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Aggregate digital databasesATOM   1153  CD  GLN X 408     110.020  92.423  42.297  0.00  0.00             
ATOM   1154  OE1 GLN X 408     110.283  93.074  43.331  0.00  0.00             
ATOM   1155  NE2 GLN X 408     108.983  91.618  42.373  0.00  0.00             
ATOM   1156 HE21 GLN X 408     108.656  91.204  41.511  0.00  0.00             
ATOM   1157 HE22 GLN X 408     108.471  91.768  43.225  0.00  0.00             
ATOM   1158  C   GLN X 408     113.167  95.332  40.798  0.00  0.00             
ATOM   1159  O   GLN X 408     113.764  95.563  39.715  0.00  0.00             
ATOM   1160  N   GLN X 409     113.578  95.654  42.042  0.00  0.00             
ATOM   1161  H   GLN X 409     113.018  95.252  42.780  0.00  0.00             
ATOM   1162  CA  GLN X 409     114.881  96.418  42.260  0.00  0.00             
ATOM   1163  HA  GLN X 409     115.146  96.965  41.356  0.00  0.00             
ATOM   1164  CB  GLN X 409     114.444  97.423  43.339  0.00  0.00             
ATOM   1165  HB1 GLN X 409     115.314  97.840  43.844  0.00  0.00             
ATOM   1166  HB2 GLN X 409     113.900  96.872  44.111  0.00  0.00             
ATOM   1167  CG  GLN X 409     113.759  98.671  42.779  0.00  0.00             
ATOM   1168  HG1 GLN X 409     112.955  98.388  42.101  0.00  0.00             
ATOM   1169  HG2 GLN X 409     114.393  99.253  42.117  0.00  0.00             
ATOM   1170  CD  GLN X 409     113.157  99.520  43.821  0.00  0.00             
ATOM   1171  OE1 GLN X 409     113.911 100.138  44.580  0.00  0.00             
ATOM   1172  NE2 GLN X 409     111.814  99.753  43.795  0.00  0.00             
ATOM   1173 HE21 GLN X 409     111.336  99.317  43.023  0.00  0.00             
ATOM   1174 HE22 GLN X 409     111.343 100.484  44.321  0.00  0.00             
ATOM   1175  C   GLN X 409     116.132  95.610  42.722  0.00  0.00             
ATOM   1176  O   GLN X 409     117.199  96.174  42.994  0.00  0.00             
ATOM   1177  N   PHE X 410     115.988  94.277  42.829  0.00  0.00             
ATOM   1178  H   PHE X 410     115.077  93.891  42.653  0.00  0.00             
ATOM   1179  CA  PHE X 410     116.976  93.435  43.590  0.00  0.00             
ATOM   1180  HA  PHE X 410     117.124  93.938  44.557  0.00  0.00             
ATOM   1181  CB  PHE X 410     116.299  92.042  43.824  0.00  0.00             
ATOM   1182  HB1 PHE X 410     116.161  91.560  42.866  0.00  0.00             
ATOM   1183  HB2 PHE X 410     115.259  92.135  44.154  0.00  0.00             
ATOM   1184  CG  PHE X 410     117.011  91.074  44.747  0.00  0.00             
ATOM   1185  CD1 PHE X 410     117.099  91.369  46.110  0.00  0.00             
ATOM   1186  HD1 PHE X 410     116.520  92.142  46.584  0.00  0.00             
ATOM   1187  CE1 PHE X 410     117.746  90.542  46.998  0.00  0.00             
ATOM   1188  HE1 PHE X 410     117.720  90.932  48.007  0.00  0.00             
ATOM   1189  CZ  PHE X 410     118.393  89.398  46.545  0.00  0.00             
ATOM   1190  HZ  PHE X 410     118.896  88.709  47.208  0.00  0.00             
ATOM   1191  CE2 PHE X 410     118.374  89.090  45.183  0.00  0.00             
ATOM   1192  HE2 PHE X 410     118.911  88.260  44.740  0.00  0.00             
ATOM   1193  CD2 PHE X 410     117.779  89.966  44.293  0.00  0.00             
ATOM   1194  HD2 PHE X 410     117.894  89.832  43.227  0.00  0.00             
ATOM   1195  C   PHE X 410     118.379  93.352  42.972  0.00  0.00             
ATOM   1196  O   PHE X 410     119.328  92.859  43.623  0.00  0.00             
ATOM   1197  N   GLN X 411     118.535  93.844  41.749  0.00  0.00             
ATOM   1198  H   GLN X 411     117.709  94.198  41.293  0.00  0.00             
ATOM   1199  CA  GLN X 411     119.890  93.822  41.119  0.00  0.00             
ATOM   1200  HA  GLN X 411     120.257  92.790  41.120  0.00  0.00             
ATOM   1201  CB  GLN X 411     119.737  94.297  39.664  0.00  0.00             
ATOM   1202  HB1 GLN X 411     119.510  95.357  39.732  0.00  0.00             
ATOM   1203  HB2 GLN X 411     118.886  93.841  39.170  0.00  0.00             
ATOM   1204  CG  GLN X 411     121.083  93.972  38.902  0.00  0.00             
ATOM   1205  HG1 GLN X 411     121.299  92.918  39.034  0.00  0.00             
ATOM   1206  HG2 GLN X 411     121.897  94.510  39.373  0.00  0.00             
ATOM   1207  CD  GLN X 411     120.998  94.385  37.439  0.00  0.00             
ATOM   1208  OE1 GLN X 411     119.951  94.653  36.864  0.00  0.00             
ATOM   1209  NE2 GLN X 411     122.125  94.389  36.767  0.00  0.00             
ATOM   1210 HE21 GLN X 411     123.006  94.534  37.230  0.00  0.00             
ATOM   1211 HE22 GLN X 411     122.179  94.590  35.781  0.00  0.00             
ATOM   1212  C   GLN X 411     120.865  94.793  41.869  0.00  0.00             
ATOM   1213  O   GLN X 411     122.103  94.681  41.811  0.00  0.00             
ATOM   1214  N   GLN X 412     120.301  95.792  42.597  0.00  0.00             
ATOM   1215  H   GLN X 412     119.301  95.828  42.709  0.00  0.00             
ATOM   1216  CA  GLN X 412     121.077  96.999  42.999  0.00  0.00             
ATOM   1217  HA  GLN X 412     121.625  97.317  42.114  0.00  0.00             
ATOM   1218  CB  GLN X 412     120.153  98.187  43.249  0.00  0.00             
ATOM   1219  HB1 GLN X 412     120.563  98.728  44.097  0.00  0.00             
ATOM   1220  HB2 GLN X 412     119.196  97.735  43.525  0.00  0.00             
ATOM   1221  CG  GLN X 412     119.954  99.204  42.148  0.00  0.00             
ATOM   1222  HG1 GLN X 412     120.893  99.697  41.901  0.00  0.00             
ATOM   1223  HG2 GLN X 412     119.317 100.014  42.481  0.00  0.00             
ATOM   1224  CD  GLN X 412     119.237  98.661  40.878  0.00  0.00             

106 atoms for 
109 configurations 

of the system

<latexit sha1_base64="HSKUwWcWbYDCdCUXV4PsF3ZcX9E=">AAACBXicjVC7SgNBFJ2NrxhfiZY2g0GwChvx1QhBQSwjmAckS7g7uYlDZh/M3I2EZWu/wlYrO7H1Oyz8FzdrChUFT3U451zu4bihkoZs+83Kzc0vLC7llwsrq2vrG8XSZtMEkRbYEIEKdNsFg0r62CBJCtuhRvBchS13dD71W2PURgb+NU1CdDwY+nIgBVAq9Yql7hhFfJGcehmBpNArlqsVOwP/m5TZDPVe8b3bD0TkoU9CgTGdqh2SE4MmKRQmhW5kMAQxgiF2UuqDh8aJs+oJ340MUMBD1Fwqnon49SIGz5iJ56ZJD+jG/PSm4m9eJ6LBiRNLP4wIfTF9RFJh9sgILdNNkPelRiKYNkcufS5AAxFqyUGIVIzSkf65R3O/Uj2qHF4dlGtns2XybJvtsD1WZcesxi5ZnTWYYLfsnj2wR+vOerKerZfPaM6a3Wyxb7BePwDy/Zhm</latexit>

~F = m~a
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Simplify "just right" 
to understand 

without losing information

Dimensionality reduction: 
in terms of what variables?
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ATOM   1153  CD  GLN X 408     110.020  92.423  42.297  0.00  0.00             
ATOM   1154  OE1 GLN X 408     110.283  93.074  43.331  0.00  0.00             
ATOM   1155  NE2 GLN X 408     108.983  91.618  42.373  0.00  0.00             
ATOM   1156 HE21 GLN X 408     108.656  91.204  41.511  0.00  0.00             
ATOM   1157 HE22 GLN X 408     108.471  91.768  43.225  0.00  0.00             
ATOM   1158  C   GLN X 408     113.167  95.332  40.798  0.00  0.00             
ATOM   1159  O   GLN X 408     113.764  95.563  39.715  0.00  0.00             
ATOM   1160  N   GLN X 409     113.578  95.654  42.042  0.00  0.00             
ATOM   1161  H   GLN X 409     113.018  95.252  42.780  0.00  0.00             
ATOM   1162  CA  GLN X 409     114.881  96.418  42.260  0.00  0.00             
ATOM   1163  HA  GLN X 409     115.146  96.965  41.356  0.00  0.00             
ATOM   1164  CB  GLN X 409     114.444  97.423  43.339  0.00  0.00             
ATOM   1165  HB1 GLN X 409     115.314  97.840  43.844  0.00  0.00             
ATOM   1166  HB2 GLN X 409     113.900  96.872  44.111  0.00  0.00             
ATOM   1167  CG  GLN X 409     113.759  98.671  42.779  0.00  0.00             
ATOM   1168  HG1 GLN X 409     112.955  98.388  42.101  0.00  0.00             
ATOM   1169  HG2 GLN X 409     114.393  99.253  42.117  0.00  0.00             
ATOM   1170  CD  GLN X 409     113.157  99.520  43.821  0.00  0.00             
ATOM   1171  OE1 GLN X 409     113.911 100.138  44.580  0.00  0.00             
ATOM   1172  NE2 GLN X 409     111.814  99.753  43.795  0.00  0.00             
ATOM   1173 HE21 GLN X 409     111.336  99.317  43.023  0.00  0.00             
ATOM   1174 HE22 GLN X 409     111.343 100.484  44.321  0.00  0.00             
ATOM   1175  C   GLN X 409     116.132  95.610  42.722  0.00  0.00             
ATOM   1176  O   GLN X 409     117.199  96.174  42.994  0.00  0.00             
ATOM   1177  N   PHE X 410     115.988  94.277  42.829  0.00  0.00             
ATOM   1178  H   PHE X 410     115.077  93.891  42.653  0.00  0.00             
ATOM   1179  CA  PHE X 410     116.976  93.435  43.590  0.00  0.00             
ATOM   1180  HA  PHE X 410     117.124  93.938  44.557  0.00  0.00             
ATOM   1181  CB  PHE X 410     116.299  92.042  43.824  0.00  0.00             
ATOM   1182  HB1 PHE X 410     116.161  91.560  42.866  0.00  0.00             
ATOM   1183  HB2 PHE X 410     115.259  92.135  44.154  0.00  0.00             
ATOM   1184  CG  PHE X 410     117.011  91.074  44.747  0.00  0.00             
ATOM   1185  CD1 PHE X 410     117.099  91.369  46.110  0.00  0.00             
ATOM   1186  HD1 PHE X 410     116.520  92.142  46.584  0.00  0.00             
ATOM   1187  CE1 PHE X 410     117.746  90.542  46.998  0.00  0.00             
ATOM   1188  HE1 PHE X 410     117.720  90.932  48.007  0.00  0.00             
ATOM   1189  CZ  PHE X 410     118.393  89.398  46.545  0.00  0.00             
ATOM   1190  HZ  PHE X 410     118.896  88.709  47.208  0.00  0.00             
ATOM   1191  CE2 PHE X 410     118.374  89.090  45.183  0.00  0.00             
ATOM   1192  HE2 PHE X 410     118.911  88.260  44.740  0.00  0.00             
ATOM   1193  CD2 PHE X 410     117.779  89.966  44.293  0.00  0.00             
ATOM   1194  HD2 PHE X 410     117.894  89.832  43.227  0.00  0.00             
ATOM   1195  C   PHE X 410     118.379  93.352  42.972  0.00  0.00             
ATOM   1196  O   PHE X 410     119.328  92.859  43.623  0.00  0.00             
ATOM   1197  N   GLN X 411     118.535  93.844  41.749  0.00  0.00             
ATOM   1198  H   GLN X 411     117.709  94.198  41.293  0.00  0.00             
ATOM   1199  CA  GLN X 411     119.890  93.822  41.119  0.00  0.00             
ATOM   1200  HA  GLN X 411     120.257  92.790  41.120  0.00  0.00             
ATOM   1201  CB  GLN X 411     119.737  94.297  39.664  0.00  0.00             
ATOM   1202  HB1 GLN X 411     119.510  95.357  39.732  0.00  0.00             
ATOM   1203  HB2 GLN X 411     118.886  93.841  39.170  0.00  0.00             
ATOM   1204  CG  GLN X 411     121.083  93.972  38.902  0.00  0.00             
ATOM   1205  HG1 GLN X 411     121.299  92.918  39.034  0.00  0.00             
ATOM   1206  HG2 GLN X 411     121.897  94.510  39.373  0.00  0.00             
ATOM   1207  CD  GLN X 411     120.998  94.385  37.439  0.00  0.00             
ATOM   1208  OE1 GLN X 411     119.951  94.653  36.864  0.00  0.00             
ATOM   1209  NE2 GLN X 411     122.125  94.389  36.767  0.00  0.00             
ATOM   1210 HE21 GLN X 411     123.006  94.534  37.230  0.00  0.00             
ATOM   1211 HE22 GLN X 411     122.179  94.590  35.781  0.00  0.00             
ATOM   1212  C   GLN X 411     120.865  94.793  41.869  0.00  0.00             
ATOM   1213  O   GLN X 411     122.103  94.681  41.811  0.00  0.00             
ATOM   1214  N   GLN X 412     120.301  95.792  42.597  0.00  0.00             
ATOM   1215  H   GLN X 412     119.301  95.828  42.709  0.00  0.00             
ATOM   1216  CA  GLN X 412     121.077  96.999  42.999  0.00  0.00             
ATOM   1217  HA  GLN X 412     121.625  97.317  42.114  0.00  0.00             
ATOM   1218  CB  GLN X 412     120.153  98.187  43.249  0.00  0.00             
ATOM   1219  HB1 GLN X 412     120.563  98.728  44.097  0.00  0.00             
ATOM   1220  HB2 GLN X 412     119.196  97.735  43.525  0.00  0.00             
ATOM   1221  CG  GLN X 412     119.954  99.204  42.148  0.00  0.00             
ATOM   1222  HG1 GLN X 412     120.893  99.697  41.901  0.00  0.00             
ATOM   1223  HG2 GLN X 412     119.317 100.014  42.481  0.00  0.00             
ATOM   1224  CD  GLN X 412     119.237  98.661  40.878  0.00  0.00             
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ATOM   1153  CD  GLN X 408     110.020  92.423  42.297  0.00  0.00             
ATOM   1154  OE1 GLN X 408     110.283  93.074  43.331  0.00  0.00             
ATOM   1155  NE2 GLN X 408     108.983  91.618  42.373  0.00  0.00             
ATOM   1156 HE21 GLN X 408     108.656  91.204  41.511  0.00  0.00             
ATOM   1157 HE22 GLN X 408     108.471  91.768  43.225  0.00  0.00             
ATOM   1158  C   GLN X 408     113.167  95.332  40.798  0.00  0.00             
ATOM   1159  O   GLN X 408     113.764  95.563  39.715  0.00  0.00             
ATOM   1160  N   GLN X 409     113.578  95.654  42.042  0.00  0.00             
ATOM   1161  H   GLN X 409     113.018  95.252  42.780  0.00  0.00             
ATOM   1162  CA  GLN X 409     114.881  96.418  42.260  0.00  0.00             
ATOM   1163  HA  GLN X 409     115.146  96.965  41.356  0.00  0.00             
ATOM   1164  CB  GLN X 409     114.444  97.423  43.339  0.00  0.00             
ATOM   1165  HB1 GLN X 409     115.314  97.840  43.844  0.00  0.00             
ATOM   1166  HB2 GLN X 409     113.900  96.872  44.111  0.00  0.00             
ATOM   1167  CG  GLN X 409     113.759  98.671  42.779  0.00  0.00             
ATOM   1168  HG1 GLN X 409     112.955  98.388  42.101  0.00  0.00             
ATOM   1169  HG2 GLN X 409     114.393  99.253  42.117  0.00  0.00             
ATOM   1170  CD  GLN X 409     113.157  99.520  43.821  0.00  0.00             
ATOM   1171  OE1 GLN X 409     113.911 100.138  44.580  0.00  0.00             
ATOM   1172  NE2 GLN X 409     111.814  99.753  43.795  0.00  0.00             
ATOM   1173 HE21 GLN X 409     111.336  99.317  43.023  0.00  0.00             
ATOM   1174 HE22 GLN X 409     111.343 100.484  44.321  0.00  0.00             
ATOM   1175  C   GLN X 409     116.132  95.610  42.722  0.00  0.00             
ATOM   1176  O   GLN X 409     117.199  96.174  42.994  0.00  0.00             
ATOM   1177  N   PHE X 410     115.988  94.277  42.829  0.00  0.00             
ATOM   1178  H   PHE X 410     115.077  93.891  42.653  0.00  0.00             
ATOM   1179  CA  PHE X 410     116.976  93.435  43.590  0.00  0.00             
ATOM   1180  HA  PHE X 410     117.124  93.938  44.557  0.00  0.00             
ATOM   1181  CB  PHE X 410     116.299  92.042  43.824  0.00  0.00             
ATOM   1182  HB1 PHE X 410     116.161  91.560  42.866  0.00  0.00             
ATOM   1183  HB2 PHE X 410     115.259  92.135  44.154  0.00  0.00             
ATOM   1184  CG  PHE X 410     117.011  91.074  44.747  0.00  0.00             
ATOM   1185  CD1 PHE X 410     117.099  91.369  46.110  0.00  0.00             
ATOM   1186  HD1 PHE X 410     116.520  92.142  46.584  0.00  0.00             
ATOM   1187  CE1 PHE X 410     117.746  90.542  46.998  0.00  0.00             
ATOM   1188  HE1 PHE X 410     117.720  90.932  48.007  0.00  0.00             
ATOM   1189  CZ  PHE X 410     118.393  89.398  46.545  0.00  0.00             
ATOM   1190  HZ  PHE X 410     118.896  88.709  47.208  0.00  0.00             
ATOM   1191  CE2 PHE X 410     118.374  89.090  45.183  0.00  0.00             
ATOM   1192  HE2 PHE X 410     118.911  88.260  44.740  0.00  0.00             
ATOM   1193  CD2 PHE X 410     117.779  89.966  44.293  0.00  0.00             
ATOM   1194  HD2 PHE X 410     117.894  89.832  43.227  0.00  0.00             
ATOM   1195  C   PHE X 410     118.379  93.352  42.972  0.00  0.00             
ATOM   1196  O   PHE X 410     119.328  92.859  43.623  0.00  0.00             
ATOM   1197  N   GLN X 411     118.535  93.844  41.749  0.00  0.00             
ATOM   1198  H   GLN X 411     117.709  94.198  41.293  0.00  0.00             
ATOM   1199  CA  GLN X 411     119.890  93.822  41.119  0.00  0.00             
ATOM   1200  HA  GLN X 411     120.257  92.790  41.120  0.00  0.00             
ATOM   1201  CB  GLN X 411     119.737  94.297  39.664  0.00  0.00             
ATOM   1202  HB1 GLN X 411     119.510  95.357  39.732  0.00  0.00             
ATOM   1203  HB2 GLN X 411     118.886  93.841  39.170  0.00  0.00             
ATOM   1204  CG  GLN X 411     121.083  93.972  38.902  0.00  0.00             
ATOM   1205  HG1 GLN X 411     121.299  92.918  39.034  0.00  0.00             
ATOM   1206  HG2 GLN X 411     121.897  94.510  39.373  0.00  0.00             
ATOM   1207  CD  GLN X 411     120.998  94.385  37.439  0.00  0.00             
ATOM   1208  OE1 GLN X 411     119.951  94.653  36.864  0.00  0.00             
ATOM   1209  NE2 GLN X 411     122.125  94.389  36.767  0.00  0.00             
ATOM   1210 HE21 GLN X 411     123.006  94.534  37.230  0.00  0.00             
ATOM   1211 HE22 GLN X 411     122.179  94.590  35.781  0.00  0.00             
ATOM   1212  C   GLN X 411     120.865  94.793  41.869  0.00  0.00             
ATOM   1213  O   GLN X 411     122.103  94.681  41.811  0.00  0.00             
ATOM   1214  N   GLN X 412     120.301  95.792  42.597  0.00  0.00             
ATOM   1215  H   GLN X 412     119.301  95.828  42.709  0.00  0.00             
ATOM   1216  CA  GLN X 412     121.077  96.999  42.999  0.00  0.00             
ATOM   1217  HA  GLN X 412     121.625  97.317  42.114  0.00  0.00             
ATOM   1218  CB  GLN X 412     120.153  98.187  43.249  0.00  0.00             
ATOM   1219  HB1 GLN X 412     120.563  98.728  44.097  0.00  0.00             
ATOM   1220  HB2 GLN X 412     119.196  97.735  43.525  0.00  0.00             
ATOM   1221  CG  GLN X 412     119.954  99.204  42.148  0.00  0.00             
ATOM   1222  HG1 GLN X 412     120.893  99.697  41.901  0.00  0.00             
ATOM   1223  HG2 GLN X 412     119.317 100.014  42.481  0.00  0.00             
ATOM   1224  CD  GLN X 412     119.237  98.661  40.878  0.00  0.00             
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ATOM   1153  CD  GLN X 408     110.020  92.423  42.297  0.00  0.00             
ATOM   1154  OE1 GLN X 408     110.283  93.074  43.331  0.00  0.00             
ATOM   1155  NE2 GLN X 408     108.983  91.618  42.373  0.00  0.00             
ATOM   1156 HE21 GLN X 408     108.656  91.204  41.511  0.00  0.00             
ATOM   1157 HE22 GLN X 408     108.471  91.768  43.225  0.00  0.00             
ATOM   1158  C   GLN X 408     113.167  95.332  40.798  0.00  0.00             
ATOM   1159  O   GLN X 408     113.764  95.563  39.715  0.00  0.00             
ATOM   1160  N   GLN X 409     113.578  95.654  42.042  0.00  0.00             
ATOM   1161  H   GLN X 409     113.018  95.252  42.780  0.00  0.00             
ATOM   1162  CA  GLN X 409     114.881  96.418  42.260  0.00  0.00             
ATOM   1163  HA  GLN X 409     115.146  96.965  41.356  0.00  0.00             
ATOM   1164  CB  GLN X 409     114.444  97.423  43.339  0.00  0.00             
ATOM   1165  HB1 GLN X 409     115.314  97.840  43.844  0.00  0.00             
ATOM   1166  HB2 GLN X 409     113.900  96.872  44.111  0.00  0.00             
ATOM   1167  CG  GLN X 409     113.759  98.671  42.779  0.00  0.00             
ATOM   1168  HG1 GLN X 409     112.955  98.388  42.101  0.00  0.00             
ATOM   1169  HG2 GLN X 409     114.393  99.253  42.117  0.00  0.00             
ATOM   1170  CD  GLN X 409     113.157  99.520  43.821  0.00  0.00             
ATOM   1171  OE1 GLN X 409     113.911 100.138  44.580  0.00  0.00             
ATOM   1172  NE2 GLN X 409     111.814  99.753  43.795  0.00  0.00             
ATOM   1173 HE21 GLN X 409     111.336  99.317  43.023  0.00  0.00             
ATOM   1174 HE22 GLN X 409     111.343 100.484  44.321  0.00  0.00             
ATOM   1175  C   GLN X 409     116.132  95.610  42.722  0.00  0.00             
ATOM   1176  O   GLN X 409     117.199  96.174  42.994  0.00  0.00             
ATOM   1177  N   PHE X 410     115.988  94.277  42.829  0.00  0.00             
ATOM   1178  H   PHE X 410     115.077  93.891  42.653  0.00  0.00             
ATOM   1179  CA  PHE X 410     116.976  93.435  43.590  0.00  0.00             
ATOM   1180  HA  PHE X 410     117.124  93.938  44.557  0.00  0.00             
ATOM   1181  CB  PHE X 410     116.299  92.042  43.824  0.00  0.00             
ATOM   1182  HB1 PHE X 410     116.161  91.560  42.866  0.00  0.00             
ATOM   1183  HB2 PHE X 410     115.259  92.135  44.154  0.00  0.00             
ATOM   1184  CG  PHE X 410     117.011  91.074  44.747  0.00  0.00             
ATOM   1185  CD1 PHE X 410     117.099  91.369  46.110  0.00  0.00             
ATOM   1186  HD1 PHE X 410     116.520  92.142  46.584  0.00  0.00             
ATOM   1187  CE1 PHE X 410     117.746  90.542  46.998  0.00  0.00             
ATOM   1188  HE1 PHE X 410     117.720  90.932  48.007  0.00  0.00             
ATOM   1189  CZ  PHE X 410     118.393  89.398  46.545  0.00  0.00             
ATOM   1190  HZ  PHE X 410     118.896  88.709  47.208  0.00  0.00             
ATOM   1191  CE2 PHE X 410     118.374  89.090  45.183  0.00  0.00             
ATOM   1192  HE2 PHE X 410     118.911  88.260  44.740  0.00  0.00             
ATOM   1193  CD2 PHE X 410     117.779  89.966  44.293  0.00  0.00             
ATOM   1194  HD2 PHE X 410     117.894  89.832  43.227  0.00  0.00             
ATOM   1195  C   PHE X 410     118.379  93.352  42.972  0.00  0.00             
ATOM   1196  O   PHE X 410     119.328  92.859  43.623  0.00  0.00             
ATOM   1197  N   GLN X 411     118.535  93.844  41.749  0.00  0.00             
ATOM   1198  H   GLN X 411     117.709  94.198  41.293  0.00  0.00             
ATOM   1199  CA  GLN X 411     119.890  93.822  41.119  0.00  0.00             
ATOM   1200  HA  GLN X 411     120.257  92.790  41.120  0.00  0.00             
ATOM   1201  CB  GLN X 411     119.737  94.297  39.664  0.00  0.00             
ATOM   1202  HB1 GLN X 411     119.510  95.357  39.732  0.00  0.00             
ATOM   1203  HB2 GLN X 411     118.886  93.841  39.170  0.00  0.00             
ATOM   1204  CG  GLN X 411     121.083  93.972  38.902  0.00  0.00             
ATOM   1205  HG1 GLN X 411     121.299  92.918  39.034  0.00  0.00             
ATOM   1206  HG2 GLN X 411     121.897  94.510  39.373  0.00  0.00             
ATOM   1207  CD  GLN X 411     120.998  94.385  37.439  0.00  0.00             
ATOM   1208  OE1 GLN X 411     119.951  94.653  36.864  0.00  0.00             
ATOM   1209  NE2 GLN X 411     122.125  94.389  36.767  0.00  0.00             
ATOM   1210 HE21 GLN X 411     123.006  94.534  37.230  0.00  0.00             
ATOM   1211 HE22 GLN X 411     122.179  94.590  35.781  0.00  0.00             
ATOM   1212  C   GLN X 411     120.865  94.793  41.869  0.00  0.00             
ATOM   1213  O   GLN X 411     122.103  94.681  41.811  0.00  0.00             
ATOM   1214  N   GLN X 412     120.301  95.792  42.597  0.00  0.00             
ATOM   1215  H   GLN X 412     119.301  95.828  42.709  0.00  0.00             
ATOM   1216  CA  GLN X 412     121.077  96.999  42.999  0.00  0.00             
ATOM   1217  HA  GLN X 412     121.625  97.317  42.114  0.00  0.00             
ATOM   1218  CB  GLN X 412     120.153  98.187  43.249  0.00  0.00             
ATOM   1219  HB1 GLN X 412     120.563  98.728  44.097  0.00  0.00             
ATOM   1220  HB2 GLN X 412     119.196  97.735  43.525  0.00  0.00             
ATOM   1221  CG  GLN X 412     119.954  99.204  42.148  0.00  0.00             
ATOM   1222  HG1 GLN X 412     120.893  99.697  41.901  0.00  0.00             
ATOM   1223  HG2 GLN X 412     119.317 100.014  42.481  0.00  0.00             
ATOM   1224  CD  GLN X 412     119.237  98.661  40.878  0.00  0.00             

Collective variables
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CG filters

The displacement of atom i at time t is denoted by Dri(t), and its contri-

bution in the essential subspace is DrEDi ðtÞ: If another atom j moves in a

correlated fashion with atom i, the displacement difference jDrEDi ðtÞ #
DrEDj ðtÞj2; should be small. This observation naturally leads to a variational
minimization of the residual

x2 ¼ 1

3N
+
N

I¼1

1

nt

+
nt

t¼1

+
i2I

+
j$i2I

jDrEDi ðtÞ # DrEDj ðtÞj2
 !

; (3)

where N is the number of CG sites. Notice that Eq. 3 depends on a particular
mapping of the atomistic configuration into a CG configuration through the

limits of the summations. The domain motions in a protein can be divided

into the intradomain motions and the motions of its center-of-mass (COM),

and the latter describe the interdomain motions. If one CG mapping yields a
lower residual than other mappings, it means that the intradomain motions

are minimized and the motions of COM (interdomain motions) are maxi-

mized at the same time. The resulting CG mapping should allow a better

representation of the collective interdomain motions, which are probably the
slowest in all the protein motions (24,25). The goal is then to minimize x2

(Eq. 3) over a set of potential CG mappings.

For computational convenience, Eq. 3 can be related to the covariance

matrix in the essential subspace CED 2 R3n 3 R3n such that

CEDðih; jkÞ[
1

nt

+
nt

t¼1

DrEDih ðtÞDrEDjk ðtÞ ¼ +
nED

q¼1

Cih
q lqC

jk
q : (4)

In contrast to the covariance matrix C in the full 3n-dimensional space (Eqs.
1 and 2), CED is constructed from the displacements in the nED-dimensional

essential subspace (Eq. 4). All the high-frequency, nonessential modes are

filtered out by constructing CED. In Eq. 3, jDrEDi ðtÞ # DrEDj ðtÞj2 ¼

DrEDi ðtÞ
! "2#2DrEDi ðtÞ % DrEDj ðtÞ1 DrEDj ðtÞ

# $2
. Defining the trace of the

3 3 3 submatrix between atoms i and j in CED as CED
ij ¼ +3

h¼1C
EDðih; jhÞ

such that ð1=ntÞ+nt
t¼1Dr

ED
i ðtÞ % DrEDj ðtÞ ¼ CED

ij ; Eq. 3 may be recast in a

simpler form:

x2 ¼ 1

3N
+
N

I¼1

+
i2I

+
j$i2I

ðCED

ii # 2CED

ij 1CED

jj Þ: (5)

Notice that if a CG mapping simply maps the atomistic model onto itself, x2

is naturally 0 (Eq. 5).

Numerical algorithms

In this section, numerical algorithms are introduced, which search the space
of CG mappings for the one with the minimal residual (Eq. 5). In practice,

some restrictions on the CG mapping are employed to make the problem

more tractable:

1. Each Ca atom i is involved in only one CG site I.
2. Each CG site is located at the center-of-mass (COM) of a group of Ca

atoms.
3. The Ca atoms associated with each CG site are assumed contiguous in

protein primary sequence (Fig. 1 b).

The group of Ca atoms associated with a CG site will be referred to as a

dynamic domain, and the last Ca atom in each domain will be referred to as a

boundary atom. An initial CG mapping is first defined by deciding on the
number of CG sites, and then locating the domain boundaries randomly

along the primary sequence. The residual (Eq. 5) is then minimized by

adjusting the positions of the boundaries between domains (Fig. 1 b), using a
global simulated annealing followed by a local steepest descent search. After
the boundary positions with the minimal residual are determined, the center

of each CG site is located at the COM of the Ca atoms in each dynamic

domain.

Simulated annealing

Simulated annealing (SA) is a generic algorithm to locate the global mini-

mum of a target function (26), and the target function used here is given by

Eq. 5. In this CG algorithm, at each step of SA, the position of a boundary
atom is changed randomly in the primary sequence (Fig. 1 b), and the residual
of the new CGmap is computed (Eq. 5). The newmap is accepted or rejected

based on the Metropolis criterion (27). If the new map exhibits a lower re-
sidual x2

1 than its predecessor x
2
0 (a downhill move), it is accepted as the start

for the next SA iteration. If the new map has a higher residual than its pre-

decessor (an uphill move, x2¼ x2
1 # x2

0 . 0), it is accepted with a probability

exp (#Dx2/T), where T is a global parameter (temperature) that controls the
likelihood of uphill moves. At the beginning T is large, which allows the

boundary atoms to move almost randomly and escape from local minima.

The temperature is then gradually decreased during the annealing process,

allowing the calculation to settle into the global minimum. The initial tem-
perature of the SA calculation should be approximately the expected residual

change x2 to obtain a reasonable acceptance of uphill moves.

Steepest descent

Steepest descent (SD) is a relatively simple iterative optimization algorithm

to find a local minimum of a target function. In this CG method, in each
iteration each domain boundary (one at a time) is moved forward (11) or

backward (#1) in the primary sequence, and every change that yields a

smaller residual (Eq. 5) than its predecessor is accepted. The process con-
tinues until a minimum is found as ascertained by examining the gradient of

the residual.

It should be noted that both simulated annealing and steepest descent

algorithms cannot be guaranteed to find the global minimum (optimal po-
sitions of the boundary atoms) (Eq. 5), especially for defining more CG sites

in a large biomolecule. Multiple SA and SD minimizations beginning with

different initial boundary atoms were therefore performed to assure con-

vergence of the results. The boundary-atom set with the minimal residual was
then selected.

MOLECULAR DYNAMICS SIMULATIONS

The HIV-1 CA protein dimer

The initial structure of the HIV-1 CA protein dimer (CA
dimer) was obtained from crystal structures of the capsid
C-terminal dimer (PDB entry: 1A43 (28)) and the N-terminal
dimerization domains (29), and prepared with the CHARMM
suite of molecular dynamics programs (30). The system is a
homodimer with 440 residues in total. Counterions were
added by the SOLVATE software package (31) to compen-
sate for the net negative charge on the protein. To generate a
solvated structure, a water box was constructed from a pre-
equilibrated cubic cell of 125 water molecules. A water
molecule was removed if its oxygen atom was,2.4 Å away
from the heavy atoms of the protein or the counterions. Fi-
nally the CA dimer was solvated in TIP3P water (32) giving a
composite system consisting of ;107,000 atoms.
To preequilibrate the system, a 300-timestep conjugate

gradient minimization was first performed in CHARMM
with long-range electrostatics calculated by particle mesh
Ewald summation (33). The system was then equilibrated
using the NAMD suite of programs (34,35). In the first stage,
a velocity quenching of the system followed by a conjugate
minimization was performed for 20 ps while the Ca atoms

Coarse-Graining Large Biomolecules 5075
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CG filters

The displacement of atom i at time t is denoted by Dri(t), and its contri-

bution in the essential subspace is DrEDi ðtÞ: If another atom j moves in a

correlated fashion with atom i, the displacement difference jDrEDi ðtÞ #
DrEDj ðtÞj2; should be small. This observation naturally leads to a variational
minimization of the residual

x2 ¼ 1

3N
+
N

I¼1

1

nt

+
nt

t¼1

+
i2I

+
j$i2I

jDrEDi ðtÞ # DrEDj ðtÞj2
 !

; (3)

where N is the number of CG sites. Notice that Eq. 3 depends on a particular
mapping of the atomistic configuration into a CG configuration through the

limits of the summations. The domain motions in a protein can be divided

into the intradomain motions and the motions of its center-of-mass (COM),

and the latter describe the interdomain motions. If one CG mapping yields a
lower residual than other mappings, it means that the intradomain motions

are minimized and the motions of COM (interdomain motions) are maxi-

mized at the same time. The resulting CG mapping should allow a better

representation of the collective interdomain motions, which are probably the
slowest in all the protein motions (24,25). The goal is then to minimize x2

(Eq. 3) over a set of potential CG mappings.

For computational convenience, Eq. 3 can be related to the covariance

matrix in the essential subspace CED 2 R3n 3 R3n such that

CEDðih; jkÞ[
1

nt

+
nt

t¼1

DrEDih ðtÞDrEDjk ðtÞ ¼ +
nED

q¼1

Cih
q lqC

jk
q : (4)

In contrast to the covariance matrix C in the full 3n-dimensional space (Eqs.
1 and 2), CED is constructed from the displacements in the nED-dimensional

essential subspace (Eq. 4). All the high-frequency, nonessential modes are

filtered out by constructing CED. In Eq. 3, jDrEDi ðtÞ # DrEDj ðtÞj2 ¼

DrEDi ðtÞ
! "2#2DrEDi ðtÞ % DrEDj ðtÞ1 DrEDj ðtÞ

# $2
. Defining the trace of the

3 3 3 submatrix between atoms i and j in CED as CED
ij ¼ +3

h¼1C
EDðih; jhÞ

such that ð1=ntÞ+nt
t¼1Dr

ED
i ðtÞ % DrEDj ðtÞ ¼ CED

ij ; Eq. 3 may be recast in a

simpler form:

x2 ¼ 1

3N
+
N

I¼1

+
i2I

+
j$i2I

ðCED

ii # 2CED

ij 1CED

jj Þ: (5)

Notice that if a CG mapping simply maps the atomistic model onto itself, x2

is naturally 0 (Eq. 5).

Numerical algorithms

In this section, numerical algorithms are introduced, which search the space
of CG mappings for the one with the minimal residual (Eq. 5). In practice,

some restrictions on the CG mapping are employed to make the problem

more tractable:

1. Each Ca atom i is involved in only one CG site I.
2. Each CG site is located at the center-of-mass (COM) of a group of Ca

atoms.
3. The Ca atoms associated with each CG site are assumed contiguous in

protein primary sequence (Fig. 1 b).

The group of Ca atoms associated with a CG site will be referred to as a

dynamic domain, and the last Ca atom in each domain will be referred to as a

boundary atom. An initial CG mapping is first defined by deciding on the
number of CG sites, and then locating the domain boundaries randomly

along the primary sequence. The residual (Eq. 5) is then minimized by

adjusting the positions of the boundaries between domains (Fig. 1 b), using a
global simulated annealing followed by a local steepest descent search. After
the boundary positions with the minimal residual are determined, the center

of each CG site is located at the COM of the Ca atoms in each dynamic

domain.

Simulated annealing

Simulated annealing (SA) is a generic algorithm to locate the global mini-

mum of a target function (26), and the target function used here is given by

Eq. 5. In this CG algorithm, at each step of SA, the position of a boundary
atom is changed randomly in the primary sequence (Fig. 1 b), and the residual
of the new CGmap is computed (Eq. 5). The newmap is accepted or rejected

based on the Metropolis criterion (27). If the new map exhibits a lower re-
sidual x2

1 than its predecessor x
2
0 (a downhill move), it is accepted as the start

for the next SA iteration. If the new map has a higher residual than its pre-

decessor (an uphill move, x2¼ x2
1 # x2

0 . 0), it is accepted with a probability

exp (#Dx2/T), where T is a global parameter (temperature) that controls the
likelihood of uphill moves. At the beginning T is large, which allows the

boundary atoms to move almost randomly and escape from local minima.

The temperature is then gradually decreased during the annealing process,

allowing the calculation to settle into the global minimum. The initial tem-
perature of the SA calculation should be approximately the expected residual

change x2 to obtain a reasonable acceptance of uphill moves.

Steepest descent

Steepest descent (SD) is a relatively simple iterative optimization algorithm

to find a local minimum of a target function. In this CG method, in each
iteration each domain boundary (one at a time) is moved forward (11) or

backward (#1) in the primary sequence, and every change that yields a

smaller residual (Eq. 5) than its predecessor is accepted. The process con-
tinues until a minimum is found as ascertained by examining the gradient of

the residual.

It should be noted that both simulated annealing and steepest descent

algorithms cannot be guaranteed to find the global minimum (optimal po-
sitions of the boundary atoms) (Eq. 5), especially for defining more CG sites

in a large biomolecule. Multiple SA and SD minimizations beginning with

different initial boundary atoms were therefore performed to assure con-

vergence of the results. The boundary-atom set with the minimal residual was
then selected.

MOLECULAR DYNAMICS SIMULATIONS

The HIV-1 CA protein dimer

The initial structure of the HIV-1 CA protein dimer (CA
dimer) was obtained from crystal structures of the capsid
C-terminal dimer (PDB entry: 1A43 (28)) and the N-terminal
dimerization domains (29), and prepared with the CHARMM
suite of molecular dynamics programs (30). The system is a
homodimer with 440 residues in total. Counterions were
added by the SOLVATE software package (31) to compen-
sate for the net negative charge on the protein. To generate a
solvated structure, a water box was constructed from a pre-
equilibrated cubic cell of 125 water molecules. A water
molecule was removed if its oxygen atom was,2.4 Å away
from the heavy atoms of the protein or the counterions. Fi-
nally the CA dimer was solvated in TIP3P water (32) giving a
composite system consisting of ;107,000 atoms.
To preequilibrate the system, a 300-timestep conjugate

gradient minimization was first performed in CHARMM
with long-range electrostatics calculated by particle mesh
Ewald summation (33). The system was then equilibrated
using the NAMD suite of programs (34,35). In the first stage,
a velocity quenching of the system followed by a conjugate
minimization was performed for 20 ps while the Ca atoms
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Information loss in coarse-graining
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pR(R)

Giulini, RM, Shell, Potestio, JCTC 2020
Rudzinski, Noid, J. Chem. Phys. 2011
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pR(R)

RI = M(r)
{r} {R}

High-res 
configurational space

Low-res 
configurational space

<latexit sha1_base64="3z3rcmsCRWm2vaZrS30PSts+tRU=">AAAB/XicbVC7TsNAEDyHVwivACXNiQgpNJEdIaCMoKEMEnlIjhWdL5twyvls3a2RIiviK2ihokO0fAsF/4JtXEDCVKOZXe3s+JEUBm370yqtrK6tb5Q3K1vbO7t71f2DrgljzaHDQxnqvs8MSKGggwIl9CMNLPAl9Pzpdeb3HkAbEao7nEXgBWyixFhwhqnkRkNdH/jjRM9Ph9Wa3bBz0GXiFKRGCrSH1a/BKORxAAq5ZMa4jh2hlzCNgkuYVwaxgYjxKZuAm1LFAjBekkee05PYMAxpBJoKSXMRfm8kLDBmFvjpZMDw3ix6mfif58Y4vvQSoaIYQfHsEAoJ+SHDtUi7ADoSGhBZlhyoUJQzzRBBC8o4T8U4LaeS9uEsfr9Mus2Gc95o3p7VWldFM2VyRI5JnTjkgrTIDWmTDuEkJE/kmbxYj9ar9Wa9/4yWrGLnkPyB9fENwp+VlA==</latexit>

pr(r)
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pR(R) =

Z
dr pr(r)�(M(r)�R)

Giulini, RM, Shell, Potestio, JCTC 2020
Rudzinski, Noid, J. Chem. Phys. 2011
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p̄r(r) 6= pr(r)

Giulini, RM, Shell, Potestio, JCTC 2020
Rudzinski, Noid, J. Chem. Phys. 2011
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p̄r(r) 6= pr(r)

{r}

Low-res 
configurational space

{R}

High-res 
configurational space
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p̄r(r) 6= pr(r)

RI = M(r)

Giulini, RM, Shell, Potestio, JCTC 2020
Rudzinski, Noid, J. Chem. Phys. 2011
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p̄r(r) =
pR(M(r))

⌃(M(r))
Each microstate r receives the average probability 

of the macrostate R it maps onto

Giulini, RM, Shell, Potestio, JCTC 2020
Rudzinski, Noid, J. Chem. Phys. 2011
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p̄r(r) 6= pr(r)

<latexit sha1_base64="mT/YWEFJACQKTqbmH19a9cluc6Q="></latexit>

p̄r(r) =
pR(M(r))

⌃(M(r))
Each microstate r receives the average probability 

of the macrostate R it maps onto

Giulini, RM, Shell, Potestio, JCTC 2020
Rudzinski, Noid, J. Chem. Phys. 2011
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p̄r(r) 6= pr(r)

<latexit sha1_base64="mT/YWEFJACQKTqbmH19a9cluc6Q="></latexit>

p̄r(r) =
pR(M(r))

⌃(M(r))
Each microstate r receives the average probability 

of the macrostate R it maps onto

Giulini, RM, Shell, Potestio, JCTC 2020
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INFORMATION LOSS

Mapping entropy

Quantifies the information loss arising from coarse-graining 
 DEPENDS ONLY ON THE CHOICE OF THE CG SITES
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Tamapin
Combine the trained DGNs with the Wang-
Landau sampling algorithm to reconstruct 

the density of states !(Smap)

rejectedaccepted

M
apping entropy

<latexit sha1_base64="HsZ0n/Y4FwVdpesM+n4rJBsnhOo=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhvxapAQNHQEhSRIcRStL4s5cWdbd2skZOUH+AS+ghYqOkRLR8G/4IRIPKcazexqdyZIlLTkum/OyOjY+MTk1HRhZnZufqG4uNSwcWoE1kWsYnMegEUlI6yTJIXniUHQgcJmcHXU95vXaKyMozO6SbCtIYzkhRRAudQprvk1GWoo1zqZhqS3se+rOOT+icbwS+wUS27FHYD/Jd6QlNgQ1U7x3e/GItUYkVBgbctzE2pnYEgKhb2Cn1pMQFxBiK2cRqDRtrNBmh5fTy1QzBM0XCo+EPH7Rgba2hsd5JMa6NL+9vrif14rpYu9diajJCWMRP8QSYWDQ1YYmdeEvCsNEkH/c+Qy4gIMEKGRHITIxTTvrZD34f1O/5c0NiveTmX7dKt0cDhsZoqtsFVWZh7bZQfsmFVZnQl2y+7ZA3t07pwn59l5+RwdcYY7y+wHnNcPgmGfoQ==</latexit>
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<latexit sha1_base64="0eGY20kjmfc4zAty7vQeW74K+M0=">AAAB/HicbVDLTgJBEJzFF+IL9ehlIjHBC9k1vo5ELxwxyiMCIb1DgxNmZzczvSZkg1/hVU/ejFf/xYP/4oIcFK1Tpao7XV1+pKQl1/1wMguLS8sr2dXc2vrG5lZ+e6duw9gIrIlQhabpg0UlNdZIksJmZBACX2HDH15O/MY9GitDfUOjCDsBDLTsSwGUSreV4nU3CSAaH3bzBbfkTsH/Em9GCmyGajf/2e6FIg5Qk1BgbctzI+okYEgKheNcO7YYgRjCAFsp1RCg7STTxGN+EFugkEdouFR8KuLPjQQCa0eBn04GQHd23puI/3mtmPrnnUTqKCbUYnKIpMLpISuMTKtA3pMGiWCSHLnUXIABIjSSgxCpGKfd5NI+vPnv/5L6Uck7LZ1cHRfKF7NmsmyP7bMi89gZK7MKq7IaE0yzR/bEnp0H58V5dd6+RzPObGeX/YLz/gWgu5Tu</latexit>

H(Smap)

106 CG representations sampled to achieve 
convergence: feasible only via DGNs
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Speedup generated by DGNs: quasi-exhaustive exploration of the Smap landscape 

RM, Giulini, Potestio, EPJB 2021

Tamapin
Combine the trained DGNs with the Wang-
Landau sampling algorithm to reconstruct 

the density of states !(Smap)

rejectedaccepted

M
apping entropy

<latexit sha1_base64="HsZ0n/Y4FwVdpesM+n4rJBsnhOo=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhvxapAQNHQEhSRIcRStL4s5cWdbd2skZOUH+AS+ghYqOkRLR8G/4IRIPKcazexqdyZIlLTkum/OyOjY+MTk1HRhZnZufqG4uNSwcWoE1kWsYnMegEUlI6yTJIXniUHQgcJmcHXU95vXaKyMozO6SbCtIYzkhRRAudQprvk1GWoo1zqZhqS3se+rOOT+icbwS+wUS27FHYD/Jd6QlNgQ1U7x3e/GItUYkVBgbctzE2pnYEgKhb2Cn1pMQFxBiK2cRqDRtrNBmh5fTy1QzBM0XCo+EPH7Rgba2hsd5JMa6NL+9vrif14rpYu9diajJCWMRP8QSYWDQ1YYmdeEvCsNEkH/c+Qy4gIMEKGRHITIxTTvrZD34f1O/5c0NiveTmX7dKt0cDhsZoqtsFVWZh7bZQfsmFVZnQl2y+7ZA3t07pwn59l5+RwdcYY7y+wHnNcPgmGfoQ==</latexit>

⌃(Smap) = log⌦(Smap)
<latexit sha1_base64="0eGY20kjmfc4zAty7vQeW74K+M0=">AAAB/HicbVDLTgJBEJzFF+IL9ehlIjHBC9k1vo5ELxwxyiMCIb1DgxNmZzczvSZkg1/hVU/ejFf/xYP/4oIcFK1Tpao7XV1+pKQl1/1wMguLS8sr2dXc2vrG5lZ+e6duw9gIrIlQhabpg0UlNdZIksJmZBACX2HDH15O/MY9GitDfUOjCDsBDLTsSwGUSreV4nU3CSAaH3bzBbfkTsH/Em9GCmyGajf/2e6FIg5Qk1BgbctzI+okYEgKheNcO7YYgRjCAFsp1RCg7STTxGN+EFugkEdouFR8KuLPjQQCa0eBn04GQHd23puI/3mtmPrnnUTqKCbUYnKIpMLpISuMTKtA3pMGiWCSHLnUXIABIjSSgxCpGKfd5NI+vPnv/5L6Uck7LZ1cHRfKF7NmsmyP7bMi89gZK7MKq7IaE0yzR/bEnp0H58V5dd6+RzPObGeX/YLz/gWgu5Tu</latexit>

H(Smap)

106 CG representations sampled to achieve 
convergence: feasible only via DGNs

DGNs succeed in capturing the correct 
statistical weight of CG representations: 

do not overfit the training set 
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Neural system: Hopfield model

Aldrigo, RM, Potestio (in preparation)

20

Amit, Modeling Brain Function: The World of Attractor Neural Networks (1989)
Hopfield, PNAS (1982)

<latexit sha1_base64="9ZX1qvziN6Al1apvaPGS5Xsy6ow="></latexit>
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<latexit sha1_base64="FY7Anwclvjrb99xvUqJeYpBcGWk=">AAACD3icbVC7TsNAEDzzDOFloExzIkKiiCwb8WqQEDSUQSIPKQ7R+bKBE3e2dbeHQFYKPoGvoIWKDtHyCRT8C05IAQmzzWhmV7s7USqFQd//dKamZ2bn5gsLxcWl5ZVVd229bhKrOdR4IhPdjJgBKWKooUAJzVQDU5GERnRzOvAbt6CNSOILvE+hrdhVLHqCM8yljlsK78RlFirb74hKSPNS9iioeJ5XSTtu2ff8IegkCUakTEaodtyvsJtwqyBGLpkxrcBPsZ0xjYJL6BdDayBl/IZdQSunMVNg2tnwiT7dsoZhQlPQVEg6FOH3RMaUMfcqyjsVw2sz7g3E/7yWxd5hOxNxahFiPliEQsJwkeFa5OkA7QoNiGxwOVARU840QwQtKOM8F20eVzHPIxj/fpLUd7xg39s73y0fn4ySKZAS2STbJCAH5JickSqpEU4eyBN5Ji/Oo/PqvDnvP61Tzmhmg/yB8/ENKF6bAw==</latexit>

⇠µi , µ = 1, ..., pMemory patterns

<latexit sha1_base64="c10YLULm4SuZn5sca8bymlMHfE8=">AAACIXicbVDLSuxAEO2o18dcr466dNM4CHfjkIivjSC6EVcKjgqTMXTaUmvsTkJ3tSghX+En+BVudeVO3In4LybjLHyd1alzqqiqE2cKLfn+izcwOPRneGR0rPZ3/N/EZH1q+sCmzkhoyVSl5igWFhQm0CIkBUeZAaFjBYfxxVblH16CsZgm+3SdQUeLswRPUQoqpai+sBPl2C3WQ+t0lIfarQfFccbDKzyuqiLCT7wb1Rt+0++B/yRBnzRYH7tR/S08SaXTkJBUwtp24GfUyYUhlAqKWugsZEJeiDNolzQRGmwn771V8HlnBaU8A8NR8Z4Inydyoa291nHZqQWd2+9eJf7mtR2drnVyTDJHkMhqEaGC3iIrDZZ5AT9BA0Siuhw4JlwKI4jAIBdSlqIrA6yVeQTfv/9JDhabwUpzeW+psbHZT2aUzbI59p8FbJVtsG22y1pMsht2x+7Zg3frPXpP3vNH64DXn5lhX+C9vgOv56Si</latexit>
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Neural system: Hopfield model

Aldrigo, RM, Potestio (in preparation)

20

Model’s dynamics retrieves memory patterns
<latexit sha1_base64="awIj1dkOgrOs4Pgh1wqyYDNqpb0="></latexit>

mµ =
1

N

X

i
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Nonlinear evolution of the configurations

Amit, Modeling Brain Function: The World of Attractor Neural Networks (1989)
Hopfield, PNAS (1982)

<latexit sha1_base64="9ZX1qvziN6Al1apvaPGS5Xsy6ow="></latexit>

H(�1, ...,�N ) = �1

2

X

i 6=j

Jij�i�j
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Neural system: Hopfield model

Aldrigo, RM, Potestio (in preparation)
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Model’s dynamics retrieves memory patterns
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Amit, Modeling Brain Function: The World of Attractor Neural Networks (1989)
Hopfield, PNAS (1982)
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Neural system: Hopfield model

Aldrigo, RM, Potestio (in preparation)

20

Model’s dynamics retrieves memory patterns
<latexit sha1_base64="awIj1dkOgrOs4Pgh1wqyYDNqpb0="></latexit>
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1

N

X

i
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Nonlinear evolution of the configurations

X

Looking for the most informative neurons!
Amit, Modeling Brain Function: The World of Attractor Neural Networks (1989)
Hopfield, PNAS (1982)
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Detection of maximally-informative neurons

21

CG’ing the Hopfield model

1) Simulate the Hopfield model

Aldrigo, RM, Potestio (in preparation)
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Detection of maximally-informative neurons
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CG’ing the Hopfield model

1) Simulate the Hopfield model 2) Select a subset of retained neurons 
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Detection of maximally-informative neurons

21

CG’ing the Hopfield model

1) Simulate the Hopfield model 2) Select a subset of retained neurons 
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Aldrigo, RM, Potestio (in preparation)

Sta$s$cal & 
Biological 
Physics



Resolution/Mapping-Entropy analysis

22

- Empirical reference probability
<latexit sha1_base64="U7yL/BzXcX7LY1d7QruDRfEsZeM=">AAACDHicbVDJSgNBEO2JW4xb1IvgpTEIEcIwI27HoBdPEsEskIRQ06nEJj0L3TVCCPET/AqvevImXv0HD/6LkzgHjb7Tq/eqqKrnRUoacpwPKzM3v7C4lF3OrayurW/kN7dqJoy1wKoIVagbHhhUMsAqSVLYiDSC7ymse4OLiV+/Q21kGNzQMMK2D/1A9qQASqROficqtozs+9BxS7Ztl9Li6qCTLzi2MwX/S9yUFFiKSif/2eqGIvYxIKHAmKbrRNQegSYpFI5zrdhgBGIAfWwmNAAfTXs0/WDM92MDFPIINZeKT0X8OTEC35ih7yWdPtCtmfUm4n9eM6beWXskgygmDMRkEUmF00VGaJlEg7wrNRLB5HLkMuACNBChlhyESMQ4ySqX5OHOfv+X1A5t98Q+vj4qlM/TZLJsl+2xInPZKSuzS1ZhVSbYPXtkT+zZerBerFfr7bs1Y6Uz2+wXrPcvAt+Z5A==</latexit>

p(�1, ...,�N )
- Simulate the high-resolution Hopfield model
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Resolution/Mapping-Entropy analysis

22

- Empirical reference probability
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p(�1, ...,�N )
- Simulate the high-resolution Hopfield model

- Select n<N retained neurons
<latexit sha1_base64="gL+ATeSkO17rp9FsZQgwza9k05Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjIo5CElUbS+bMIp54fu1qDIyifQQkWHaPkeCv4F27iAhKlGM7va2XFDJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7ey0TRFpgUwQq0B0XDCrpY5MkKeyEGsFzFbbdyXXqtx9QGxn4dzQNse/B2JcjKYASqdEYyEG5YlftDHyRODmpsBz1QfmrNwxE5KFPQoExXccOqR+DJikUzkq9yGAIYgJj7CbUBw9NP86izvhRZIACHqLmUvFMxN8bMXjGTD03mfSA7s28l4r/ed2IRpf9WPphROiL9BBJhdkhI7RMOkA+lBqJIE2OXPpcgAYi1JKDEIkYJaWUkj6c+e8XSeuk6pxXz25PK7WrvJkiO2CH7Jg57ILV2A2rsyYTbMye2DN7sR6tV+vNev8ZLVj5zj77A+vjG9LKkkI=</latexit>

Si

- Empirical backmapped probability
<latexit sha1_base64="QWX4XGwEpLED+VvD65ZulmMtrDA=">AAACFHicbVC7SgNREL3rM8ZX1NLmYhAUwrIrvsqgjY0SwTwgCcvsdYyX3H1w76wQlrR+gl9hq5Wd2Npb+C9u4hZqPNWZc2aYmePHShpynA9ranpmdm6+sFBcXFpeWS2trTdMlGiBdRGpSLd8MKhkiHWSpLAVa4TAV9j0+6cjv3mH2sgovKJBjN0AeqG8kQIok7wS7/ig03jone90jOwF4LkV27YreXGx65XKju2MwSeJm5Myy1HzSp+d60gkAYYkFBjTdp2YuilokkLhsNhJDMYg+tDDdkZDCNB00/EnQ76dGKCIx6i5VHws4s+JFAJjBoGfdQZAt+avNxL/89oJ3Rx3UxnGCWEoRotIKhwvMkLLLCLk11IjEYwuRy5DLkADEWrJQYhMTLLMilke7t/vJ0ljz3YP7YPL/XL1JE+mwDbZFtthLjtiVXbGaqzOBLtnj+yJPVsP1ov1ar19t05Z+cwG+wXr/QuFUp1p</latexit>

p̄M (�1, ...,�N )

- Empirical CG probability
<latexit sha1_base64="AiYOYuQZmBoO/ArrABNUtsnwlL0=">AAACBHicbVC7SgNBFJ2Nrxhfq5Y2g0GIEJZd8VUGbWyESMwDkrDMTm7ikNnZZeZuIIS0foWtVnZi639Y+C9uYgpNPNXhnHu5554glsKg635amaXlldW17HpuY3Nre8fe3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI96F9P/PoAtBGRusdhDO2Q9ZToCs4wlXzbLvu3hYrvFR3HKVZ8dezbeddxp6CLxJuRPJmh7NtfrU7EkxAUcsmMaXpujO0R0yi4hHGulRiIGe+zHjRTqlgIpj2aJh/To8QwjGgMmgpJpyL83hix0JhhGKSTIcMHM+9NxP+8ZoLdy/ZIqDhBUHxyCIWE6SHDtUgrAdoRGhDZJDlQoShnmiGCFpRxnopJ2lEu7cOb/36R1E4c79w5uzvNl65mzWTJATkkBeKRC1IiN6RMqoSTAXkiz+TFerRerTfr/Wc0Y8129skfWB/fHU6WDA==</latexit>

PM (S1, ..., Sn)

Aldrigo, RM, Potestio (in preparation)
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- Empirical reference probability
<latexit sha1_base64="U7yL/BzXcX7LY1d7QruDRfEsZeM=">AAACDHicbVDJSgNBEO2JW4xb1IvgpTEIEcIwI27HoBdPEsEskIRQ06nEJj0L3TVCCPET/AqvevImXv0HD/6LkzgHjb7Tq/eqqKrnRUoacpwPKzM3v7C4lF3OrayurW/kN7dqJoy1wKoIVagbHhhUMsAqSVLYiDSC7ymse4OLiV+/Q21kGNzQMMK2D/1A9qQASqROficqtozs+9BxS7Ztl9Li6qCTLzi2MwX/S9yUFFiKSif/2eqGIvYxIKHAmKbrRNQegSYpFI5zrdhgBGIAfWwmNAAfTXs0/WDM92MDFPIINZeKT0X8OTEC35ih7yWdPtCtmfUm4n9eM6beWXskgygmDMRkEUmF00VGaJlEg7wrNRLB5HLkMuACNBChlhyESMQ4ySqX5OHOfv+X1A5t98Q+vj4qlM/TZLJsl+2xInPZKSuzS1ZhVSbYPXtkT+zZerBerFfr7bs1Y6Uz2+wXrPcvAt+Z5A==</latexit>

p(�1, ...,�N )
- Simulate the high-resolution Hopfield model

- Select n<N retained neurons
<latexit sha1_base64="gL+ATeSkO17rp9FsZQgwza9k05Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjIo5CElUbS+bMIp54fu1qDIyifQQkWHaPkeCv4F27iAhKlGM7va2XFDJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7ey0TRFpgUwQq0B0XDCrpY5MkKeyEGsFzFbbdyXXqtx9QGxn4dzQNse/B2JcjKYASqdEYyEG5YlftDHyRODmpsBz1QfmrNwxE5KFPQoExXccOqR+DJikUzkq9yGAIYgJj7CbUBw9NP86izvhRZIACHqLmUvFMxN8bMXjGTD03mfSA7s28l4r/ed2IRpf9WPphROiL9BBJhdkhI7RMOkA+lBqJIE2OXPpcgAYi1JKDEIkYJaWUkj6c+e8XSeuk6pxXz25PK7WrvJkiO2CH7Jg57ILV2A2rsyYTbMye2DN7sR6tV+vNev8ZLVj5zj77A+vjG9LKkkI=</latexit>

Si

- Empirical backmapped probability
<latexit sha1_base64="QWX4XGwEpLED+VvD65ZulmMtrDA=">AAACFHicbVC7SgNREL3rM8ZX1NLmYhAUwrIrvsqgjY0SwTwgCcvsdYyX3H1w76wQlrR+gl9hq5Wd2Npb+C9u4hZqPNWZc2aYmePHShpynA9ranpmdm6+sFBcXFpeWS2trTdMlGiBdRGpSLd8MKhkiHWSpLAVa4TAV9j0+6cjv3mH2sgovKJBjN0AeqG8kQIok7wS7/ig03jone90jOwF4LkV27YreXGx65XKju2MwSeJm5Myy1HzSp+d60gkAYYkFBjTdp2YuilokkLhsNhJDMYg+tDDdkZDCNB00/EnQ76dGKCIx6i5VHws4s+JFAJjBoGfdQZAt+avNxL/89oJ3Rx3UxnGCWEoRotIKhwvMkLLLCLk11IjEYwuRy5DLkADEWrJQYhMTLLMilke7t/vJ0ljz3YP7YPL/XL1JE+mwDbZFtthLjtiVXbGaqzOBLtnj+yJPVsP1ov1ar19t05Z+cwG+wXr/QuFUp1p</latexit>

p̄M (�1, ...,�N )

- Empirical CG probability
<latexit sha1_base64="AiYOYuQZmBoO/ArrABNUtsnwlL0=">AAACBHicbVC7SgNBFJ2Nrxhfq5Y2g0GIEJZd8VUGbWyESMwDkrDMTm7ikNnZZeZuIIS0foWtVnZi639Y+C9uYgpNPNXhnHu5554glsKg635amaXlldW17HpuY3Nre8fe3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI96F9P/PoAtBGRusdhDO2Q9ZToCs4wlXzbLvu3hYrvFR3HKVZ8dezbeddxp6CLxJuRPJmh7NtfrU7EkxAUcsmMaXpujO0R0yi4hHGulRiIGe+zHjRTqlgIpj2aJh/To8QwjGgMmgpJpyL83hix0JhhGKSTIcMHM+9NxP+8ZoLdy/ZIqDhBUHxyCIWE6SHDtUgrAdoRGhDZJDlQoShnmiGCFpRxnopJ2lEu7cOb/36R1E4c79w5uzvNl65mzWTJATkkBeKRC1IiN6RMqoSTAXkiz+TFerRerTfr/Wc0Y8129skfWB/fHU6WDA==</latexit>

PM (S1, ..., Sn)

Resolution of the neuron selection

- Depends on the specific selection
- Decreases by decreasing the number 

of retained neurons

<latexit sha1_base64="gYKoNvmA1YwE0YVSAcpc1H9girg="></latexit>

HM = �

X

{Si}

P (S1, ..., Sn) lnP (S1, ..., Sn)

Aldrigo, RM, Potestio (in preparation)
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- Empirical reference probability
<latexit sha1_base64="U7yL/BzXcX7LY1d7QruDRfEsZeM=">AAACDHicbVDJSgNBEO2JW4xb1IvgpTEIEcIwI27HoBdPEsEskIRQ06nEJj0L3TVCCPET/AqvevImXv0HD/6LkzgHjb7Tq/eqqKrnRUoacpwPKzM3v7C4lF3OrayurW/kN7dqJoy1wKoIVagbHhhUMsAqSVLYiDSC7ymse4OLiV+/Q21kGNzQMMK2D/1A9qQASqROficqtozs+9BxS7Ztl9Li6qCTLzi2MwX/S9yUFFiKSif/2eqGIvYxIKHAmKbrRNQegSYpFI5zrdhgBGIAfWwmNAAfTXs0/WDM92MDFPIINZeKT0X8OTEC35ih7yWdPtCtmfUm4n9eM6beWXskgygmDMRkEUmF00VGaJlEg7wrNRLB5HLkMuACNBChlhyESMQ4ySqX5OHOfv+X1A5t98Q+vj4qlM/TZLJsl+2xInPZKSuzS1ZhVSbYPXtkT+zZerBerFfr7bs1Y6Uz2+wXrPcvAt+Z5A==</latexit>

p(�1, ...,�N )
- Simulate the high-resolution Hopfield model

- Select n<N retained neurons
<latexit sha1_base64="gL+ATeSkO17rp9FsZQgwza9k05Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjIo5CElUbS+bMIp54fu1qDIyifQQkWHaPkeCv4F27iAhKlGM7va2XFDJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7ey0TRFpgUwQq0B0XDCrpY5MkKeyEGsFzFbbdyXXqtx9QGxn4dzQNse/B2JcjKYASqdEYyEG5YlftDHyRODmpsBz1QfmrNwxE5KFPQoExXccOqR+DJikUzkq9yGAIYgJj7CbUBw9NP86izvhRZIACHqLmUvFMxN8bMXjGTD03mfSA7s28l4r/ed2IRpf9WPphROiL9BBJhdkhI7RMOkA+lBqJIE2OXPpcgAYi1JKDEIkYJaWUkj6c+e8XSeuk6pxXz25PK7WrvJkiO2CH7Jg57ILV2A2rsyYTbMye2DN7sR6tV+vNev8ZLVj5zj77A+vjG9LKkkI=</latexit>

Si

- Empirical backmapped probability
<latexit sha1_base64="QWX4XGwEpLED+VvD65ZulmMtrDA=">AAACFHicbVC7SgNREL3rM8ZX1NLmYhAUwrIrvsqgjY0SwTwgCcvsdYyX3H1w76wQlrR+gl9hq5Wd2Npb+C9u4hZqPNWZc2aYmePHShpynA9ranpmdm6+sFBcXFpeWS2trTdMlGiBdRGpSLd8MKhkiHWSpLAVa4TAV9j0+6cjv3mH2sgovKJBjN0AeqG8kQIok7wS7/ig03jone90jOwF4LkV27YreXGx65XKju2MwSeJm5Myy1HzSp+d60gkAYYkFBjTdp2YuilokkLhsNhJDMYg+tDDdkZDCNB00/EnQ76dGKCIx6i5VHws4s+JFAJjBoGfdQZAt+avNxL/89oJ3Rx3UxnGCWEoRotIKhwvMkLLLCLk11IjEYwuRy5DLkADEWrJQYhMTLLMilke7t/vJ0ljz3YP7YPL/XL1JE+mwDbZFtthLjtiVXbGaqzOBLtnj+yJPVsP1ov1ar19t05Z+cwG+wXr/QuFUp1p</latexit>

p̄M (�1, ...,�N )

- Empirical CG probability
<latexit sha1_base64="AiYOYuQZmBoO/ArrABNUtsnwlL0=">AAACBHicbVC7SgNBFJ2Nrxhfq5Y2g0GIEJZd8VUGbWyESMwDkrDMTm7ikNnZZeZuIIS0foWtVnZi639Y+C9uYgpNPNXhnHu5554glsKg635amaXlldW17HpuY3Nre8fe3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI96F9P/PoAtBGRusdhDO2Q9ZToCs4wlXzbLvu3hYrvFR3HKVZ8dezbeddxp6CLxJuRPJmh7NtfrU7EkxAUcsmMaXpujO0R0yi4hHGulRiIGe+zHjRTqlgIpj2aJh/To8QwjGgMmgpJpyL83hix0JhhGKSTIcMHM+9NxP+8ZoLdy/ZIqDhBUHxyCIWE6SHDtUgrAdoRGhDZJDlQoShnmiGCFpRxnopJ2lEu7cOb/36R1E4c79w5uzvNl65mzWTJATkkBeKRC1IiN6RMqoSTAXkiz+TFerRerTfr/Wc0Y8129skfWB/fHU6WDA==</latexit>

PM (S1, ..., Sn)

Resolution of the neuron selection

- Depends on the specific selection
- Decreases by decreasing the number 

of retained neurons

<latexit sha1_base64="gYKoNvmA1YwE0YVSAcpc1H9girg="></latexit>

HM = �

X

{Si}

P (S1, ..., Sn) lnP (S1, ..., Sn)

Information loss generated by the selection:  
mapping entropy

- Depends on the specific selection
- Increases by decreasing the number 

of retained neurons

<latexit sha1_base64="b6xweDPQTForTp0Zu+xnWFewL6c="></latexit>

Smap
M =

X

{�i}

p({�i}) ln
✓

p({�i})
p̄M ({�i})

◆

Aldrigo, RM, Potestio (in preparation)
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- Empirical reference probability
<latexit sha1_base64="U7yL/BzXcX7LY1d7QruDRfEsZeM=">AAACDHicbVDJSgNBEO2JW4xb1IvgpTEIEcIwI27HoBdPEsEskIRQ06nEJj0L3TVCCPET/AqvevImXv0HD/6LkzgHjb7Tq/eqqKrnRUoacpwPKzM3v7C4lF3OrayurW/kN7dqJoy1wKoIVagbHhhUMsAqSVLYiDSC7ymse4OLiV+/Q21kGNzQMMK2D/1A9qQASqROficqtozs+9BxS7Ztl9Li6qCTLzi2MwX/S9yUFFiKSif/2eqGIvYxIKHAmKbrRNQegSYpFI5zrdhgBGIAfWwmNAAfTXs0/WDM92MDFPIINZeKT0X8OTEC35ih7yWdPtCtmfUm4n9eM6beWXskgygmDMRkEUmF00VGaJlEg7wrNRLB5HLkMuACNBChlhyESMQ4ySqX5OHOfv+X1A5t98Q+vj4qlM/TZLJsl+2xInPZKSuzS1ZhVSbYPXtkT+zZerBerFfr7bs1Y6Uz2+wXrPcvAt+Z5A==</latexit>

p(�1, ...,�N )
- Simulate the high-resolution Hopfield model

- Select n<N retained neurons
<latexit sha1_base64="gL+ATeSkO17rp9FsZQgwza9k05Q=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjIo5CElUbS+bMIp54fu1qDIyifQQkWHaPkeCv4F27iAhKlGM7va2XFDJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7ey0TRFpgUwQq0B0XDCrpY5MkKeyEGsFzFbbdyXXqtx9QGxn4dzQNse/B2JcjKYASqdEYyEG5YlftDHyRODmpsBz1QfmrNwxE5KFPQoExXccOqR+DJikUzkq9yGAIYgJj7CbUBw9NP86izvhRZIACHqLmUvFMxN8bMXjGTD03mfSA7s28l4r/ed2IRpf9WPphROiL9BBJhdkhI7RMOkA+lBqJIE2OXPpcgAYi1JKDEIkYJaWUkj6c+e8XSeuk6pxXz25PK7WrvJkiO2CH7Jg57ILV2A2rsyYTbMye2DN7sR6tV+vNev8ZLVj5zj77A+vjG9LKkkI=</latexit>

Si

- Empirical backmapped probability
<latexit sha1_base64="QWX4XGwEpLED+VvD65ZulmMtrDA=">AAACFHicbVC7SgNREL3rM8ZX1NLmYhAUwrIrvsqgjY0SwTwgCcvsdYyX3H1w76wQlrR+gl9hq5Wd2Npb+C9u4hZqPNWZc2aYmePHShpynA9ranpmdm6+sFBcXFpeWS2trTdMlGiBdRGpSLd8MKhkiHWSpLAVa4TAV9j0+6cjv3mH2sgovKJBjN0AeqG8kQIok7wS7/ig03jone90jOwF4LkV27YreXGx65XKju2MwSeJm5Myy1HzSp+d60gkAYYkFBjTdp2YuilokkLhsNhJDMYg+tDDdkZDCNB00/EnQ76dGKCIx6i5VHws4s+JFAJjBoGfdQZAt+avNxL/89oJ3Rx3UxnGCWEoRotIKhwvMkLLLCLk11IjEYwuRy5DLkADEWrJQYhMTLLMilke7t/vJ0ljz3YP7YPL/XL1JE+mwDbZFtthLjtiVXbGaqzOBLtnj+yJPVsP1ov1ar19t05Z+cwG+wXr/QuFUp1p</latexit>

p̄M (�1, ...,�N )

- Empirical CG probability
<latexit sha1_base64="AiYOYuQZmBoO/ArrABNUtsnwlL0=">AAACBHicbVC7SgNBFJ2Nrxhfq5Y2g0GIEJZd8VUGbWyESMwDkrDMTm7ikNnZZeZuIIS0foWtVnZi639Y+C9uYgpNPNXhnHu5554glsKg635amaXlldW17HpuY3Nre8fe3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI96F9P/PoAtBGRusdhDO2Q9ZToCs4wlXzbLvu3hYrvFR3HKVZ8dezbeddxp6CLxJuRPJmh7NtfrU7EkxAUcsmMaXpujO0R0yi4hHGulRiIGe+zHjRTqlgIpj2aJh/To8QwjGgMmgpJpyL83hix0JhhGKSTIcMHM+9NxP+8ZoLdy/ZIqDhBUHxyCIWE6SHDtUgrAdoRGhDZJDlQoShnmiGCFpRxnopJ2lEu7cOb/36R1E4c79w5uzvNl65mzWTJATkkBeKRC1IiN6RMqoSTAXkiz+TFerRerTfr/Wc0Y8129skfWB/fHU6WDA==</latexit>

PM (S1, ..., Sn)

Resolution of the neuron selection

- Depends on the specific selection
- Decreases by decreasing the number 

of retained neurons

<latexit sha1_base64="gYKoNvmA1YwE0YVSAcpc1H9girg="></latexit>

HM = �

X

{Si}

P (S1, ..., Sn) lnP (S1, ..., Sn)

Information loss generated by the selection:  
mapping entropy

- Depends on the specific selection
- Increases by decreasing the number 

of retained neurons

<latexit sha1_base64="b6xweDPQTForTp0Zu+xnWFewL6c="></latexit>

Smap
M =

X

{�i}

p({�i}) ln
✓

p({�i})
p̄M ({�i})

◆

Maximally informative neurons: 
minimize the mapping entropy 

in the space of possible selections!

Aldrigo, RM, Potestio (in preparation)
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Maximally informative selection of neurons that minimize the mapping entropy

Resolution/Mapping-Entropy analysis

Hopfield model with N=100 neurons and 5 memory patterns

<latexit sha1_base64="WE1rrju2UQt4ZBhlFSfmZzAimoo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjKRyENKrOh82YRTzmfrbg8psvIFtFDRIVo+iIJ/wTYuIGGq0cyudnaCWAqDrvvplFZW19Y3ypuVre2d3b3q/kHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqb+d1H0EZE6h5nMfghmygxFpxhKrXUsFpz624Ouky8gtRIgeaw+jUYRdyGoJBLZkzfc2P0E6ZRcAnzysAaiBmfsgn0U6pYCMZP8qBzemINw4jGoKmQNBfh90bCQmNmYZBOhgwfzKKXif95fYvjaz8RKrYIimeHUEjIDxmuRdoA0JHQgMiy5ECFopxphghaUMZ5Ktq0kkrah7f4/TLpnNW9y/pF67zWuCmaKZMjckxOiUeuSIPckSZpE06APJFn8uJY59V5c95/RktOsXNI/sD5+AZ6M5GB</latexit>n
Aldrigo, RM, Potestio (in preparation)
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Maximally informative selection of neurons that minimize the mapping entropy

Resolution/Mapping-Entropy analysis

Low resolution High resolution

Hopfield model with N=100 neurons and 5 memory patterns

<latexit sha1_base64="WE1rrju2UQt4ZBhlFSfmZzAimoo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjKRyENKrOh82YRTzmfrbg8psvIFtFDRIVo+iIJ/wTYuIGGq0cyudnaCWAqDrvvplFZW19Y3ypuVre2d3b3q/kHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqb+d1H0EZE6h5nMfghmygxFpxhKrXUsFpz624Ouky8gtRIgeaw+jUYRdyGoJBLZkzfc2P0E6ZRcAnzysAaiBmfsgn0U6pYCMZP8qBzemINw4jGoKmQNBfh90bCQmNmYZBOhgwfzKKXif95fYvjaz8RKrYIimeHUEjIDxmuRdoA0JHQgMiy5ECFopxphghaUMZ5Ktq0kkrah7f4/TLpnNW9y/pF67zWuCmaKZMjckxOiUeuSIPckSZpE06APJFn8uJY59V5c95/RktOsXNI/sD5+AZ6M5GB</latexit>n
Aldrigo, RM, Potestio (in preparation)
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Maximally informative selection of neurons that minimize the mapping entropy

Resolution/Mapping-Entropy analysis

Hopfield model with N=100 neurons and 5 memory patterns

<latexit sha1_base64="WE1rrju2UQt4ZBhlFSfmZzAimoo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjKRyENKrOh82YRTzmfrbg8psvIFtFDRIVo+iIJ/wTYuIGGq0cyudnaCWAqDrvvplFZW19Y3ypuVre2d3b3q/kHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqb+d1H0EZE6h5nMfghmygxFpxhKrXUsFpz624Ouky8gtRIgeaw+jUYRdyGoJBLZkzfc2P0E6ZRcAnzysAaiBmfsgn0U6pYCMZP8qBzemINw4jGoKmQNBfh90bCQmNmYZBOhgwfzKKXif95fYvjaz8RKrYIimeHUEjIDxmuRdoA0JHQgMiy5ECFopxphghaUMZ5Ktq0kkrah7f4/TLpnNW9y/pF67zWuCmaKZMjckxOiUeuSIPckSZpE06APJFn8uJY59V5c95/RktOsXNI/sD5+AZ6M5GB</latexit>n
Aldrigo, RM, Potestio (in preparation)
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Maximally informative selection of neurons that minimize the mapping entropy

Resolution/Mapping-Entropy analysis
Re

ta
in

ed
No

t R
et

ai
ne

d

Ordered coupling matrix
<latexit sha1_base64="NhFZf1m9FVg03WdKdXzA/rkz61I=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKCBlEFiTykxIrOl004cn7obo0UOfkJWqjoEC0/Q8G/YJsUQJhqNLOrnR0vUtKQbX9YhYXFpeWV4mppbX1jc6u8vdM0YawFNkSoQt32uEElA2yQJIXtSCP3PYUtb3SZ+a0H1EaGwS2NI3R9PgzkQApOqdSeXPcSeT+d9MoVu2rnYPPEmZEKzFDvlT+7/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+R5p+wgNpxCFqFmUrFcxJ8bCfeNGfteOulzujN/vUz8z+vENDh3ExlEMWEgskMkFeaHjNAyLQJZX2ok4llyZDJggmtOhFoyLkQqxmkzpbQP5+/386R5VHVOqyc3x5XaxayZIuzBPhyCA2dQgyuoQwMEKHiEJ3i2JtaL9Wq9fY8WrNnOLvyC9f4FMpWUxQ==</latexit>

|Jij |
Hopfield model with N=100 neurons and 5 memory patterns

<latexit sha1_base64="WE1rrju2UQt4ZBhlFSfmZzAimoo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjKRyENKrOh82YRTzmfrbg8psvIFtFDRIVo+iIJ/wTYuIGGq0cyudnaCWAqDrvvplFZW19Y3ypuVre2d3b3q/kHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqb+d1H0EZE6h5nMfghmygxFpxhKrXUsFpz624Ouky8gtRIgeaw+jUYRdyGoJBLZkzfc2P0E6ZRcAnzysAaiBmfsgn0U6pYCMZP8qBzemINw4jGoKmQNBfh90bCQmNmYZBOhgwfzKKXif95fYvjaz8RKrYIimeHUEjIDxmuRdoA0JHQgMiy5ECFopxphghaUMZ5Ktq0kkrah7f4/TLpnNW9y/pF67zWuCmaKZMjckxOiUeuSIPckSZpE06APJFn8uJY59V5c95/RktOsXNI/sD5+AZ6M5GB</latexit>n
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Maximally informative selection of neurons that minimize the mapping entropy
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Maximally informative selection of neurons that minimize the mapping entropy

Resolution/Mapping-Entropy analysis
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“Phase transition” between two classes  
of optimal representations of the system
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Conclusions

• CG filters as a mean to gain insight on the behavior of complex systems 

• CG’ing procedures result in a loss of statistical information 

• Maximally-informative CG representations single out biologically relevant 
residues of a macromolecular system in an unsupervised manner 

• Deep Graph networks can be employed to speed up information loss 
calculations and to achieve a quasi-exhaustive exploration of the mapping 
space 

• Application of the mapping entropy protocol to a neural system: maximally 
informative neurons in a Hopfield model  

• Phase separation of the maximally informative representations of the system 
depending on the observational level of detail
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Thank you for the attention!
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State-dependence of optimal mappings
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State-dependence of optimal mappings
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Search for mappings that minimize 
the information loss within each basin 

State-dependence of optimal mappings
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State-dependence of optimal mappings

Identify relevant regions in each state 
and compare the outcomes
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D(M,M 0)
Explore according to the distance
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DATA != INFORMATION

Simplify "just right" 
to understand 

without losing information

Dimensionality reduction: 
in terms of what variables?

Simplify to understand



Simplify to understand
ATOM   1153  CD  GLN X 408     110.020  92.423  42.297  0.00  0.00             
ATOM   1154  OE1 GLN X 408     110.283  93.074  43.331  0.00  0.00             
ATOM   1155  NE2 GLN X 408     108.983  91.618  42.373  0.00  0.00             
ATOM   1156 HE21 GLN X 408     108.656  91.204  41.511  0.00  0.00             
ATOM   1157 HE22 GLN X 408     108.471  91.768  43.225  0.00  0.00             
ATOM   1158  C   GLN X 408     113.167  95.332  40.798  0.00  0.00             
ATOM   1159  O   GLN X 408     113.764  95.563  39.715  0.00  0.00             
ATOM   1160  N   GLN X 409     113.578  95.654  42.042  0.00  0.00             
ATOM   1161  H   GLN X 409     113.018  95.252  42.780  0.00  0.00             
ATOM   1162  CA  GLN X 409     114.881  96.418  42.260  0.00  0.00             
ATOM   1163  HA  GLN X 409     115.146  96.965  41.356  0.00  0.00             
ATOM   1164  CB  GLN X 409     114.444  97.423  43.339  0.00  0.00             
ATOM   1165  HB1 GLN X 409     115.314  97.840  43.844  0.00  0.00             
ATOM   1166  HB2 GLN X 409     113.900  96.872  44.111  0.00  0.00             
ATOM   1167  CG  GLN X 409     113.759  98.671  42.779  0.00  0.00             
ATOM   1168  HG1 GLN X 409     112.955  98.388  42.101  0.00  0.00             
ATOM   1169  HG2 GLN X 409     114.393  99.253  42.117  0.00  0.00             
ATOM   1170  CD  GLN X 409     113.157  99.520  43.821  0.00  0.00             
ATOM   1171  OE1 GLN X 409     113.911 100.138  44.580  0.00  0.00             
ATOM   1172  NE2 GLN X 409     111.814  99.753  43.795  0.00  0.00             
ATOM   1173 HE21 GLN X 409     111.336  99.317  43.023  0.00  0.00             
ATOM   1174 HE22 GLN X 409     111.343 100.484  44.321  0.00  0.00             
ATOM   1175  C   GLN X 409     116.132  95.610  42.722  0.00  0.00             
ATOM   1176  O   GLN X 409     117.199  96.174  42.994  0.00  0.00             
ATOM   1177  N   PHE X 410     115.988  94.277  42.829  0.00  0.00             
ATOM   1178  H   PHE X 410     115.077  93.891  42.653  0.00  0.00             
ATOM   1179  CA  PHE X 410     116.976  93.435  43.590  0.00  0.00             
ATOM   1180  HA  PHE X 410     117.124  93.938  44.557  0.00  0.00             
ATOM   1181  CB  PHE X 410     116.299  92.042  43.824  0.00  0.00             
ATOM   1182  HB1 PHE X 410     116.161  91.560  42.866  0.00  0.00             
ATOM   1183  HB2 PHE X 410     115.259  92.135  44.154  0.00  0.00             
ATOM   1184  CG  PHE X 410     117.011  91.074  44.747  0.00  0.00             
ATOM   1185  CD1 PHE X 410     117.099  91.369  46.110  0.00  0.00             
ATOM   1186  HD1 PHE X 410     116.520  92.142  46.584  0.00  0.00             
ATOM   1187  CE1 PHE X 410     117.746  90.542  46.998  0.00  0.00             
ATOM   1188  HE1 PHE X 410     117.720  90.932  48.007  0.00  0.00             
ATOM   1189  CZ  PHE X 410     118.393  89.398  46.545  0.00  0.00             
ATOM   1190  HZ  PHE X 410     118.896  88.709  47.208  0.00  0.00             
ATOM   1191  CE2 PHE X 410     118.374  89.090  45.183  0.00  0.00             
ATOM   1192  HE2 PHE X 410     118.911  88.260  44.740  0.00  0.00             
ATOM   1193  CD2 PHE X 410     117.779  89.966  44.293  0.00  0.00             
ATOM   1194  HD2 PHE X 410     117.894  89.832  43.227  0.00  0.00             
ATOM   1195  C   PHE X 410     118.379  93.352  42.972  0.00  0.00             
ATOM   1196  O   PHE X 410     119.328  92.859  43.623  0.00  0.00             
ATOM   1197  N   GLN X 411     118.535  93.844  41.749  0.00  0.00             
ATOM   1198  H   GLN X 411     117.709  94.198  41.293  0.00  0.00             
ATOM   1199  CA  GLN X 411     119.890  93.822  41.119  0.00  0.00             
ATOM   1200  HA  GLN X 411     120.257  92.790  41.120  0.00  0.00             
ATOM   1201  CB  GLN X 411     119.737  94.297  39.664  0.00  0.00             
ATOM   1202  HB1 GLN X 411     119.510  95.357  39.732  0.00  0.00             
ATOM   1203  HB2 GLN X 411     118.886  93.841  39.170  0.00  0.00             
ATOM   1204  CG  GLN X 411     121.083  93.972  38.902  0.00  0.00             
ATOM   1205  HG1 GLN X 411     121.299  92.918  39.034  0.00  0.00             
ATOM   1206  HG2 GLN X 411     121.897  94.510  39.373  0.00  0.00             
ATOM   1207  CD  GLN X 411     120.998  94.385  37.439  0.00  0.00             
ATOM   1208  OE1 GLN X 411     119.951  94.653  36.864  0.00  0.00             
ATOM   1209  NE2 GLN X 411     122.125  94.389  36.767  0.00  0.00             
ATOM   1210 HE21 GLN X 411     123.006  94.534  37.230  0.00  0.00             
ATOM   1211 HE22 GLN X 411     122.179  94.590  35.781  0.00  0.00             
ATOM   1212  C   GLN X 411     120.865  94.793  41.869  0.00  0.00             
ATOM   1213  O   GLN X 411     122.103  94.681  41.811  0.00  0.00             
ATOM   1214  N   GLN X 412     120.301  95.792  42.597  0.00  0.00             
ATOM   1215  H   GLN X 412     119.301  95.828  42.709  0.00  0.00             
ATOM   1216  CA  GLN X 412     121.077  96.999  42.999  0.00  0.00             
ATOM   1217  HA  GLN X 412     121.625  97.317  42.114  0.00  0.00             
ATOM   1218  CB  GLN X 412     120.153  98.187  43.249  0.00  0.00             
ATOM   1219  HB1 GLN X 412     120.563  98.728  44.097  0.00  0.00             
ATOM   1220  HB2 GLN X 412     119.196  97.735  43.525  0.00  0.00             
ATOM   1221  CG  GLN X 412     119.954  99.204  42.148  0.00  0.00             
ATOM   1222  HG1 GLN X 412     120.893  99.697  41.901  0.00  0.00             
ATOM   1223  HG2 GLN X 412     119.317 100.014  42.481  0.00  0.00             
ATOM   1224  CD  GLN X 412     119.237  98.661  40.878  0.00  0.00             



Simplify to understand
ATOM   1153  CD  GLN X 408     110.020  92.423  42.297  0.00  0.00             
ATOM   1154  OE1 GLN X 408     110.283  93.074  43.331  0.00  0.00             
ATOM   1155  NE2 GLN X 408     108.983  91.618  42.373  0.00  0.00             
ATOM   1156 HE21 GLN X 408     108.656  91.204  41.511  0.00  0.00             
ATOM   1157 HE22 GLN X 408     108.471  91.768  43.225  0.00  0.00             
ATOM   1158  C   GLN X 408     113.167  95.332  40.798  0.00  0.00             
ATOM   1159  O   GLN X 408     113.764  95.563  39.715  0.00  0.00             
ATOM   1160  N   GLN X 409     113.578  95.654  42.042  0.00  0.00             
ATOM   1161  H   GLN X 409     113.018  95.252  42.780  0.00  0.00             
ATOM   1162  CA  GLN X 409     114.881  96.418  42.260  0.00  0.00             
ATOM   1163  HA  GLN X 409     115.146  96.965  41.356  0.00  0.00             
ATOM   1164  CB  GLN X 409     114.444  97.423  43.339  0.00  0.00             
ATOM   1165  HB1 GLN X 409     115.314  97.840  43.844  0.00  0.00             
ATOM   1166  HB2 GLN X 409     113.900  96.872  44.111  0.00  0.00             
ATOM   1167  CG  GLN X 409     113.759  98.671  42.779  0.00  0.00             
ATOM   1168  HG1 GLN X 409     112.955  98.388  42.101  0.00  0.00             
ATOM   1169  HG2 GLN X 409     114.393  99.253  42.117  0.00  0.00             
ATOM   1170  CD  GLN X 409     113.157  99.520  43.821  0.00  0.00             
ATOM   1171  OE1 GLN X 409     113.911 100.138  44.580  0.00  0.00             
ATOM   1172  NE2 GLN X 409     111.814  99.753  43.795  0.00  0.00             
ATOM   1173 HE21 GLN X 409     111.336  99.317  43.023  0.00  0.00             
ATOM   1174 HE22 GLN X 409     111.343 100.484  44.321  0.00  0.00             
ATOM   1175  C   GLN X 409     116.132  95.610  42.722  0.00  0.00             
ATOM   1176  O   GLN X 409     117.199  96.174  42.994  0.00  0.00             
ATOM   1177  N   PHE X 410     115.988  94.277  42.829  0.00  0.00             
ATOM   1178  H   PHE X 410     115.077  93.891  42.653  0.00  0.00             
ATOM   1179  CA  PHE X 410     116.976  93.435  43.590  0.00  0.00             
ATOM   1180  HA  PHE X 410     117.124  93.938  44.557  0.00  0.00             
ATOM   1181  CB  PHE X 410     116.299  92.042  43.824  0.00  0.00             
ATOM   1182  HB1 PHE X 410     116.161  91.560  42.866  0.00  0.00             
ATOM   1183  HB2 PHE X 410     115.259  92.135  44.154  0.00  0.00             
ATOM   1184  CG  PHE X 410     117.011  91.074  44.747  0.00  0.00             
ATOM   1185  CD1 PHE X 410     117.099  91.369  46.110  0.00  0.00             
ATOM   1186  HD1 PHE X 410     116.520  92.142  46.584  0.00  0.00             
ATOM   1187  CE1 PHE X 410     117.746  90.542  46.998  0.00  0.00             
ATOM   1188  HE1 PHE X 410     117.720  90.932  48.007  0.00  0.00             
ATOM   1189  CZ  PHE X 410     118.393  89.398  46.545  0.00  0.00             
ATOM   1190  HZ  PHE X 410     118.896  88.709  47.208  0.00  0.00             
ATOM   1191  CE2 PHE X 410     118.374  89.090  45.183  0.00  0.00             
ATOM   1192  HE2 PHE X 410     118.911  88.260  44.740  0.00  0.00             
ATOM   1193  CD2 PHE X 410     117.779  89.966  44.293  0.00  0.00             
ATOM   1194  HD2 PHE X 410     117.894  89.832  43.227  0.00  0.00             
ATOM   1195  C   PHE X 410     118.379  93.352  42.972  0.00  0.00             
ATOM   1196  O   PHE X 410     119.328  92.859  43.623  0.00  0.00             
ATOM   1197  N   GLN X 411     118.535  93.844  41.749  0.00  0.00             
ATOM   1198  H   GLN X 411     117.709  94.198  41.293  0.00  0.00             
ATOM   1199  CA  GLN X 411     119.890  93.822  41.119  0.00  0.00             
ATOM   1200  HA  GLN X 411     120.257  92.790  41.120  0.00  0.00             
ATOM   1201  CB  GLN X 411     119.737  94.297  39.664  0.00  0.00             
ATOM   1202  HB1 GLN X 411     119.510  95.357  39.732  0.00  0.00             
ATOM   1203  HB2 GLN X 411     118.886  93.841  39.170  0.00  0.00             
ATOM   1204  CG  GLN X 411     121.083  93.972  38.902  0.00  0.00             
ATOM   1205  HG1 GLN X 411     121.299  92.918  39.034  0.00  0.00             
ATOM   1206  HG2 GLN X 411     121.897  94.510  39.373  0.00  0.00             
ATOM   1207  CD  GLN X 411     120.998  94.385  37.439  0.00  0.00             
ATOM   1208  OE1 GLN X 411     119.951  94.653  36.864  0.00  0.00             
ATOM   1209  NE2 GLN X 411     122.125  94.389  36.767  0.00  0.00             
ATOM   1210 HE21 GLN X 411     123.006  94.534  37.230  0.00  0.00             
ATOM   1211 HE22 GLN X 411     122.179  94.590  35.781  0.00  0.00             
ATOM   1212  C   GLN X 411     120.865  94.793  41.869  0.00  0.00             
ATOM   1213  O   GLN X 411     122.103  94.681  41.811  0.00  0.00             
ATOM   1214  N   GLN X 412     120.301  95.792  42.597  0.00  0.00             
ATOM   1215  H   GLN X 412     119.301  95.828  42.709  0.00  0.00             
ATOM   1216  CA  GLN X 412     121.077  96.999  42.999  0.00  0.00             
ATOM   1217  HA  GLN X 412     121.625  97.317  42.114  0.00  0.00             
ATOM   1218  CB  GLN X 412     120.153  98.187  43.249  0.00  0.00             
ATOM   1219  HB1 GLN X 412     120.563  98.728  44.097  0.00  0.00             
ATOM   1220  HB2 GLN X 412     119.196  97.735  43.525  0.00  0.00             
ATOM   1221  CG  GLN X 412     119.954  99.204  42.148  0.00  0.00             
ATOM   1222  HG1 GLN X 412     120.893  99.697  41.901  0.00  0.00             
ATOM   1223  HG2 GLN X 412     119.317 100.014  42.481  0.00  0.00             
ATOM   1224  CD  GLN X 412     119.237  98.661  40.878  0.00  0.00             

Collective variables



Simplify to understand
ATOM   1153  CD  GLN X 408     110.020  92.423  42.297  0.00  0.00             
ATOM   1154  OE1 GLN X 408     110.283  93.074  43.331  0.00  0.00             
ATOM   1155  NE2 GLN X 408     108.983  91.618  42.373  0.00  0.00             
ATOM   1156 HE21 GLN X 408     108.656  91.204  41.511  0.00  0.00             
ATOM   1157 HE22 GLN X 408     108.471  91.768  43.225  0.00  0.00             
ATOM   1158  C   GLN X 408     113.167  95.332  40.798  0.00  0.00             
ATOM   1159  O   GLN X 408     113.764  95.563  39.715  0.00  0.00             
ATOM   1160  N   GLN X 409     113.578  95.654  42.042  0.00  0.00             
ATOM   1161  H   GLN X 409     113.018  95.252  42.780  0.00  0.00             
ATOM   1162  CA  GLN X 409     114.881  96.418  42.260  0.00  0.00             
ATOM   1163  HA  GLN X 409     115.146  96.965  41.356  0.00  0.00             
ATOM   1164  CB  GLN X 409     114.444  97.423  43.339  0.00  0.00             
ATOM   1165  HB1 GLN X 409     115.314  97.840  43.844  0.00  0.00             
ATOM   1166  HB2 GLN X 409     113.900  96.872  44.111  0.00  0.00             
ATOM   1167  CG  GLN X 409     113.759  98.671  42.779  0.00  0.00             
ATOM   1168  HG1 GLN X 409     112.955  98.388  42.101  0.00  0.00             
ATOM   1169  HG2 GLN X 409     114.393  99.253  42.117  0.00  0.00             
ATOM   1170  CD  GLN X 409     113.157  99.520  43.821  0.00  0.00             
ATOM   1171  OE1 GLN X 409     113.911 100.138  44.580  0.00  0.00             
ATOM   1172  NE2 GLN X 409     111.814  99.753  43.795  0.00  0.00             
ATOM   1173 HE21 GLN X 409     111.336  99.317  43.023  0.00  0.00             
ATOM   1174 HE22 GLN X 409     111.343 100.484  44.321  0.00  0.00             
ATOM   1175  C   GLN X 409     116.132  95.610  42.722  0.00  0.00             
ATOM   1176  O   GLN X 409     117.199  96.174  42.994  0.00  0.00             
ATOM   1177  N   PHE X 410     115.988  94.277  42.829  0.00  0.00             
ATOM   1178  H   PHE X 410     115.077  93.891  42.653  0.00  0.00             
ATOM   1179  CA  PHE X 410     116.976  93.435  43.590  0.00  0.00             
ATOM   1180  HA  PHE X 410     117.124  93.938  44.557  0.00  0.00             
ATOM   1181  CB  PHE X 410     116.299  92.042  43.824  0.00  0.00             
ATOM   1182  HB1 PHE X 410     116.161  91.560  42.866  0.00  0.00             
ATOM   1183  HB2 PHE X 410     115.259  92.135  44.154  0.00  0.00             
ATOM   1184  CG  PHE X 410     117.011  91.074  44.747  0.00  0.00             
ATOM   1185  CD1 PHE X 410     117.099  91.369  46.110  0.00  0.00             
ATOM   1186  HD1 PHE X 410     116.520  92.142  46.584  0.00  0.00             
ATOM   1187  CE1 PHE X 410     117.746  90.542  46.998  0.00  0.00             
ATOM   1188  HE1 PHE X 410     117.720  90.932  48.007  0.00  0.00             
ATOM   1189  CZ  PHE X 410     118.393  89.398  46.545  0.00  0.00             
ATOM   1190  HZ  PHE X 410     118.896  88.709  47.208  0.00  0.00             
ATOM   1191  CE2 PHE X 410     118.374  89.090  45.183  0.00  0.00             
ATOM   1192  HE2 PHE X 410     118.911  88.260  44.740  0.00  0.00             
ATOM   1193  CD2 PHE X 410     117.779  89.966  44.293  0.00  0.00             
ATOM   1194  HD2 PHE X 410     117.894  89.832  43.227  0.00  0.00             
ATOM   1195  C   PHE X 410     118.379  93.352  42.972  0.00  0.00             
ATOM   1196  O   PHE X 410     119.328  92.859  43.623  0.00  0.00             
ATOM   1197  N   GLN X 411     118.535  93.844  41.749  0.00  0.00             
ATOM   1198  H   GLN X 411     117.709  94.198  41.293  0.00  0.00             
ATOM   1199  CA  GLN X 411     119.890  93.822  41.119  0.00  0.00             
ATOM   1200  HA  GLN X 411     120.257  92.790  41.120  0.00  0.00             
ATOM   1201  CB  GLN X 411     119.737  94.297  39.664  0.00  0.00             
ATOM   1202  HB1 GLN X 411     119.510  95.357  39.732  0.00  0.00             
ATOM   1203  HB2 GLN X 411     118.886  93.841  39.170  0.00  0.00             
ATOM   1204  CG  GLN X 411     121.083  93.972  38.902  0.00  0.00             
ATOM   1205  HG1 GLN X 411     121.299  92.918  39.034  0.00  0.00             
ATOM   1206  HG2 GLN X 411     121.897  94.510  39.373  0.00  0.00             
ATOM   1207  CD  GLN X 411     120.998  94.385  37.439  0.00  0.00             
ATOM   1208  OE1 GLN X 411     119.951  94.653  36.864  0.00  0.00             
ATOM   1209  NE2 GLN X 411     122.125  94.389  36.767  0.00  0.00             
ATOM   1210 HE21 GLN X 411     123.006  94.534  37.230  0.00  0.00             
ATOM   1211 HE22 GLN X 411     122.179  94.590  35.781  0.00  0.00             
ATOM   1212  C   GLN X 411     120.865  94.793  41.869  0.00  0.00             
ATOM   1213  O   GLN X 411     122.103  94.681  41.811  0.00  0.00             
ATOM   1214  N   GLN X 412     120.301  95.792  42.597  0.00  0.00             
ATOM   1215  H   GLN X 412     119.301  95.828  42.709  0.00  0.00             
ATOM   1216  CA  GLN X 412     121.077  96.999  42.999  0.00  0.00             
ATOM   1217  HA  GLN X 412     121.625  97.317  42.114  0.00  0.00             
ATOM   1218  CB  GLN X 412     120.153  98.187  43.249  0.00  0.00             
ATOM   1219  HB1 GLN X 412     120.563  98.728  44.097  0.00  0.00             
ATOM   1220  HB2 GLN X 412     119.196  97.735  43.525  0.00  0.00             
ATOM   1221  CG  GLN X 412     119.954  99.204  42.148  0.00  0.00             
ATOM   1222  HG1 GLN X 412     120.893  99.697  41.901  0.00  0.00             
ATOM   1223  HG2 GLN X 412     119.317 100.014  42.481  0.00  0.00             
ATOM   1224  CD  GLN X 412     119.237  98.661  40.878  0.00  0.00             

Collective variables
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Low-D embedding


