyF0aOiGwBXDFkq9e0kSDsISho3pBr6yUYq1pYTBpNRLDChMRngI3QwF5mCi9P+QuWKKuTFjHi+ZHNuHhTV2cBWlVKjEgiDzA5aOXmbOlBiNNdbj7DdaPhmPg8VnrpKGTsOgYjjJ4ggWj1+G1rkXVL1q46JSu86DKaIjdIxOUYAuUQ3dojpqIoIAvaI39O5Y58P5dL5mrQUnnzlEc3K+/wAP/ZKU</latexit>x

<latexit sha1_base64="VYEz4Hef44EmsTCD/Zx+vSHs2Q0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOEHOmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZDbCinAna0kxz2o0lxWHAaSeY3OZ+Z0qlYpF41LOYeiEeCTZkBGsj+bbdD7EeB0H6kD2lwncy3646NWcOtErcglShQNO3v/qDiCQhFZpwrFTPdWLtpVhqRjjNKv1E0RiTCR7RnqECh1R56Tx5hs6MMkDDSJonNJqrvzdSHCo1CwMzmedUy14u/uf1Ej289lIm4kRTQRaHhglHOkJ5DWjAJCWazwzBRDKTFZExlphoU1bFlOAuf3mVtC9qbr1Wv7+sNm6KOspwAqdwDi5cQQPuoAktIDCFZ3iFNyu1Xqx362MxWrKKnWP4A+vzB7swk70=</latexit>

Rn0
<latexit sha1_base64="hx9FVOWlMxmrNM9Ds/+uFO8V6Ck=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOEHOmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZDbCinAna0kxz2o0lxWHAaSeY3OZ+Z0qlYpF41LOYeiEeCTZkBGsj+bbdD7EeB0H6kD2lwncz3646NWcOtErcglShQNO3v/qDiCQhFZpwrFTPdWLtpVhqRjjNKv1E0RiTCR7RnqECh1R56Tx5hs6MMkDDSJonNJqrvzdSHCo1CwMzmedUy14u/uf1Ej289lIm4kRTQRaHhglHOkJ5DWjAJCWazwzBRDKTFZExlphoU1bFlOAuf3mVtC9qbr1Wv7+sNm6KOspwAqdwDi5cQQPuoAktIDCFZ3iFNyu1Xqx362MxWrKKnWP4A+vzB7y1k74=</latexit>

Rn1
<latexit sha1_base64="oGYxSjp1bKj6HFvHfaXfe17l1J8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaRIdVl047KKfUAbw2Q6aYdOJmFmUiihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTJJwp7Tjf1tr6xubWdmmnvLu3f3BoHx23VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86mlCvQgPBQsZwdpIvm33I6xHQZA9zJ4y4ddmvl1xqs4caJW4BalAgaZvf/UHMUkjKjThWKme6yTay7DUjHA6K/dTRRNMxnhIe4YKHFHlZfPkM3RulAEKY2me0Giu/t7IcKTUNArMZJ5TLXu5+J/XS3V47WVMJKmmgiwOhSlHOkZ5DWjAJCWaTw3BRDKTFZERlphoU1bZlOAuf3mVtGtVt16t319WGjdFHSU4hTO4ABeuoAF30IQWEJjAM7zCm5VZL9a79bEYXbOKnRP4A+vzB746k78=</latexit>

Rn2
<latexit sha1_base64="gfIgqGFiwuuGkhs4W+uzonPTEAM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQq1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy0emDgcM693DMniDlT2nG+rNLK6tr6RnmzsrW9s7tn7x+0VZRIQlsk4pHsBlhRzgRtaaY57caS4jDgtBNMbnK/M6VSsUg86FlMvRCPBBsygrWRfNvuh1iPgyC9zx5T4Z9nvl11as4c6C9xC1KFAk3f/uwPIpKEVGjCsVI914m1l2KpGeE0q/QTRWNMJnhEe4YKHFLlpfPkGToxygANI2me0Giu/txIcajULAzMZJ5TLXu5+J/XS/TwykuZiBNNBVkcGiYc6QjlNaABk5RoPjMEE8lMVkTGWGKiTVkVU4K7/OW/pH1Wc+u1+t1FtXFd1FGGIziGU3DhEhpwC01oAYEpPMELvFqp9Wy9We+L0ZJV7BzCL1gf37+/k8A=</latexit>

Rn3

<latexit sha1_base64="dIZh1B2QGcQFkPgkNxngWdgErhU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00O57/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHc7Y2K</latexit>

W1

<latexit sha1_base64="a8e43YwHxqn9PreEsd4bJY2HVWA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6aPer/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHecY2L</latexit>

W2

<latexit sha1_base64="txNfD/kTUwRG2hR1yMTQzAry70c=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolK9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpodW76JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QPf9Y2M</latexit>

W3

<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I

<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I

<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I<latexit sha1_base64="hx9FVOWlMxmrNM9Ds/+uFO8V6Ck=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOEHOmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZDbCinAna0kxz2o0lxWHAaSeY3OZ+Z0qlYpF41LOYeiEeCTZkBGsj+bbdD7EeB0H6kD2lwncz3646NWcOtErcglShQNO3v/qDiCQhFZpwrFTPdWLtpVhqRjjNKv1E0RiTCR7RnqECh1R56Tx5hs6MMkDDSJonNJqrvzdSHCo1CwMzmedUy14u/uf1Ej289lIm4kRTQRaHhglHOkJ5DWjAJCWazwzBRDKTFZExlphoU1bFlOAuf3mVtC9qbr1Wv7+sNm6KOspwAqdwDi5cQQPuoAktIDCFZ3iFNyu1Xqx362MxWrKKnWP4A+vzB7y1k74=</latexit>

Rn1

<latexit sha1_base64="oGYxSjp1bKj6HFvHfaXfe17l1J8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaRIdVl047KKfUAbw2Q6aYdOJmFmUiihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTJJwp7Tjf1tr6xubWdmmnvLu3f3BoHx23VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/M6FSsVg86mlCvQgPBQsZwdpIvm33I6xHQZA9zJ4y4ddmvl1xqs4caJW4BalAgaZvf/UHMUkjKjThWKme6yTay7DUjHA6K/dTRRNMxnhIe4YKHFHlZfPkM3RulAEKY2me0Giu/t7IcKTUNArMZJ5TLXu5+J/XS3V47WVMJKmmgiwOhSlHOkZ5DWjAJCWaTw3BRDKTFZERlphoU1bZlOAuf3mVtGtVt16t319WGjdFHSU4hTO4ABeuoAF30IQWEJjAM7zCm5VZL9a79bEYXbOKnRP4A+vzB746k78=</latexit>

Rn2

<latexit sha1_base64="gfIgqGFiwuuGkhs4W+uzonPTEAM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQq1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy0emDgcM693DMniDlT2nG+rNLK6tr6RnmzsrW9s7tn7x+0VZRIQlsk4pHsBlhRzgRtaaY57caS4jDgtBNMbnK/M6VSsUg86FlMvRCPBBsygrWRfNvuh1iPgyC9zx5T4Z9nvl11as4c6C9xC1KFAk3f/uwPIpKEVGjCsVI914m1l2KpGeE0q/QTRWNMJnhEe4YKHFLlpfPkGToxygANI2me0Giu/txIcajULAzMZJ5TLXu5+J/XS/TwykuZiBNNBVkcGiYc6QjlNaABk5RoPjMEE8lMVkTGWGKiTVkVU4K7/OW/pH1Wc+u1+t1FtXFd1FGGIziGU3DhEhpwC01oAYEpPMELvFqp9Wy9We+L0ZJV7BzCL1gf37+/k8A=</latexit>

Rn3

<latexit sha1_base64="hx9FVOWlMxmrNM9Ds/+uFO8V6Ck=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjcsq9gFtDJPptB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOEHOmtON8W6W19Y3NrfJ2ZWd3b//APjxqqyiRhLZIxCPZDbCinAna0kxz2o0lxWHAaSeY3OZ+Z0qlYpF41LOYeiEeCTZkBGsj+bbdD7EeB0H6kD2lwncz3646NWcOtErcglShQNO3v/qDiCQhFZpwrFTPdWLtpVhqRjjNKv1E0RiTCR7RnqECh1R56Tx5hs6MMkDDSJonNJqrvzdSHCo1CwMzmedUy14u/uf1Ej289lIm4kRTQRaHhglHOkJ5DWjAJCWazwzBRDKTFZExlphoU1bFlOAuf3mVtC9qbr1Wv7+sNm6KOspwAqdwDi5cQQPuoAktIDCFZ3iFNyu1Xqx362MxWrKKnWP4A+vzB7y1k74=</latexit>

Rn1
<latexit sha1_base64="VGaDKZ0UmnVksSGUZ+0VAubobtk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00O6H/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEtUI2/</latexit>

Wf

<latexit sha1_base64="/3J7eGtsUnoZxqbV4Mtl99/Ph/I=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3pLwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6KPjNg=</latexit>

I

<latexit sha1_base64="mVZBHrKmyLUB/sED4CdSJL3+v7E=">AAAB8nicZZC7SgNBFIZn4y3GW9TSZjEIFrLsikQLi4CNhUUCmwskS5gdT+KQuTEzq8YlT2CrjZ3Y+kKCD+PGbJPkrz7+c5k5f6wYNdb3f5zCyura+kZxs7S1vbO7V94/aBmZaAJNIpnUnRgbYFRA01LLoKM0YB4zaMejm2m9/QjaUClCO1YQcTwUdEAJtpnVeO6XK77n/8tdhiCHCspV75d/T9x6/oI7kNq9wyF0aOiGwBXDFkq9e0kSDsISho3pBr6yUYq1pYTBpNRLDChMRngI3QwF5mCi9P+QuWKKuTFjHi+ZHNuHhTV2cBWlVKjEgiDzA5aOXmbOlBiNNdbj7DdaPhmPg8VnrpKGTsOgYjjJ4ggWj1+G1rkXVL1q46JSu86DKaIjdIxOUYAuUQ3dojpqIoIAvaI39O5Y58P5dL5mrQUnnzlEc3K+/wAP/ZKU</latexit>x
<latexit sha1_base64="eDDL2CQWRrEHpdZWuVfYyimsf5Q=">AAAB9HicZZC7TsMwFIadcivlVmBkiaiQGFCUIFQYGCqxMDAUkV6kNqocc5patWPLdopK1EdghYUNsfI+SDwMaZul7T99+s/FPn8oGdXGdX+twtr6xuZWcbu0s7u3f1A+PGpqkSgCDSKYUO0Qa2A0hoahhkFbKsA8ZNAKh3fTemsESlMR+2YsIeA4immfEmwy62nQ83rliuu4M9mr4OVQQbnqvfLfmV3P37D7QtkP2Ic29W0fuGTYQKn7LEjCITaEYa07nitNkGJlKGEwKXUTDRKTIY6gk2GMOeggnZ2yUEwx13rMwxWTYzNYWmP6N0FKY5kYiMnigKHD17kzJUZDhdU4+40SL9rhYPCFLYWm0zhoHE2yOLzl41eheel4Vaf6eFWp3ebBFNEJOkXnyEPXqIbuUR01EEERekPv6MMaWZ/Wl/U9by1Y+cwxWpD18w8iGZMo</latexit>

h1
<latexit sha1_base64="AFz+wtu2OsRxcRKuWp5MQ/iSKU0=">AAAB9HicZZC7TsMwFIYdrqXcCowsERUSA4qSChUGhkosDAxFpBepjSrHnKZW7diynaIS9RFYYWFDrLwPEg9D2mZp+0+f/nOxzx9KRrVx3V9rbX1jc2u7sFPc3ds/OCwdHTe1SBSBBhFMqHaINTAaQ8NQw6AtFWAeMmiFw7tpvTUCpamIfTOWEHAcxbRPCTaZ9TToVXqlsuu4M9mr4OVQRrnqvdLfuV3P37D7QtkP2Ic29W0fuGTYQLH7LEjCITaEYa07nitNkGJlKGEwKXYTDRKTIY6gk2GMOeggnZ2yUEwx13rMwxWTYzNYWmP6N0FKY5kYiMnigKHD17kzJUZDhdU4+40SL9rhYPClLYWm0zhoHE2yOLzl41ehWXG8qlN9vCrXbvNgCugUnaEL5KFrVEP3qI4aiKAIvaF39GGNrE/ry/qet65Z+cwJWpD18w8jp5Mp</latexit>

h2
<latexit sha1_base64="p7go8TnzMMgDPCVeWqxwJiEn/OI=">AAAB8nicZZC7SgNBFIZn4y3GW9TSZjEIFrLsikQLi4CNhUUCuUGyhNnxJA6ZGzOzyrrkCWy1sRNbX0jwYdwk2yT5q4//XGbOHylGjfX9X6ewtr6xuVXcLu3s7u0flA+P2kbGmkCLSCZ1N8IGGBXQstQy6CoNmEcMOtH4blrvPIM2VIqmTRSEHI8EHVKCbWY1kkG54nv+TO4qBDlUUK76oPx35tbzF9yh1O4DbkKXNt0mcMWwhVL/UZKYg7CEYWN6ga9smGJtKWEwKfVjAwqTMR5BL0OBOZgwnR2yUEwxNybh0YrJsX1aWmOHN2FKhYotCLI4YOn4de5MidFIY51kv9HyxXgcLL5wlTR0GgYVo0kWR7B8/Cq0L72g6lUbV5XabR5MEZ2gU3SOAnSNauge1VELEQToDb2jD8c6n86X8z1vLTj5zDFakPPzDxGLkpU=</latexit>y

Predictive Coding Networks      ≈      Cellular Sheaves

Idea 1: Predictive coding networks (PCNs) can be formulated nicely as a (cellular) sheaf 
Idea 2: The sheaf formulation helps us analyze recurrent PCNs: 

- A neuron in a recurrent network only has a local view. 
- It receives prediction errors from all of its incident connections. 
- Some of those prediction errors may arise due to  contradictory feedback loops 
- Contradictory feedback loops create internal tension that PC has to unwind. 
- Tools from sheaf theory help us reason about this clearly!

Predictive Coding Network Cellular Sheaf

ExperimentsClamped Networks & Hodge Decomposition

PC inference: minimize E w.r.t. h 
PC learning: minimize E w.r.t. W

Standard DL:

Predictive Coding (PC):

<latexit sha1_base64="X8UklJwdjoWicYu2g8rANXvdaF8="></latexit>

EPC = 1
2

∥∥ω0s
∥∥2
2

0-cochain

1-cochain

coboundary:

sheaf diffusion: minimize E w.r.t. h 
sheaf learning: minimize E w.r.t. W

Clamp inputs and outputs to create a "target" b on edges:

Orthogonal (Hodge) decomposition of target b:

Projection of b onto im D: part of error that can be explained by inference 
Projection of b onto ker Dᵀ: part of error that cannot be reduced by inference

same thing, different lingo

Learning requires harmonic-diffusive overlap on the network! 
  - Harmonic (H): projection of b onto ker Dt (edges) 
  - Diffusive (G=D†): which activations are active at optimal inference

θ = 0 (Resonant) 
Φ = I 
Harmonic load spreads 
Diffusion reaches all vertices 
Strong updates everywhere

θ = π (Contradictory) 
Φ = −I 
Harmonic load trapped 
Diffusion blocked at boundaries 
Starved updates on internal edges

Same architecture, same weight norms -- only orientation matters

✓ PC inference = sheaf diffusion 

✓ H¹ captures irreducible errors 

✓ Monodromy Φ diagnoses learnability 

✓ Design principle: initialize toward resonance (Φ ≈ I) 

Takeaways


